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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better
and more reliable, but there is aways the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any
third-party'srights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corporation without notice due to product improvements or
other reasons. It istherefore recommended that customers contact Renesas Technology Corporation
or an authorized Renesas Technology Corporation product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

When using any or al of the information contained in these materials, including product data, diagrams,
charts, programs, and algorithms, please be sure to evaluate all information as atotal system before
making afinal decision on the applicability of the information and products. Renesas Technology
Corporation assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for usein adevice
or system that is used under circumstances in which human lifeis potentially at stake. Please contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor
when considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in
whole or in part these materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be
exported under a license from the Japanese government and cannot be imported into a country other
than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products
contained therein.
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Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. Thisproduct is not designed to be radiation resistant.

6. No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

7. Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.




Preface

This LSl isasingle-chip microcomputer made up of the H8S/2000 CPU with an internal 32-bit
architecture asits core, and the peripheral functions required to configure a system.

This LSl is equipped with ROM, RAM, abus controller, data transfer controller (DTC), three
types of timers, a serial communication interface (SCI), an A/D converter, FLEX ™** decoder |1,
and 1/0 ports as on-chip supporting modules. ThisL S| is suitable for use as an embedded
processor for high-level control systems. Its on-chip ROM is flash memory (F-ZTAT ™*2) that
provides flexibility as it can be reprogrammed in no time to cope with all situations from the early
stages of mass production to full-scale mass production. Thisis particularly applicable to
application devices with specifications that will most probably change.

Note *1 FLEX™ isatrademark of Motorola
*2 F-ZTAT™ isatrademark of Hitachi, Ltd.
Target Users: This manual was written for users who will be using the H85/2276 Series in the

design of application systems. Members of this audience are expected to understand
the fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective:  This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2276 Series to the above audience. Refer to the
H8S/2600 Series, H8S/2000 Series Programming Manual for a detailed description
of theinstruction set.

Notes on reading this manual:

» Inorder to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

* Inorder to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.

* Inorder to understand the details of aregister when its name is known

The addresses, bits, and initial values of the registers are summarized in Appendix B, Internal
1/0O Registers.

Example: Bit order: The MSB is on the left and the LSB is on the right.

Related Manuals: Thelatest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of al documents you require.
http://www.hitachi semi conductor.com/
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H8S/2276 Series manuals:

Manual Title ADE No.
H8S/2276 Series Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083
Users manuals for development tools:

Manual Title ADE No.
C/C++ Complier, Assembler, Optimized Linkage Editor User's Manual ADE-702-247
Simulator Debugger Users Manual ADE-702-037
Hitachi Embedded Workshop Users Manual ADE-702-231
Application Notes:

Manual Title ADE No.
H8S Series Technical Q & A ADE-502-059
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Section 1 Overview

1.1 Overview

The LSl isamicrocomputer (MCUSs. microcomputer units), built around the H8S/2000 CPU,
employing Hitachi's proprietary architecture, and equipped with the on-chip peripheral functions
necessary for system configuration.

The H85/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space. The instruction set is upward-compatible with H8/300
and H8/300H CPU instructions at the object-code level, facilitating migration from the H8/300,
H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include data transfer controller
(DTC) bus masters, ROM and RAM memory, 16-bit timer-pul se unit (TPU), 8-bit timer (TMR),
watchdog timer (WDT), serial communication interface (SCI), A/D converter, FLEX ™** decoder
I1, and 1/O ports.

The on-chip ROM is single-power-supply flash memory (F-ZTAT ™*?2) with a capacity of 128
kbytes. ROM is connected to the CPU via a 16-bit data bus, enabling both byte and word datato
be accessed in one state. Instruction fetching has been speeded up, and processing speed increased.

Four operating modes, modes 4 to 7, are provided, and there is a choice of single-chip mode or
external expansion mode.

The features of the LS| are shown in table 1.1.

Notes: *1 FLEX™ isatrademark of Motorola
*2 F-ZTAT™ isatrademark of Hitachi, Ltd.
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Tablel.1 Overview

Iltem

Specification

CPU

General-register machine

O Sixteen 16-bit general registers (also usable as sixteen 8-hit registers
or eight 32-hit registers)

High-speed operation suitable for realtime control
O Maximum clock rate: 13.5 MHz
O High-speed arithmetic operations (at 13.5 MHz operation)
8/16/32-bit register-register add/subtract: 74 ns
16 x 16-bit register-register multiply: 1480 ns
32 + 16-bit register-register divide: 1480 ns
Instruction set suitable for high-speed operation
O Sixty-five basic instructions
O 8/16/32-bit move/arithmetic and logic instructions
O Unsigned/signed multiply and divide instructions
O Powerful bit-manipulation instructions
Two CPU operating modes
O Normal mode: 64-kbyte address space (not available in the LSI)
O Advanced mode: 16-Mbyte address space

Bus controller

Address space divided into 8 areas, with bus specifications settable
independently for each area

Chip select output possible for areas 0 to 3

Choice of 8-bit or 16-bit access space for each area

2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Burst ROM directly connectable

External bus release function

Data transfer
controller (DTC)

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation
source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC
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Iltem

Specification

16-bit timer-pulse
unit (TPU)

3-channel 16-bit timer on-chip
Pulse 1/0 processing capability for up to 6 pins'
Automatic 2-phase encoder count capability

8-bit timer (TMR)
2 channels

8-bit up-counter
Two time constant registers

Two-channel connection possible

Watchdog timer

(WDT) x 2 channels

Watchdog timer or interval timer selectable
Can operate on subclock (1 channel only)

Serial
communication
interface (SCI) x
3 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function

LSB first/MSB first selectable

SCI3 is dedicated to the FLEX™ decoder Il interface

A/D converter

Resolution: 10 bits

Input: 8 channels

9.9 ps minimum conversion time (at 13.5 MHz operation)
Single or scan mode selectable

Sample and hold circuit

A/D conversion can be activated by external trigger or timer trigger

FLEX™ decoder I

On-chip FLEX™ decoder I

Conforms to FLEX™ protocol revision 1.9
Decoding capability: 1600, 3200, 6400 bits/second
Decoding phase: Any-phase, single-phase

I/O ports

60 1/O pins, 8 input-only pins

Memory

Product Name

Flash memory
High-speed static RAM

ROM RAM

H8S/2277, H8S/2277R

128 kbytes 16 kbytes
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Iltem

Specification

Interrupt controller

* Nine external interrupt pins (NMI, IRQO to IRQ7)
* IRQ6 is a dedicated interrupt for the FLEX™ decoder |
e 36 internal interrupt sources

« Eight priority levels settable

PC break controller

« Supports debugging functions by means of PC break interrupts

¢ Two break channels

Power-down state

e Medium-speed mode

e Sleep mode

e Module stop mode

« Software standby mode

« Hardware standby mode

« Subclock operation (subactive mode, subsleep mode, watch mode)

Operating modes

Four MCU operating modes

External Data Bus

CPU
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value  Value
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
5 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled —
Clock pulse » Two on chip clock pulse generators
generator O System clock pulse generator: 2 to 13.5 MHz
Built-in duty correction circuit
O Subclock pulse generator: 76.8 kHz, 160 kHz
Packages 100-pin plastic TQFP (TFP-100B, TFP-100G)
4
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Iltem

Specification

Product lineup

Model Name

Specification F-ZTAT Version ROM/RAM (Bytes) Packages
Non-roaming HD64F2277 128 k/16 k TFP-100B
Roaming HD64F2277R 128 k/16 k TFP-100G

RENESAS



1.2 Internal Block Diagrams

Figure 1.1 shows internal block diagrams.
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Figurel.l H8S/2276 SeriesInternal Block Diagram
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Pin Description

Pin Arrangements

Figure 1.2 shows the pin arrangement of the H8S/2276 Series.
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Figurel1.2 HB8S/2276 Series Pin Arrangement (TFP-100B, TFP-100G: Top View)
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132 Pin Functionsin Each Operating Mode

Table 1.2 shows the pin functionsin each of the operating modes.

Table1.2 Pin Functionsin Each Operating Mode

Pin No. Pin Name

TFP-100B Flash Memory
TFP-100G Mode 4 Mode 5 Mode 6 Mode 7 Programmer Mode
1 PE5/D5 PE5/D5 PE5/D5 PE5 OE
2 PE6/D6 PE6/D6 PE6/D6 PE6 WE
3 PE7/D7 PE7/D7 PE7/D7 PE7 CE
4 D8 D8 D8 PDO DO
5 D9 D9 D9 PD1 D1
6 D10 D10 D10 PD2 D2
7 D11 D11 D11 PD3 D3
8 D12 D12 D12 PD4 D4
9 D13 D13 D13 PD5 D5
10 D14 D14 D14 PD6 D6
11 D15 D15 D15 PD7 D7
12 VCC VCC VCC VCC VCC
13 AO AO PCO/A0 PCO A0
14 VSS VSS VSS VSS VSS
15 Al Al PC1/A1 PC1 Al
16 A2 A2 PC2/A2 PC2 A2
17 A3 A3 PC3/A3 PC3 A3
18 A4 A4 PC4/A4 PC4 A4
19 A5 A5 PC5/A5 PC5 A5
20 A6 A6 PC6/A6 PC6 A6
21 A7 A7 PC7/A7 PC7 A7
22 PBO/A8 PBO/A8 PBO/A8 PBO A8
23 PB1/A9 PB1/A9 PB1/A9 PB1 A9
24 PB2/A10 PB2/A10 PB2/A10 PB2 A10
25 PB3/A11 PB3/A11 PB3/A11 PB3 All
26 PB4/A12 PB4/A12 PB4/A12 PB4 Al2
27 PB5/A13 PB5/A13 PB5/A13 PB5 Al13
8
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Pin No. Pin Name
TFP-100B Flash Memory
TFP-100G Mode 4 Mode 5 Mode 6 Mode 7 Programmer Mode
28 PB6/A14 PB6/A14 PB6/A14 PB6 Al4
29 PB7/A15 PB7/A15 PB7/A15 PB7 Al5
30 PAO/A16 PAO/A16 PAO/A16 PAO Al6
31 PA1/A17 PA1/A17 PA1/A17 PAl Al7
32 PA2/A18 PA2/A18 PA2/A18 PA2 Al18
33 PA3/A19 PA3/A19 PA3/A19 PA3 NC
34 P10/TIOCAO/ P10/TIOCA0/ P1O/TIOCAO/ P10/TIOCAO NC
A20 A20 A20
35 P11/TIOCBO/ P11/TIOCBO/ P11/TIOCBO/ P11/TIOCBO NC
A21 A21 A21
36 P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ P12/TIOCCO/ NC
TCLKA/A22 TCLKA/A22 TCLKA/A22 TCLKA
37 P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ P13/TIOCDO/ NC
TCLKB/A23 TCLKB/A23 TCLKB/A23 TCLKB
38 P14/TIOCAL/ P14/TIOCAL/ P14/TIOCA1/ P14/TIOCAl/ VSS
IRQO IRQO IRQO IRQO
39 EXTSO EXTSO EXTSO EXTSO NC
40 P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ P16/TIOCA2/ VSS
IRQ1 IRQ1 IRQ1 IRQ1
41 EXTS1 EXTS1 EXTS1 EXTS1 NC
42 AVSS AVSS AVSS AVSS VSS
43 TESTD TESTD TESTD TESTD NC
44 LOBAT LOBAT LOBAT LOBAT NC
45 PA47/AN7 PA47/AN7 PA47/AN7 PA47/AN7 NC
46 P46/ANG6 P46/AN6 P46/ANG6 P46/ANG6 NC
47 P45/AN5 P45/AN5 P45/AN5 P45/ANS5 NC
48 P44/AN4 P44/AN4 P44/AN4 P44/AN4 NC
49 P43/AN3 P43/AN3 P43/AN3 P43/AN3 NC
50 P42/AN2 P42/AN2 P42/AN2 P42/AN2 NC
51 P41/AN1 P41/AN1 P41/AN1 P41/AN1 NC
52 P40/ANO P40/ANO P40/ANO P40/ANO NC
53 Vref Vref Vref Vref VCC
54 AVCC AVCC AVCC AVCC VCC
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Pin No. Pin Name

TFP-100B Flash Memory
TFP-100G Mode 4 Mode 5 Mode 6 Mode 7 Programmer Mode
55 MDO MDO MDO MDO VSS
56 MD1 MD1 MD1 MD1 VSS
57 0osc2 0osc2 0osc2 0osc2 NC
58 0osc1 0osc1 0osc1 0osc1 \Yole:
59 RES RES RES RES RES
60 NMI NMI NMI NMI vCC
61 STBY STBY STBY STBY vCC
62 VCC VCC VCC VCC VCC
63 XTAL XTAL XTAL XTAL XTAL
64 VSS VSS VSS VSS VSS
65 EXTAL EXTAL EXTAL EXTAL EXTAL
66 FWE FWE FWE FWE FWE
67 MD2 MD2 MD2 MD2 VSS
68 PF7/g PF7/g PF7/g PF7/g NC
69 AS AS AS PF6 NC
70 RD RD RD PF5 NC
71 HWR HWR HWR PF4 NC
72 PF3LWR/  PF3/LWR/  PF3/LWR/  PF3/ \Y/ele;
ADTRG/IRQ3 ADTRG/IRQ3 ADTRG/IRQ3 ADTRG/IRQ3
73 PF2/WAIT  PF2/WAIT  PF2/WAIT  PF2 NC
74 PF1/BACK/ PF1/BACK/ PF1LBACK/ PF1/BUZZ NC
BUZZ BUZZ BUZZ
75 PFO/BREQ/ PFO/BREQ/ PFO/BREQ/ PFORQ2  VCC
IRQ2 IRQ2 IRQ2
76 P30/TxDO P30/TxDO P30/TxDO P30/TxDO NC
77 P31/RxD1  P31/RxD1  P31/RxD1  P31/RxD1  NC
78 P32/SCKO/  P32/SCKO/  P32/SCKO/  P32/SCKO/  NC
IRQ4 RQ4 IRQ4 IRQ4
79 P33/TxD1 P33/TxD1 P33/TxD1 P33/TxD1 NC
80 P34/RxD1  P34/RxD1  P34/RxD1  P34/RxD1  NC
10
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Pin No. Pin Name
TFP-100B Flash Memory
TFP-100G Mode 4 Mode 5 Mode 6 Mode 7 Programmer Mode
81 P35/SCK1/  P35/SCK1/  P35/SCK1/  P35/SCK1/ NC
IRQ5 IRQ5 IRQ5 IRQ5
82 CLKOUT CLKOUT CLKOUT CLKOUT NC
83 S7 S7 S7 S7 NC
84 S6 S6 S6 S6 NC
85 S5 S5 S5 S5 NC
86 sS4 S4 S4 S4 NC
87 S3 S3 S3 S3 NC
88 S2 S2 S2 S2 NC
89 S1 S1 S1 S1 NC
90 SO/IFIN SO/IFIN SO/IFIN SO/IFIN NC
91 SYMCLK SYMCLK SYMCLK SYMCLK NC
92 PG1/CS3/  PG1/CS3/ PG1/CS3/ PGLIRQ7 NC
IRQ7 IRQ7 IRQ7
93 PG2/CS2 PG2/CS2 PG2/CS2 PG2 NC
94 PG3/CS1 PG3/CS1 PG3/CS1 PG3 NC
95 PG4/CS0 PG4/CS0 PG4/CS0 PG4 NC
96 PEO/DO PEO/DO PEO/DO PEO NC
97 PE1/D1 PE1/D1 PE1/D1 PE1 NC
98 PE2/D2 PE2/D2 PE2/D2 PE2 NC
99 PE3/D3 PE3/D3 PE3/D3 PE3 VCC
100 PE4/D4 PE4/D4 PE4/D4 PE4 VSS

RENESAS

11



1.3.3 Pin Functions

Table 1.3 outlines the pin functions.

Tablel.3 Pin Functions
Type Symbol I/0 Name and Function
Power VCC Input  Power supply: For connection to the power supply. All V.
pins should be connected to the system power supply.
VSS Input  Ground: For connection to ground (0 V). All V4 pins should
be connected to the system power supply (0 V).
Clock XTAL Input  Crystal: Connects to a crystal oscillator. See section 18,
Clock Pulse Generator, for typical connection diagrams for
a crystal oscillator and external clock input.
EXTAL Input  External clock: Connects to a crystal oscillator. The
EXTAL pin can also input an external clock. See section 18,
Clock Pulse Generator, for typical connection diagrams for
a crystal oscillator and external clock input.
oscC1 Input  Subclock: Connects to a 76.8 kHz or 160 kHz crystal
oscillator. See section 18, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.
0osc2 Input  Subclock: Connects to a 76.8 kHz or 160 kHz crystal
oscillator. See section 18, Clock Pulse Generator, for typical
connection diagrams for a crystal oscillator.
o Output System clock: Supplies the system clock to an external
device.
Operating MD2 to Input  Mode pins: These pins set the operating mode. The
mode control MDO relation between the settings of pins MD2 to MDO and the

operating mode is shown below. These pins should not be
changed while the LSI is operating.

Except when changing the mode, the levels of mode pins
MD2 to MDO must be fixed by pulling the pins up or down.

MD2 MD1 MDO Operating Mode
0 0 0 —
1 —_
1 0 —
1 —_
1 0 0 Mode 4
1 Mode 5
1 0 Mode 6
1 Mode 7

12
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Type Symbol /0 Name and Function
System control RES Input  Reset input: When this pin is driven low, the chip enters
the power-on reset state.

STBY Input  Standby: When this pin is driven low, a transition is made
to hardware standby mode.

BREQ Input  Bus request: Used by an external bus master to issue a
bus request to the LSI.

BACK Output Bus request acknowledge: Indicates that the bus has
been released to an external bus master.

FWE Input  Flash write enable: Enables or disables flash memory
programming.

Interrupts NMI Input  Nonmaskable interrupt: Requests a nonmaskable
interrupt. When this pin is not used, it should be fixed high.

IRQ7 to Input  Interrupt request 7 to 0: These pins request a maskable

IRQO interrupt.

IRQ6 is a dedicated interrupt for the FLEX™ decoder II.
Address bus A23 to Output Address bus: These pins output an address.
AO
Data bus D15 to le] Data bus: These pins constitute a bidirectional data bus.
DO
Bus control CS3 to Output Chip select: Signals for selecting areas 3 to O.

CSo

AS Output Address strobe: When this pin is low, it indicates that
address output on the address bus is enabled.

RD Output Read: When this pin is low, it indicates that the external
address space can be read.

HWR Output High write: A strobe signal that writes to external space
and indicates that the upper half (D15 to D8) of the data bus
is enabled.

LWR Output Low write: A strobe signal that writes to external space and
indicates that the lower half (D7 to DO) of the data bus is
enabled.

WAIT Input  Wait: Requests insertion of a wait state in the bus cycle

when accessing external 3-state address space.

13
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Type Symbol /0 Name and Function
16-bit timer- TCLKB, Input  Clock input B and A: These pins input an external clock.
pulse unit (TPU) TCLKA

TIOCAO, /O Input capture/output compare match A0 to DO: The

TIOCBO, TGROA to TGROD input capture input or output compare

TIOCCO, output, or PWM output pins.

TIOCDO

TIOCAl1 I/0 Input capture/output compare match Al: The TGR1A
input capture input or output compare output, or PWM
output pin.

TIOCA2 I/O Input capture/output compare match A2: The TGR2A
input capture input or output compare output, or PWM
output pin.

Watchdog BUzZ Output BUZZ output: Outputs pulses scaled by the watchdog
timer (WDT) timer.

Serial TxD3, Output Transmit data: Data output pins.

communication  TxD1, TxD3 is an internal dedicated pin for the FLEX™ decoder ||
interface (SCI) TxDO interface.

RxD3, Input  Receive data: Data input pins.

RxD1, RxD3 is an internal dedicated pin for the FLEX™ decoder I

RxDO interface.

SCK3 Output Serial clock: Clock I/O pins.

SCK1, I/10 SCK3 is an internal dedicated pin for the FLEX™ decoder Il

SCKO interface.

A/D converter  AN7 to Input  Analog 7 to O0: Analog input pins.

ANO

ADTRG  Input A/D conversion external trigger input: Pin for input of an
external trigger to start A/D conversion.

AV Input  This is the power supply pin for the A/D converter. When
the A/D converter is not used, this pin should be connected
to the system power supply (+3 V).

AV Input  This is the ground pin for the A/D converter. This pin should
be connected to the system power supply (0 V).

\» Input  This is the reference voltage input pin for the A/D converter.

When the A/D converter is not used, this pin should be
connected to the system power supply (+3 V).

14
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Type Symbol I/O Name and Function
I/O ports P16, I/0 Port 1: A 6-bit I/0 port. Input or output can be designated
P14 to P10 for each bit by means of the port 1 data direction register
(P1DDR).
P35 to I/0 Port 3: A 6-bit I/0 port. Input or output can be designated
P30 for each bit by means of the port 3 data direction register
(P3DDR).
P47 to Input  Port 4: An 8-bit input port.
P40
PA3 to I/0 Port A: A 4-bit I/O port. Input or output can be designated
PAO for each bit by means of the port A data direction register
(PADDR).
PB7 to I/0 Port B: An 8-bit I/O port. Input or output can be designated
PBO for each bit by means of the port B data direction register
(PBDDR).
PC7 to I/0 Port C: An 8-bit I/O port. Input or output can be designated
PCO for each bit by means of the port C data direction register
(PCDDR).
PD7 to I/0 Port D: An 8-bit I/O port. Input or output can be designated
PDO for each bit by means of the port D data direction register
(PDDDR).
PE7 to I/0 Port E: An 8-hit I/O port. Input or output can be designated
PEO for each bit by means of the port E data direction register
(PEDDR).
PF7 to I/0 Port F: An 8-bit I/O port. Input or output can be designated
PFO for each bit by means of the port F data direction register
(PFDDR).
PG4 to I/0 Port G: A 4-bit I/O port. Input or output can be designated
PG1 for each bit by means of the port G data direction register
(PGDDR).
Internal I/O P36 I/0 Port 3: A 1-bit I/0 port. Input or output can be designated
ports (dedicated for each bit by means of the port 3 data direction register
ports for the (P3DDR).
FI_‘EXTM decoder P77 to P74 1/0 Port 7: A 4-bit I/0O port. Input or output can be designated
Il interface) for each bit by means of the port 7 data direction register
(P7DDR).
PGO Input  Port G: A 1-bit input port.

15
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Type Symbol /0 Name and Function
FLEX™ RESET Input  Decoder reset: A reset is executed when this pin goes low.
decoder Ii EXTS1 Input  Decode symbol input: MSb of the symbol currently being
decoded.
EXTSO Input  Decode symbol input: LSb of the symbol currently being
decoded.
LOBAT Input  Voltage drop detection input: Input pin for the voltage
drop detection signal.
SS Input  SPI mode select: Slave mode is selected when this pin
goes low.
SCK Input  SPI clock input: SPI clock input.
MOSI Input  SPI receive data input: SPI data input.
MISO Output SPI transmit data output: SPI data output.
READY Output Ready pin: Goes low when the SPI is ready to
transmit/receive.
CLKOUT  Output Clock output: 38.4 kHz or 40 kHz clock output (derived
from on-chip crystal oscillator).
SYMCLK Output Symbol clock output: Recovered symbol clock pin.
SO Output Receiver control output: Receiver control signal output pin
(when using external demodulator).
S1to S7 Output Receiver control output: Three-state receiver control
signal output.
IFIN Input  IF signal input: Limited IF signal input pin (when using
internal demodulator).
16

RENESAS



Section2 CPU

21 Overview

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte (architecturally 4-Gbyte) linear address space, and is
ideal for realtime control.

211 Features
The H85/2000 CPU has the following features.

« Upward-compatible with H8/300 and H8/300H CPUs
0 Can execute H8/300 and H8/300H object programs

* General-register architecture

0 Sixteen 16-hit general registers (also usable as sixteen 8-hit registers or eight 32-bit
registers)

e Sixty-five basic instructions
O 8/16/32-hit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions

» Eight addressing modes

Register direct [Rn]

Register indirect [ @ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]

Immediate [#xx:8, #xx:16, or #xx:32]

Program-counter relative [@(d:8,PC) or @(d:16,PC)]

Memory indirect [ @@aa:8]

OooOooOooOooOoood

e 16-Mbyte address space
O Program: 16 Mbytes
0 Data 16 Mbytes (4 Gbytes architecturally)
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» High-speed operation

O All frequently-used instructions execute in one or two states

O Maximum clock rate: 13.5 MHz

O 8/16/32-hit register-register add/subtract: 74 ns (at 13.5 MHz operation)

O 8 x 8-hit register-register multiply: 888 ns (at 13.5 MHz operation)
0 16 + 8-hit register-register divide: 888 ns (at 13.5 MHz operation)
0 16 x 16-bit register-register multiply: 1480 ns (at 13.5 MHz operation)
O 32+ 16-hit register-register divide: 1480 ns (at 13.5 MHz operation)

* Two CPU operating modes
O Norma mode*
O Advanced mode
Note: * Not availableinthe LSI.

» Power-down state
O Transition to power-down state by SLEEP instruction
0 CPU clock speed selection

212 Differ ences between H85/2600 CPU and H8S5/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

» Register configuration
The MAC register is supported only by the H8S/2600 CPU.

* Basicinstructions

The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H85/2600 CPU.

* Number of execution states
The number of exection states of the MUL XU and MUL XS instructions.

Internal Operation

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21
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There are also differences in the address space, CCR and EXR register functions, power-down
state, etc., depending on the product.

213 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

» Moregenera registers and control registers

O Eight 16-bit expanded registers, plus one 8-bit and two 32-bit control registers, have been
added.

» Expanded address space
0 Normal mode* supports the same 64-kbyte address space as the H8/300 CPU.
0 Advanced mode supports a maximum 16-Mbyte address space.
Note: * Not availableintheLSI.

» Enhanced addressing

O The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

» Enhanced instructions
O Addressing modes of bit-manipulation instructions have been enhanced.
O Signed multiply and divide instructions have been added.
O Two-bit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
O A test and set instruction has been added.

» Higher speed
0 Basic instructions execute twice as fast.

214 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

» Additional control register
0 One 8-bit and two 32-bit control registers have been added.

» Enhanced instructions
O Addressing modes of bit-manipulation instructions have been enhanced.
O Two-hit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.

O A test and set instruction has been added.
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« Higher speed
0 Basicinstructions execute twice as fast.

2.2 CPU Operating Modes

The H85/2000 CPU has two operating modes: normal* and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for
program and data areas combined). The mode is selected by the mode pins of the microcontroller.

Note: * Not availableintheLSl.

Maximum 64 kbytes, program
*
Normal mode and data areas combined

CPU operating modes }7

Maximum 16-Mbytes for

—{ Advanced mode | program and data areas
combined

Note: * Not available in the LSI.

Figure2.1 CPU Operating Modes
(1) Normal Mode (not availablein the LSI)
The exception vector table and stack have the same structure as in the H8/300 CPU.
Address Space: A maximum address space of 64 kbytes can be accessed.

Extended Registers (En): The extended registers (EO to E7) can be used as 16-hit registers, or as
the upper 16-bit segments of 32-bit registers. When En is used as a 16-bit register it can contain
any value, even when the corresponding general register (Rn) is used as an address register. If the
general register isreferenced in the register indirect addressing mode with pre-decrement (@—Rn)
or post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set: All instructions and addressing modes can be used. Only the lower 16 bits of
effective addresses (EA) are valid.
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Exception Vector Tableand Memory Indirect Branch Addresses: In normal mode the top area
starting at H'0000 is allocated to the exception vector table. One branch addressis stored per 16
bits. The configuration of the exception vector table in normal modeis shown in figure 2.2. For
details of the exception vector table, see section 4, Exception Handling.

H'0000
H'0001
H'0002

H0003 |

H'0004

H'0005 |

H'0006
H'0007
H'0008
H'0009
H'000A
H'000B

- -- Power-on reset exception vector -- -

L~ (Reserved for systemuse) ---

Exception
vector table

- -

Exception vector 1

Exception vector 2

O

Figure2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-hit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In normal mode the operand is a 16-bit word operand, providing a 16-
bit branch address. Branch addresses can be stored in the top area from H'0000 to H'00FF. Note
that this areais also used for the exception vector table.
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Stack Structure: When the program counter (PC) is pushed onto the stack in a subroutine call,
and the PC, condition-code register (CCR), and extended control register (EXR) are pushed onto
the stack in exception handling, they are stored as shown in figure 2.3. When EXR isinvalid, it is
not pushed onto the stack. For details, see section 4, Exception Handling.

\/\ \/\

SP—~| PC B SP—~ EXR'?
(16 bits) - Reserved'1"3
(SP—) CCR
\/\ CCR™3
- - - - PC - =
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: *1 When EXR is not used it is not stored on the stack.
*2 SP when EXR is not used.
*3 Ignored when returning.

Figure2.3 Stack Structurein Normal Mode
(2) Advanced Mode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally
amaximum 16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4
Gbytes for program and data areas combined).

Extended Registers (En): The extended registers (EO to E7) can be used as 16-hit registers, or as
the upper 16-bit segments of 32-bit registers or address registers.

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses. In advanced mode the top
area starting at H'00000000 is allocated to the exception vector table in units of 32 hits. In each 32
bits, the upper 8 bits are ignored and a branch address is stored in the lower 24 bits (figure 2.4).
For details of the exception vector table, see section 4, Exception Handling.

H'00000000 Reserved )

~ Power-on reset exception vector ]
H'00000003
H'00000004 | ]
H'00000007 |
H'00000008

) (Reserved for system use) "7 > Exception vector table
H'0000000B |
H'0000000C | ]
H'00000010 Reserved

o Exception vector 1 o

Figure2.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses
an 8-bit absolute address included in the instruction code to specify a memory operand that
contains a branch address. In advanced mode the operand is a 32-bit longword operand, providing
a 32-bit branch address. The upper 8 bits of these 32 bits are areserved areathat is regarded as
H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note that the
first part of thisrange is aso the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a

subroutine call, and the PC, condition-code register (CCR), and extended control register (EXR)
are pushed onto the stack in exception handling, they are stored as shown in figure 2.5. When
EXRisinvalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

\/\

sP—

Reserved

- - - - Pc PR
(24 bits)

Notes:

J\

(@) Subroutine Branch

SP-—~

*2
(SP—)

\/\

EXR"1

Reserved 1.3
CCR

- PC I
(24 bits)

w

(b) Exception Handling

*1 When EXR is not used it is not stored on the stack.

*2 SP when EXR is not used.
*3 Ignored when returning.

24

Figure2.5 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2.6 shows a memory map of the H85/2000 CPU. The H85/2000 CPU provides linear
access to a maximum 64-kbyte address space in norma mode, and a maximum 16-Mbyte

(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
H'FFFF
H'00FFFFFF
Cannot be
used by LSI
H'FFFFFFFF
(@) Normal Mode* (b) Advanced Mode

Note: * Not available in the LSI.

Program area

Data area

Figure2.6 Memory Map

RENESAS
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2.4 Register Configuration

24.1 Overview

The CPU hastheinternal registers shown in figure 2.7. There are two types of registers: general
registers and control registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR |T|—|—|—|-[12]i1]i0]

76543210
CCR [ 1|ulH[U[N|Z]v|C]|

Legend

SP: Stack pointer H: Half-carry flag
PC: Program counter u: User bit

EXR: Extended control register N: Negative flag
T: Trace hit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

I: Interrupt mask bit
ul: User bit or interrupt mask bit*

Note: * In the LSI, this bit cannot be used as an interrupt mask.

Figure2.7 CPU Registers
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24.2 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike and
can be used as both address registers and data registers. When a general register is used as a data
register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registers are used
as 32-bit registers or address registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be selected
independently.

» Address registers
» 32-bit registers » 16-bit registers  8-hit registers

E registers (extended registers)

(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure2.8 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.9 shows the
stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure2.9 Stack

24.3 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR),
and 8-hit condition-code register (CCR).

(1) Program Counter (PC): This 24-bit counter indicates the address of the next instruction the
CPU will execute. The length of all CPU instructionsis 2 bytes (one word), so the least significant
PC hit isignored. (When an instruction is fetched, the least significant PC bit isregarded as 0.)

(2) Extended Control Register (EXR): This 8-bit register contains the trace bit (T) and interrupt
mask bit.

Bit 7—TraceBit (T): Selectstrace mode. When this bit is cleared to 0, instructions are executed
in sequence. When this bit is set to 1, atrace exception is generated each time an instruction is
executed.

Bits 6 to 3—Reserved: They arealwaysread as 1.
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Bits 2 to O—Interrupt Mask Bits (12 to 10): These hits designate the interrupt mask level (0to
7). For details, refer to section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. All interrupts, including NMI, are disabled for three states after one of these
instructions is executed, except for STC.

(3) Condition-Code Register (CCR): This 8-hit register contains internal CPU status
information, including an interrupt mask bit (1) and half-carry (H), negative (N), zero (2),
overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. (NM1 is accepted
regardless of the | bit setting.) The bit is set to 1 by hardware at the start of an exception-
handling sequence. For details, refer to section 5, Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. With the LS, this bit cannot be used as an
interrupt mask bit.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and
XORC instructions.

Bit 3—Negative Flag (N): Stores the value of the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Setto 1 to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:

» Add instructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to indicate a carry.

The carry flag is also used as a bit accumulator by bit manipulation instructions.
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Some instructions leave some or all of the flag bits unchanged. For the action of each instruction
on the flag bits, refer to Appendix A.1, List of Instructions.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

244 Initial Register Values

Reset exception handling loads the CPU’ s program counter (PC) from the vector table, clearsthe
trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.
The stack pointer should therefore be initialized by an MOV .L instruction executed immediately
after areset.
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2.5 Data Formats
The CPU can process 1-bit, 4-bit (BCD), 8-hit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipul ation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte

operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data

251 General Register Data Formats

Figure 2.10 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data RnH 7 O
7]6[5]4|3[2[1]o]  Dontcare |
1-bit data rRo. 7
| Dontcare |7]6[5]4[3|2[1]0]
4-bit BCD data RnH 7 43 O
| Upper | Lower |  Domtcare
4-bit BCD data rRo. 7 4 3 0
| Dontcare | Upper | Lower |
Byte data RnH 7 o
] oenteae ]
MSB Lsg T
Byte data R 7 0
. Dontcare [ i i il
""""""""""" MSB LSB

Figure2.10 General Register Data Formats
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Data Type Register Number Data Format

Word data Rn 15 0
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERnN

31 16 15 0

MSB En Rn LSB

Legend

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2.10 General Register Data For mats (cont)
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252 Memory Data For mats

Figure 2.11 shows the data formats in memory. The CPU can access word data and longword data
in memory, but word or longword data must begin at an even address. If an attempt is made to
access word or longword data at an odd address, no address error occurs but the least significant
bit of the addressis regarded as 0, so the access starts at the preceding address. This aso appliesto
instruction fetches.

Data Type Data Format
Address — T~
0
1-bit data AddressL| 7|6 |5|4|3|2|1|0
Byte data AddressL |MSB: ¢ i i i i LSB
Word data Address2M MSB: ¢+ 1
Address 2M + 1 iLSB
Longword data Address 2N [MSB! ¢ 11
Address2N+1| | 1 1
Address 2N + 2
Address 2N + 3 oo 0SB

Figure2.11 Memory Data Formats

When SP (ERY7) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 Instruction Set

2.6.1 Overview

The H85/2000 CPU has 65 types of instructions. The instructions are classified by function in

table 2.1.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP*!, PUSH*" WL
LDM, STM L
MOVFPE*®, MOVTPE*? B
Arithmetic ADD, SUB, CMP, NEG BWL 19
Operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bce*?, JMP, BSR, JSR, RTS — 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP — 9
Block data transfer EEPMOV — 1
Total: 65

Notes: B-byte size; W-word size; L-longword size.
*1 POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn, @-
SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,

@-SP.

*2 Bcc is the general name for conditional branch instructions.

*3 Cannot be used in the LSI.
*4 Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Instructions and Addressing M odes

26.2

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2000 CPU

can use.
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2.6.3 Table of Instructions Classified by Function

Table 2.3 summarizes the instructions in each functional category. The notation used in table 2.3 is
defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERnN General register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register

CCR Condition-code register

N (negative) flag in CCR

Z (zero) flag in CCR

V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

O Logical AND

O Logical OR

O Logical exclusive OR

- Move

- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table2.3

Instructions Classified by Function

Type Instruction Size**  Function
Data transfer MOV B/W/L  (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a
general register and memory, or moves immediate data
to a general register.
MOVFPE B Cannot be used in the LSI.
MOVTPE B Cannot be used in the LSI.
POP Wi/L @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L
@SP+, ERN.
PUSH WI/L Rn - @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @—SP. PUSH.L ERn is identical
to MOV.L ERn, @-SP.
LDM L @SP+ - Rn (register list)
Pops two or more general registers from the stack.
STM L Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.
Arithmetic ADD B/W/L RdtRs - Rd, Rdz*#MM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd+Rs+C - Rd, Rd*#MM+C - Rd
SUBX Performs addition or subtraction with carry or borrow on
byte data in two general registers, or on immediate data
and data in a general register.
INC BW/L Rd*1l-Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1 - Rd, Rd+*2 - Rd, Rd+4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a
32-bit register.
DAA B Rd decimal adjust - Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-bit
BCD data.
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Type Instruction Size**  Function
Arithmetic MULXU B/W Rd xRs - Rd
operations Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits - 16 bits or 16 bits x
16 bits — 32 bits.
MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits — 32 bits.
DIVXU B/W Rd+Rs - Rd
Performs unsigned division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
DIVXS B/W Rd+Rs - Rd
Performs signed division on data in two general
registers: either 16 bits + 8 bits — 8-bit quotient and 8-bit
remainder or 32 bits + 16 bits - 16-bit quotient and 16-
bit remainder.
CMP B/WI/L Rd - Rs, Rd-#IMM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.
NEG B/W/IL 0-Rd - Rd
Takes the two’s complement (arithmetic complement) of
data in a general register.
EXTU Wi/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-hit register to longword size,
by padding with zeros on the left.
EXTS W/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-hit register to longword size,
by extending the sign bit.
TAS B @ERd -0, 1 - (<bit 7> of @ERd)**

Tests memory contents, and sets the most significant bit
(bit 7) to 1.
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Type Instruction Size**  Function
Logic AND B/W/L RdORs - Rd, RdO#IMM - Rd
operations Performs a logical AND operation on a general register
and another general register or immediate data.
OR B/W/L RdORs - Rd, RdO#IMM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.
XOR B/W/L RdORs - Rd, RdO#MM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.
NOT B/W/L = (Rd) - (Rd)
Takes the one’s complement of general register
contents.
Shift SHAL B/W/L  Rd (shift) - Rd
operations SHAR Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.
SHLL B/W/L  Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.
ROTL B/W/L  Rd (rotate) - Rd
ROTR Rotates general register contents.
1-bit or 2-bit rotation is possible.
ROTXL B/W/L  Rd (rotate) — Rd
ROTXR Rotates general register contents through the carry flag.
1-bit or 2-bit rotation is possible.
Bit- BSET B 1 - (<hit-No.> of <EAd>)
manipulation Sets a specified bit in a general register or memory
instructions operand to 1. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.
BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory
operand to 0. The bit number is specified by 3-bit
immediate data or the lower three bits of a general
register.
BNOT B = (<bit-No.> of <EAd>) - (<hit-No.> of <EAd>)
Inverts a specified bit in a general register or memory
operand. The bit number is specified by 3-bit immediate
data or the lower three bits of a general register.
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Type Instruction Size**  Function
Bit- BTST B = (<bit-No.> of <EAd>) - Z
manipulation Tests a specified bit in a general register or memory
instructions operand and sets or clears the Z flag accordingly. The
bit number is specified by 3-bit immediate data or the
lower three bits of a general register.
BAND B C 0O(<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.
BIAND B C O[~ (<bit-No.> of <EAd>)] - C
ANDs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.
The bit number is specified by 3-bit immediate data.
BOR B C 0O(<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.
BIOR B C O[~ (<bhit-No.> of <EAd>)] - C
ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the
result in the carry flag.
The bit number is specified by 3-bit immediate data.
BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the
result in the carry flag.
BIXOR B C O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory
operand to the carry flag.
BILD B = (<bit-No.> of <EAd>) - C

Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.
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Type Instruction Size*'  Function
Bit- BST B C - (<bit-No.> of <EAd>)
manipulation Transfers the carry flag value to a specified bit in a
instructions general register or memory operand.
BIST B C - (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a
specified bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data.
Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High coz=o0
BLS Low or same coz=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVvVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONO V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
System control TRAPA — Starts trap-instruction exception handling.
instructions RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
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Type

Instruction

Size*?!

Function

System control LDC

instructions

B/W

(EAs) - CCR, (EAs) - EXR

Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-hit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

STC

B/W

CCR - (EAd), EXR - (EAd)

Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.

ANDC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with
immediate data.

ORC

CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.

XORC

CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.

NOP

PC+2 - PC
Only increments the program counter.

Block data

transfer

instruction

EEPMOV.B

EEPMOV.W

if R4L # 0 then
Repeat @ER5+ -~ @ER6+
R4L-1 - R4L
UntilR4L =0
else next;

if R4 # 0 then
Repeat @ER5+ -~ @ERG6+
R4-1 - R4
UntiiR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ER6.

R4L or R4: size of block (bytes)
ERS: starting source address
ERG6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Notes:

*1

*2

Size refers to the operand size.

B: Byte
W: Word
L: Longword

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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2.6.4 Basic Instruction Formats

The CPU instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (op field), aregister field (r field), an effective address extension (EA field), and a condition
field (cc field).

Figure 2.12 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m rm

MOV.B @(d:16, Rn), Rm, etc.

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure2.12 Instruction Formats (Examples)

(1) Operation Field: Indicates the function of the instruction, the addressing mode, and the
operation to be carried out on the operand. The operation field always includes the first four bits of
the instruction. Some instructions have two operation fields.

(2) Register Field: Specifies agenera register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

(3) Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
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265

Notes on Use of Bit-Manipulation I nstructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, carry out bit
mani pulation, then write back the byte of data. Caution is therefore required when using these
instructions on aregister containing write-only bits, or a port.

The BCLR instruction can be used to clear internal 1/0 register flagsto O. In this case, the relevant
flag need not be read beforehand if it is clear that it has been set to 1 in an interrupt handling
routine, etc.

2.7

271

Addressing Modes and Effective Address Calculation

Addressing Mode

The H8S/2000 CPU supports the eight addressing modes listed in table 2.4. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute addressing mode to specify an operand, and register direct (BSET, BCLR,
BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in
the operand.

Table2.4 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERN)
4 Register indirect with post-increment @ERnN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xx:8/#xx: 16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

(1) Register Direct—Rn: Theregister field of the instruction specifies an 8-, 16-, or 32-hit
general register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit
registers. RO to R7 and EO to E7 can be specified as 16-hit registers. ERO to ER7 can be specified
as 32-hit registers.

RENESAS
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(2) Register Indirect—@ERN: Theregister field of the instruction code specifies an address
register (ERn) which contains the address of the operand on memory. If the addressis a program
instruction address, the lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn): A 16-bit or 32-hit
displacement contained in the instruction is added to an address register (ERn) specified by the
register field of the instruction, and the sum gives the address of a memory operand. A 16-bit
displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn:

» Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn) which contains the
address of amemory operand. After the operand is accessed, 1, 2, or 4 is added to the address
register contents and the sum is stored in the address register. The value added is 1 for byte
access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

» Register indirect with pre-decrement—@-ERn
Thevaue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the result becomes the address of a memory operand. The result is
aso stored in the address register. The value subtracted is 1 for byte access, 2 for word transfer
instruction, or 4 for longword transfer instruction. For word or longword transfer instruction,
the register value should be even.

(5) Absolute Address—@aa: 8, @aa: 16, @aa: 24, or @aa:32: Theinstruction code contains the
absolute address of a memory operand. The absolute address may be 8 bits long (@aa:8), 16 bits
long (@aa:16), 24 bitslong (@aa:24), or 32 bits long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa: 16), or 32 hits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1
(H'FFFFFF). For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute
address can access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8
bits are all assumed to be 0 (H'00).

Table 2.5 indicates the accessible absol ute address ranges.

46
RENESAS



Table25 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FF0O0 to H'FFFF H'FFFFOO0 to H'FFFFFF

16 bits (@aa:16)  H'0000 to HFFFF  H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF

32 bits (@aa:32) H'000000 to H'FFFFFF

Program instruction 24 bits (@aa:24)
address

Note: * Not available in the LSI.

(6) Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction contains 8-bit (#xx:8), 16-bit
(#xx:16), or 32-hit (#xx:32) immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit

mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate datain its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeis used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction is sign-extended and
added to the 24-hit PC contents to generate a branch address. Only the lower 24 bits of this branch
address are valid; the upper 8 bits are all assumed to be 0 (H'00). The PC value to which the
displacement is added is the address of the first byte of the next instruction, so the possible
branching range is—126 to +128 bytes (63 to +64 words) or —32766 to +32768 bytes (—16383 to
+16384 words) from the branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The upper bits of the absolute address are all assumed to be O,
so the address range is 0 to 255 (H'0000 to H'00FF* in normal mode, H'000000 to H'0000FF in
advanced mode). In normal mode the memory operand is aword operand and the branch address
is 16 bitslong. In advanced mode the memory operand is alongword operand, the first byte of
which is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further details,
refer to section 4, Exception Handling.

Note: * Not availablein the LS.
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\/_\ J\

Specified — Reserved
by @aa:8

Specified —
by @aa:8

,,,,, Branch address  ----

\_/\

Branch address

(@) Normal Mode* (b) Advanced Mode

Note: * Not available in the LSI.

Figure2.13 Branch Address Specification in Memory Indirect M ode

If an odd address is specified in word or longword memory access, or as a branch address, the
least significant bit is regarded as 0, causing data to be accessed or instruction code to be fetched
at the address preceding the specified address. (For further information, see section 2.5.2, Memory
Data Formats.)

2.7.2 Effective Address Calculation

Table 2.6 indicates how effective addresses are calculated in each addressing mode. In normal
mode the upper 8 bits of the effective address are ignored in order to generate a 16-bit address.
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Effective Address Calculation
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2.8 Processing States

2.8.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program
execution state, bus-released state, and power-down state. Figure 2.14 shows a diagram of the
processing states. Figure 2.15 indicates the state transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode
Power-down state Software standby
mode
CPU operation is stopped
to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode,
subactive mode, subsleep mode, and watch mode.

Figure2.14 Processing States
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End of bus request

Bus request

End of bus

request
Bus

requ

Y

Bus-released state

End of
exception
handling

Exception-handling state

Program execution

state
SLEEP
instruction
with
est SLEEP \ SSBY =0
instruction
with
SSBY =1
Request for ;
exception i
handling Sleep
Interrupt
request

External interrupt

Reset state

! I

1 |

|

! Power-on reset |
! state*1 |

| |

! I

| |

! I

! I

Notes: *1

mode

From any state except hardware standby mode, a transition to the power-on reset state occurs whenever

RES goes low. A transition can also be made to the reset state when the watchdog timer overflows.

*2
*3

to section 21, Power-Down State.

From any state, a transition to hardware standby mode occurs when STBY goes low.
There are also other modes, including watch mode, subactive mode, and subsleep mode. For details, refer

282

Figure2.15 State Transitions

Reset State

When the RES input goes low al current processing stops and the CPU enters the power-on reset
state. All interrupts are disabled in the reset state. Reset exception handling starts when the RES
signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 12,

Watchdog Timer.
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283

Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
processing flow due to areset, interrupt, or trap instruction. The CPU fetches a start address
(vector) from the exception vector table and branches to that address.

(1) Typesof Exception Handling and Their Priority

Exception handling is performed for resets, traces, interrupts, and trap instructions. Table 2.7
indicates the types of exception handling and their priority. Trap instruction exception handling is
always accepted, in the program execution state.

Exception handling and the stack structure depend on the interrupt control mode set in SY SCR.

Table2.7 Exception Handling Typesand Priority
Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence*! exception-handling sequence

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence*? current exception-handling

sequence

Trap instruction When TRAPA instruction Exception handling starts when
is executed a trap (TRAPA) instruction is

Low executed*?

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception-handling is not

executed at the end of the RTE instruction.

*2 Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions,

or immediately after reset exception handling.

*3 Trap instruction exception handling is always accepted, in the program execution state.
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(2) Reset Exception Handling

After the RES pin has gone low and the reset state has been entered, reset exception handling
starts when RES goes high again. When reset exception handling starts the CPU fetches a start
address (vector) from the exception vector table and starts program execution from that address.
All interrupts, including NMI, are disabled during reset exception handling and after it ends.

(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXR
isset to 1. When trace mode is established, trace exception handling starts at the end of each
instruction.

At the end of atrace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode
is cleared. Interrupt masks are not affected.

The T bit saved on the stack retainsits value of 1, and when the RTE instruction is executed to
return from the trace exception-handling routine, trace mode is entered again. Trace exception-
handling is not executed at the end of the RTE instruction.

Trace modeis not entered in interrupt control mode O, regardless of the state of the T bit.
(4) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer
(ER7) and pushes the program counter and other control registers onto the stack. Next, the CPU
alters the settings of the interrupt mask bits in the control registers. Then the CPU fetches a start
address (vector) from the exception vector table and program execution starts from that start
address.

Figure 2.16 shows the stack after exception handling ends.
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Normal mode*2

SP—

CCR

CCR*1

PC
(16 bits)

w

(a) Interrupt control mode O

Advanced mode

sp—

CCR

- _ PC I
(24 bits)

\/\

(c) Interrupt control mode O

Notes: *1 Ignored when returning.
*2 Not available in the LSI.

SP—~

Sp—

w

EXR

Reserved*1

CCR

CCR*1

PC
(16 bits)

w

(b) Interrupt control mode 2

w

EXR

Reserved*1

CCR

o ___ PC o
(24 bits)

\/\

(d) Interrupt control mode 2
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284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.8.5 Bus-Released State

Thisis astate in which the bus has been released in response to a bus request from a bus master
other than the CPU. While the busis released, the CPU halts operations.

There is one other bus master in addition to the CPU: the data transfer controller (DTC).

For further details, refer to section 7, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which
the CPU does not stop. There are five modes in which the CPU stops operating: sleep mode,
software standby mode, hardware standby mode, subsleep mode, and watch mode. There are also
three other power-down modes: medium-speed mode, module stop mode, and subactive mode. In
medium-speed mode the CPU and other bus masters operate on a medium-speed clock. Module
stop mode permits halting of the operation of individual modules, other than the CPU. Subactive
mode, subsleep mode, and watch mode are power-down states in which subclock input is used.
For details, refer to section 21, Power-Down State.

(1) Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while
the SSBY bit in SBY CR and the LSON bit in LPWRCR are both cleared to 0. In sleep mode, CPU
operations stop immediately after execution of the SLEEP instruction. The contents of CPU
registers are retained.

(2) Software Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY hit in SBY CRis set to 1, and the LSON bit in LPWRCR
and the PSS bit in TCSR (WDT1) are both cleared to 0. In software standby mode, the CPU and
clock halt and all MCU operations stop. Aslong as a specified voltage is supplied, the contents of
CPU registers and on-chip RAM areretained. The I/O ports also remain in their existing states.

(3) Hardware Standby Mode: A transition to hardware standby mode is made when the STBY
pin goes low. In hardware standby mode, the CPU and clock halt and all MCU operations stop.
The on-chip supporting modules are reset, but as long as a specified voltage is supplied, on-chip
RAM contents are retained.
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2.9 Basic Timing

29.1 Overview

The H8S/2000 CPU is driven by a system clock, denoted by the symbol @. The period from one
rising edge of @ to the next isreferred to as a"state.” The memory cycle or bus cycle consists of
one, two, or three states. Different methods are used to access on-chip memory, on-chip
supporting modules, and the external address space.

292 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data busis 16 bits wide, permitting both byte and
word transfer instruction. Figure 2.17 shows the on-chip memory access cycle. Figure 2.18 shows
the pin states.

Internal address bus X Address X
Read Internal read signal N\ /
ea w !
access 1
Internal data bus ; < Read data >—
Internal write signal N\ /
Write ! !
access | ‘
Internal data bus {_ Writedata }——

Figure2.17 On-Chip Memory Access Cycle
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Address bus Unchanged

AS High

RD High

FWR, CWR High

Data bus 3High-impedance statei

Figure2.18 Pin Statesduring On-Chip Memory Access
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data busis either 8 bits or 16 hits
wide, depending on the particular internal 1/0 register being accessed. Figure 2.19 shows the
access timing for the on-chip supporting modules. Figure 2.20 shows the pin states.

Bus cycle
- -
| T1 ; T2

: I

Internal address bus >< Address ><
Internal read signal M\ /

Read

access ! / \
Internal data bus : \ Read data >—
Internal write signal i \ '/

Write | 1

access ! } |
Internal data bus 1 < Write data >—

Figure2.19 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus | Unchénged |
AS Hijgh
RD High
HWR, LWR High
Data bus High-impedance state

Figure2.20 Pin Statesduring On-Chip Supporting Module Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in atwo-state or
three-state bus cycle. In three-state access, wait states can be inserted. For further details, refer to
section 7, Bus Controller.
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2.10 Usage Note

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TAS
instruction is not generated by the Hitachi H8S and H8/300 series C/C++ compilers. If the TAS
instruction is used as a user-defined intrinsic function, ensure that only register ERO, ER1, ER4, or
ERS is used.

2101 STM/LDM Instruction

With the STM or LDM instruction, the ER7 register is used as the stack pointer, and thus cannot
be used as aregister that allows save (STM) or restore (LDM) operation.

With asingle STM or LDM instruction, two to four registers can be can be saved or restored. The
available registers are as follows:

» For two registers: ERO and ER1, ER2 and ERS, or ER4 and ER5
» For threeregisters: ERO to ER2, or ER4 to ER6
» For four registers: ERO to ER3

For the Hitachi H8S or H8/300 Series C/C** compiler, the STM/LDM instruction including ER7 is
not created.
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Section3 MCU Operating Modes

3.1 Overview

311 Operating M ode Selection

The LS| has four operating modes (modes 4 to 7). These modes enabl e selection of the CPU
operating mode, enabling/disabling of on-chip ROM, and the initial bus width setting, by setting
the mode pins (MD2 to MDO).

Table 3.1 lists the MCU operating modes.

Table3.1 MCU Operating Mode Selection

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD2 MD1 MDO Mode Description ROM Width Width

0* 0 0 0 — — — —

1* 1

2 1 0

3* 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits
expanded mode

5 8 bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode —

Note: * Not available in the LSI.

The CPU’ s architecture allows for 4 Gbytes of address space, but the LS| actually accesses a
maximum of 16 Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral
devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program
execution starts, an 8-hit or 16-bit address space can be set for each area, depending on the bus
controller setting. If 16-bit accessis selected for any one area, 16-bit bus mode is set; if 8-hit
access is selected for al areas, 8-bit bus mode is set.

Note that the functions of each pin depend on the operating mode.
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The LS| can be used only in modes 4 to 7. This means that the mode pins must be set to select
one of these modes. Do not change the inputs at the mode pins during operation.

312 Register Configuration

The LS| has amode control register (MDCR) that indicates the inputs at the mode pins (MD2 to
MDQ), and a system control register (SY SCR) that controls the operation of the LS. Table 3.2
summarizes these registers.

Table3.2 MCU Registers

Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R Undetermined H'FDE7
System control register SYSCR R/W H'01 H'FDES

Note: * Lower 16 bits of the address.

3.2 Register Descriptions

321 Moaode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 | MDS1 | MDSO

Initial value: 1 0 0 0 0 —* —* —*

R/W : — — — — — R R R

Note: * Determined by pins MD2 to MDO.

MDCR is an 8-bit read-only register that indicates the current operating mode of the LSI.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.
Bits 6 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These hitsindicate the input levels at pins
MD2 to MDO (the current operating mode). Bits MDS2 to MDSO0 correspond to MD2 to MDO.
MDS2 to MDSO are read-only bits-they cannot be written to. The mode pin (MD2 to MDO) input
levels are latched into these bits when MDCR isread. These latches are canceled by a power-on
reset.
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322 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG — — RAME

Initial value: 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W R/W — R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, the detected
edge for NMI, and enables or disables on-chip RAM.

SYSCRisinitialized to H' 01 by a power-on reset and in hardware standby mode. SY SCR is not
initialized in software standby mode.

Bit 7—Reserved: Only 0 should be written to this bit.
Bit 6—Reserved: Thisbit cannot be modified and is always read as 0.

Bits 5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTMO): These bits select the control
mode of the interrupt controller. For details of the interrupt control modes, see section 5.4.1,
Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4

Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Control of interrupts by | bit (Initial value)

— Setting prohibited

1
1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selectsthe valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bit 2—Reserved: Only 0 should be written to this bit.

Bit 1—Reserved: This bit cannot be modified and is always read as 0.
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Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset statusisreleased. It isnot initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC is used, the RAME bit must be set to 1.

3.3 Operating Mode Descriptions

331 Mode 4

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P13 to P10, and ports A, B, and C function as an address bus, ports D and E function asa
data bus, and part of port F carries bus control signals.

Pins P13 to P11 function asinput ports immediately after areset. Address (A23to A21) output
can be enabled or disabled by bits AE3 to AEOQ in the pin function control register (PFCR)
regardless of the corresponding data direction register (DDR) values. Pin 10 and ports A and B
function as address (A20 to A8) outputs immediately after areset. Address output can be enabled
or disabled by hits AE3 to AEO in PFCR regardless of the corresponding DDR values. Pinsfor
which address output is disabled among pins P13 to P10 and in ports A and B become port outputs
when the corresponding DDR bits are set to 1.

Port C always has an address (A7 to AQ) output function.

Theinitial bus mode after areset is 16 bits, with 16-bit accessto al areas. However, note that if
8-hit access is designated by the bus controller for all areas, the bus mode switches to 8 hits.

332 Mode5
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Pins P13 to P10, and ports A, B, and C function as an address bus, ports D and E function asa
data bus, and part of port F carries bus control signals.

Pins P13 to P11 function asinput ports immediately after areset. Address (A23to A21) output
can be enabled or disabled by bits AE3 to AEOQ in the pin function control register (PFCR)
regardless of the corresponding data direction register (DDR) values. Pin 10 and ports A and B
function as address (A20 to A8) outputs immediately after areset. Address output can be enabled
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or disabled by bits AE3 to AEO in PFCR regardless of the corresponding DDR values. Pinsfor
which address output is disabled among pins P13 to P10 and in ports A and B become port outputs
when the corresponding DDR bits are set to 1.

Port C always has an address (A7 to AQ) output function.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes a data bus.

333 Mode 6
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Pins P13 to P10, and ports A and B function as input ports immediately after areset. Address
(A23to A8) output can be enabled or disabled by bits AE3 to AEQ in the pin function control
register (PFCR) regardless of the corresponding data direction register (DDR) values. Pins for
which address output is disabled among pins P13 to P10 and in ports A and B become port outputs
when the corresponding DDR bits are set to 1.

Ports D and E function as a data bus, and part of port F carries data bus signals.

Port C isan input port immediately after areset. Addresses A7 to AO are output by setting the
corresponding DDR bitsto 1.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if 16-
bit accessis designated by the bus controller for any area, the bus mode switchesto 16 bits and
port E becomes adata bus.

334 Mode 7

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled,
but external addresses cannot be accessed.

All 1/O ports are available for use as input-output ports.
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34 Pin Functionsin Each Operating Mode

The pin functions of ports 1, and A to F vary depending on the operating mode. Table 3.3 shows
their functions in each operating mode.

Table3.3 Pin Functionsin Each Operating Mode

Port Mode 4 Mode 5 Mode 6 Mode 7
Port 1 P13 to P11 P*/A P*/A P*/A P
P10 P/A* P/A* P*/A P
Port A PA3 to PAO P/A* P/A* P*/A P
Port B P/A* P/A* P*/A P
Port C A A P*/A P
Port D D D D P
Port E P/D* P*/D P*/D P
Port F PF7 P/C* P/C* P/C* P*/C
PF6 to PF4 C C C P
PF3 p/C* P*/C P*/C
PF2 to PFO P*/C P*/C P*/C
Legend
P: 1/O port
A: Address bus output
D: Data bus I/O
C: Control signals, clock I/O
-

After reset

35 Memory Map in Each Operating Mode
Figure 3.1 shows the memory map in each operating mode.
The address spaceis 16 Mbytesin modes 4 to 7 (advanced modes).

The address spaceis divided into eight areas for modes 4 to 7. For details, see section 7, Bus
Controller.
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

H'000000
External address
space
H'FFB000
On-chip RAM*
H'FFEFCO| External address
space
H'FFF800 Internal 1/0 registers
H'FFFF40 | External address
space
H'FFFF60 Internal 1/O registers
H'FFFFCO | on-chip RAM*
H'FFFFFF

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000

On-chip ROM

H'020000

External address

)

space

H'FFB0O00
On-chip RAM*

H'FFEFCO External address

space
H'FFF800 | nternal 1/0 registers
H'FFFF40| External address

space
HFFFF60 Internal I/O registers
H'FFFFCO  on-chip RAM*
H'FFFFFF

Mode 7

(advanced single-chip mode)

H'000000

On-chip ROM
H'01FFFF
H'FFB0O00

On-chip RAM
H'FFEFBF
HEFEF3E Internal 1/O registers
HFFFF60 Internal 1/O registers
H'FFFFCO|  op-chip RAM
H'FFFFFF

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3.1 Memory Map in Each Operating Modein theL Sl
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Section 4 Exception Handling

4.1 Overview

41.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trace, trap instruction, or
interrupt. Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneously, they are accepted and processed in order of priority. Trap instruction exceptions
are accepted at all times, in the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on
the interrupt control mode set by the INTMO and INTM1 bits of SY SCR.

Table4.1 Exception Handling Typesand Priority

Priority  Exception Handling Type Start of Exception Handling

High Reset Starts immediately after a low-to-high transition at the RES
A pin, or when the watchdog timer overflows. The CPU
enters the power-on reset state when the RES pin is low.

Trace*! Starts when execution of the current instruction or exception
handling ends, if the trace (T) bitis setto 1

Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued*?

Low Trap instruction (TRAPA)*® Started by execution of a trap instruction (TRAPA)

Notes: *1 Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

*2 Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

*3 Trap instruction exception handling requests are accepted at all times in program
execution state.
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41.2 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as
follows:

1. The program counter (PC), condition code register (CCR), and extended register (EXR) are
pushed onto the stack.

2. Theinterrupt mask bits are updated. The T bit is cleared to O.

3. A vector address corresponding to the exception source is generated, and program execution
starts from that address.

For areset exception, steps 2 and 3 above are carried out.

413 Exception Sourcesand Vector Table

The exception sources are classified as shown in figure 4.1. Different vector addresses are
assigned to different exception sources.

Table 4.2 lists the exception sources and their vector addresses.

Reset
Trace
. Direct transition
Exception
sources

External interrupts: NMI, IRQ7 to IRQO

Internal interrupts: 36 interrupt sources
in on-chip supporting modules

Interrupts

Trap instruction

Figure4.1 Exception Sources
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Table4.2 Exception Vector Table

Exception Source

Vector Number

Vector Address**

Advanced Mode

Power-on reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007
2 H'0008 to H'000B

3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Direct transition** 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt*2 24 H'0060 to H'0063

0 a

123 H'01EC to H'O1EF

Notes: *1 Lower 16 bits of the address.
*2 For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling

Vector Table.

*3 For details of direct transition, see section 19.11, Direct Transition.
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4.2 Reset

421 Overview
A reset has the highest exception priority.

When the RES pin goes low, all processing halts and the LS| entersthe reset state. A reset
initializes the internal state of the CPU and the registers of on-chip supporting modules.
Immediately after areset, interrupt control mode O is set.

Reset exception handling begins when the RES pin changes from low to high.

The LSl can aso be reset by overflow of the watchdog timer. For details see section 12, Watchdog
Timer.

422 Reset Sequence
The LS| entersthe reset state when the RES pin goes low.

To ensure that the LS| isreset, hold the RES pin low for at least 20 ms at power-up. To reset the
LSl during operation, hold the RES pin low for at least 20 states.

When the RES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows:

1. Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, the T bitis cleared to 0 in EXR, and the | bitisset to 1 in EXR and CCR.

2. The reset exception handling vector addressis read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.2 and 4.3 show examples of the reset sequence.
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Vector Internal Prefetch of first program
fetch  processing instruction

N

s

Internal )
address bus >< (1)

Internal read

signal ‘
Internal write ; 1 - 1 1
signal | . High | |
() (@) |
Internal data { (2) :, { (4) ) <:>—

bus

(1) Reset exception handling vector address ((1) = H'0000)

(2) Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) First program instruction

Figure4.2 Reset Sequence (Modes2 and 3: Not availablein theLSl)
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Internal Prefetch of first

Vectorfetch  processing  program instruction

HWR, LWR 1 High ||
D15 to DO 3 \ (2) 3/ \ (4) 3/ i (6) \

(1) (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

Figure4.3 Reset Sequence (Mode 4)

423 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of aprogramis
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx:32, SP).

424 State of On-Chip Supporting M odules after Reset Release

After reset release, MSTPCRA isinitialized to H'3F, MSTPCRB and MSTPCRC are initialized to
H'FF, and all modules except the DTC enter module stop mode. Consequently, on-chip supporting
module registers cannot be read or written to. Register reading and writing is enabled when
module stop mode is exited.
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4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. For details of interrupt control modes, see section 5,
Interrupt Controller.

If the T bitin EXR isset to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction.

Trace modeis canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4.4 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retainsits value of 1, and when control is returned from the trace
exception handling routine by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table4.3 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
Legend
1: Settol

0: Clearedto 0
—: Retains value prior to execution.
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4.4 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and
36 internal sources in the on-chip supporting modules. Figure 4.4 classifies the interrupt sources
and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
16-bit timer-pulse unit (TPU), 8-bit timer, serial communication interface (SCI), data transfer
controller (DTC), PC break controller (PBC) and A/D converter. Each interrupt source has a
separate vector address.

NMI is the highest-priority interrupt. Interrupts are controlled by the interrupt controller. The
interrupt controller has two interrupt control modes and can assign interrupts other than NMI to
eight priority/mask levels to enable multiplexed interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

External NMI (1)
interrupts IRQ7 to IRQO (8)

Interrupts WDT" (2)

TPU (13)

8-bit timer (6)
SCI (12)

DTC (1)

A/D converter (1)
Other (1)

Internal
interrupts

Notes: Numbers in parentheses are the numbers of interrupt sources.
* When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.

Figure4.4 Interrupt Sourcesand Number of Interrupts
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45 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all timesin the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector
number from 0 to 3, as specified in the instruction code.

Table 4.4 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table4.4 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 1 — — —
2 1 — — 0
Legend
1: Settol

0: Clearedto 0
—: Retains value prior to execution.
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4.6 Stack Status after Exception Handling

Figure 4.5 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

\/\ \/\
SP —» EXR
Reserved*
SP—» CCR CCR
CCR* CCR*
. PC PC
(16 bits) (16 bits)
\/\ \/\
(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4.5(1) Stack Statusafter Exception Handling (Normal Modes: Not availablein the

LSI)
SP —» EXR
Reserved*
SP —» CCR CCR
ffffffff PC --—-—----- r-—------ PC ---------
,,,,,,,, (24hits) - - .- L __.__(24bits)._______]

(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4.5(2) Stack Statusafter Exception Handling (Advanced M odes)
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4.7 Notes on Use of the Stack

When accessing word data or longword data, the LS| assumes that the lowest address bitis0. The
stack should always be accessed by word transfer instruction or longword transfer instruction, and

the value of the stack pointer (SP: ER7) should always be kept even. Use the following
instructions to save registers:

PUSHW R1  (or MV.WR), @SP)
PUSHL ER1 (or MVV.L ERn, @SP)

Use the following instructions to restore registers:

PCP.W R (or MV.W@P+ R
PCP.L ER1  (or MOV.L @P+, ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.6 shows an example of what
happens when the SP value is odd.

CCR SP-= R1L H'FFFEFA
SP - H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
sP»| 1 ]
*************************************************** HFFFEFF

TRAP instruction executed MOV.B R1L, @-ER7
— —_—

SP setto H'FFFEFF  Data saved above SP Contents of CCR lost

Legend CCR: Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode
is 0, in advanced mode.

Figure4.6 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

The LSI controls interrupts by means of an interrupt controller. The interrupt controller has the
following features:

Two interrupt control modes

O Any of two interrupt control modes can be set by means of the INTM1 and INTMO bitsin
the system control register (SY SCR).

Priorities settable with IPR

O Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority
levels can be set for each module for al interrupts except NMI.

O NMI isassigned the highest priority level of 8, and can be accepted at all times.

Independent vector addresses

O All interrupt sources are assigned independent vector addresses, making it unnecessary for
the source to be identified in the interrupt handling routine.

Nine external interrupts (IRQ6 is an interrupt only for the FLEX™ decoder I1.)

O NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling
edge can be selected for NMI.

O Faling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7
to IRQO.

DTC control
O DTC activation is performed by means of interrupts.
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51.2 Block Diagram

A block diagram of the interrupt controller is shown in Figure 5.1.

| INTM1 INTMO CPU
SYSCR|
NMIEG ¢ L
NMI input »  NMI input unit > Interrupt
request
: —L | IRQinputunit ——
IRQ input Q IS?? I Vector

number
ISCR ﬁ Priority

determination

|
Internal interrupt | CCR

request | 12to 10 |

SWDTEND to | EXR

TEI3
Interrupt controller
Legend
ISCR : IRQ sense control register
IER - IRQ enable register
ISR : IRQ status register
IPR . Interrupt priority register

SYSCR : System control register

Figure5.1 Block Diagram of Interrupt Controller

513 Pin Configuration
Table 5.1 summarizes the pins of the interrupt controller.

Table5.1 Interrupt Controller Pins

Name Symbol I/O Function
Nonmaskable NMI Input Nonmaskable external interrupt; rising or falling edge
interrupt can be selected

External interrupt  IRQ7 to IRQO Input Maskable external interrupts; rising, falling, or both
requests 7to 0 edges, or level sensing, can be selected (IRQ6 is a
dedicated interrupt for the FLEX™ decoder II)
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514 Register Configuration

Table 5.2 summarizes the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address**
System control register SYSCR R/W H'01 H'FDES5
IRQ sense control register H ISCRH R/W H'00 H'FE12
IRQ sense control register L ISCRL R/W H'00 H'FE13
IRQ enable register IER R/W H'00 H'FE14
IRQ status register ISR R/(W)*? H'00 H'FE15
Interrupt priority register A IPRA R/W H'77 H'FECO
Interrupt priority register B IPRB R/W H'77 H'FEC1
Interrupt priority register C IPRC R/W H'77 H'FEC2
Interrupt priority register D IPRD R/W H'77 H'FEC3
Interrupt priority register E IPRE R/W H'77 H'FEC4
Interrupt priority register F IPRF R/W H'77 H'FEC5
Interrupt priority register G IPRG R/W H'77 H'FEC6
Interrupt priority register | IPRI R/W H'77 H'FEC8
Interrupt priority register J IPRJ R/W H'77 H'FEC9
Interrupt priority register K IPRK R/W H'77 H'FECA
Interrupt priority register O IPRO R/W H'77 H'FECE
Notes: *1 Lower 16 bits of the address.
*2 Can only be written with O for flag clearing.
5.2 Register Descriptions
521 System Control Register (SYSCR)
Bit : 7 6 5 4 3 2 0
— — INTM1 | INTMO | NMIEG — RAME
Initial value: 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W R/W R/W

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, and the

detected edge for NMI.
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Only hits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control
Register (SYSCR).

SYSCRisinitialized to H'01 by a power-on reset and in hardware standby mode. SY SCR is not
initialized in software standby mode.

Bits 5 and 4—Interrupt Control Mode 1 and O (INTM1, INTMO): These hits select one of two
interrupt control modes for the interrupt controller.

Bit5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

0 0 0 Interrupts are controlled by | bit (Initial value)

— Setting prohibited

1
1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NM|I Edge Select (NMIEG): Selectsthe input edge for the NMI pin.

Bit 3

WDescription

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input

5.2.2 Interrupt Priority RegistersAto G, | toK, O (IPRA to IPRG, IPRI to IPRK,

IPRO)
Bit : 7 6 5 4 3 2 1 0
— IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
Initial value: 0 1 1 1 0 1 1 1
R/W : — R/W R/W R/W — R/W R/W R/W

The IPR registers are thirteen 8-bit readable/writable registers that set priorities (levels 7 to 0) for
interrupts other than NMI.

The correspondence between | PR settings and interrupt sourcesis shown in table 5.3.
The IPR registers set apriority (level 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by areset and in hardware standby mode.

They are not initialized in software standby mode.

86
RENESAS



Bits 7 and 3—Reserved: These bits cannot be modified and are always read as 0.

Table5.3 Correspondence between Interrupt Sourcesand | PR Settings

Bits

Register 6to4 2to 0
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC

IRQ7
IPRD Watchdog timer 0 —x*1
IPRE PC break A/D converter, watchdog timer 1
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 —x*2
IPRI 8-bit timer channel 0 8-bit timer channel 1
IPRJ —*1 SClI channel 0
IPRK SClI channel 1 —x*2
IPRO SCI channel 3 —x*1

Notes: *1 Reserved bits. These bits cannot be modified and are always read as 1.
*2 Reserved bits. Only 1 may be written to these bits.

As shown in table 5.3, multiple interrupts are assigned to one IPR. Setting avaluein the range
from H'0 to H'7 in the 3-bit groups of bits 6 to 4 and 2 to 0 sets the priority of the corresponding
interrupt. The lowest priority level, level O, is assigned by setting H'0, and the highest priority
level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority
levels set in the IPR registersis selected. Thisinterrupt level isthen compared with the interrupt
mask level set by the interrupt mask bits (12 to 10) in the extend register (EXR) in the CPU, and if
the priority level of the interrupt is higher than the set mask level, an interrupt request isissued to
the CPU.
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52.3  IRQ EnableRegister (IER)

Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQ1E | IRQOE

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests
IRQ7 to IRQO.

IER isinitialized to H'00 by areset and in hardware standby mode.
It isnot initialized in software standby mode.

Bits 7to 0—IRQ7 to IRQO Enable (IRQ7E to IRQOE): These bits select whether IRQ7 to
IRQO are enabled or disabled.

Bit n
IRQNE Description
0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled
(n=71t00)
524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)
ISCRH
Bit : 15 14 13 12 11 10 9 8
IRQ7SCB | IRQ7SCA | IRQ6SCB | IRQ6SCA | IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
ISCRL
Bit : 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA | IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The ISCR registers are 16-bit readable/writable registers that select rising edge, falling edge, or
both edge detection, or level sensing, for the input at pins IRQ7 to IRQO.

The ISCR registers are initialized to H'0000 by areset and in hardware standby mode.
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They are not initialized in software standby mode.

Bits 15to 0—IRQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQO Sense Control A
and B (IRQOSCA, IRQOSCB)

Bits 15t0 0
IRQ7SCB to IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(initial value)
Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input

525 IRQ Status Register (I1SR)

Bit : 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IRQOF

Initial value: 0 0 0 0 0 0 0 0

R/W o RI(W)*  RI(W)* R/(W)* R/(W)* R/(W)* R/(W)* RI(W)* R/(W)*

Note: * Only O can be written, to clear the flag.

ISR is an 8-hit readabl e/writable register that indicates the status of IRQ7 to IRQO interrupt
requests.

ISR isinitialized to H'00 by areset and in hardware standby mode.

It isnot initialized in software standby mode.
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Bits 7to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These hitsindicate the status of IRQ7 to
IRQO interrupt requests.

Bit n
IRQnF  Description

0 [Clearing conditions] (Initial value)
¢ Cleared by reading IRQnNF flag when IRQnF = 1, then writing 0 to IRQnF flag
¢ When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high
* When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQnNSCB =1 or IRQNSCA =1)

¢ When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTCis clearedto O

1 [Setting conditions]

«  When IRQn input goes low when low-level detection is set (IRQnNSCB = IRQnSCA =
0)

e When a falling edge occurs in IRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA = 1)

* When a rising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA = 0)

» When a falling or rising edge occurs in TRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=71t00)

53 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (36
sources).

531 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. These interrupts can be used to restore
the LSI from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is always accepted by the CPU
regardless of the interrupt control mode or the status of the CPU interrupt mask bits. The NMIEG
bit in SY SCR can be used to select whether an interrupt is requested at arising edge or afalling
edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.
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IRQ7toIRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pins
IRQ7 to IRQO. Interrupts IRQ7 to IRQO have the following features:

» Using ISCR, it ispossible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, at pins IRQ7 to IRQO.

» Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with |ER.

e Theinterrupt priority level can be set with IPR.

* The status of interrupt requests IRQ7 to IRQO isindicated in ISR. ISR flags can be cleared to
0 by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5.2.

IRQNE

IRQNSCA, IRQNSCB
# IRQNF

Edge/level . IRQn interrupt
S Q
request

detection circuit

IRQn input r R

Clear signal

Note: n=71t00

Figure5.2 Block Diagram of InterruptsIRQ7 to IRQO

Figure 5.3 shows the timing of setting IRQNF.

IRQN

input pin

IRQNF

Figure5.3 Timing of Setting IRQnF

The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for

input or output. However, when apin is used as an external interrupt input pin, do not clear the
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corresponding DDR to 0 and use the pin as an 1/O pin for another function. Since interrupt request
flags IRQ7F to IRQOF are set when the setting condition is satisfied, regardless of the IER setting,
only the necessary flags should be referenced.

532 Internal Interrupts
There are 36 sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting module there are flags that indicate the interrupt request status,
and enable bits that select enabling or disabling of these interrupts. If both of these are set to 1
for aparticular interrupt source, an interrupt request isissued to the interrupt controller.

e Theinterrupt priority level can be set by means of IPR.

» TheDTC can be activated by a TPU, 8-bit timer, SCI, or other interrupt request. When the
DTC isactivated by an interrupt, the interrupt control mode and interrupt mask bits are not
affected.

533 Interrupt Exception Handling Vector Table

Table 5.4 shows interrupt exception handling sources, vector addresses, and interrupt priorities.
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more
modules are set to the same priority, and priorities within amodule, are fixed as shown in
table 5.4.

92
RENESAS



Table5.4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector
Origin of Address*
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
NMI External 7 H'001C High
IRQO pin 16 H'0040 IPRAG to 4 4
IRQ1 17 H'0044 IPRA2 to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to O
IRQ5 21 H'0054
IRQ6 (dedicated to the FLEX™ 22 H'0058 IPRC6 to 4
decoder 1)
IRQ7 23 H'005C
SWDTEND (software activation DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVIO (interval timer 0) Watchdog 25 H'0064 IPRD6 to 4
timer O
PC break PC break 27 H'006C IPREG6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2t0 O
WOVI1 (interval timer 1) Watchdog 29 H'0074
timer 1
Reserved — 30 H'0078
31 H'007C
TGIOA (TGROA input TPU 32 H'0080 IPRF6 to 4
capture/compare match) channel 0
TGIOB (TGROB input 33 H'0084
capture/compare match)
TGIOC (TGROC input 34 H'0088
capture/compare match)
TGIOD (TGROD input 35 H'008C
capture/compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098
39 H'009C Low
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Vector

Origin of Address*
Interrupt  Vector Advanced
Interrupt Source Source Number Mode IPR Priority
TGI1A (TGR1A input TPU 40 H'00A0 IPRF2t0 0 High
capture/compare match) channel 1 A
TGI1B (TGR1B compare match) 41 H'00A4
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input TPU 44 H'00B0O IPRG6 to 4
capture/compare match) channel 2
TGI2B (TGR2B compare match) 45 H'00B4
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC
CMIAO (compare match A) 8-bit timer 64 H'0100 IPRI6 to 4
CMIBO (compare match B) channel0 65 H'0104
OVIO (overflow) 66 H'0108
Reserved — 67 H'010C
CMIAL (compare match A) 8-bit timer 68 H'0110 IPRI2to O
CMIB1 (compare match B) channell 69 H'0114
OVI1 (overflow) 70 H'0118
Reserved — 71 H'011C
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 0
RXI0 (reception completed 0) channel0 81 H'0144
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRK6 to 4
RXI1 (reception completed 1) channell 85 H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI3 (receive error 3) SCI 120 H'01EO0 IPRO6 to 4
RXI3 (reception completed 3) channel 3 121 H'01E4
TXI3 (transmit data empty 3) 122 H'01E8
TEI3 (transmission end 3) 123 H'01EC Low

Note: * Lower 16 bits of the start address.
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54 Interrupt Operation

54.1 Interrupt Control Modes and Interrupt Operation
Interrupt operationsin the LSI differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In
the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provided for
each interrupt. Clearing an enable bit to O disables the corresponding interrupt request. Interrupt
sources for which the enable bits are set to 1 are controlled by the interrupt controller.

Table 5.5 shows the interrupt control modes.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by
the INTM1 and INTMO bitsin SY SCR, the priorities set in PR, and the masking state indicated
by the | and Ul bitsin the CPU’s CCR, and bits12to 10 in EXR.

Table55 Interrupt Control Modes

Interrupt SYSCR Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits  Description

0 0 0 — | Interrupt mask control is
performed by the 1 bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control is
performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5.4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 |

L

Interrupt
acceptance
control

Interrupt source ~—__ i Default.prlo.rlty [> Vector number
determination

8-level
mask control

P 1

12 to 10
IPR

Interrupt control mode 2

Figure5.4 Block Diagram of Interrupt Control Operation
(1) Interrupt Acceptance Control
Ininterrupt control mode O, interrupt acceptanceis controlled by the | bit in CCR.
Table 5.6 shows the interrupts selected in each interrupt control mode.
Table5.6 InterruptsSelected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode | Selected Interrupts
0 0 All interrupts
1 NMI interrupts
2 * All interrupts
* : Don't care
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(2) 8-Level Contral

In interrupt control mode 2, 8-level mask level determination is performed for the selected
interrupts in interrupt acceptance control according to the interrupt priority level (IPR).

Theinterrupt source selected is the interrupt with the highest priority level, and whose priority
level setin IPR is higher than the mask level.

Table5.7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10).

(3) Default Priority Determination

When an interrupt is selected by 8-level contral, its priority is determined and a vector number is
generated.

If the same value is set for I PR, acceptance of multiple interruptsis enabled, and so only the
interrupt source with the highest priority according to the preset default prioritiesis selected and
has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 5.8 shows operations and control signal functionsin each interrupt control mode.
Table5.8 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt Acceptance

Interrupt ) Default
Control Setting Control 8-Level Control Priority -
Mode INTM1 INTMO | 12to 10 IPR Determination (Trace)
0 0 0 O M X — —*2 0 —

2 1 0 X —+ O M PR O T
Legend

O : Interrupt operation control performed
X : No operation. (All interrupts enabled)
IM : Used as interrupt mask bit
PR : Sets priority.
— : Not used.
Notes: *1 Setto 1 when interrupt is accepted.
*2 Keep the initial setting.
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54.2 Interrupt Control Mode O

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set by
means of the | bit in the CPU’s CCR. Interrupts are enabled when the | bit is cleared to O, and
disabled when set to 1.

Figure 5.5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest is sent to the interrupt controller.

[2] Thel hit isthen referenced. If the | bitis cleared to O, the interrupt request is accepted. If the
bitisset to 1, only an NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to
the priority system is accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on
the stack shows the address of the first instruction to be executed after returning from the
interrupt handling routine.

[6] Next, thel bitin CCR is set to 1. This masks al interrupts except NMI.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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Interrupt Control Mode O
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54.3 Interrupt Control Mode 2

Eight-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts
by comparing the interrupt mask level set by bits 12 to 10 of EXR in the CPU with IPR.

Figure 5.6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt
reguest is sent to the interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest
priority according to the interrupt priority levels set in IPR is selected, and lower-priority
interrupt requests are held pending. If a number of interrupt requests with the same priority are
generated at the same time, the interrupt request with the highest priority according to the
priority system shown in table 5.4 is sel ected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. An interrupt request with a priority no higher than the mask level set at that timeis
held pending, and only an interrupt request with a priority higher than the interrupt mask level
is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC
saved on the stack shows the address of the first instruction to be executed after returning from
the interrupt handling routine.

[6] TheT hitin EXR iscleared to 0. The interrupt mask level is rewritten with the priority level of
the accepted interrupt.

If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] A vector address is generated for the accepted interrupt, and execution of the interrupt handling
routine starts at the address indicated by the contents of that vector address.
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Interrupt Exception Handling Sequence

544

Figure 5.7 shows the interrupt exception handling sequence. The example shown is for the case

where interrupt control mode O is set in advanced mode, and the program area and stack area are

in on-chip memory.

aunnods Bulpuey 1dnuiaiul Jo UoINAISUI ISIIH 1)

((zT) (0T) = (€1)) Ssaippe wels aunnol Buipuey dnusiu| (€1)
(suayu09 ssaippe

10108A) ssauppe Lels aunnod Bulpuey idnusiul (zT) (0T)

¥-dS ()
zds (9
(‘pamndaxa 10N) ssalppe yaiaaid uononnsul (g)

(‘paIndaxa JoN) 9pod uonodnisu| (y) (g)

ssalppe J0}93A  (T1) (6) (*ssaippe uinlal ay} ‘Od panes ay} Jo SJU3U0d 3y} SI SIY L
"pa1ndaxa J0N) Ssalppe yolayaid uononisu| (1)

"OD panes pue Od pares  (g) (9)

{ @ — o — @ —{©)

sn eyep

leusaju|

feubis ayum

J

[eusaul

[eubis peas
[eusaiul

f [ snq ssaippe
x ® X feusau|

I I
I I
I I
! ! [eubis 1sanbal
I | 1dnus|
T T
I I
| |

I O I

L =L
D)
Y ==
£
=><
&
L =< | —_ | ____

W L

yolejeid  uonesado U218} J0109A Yoeis
uononsul aupnol leusaiu|
Buypuey dnuaiu|

uonelado
[eusau]

yoleyaud uonONASUI JO PUa 10} A
uononisu| | uoneulwldlap [9A9] 1dnuiB|

soueidadoe
1dnus)

Figure5.7 Interrupt Exception Handling
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545 Interrupt Response Times

The LSl is capable of fast word transfer instruction to on-chip memory, and the program areais
provided in on-chip ROM and the stack areain on-chip RAM, enabling high-speed processing.

Table 5.9 shows interrupt response times - the interval between generation of an interrupt request
and execution of thefirst instruction in the interrupt handling routine. The execution status
symbols used in table 5.9 are explained in table 5.10.

Table5.9 Interrupt Response Times

Normal Mode*® Advanced Mode
No. Execution Status INTM1=0 INTM1=1 INTM1=0 INTM1=1
1 Interrupt priority determination** 3 3 3 3
Number of wait states until executing (1 to 19) (1to 19) (1to 19) (1to 19)
instruction ends*? +2:S, +2:S, +2-S, +2-S,
3 PC, CCR, EXR stack save 2:Sy 3-Sy 2:S, 3:Sy
4 Vector fetch S, S, 2-S, 2-S,
5 Instruction fetch** 2-S, 2-S, 2S, 2S,
6 Internal processing** 2 2 2 2
Total (using on-chip memory) 11to 31 12 to 32 12to 32 13t0 33

Notes: *1 Two states in case of internal interrupt.
*2 Refers to MULXS and DIVXS instructions.
*3 Prefetch after interrupt acceptance and interrupt handling routine prefetch.
*4 Internal processing after interrupt acceptance and internal processing after vector fetch.
*5 Not available in the LSI.

Table5.10 Number of Statesin Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8 Bit Bus 16 Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6+2m 2 3+m
Branch address read S,
Stack manipulation Sy

m: Number of wait states in an external device access.
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55 Usage Notes

551 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupts, the disabling becomes effective
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if aninterrupt is generated during execution of the instruction, the interrupt concerned will
still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if thereis an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for the
higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.

Figure 5.8 shows and example in which the CMIEA bit in 8-bit timer TCR is cleared to O.

TCR write cycle by CPU CMIA exception handling

-y ———-—————————————————
i i

address bus

Internal
write signal

CMIEA

Internal >< TCR address X

CMFA

CMIA
interrupt signal

Figure5.8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.
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55.2 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NM1 are disabled and the next instruction is
always executed. When the | bit is set by one of these instructions, the new value becomes valid
two states after execution of the instruction ends.

553 Timeswhen Interruptsare Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

Theinterrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction.

554 Interrupts during Execution of EEPMOV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPM OV .W instruction.

With the EEPM OV .B instruction, an interrupt request (including NM1) issued during the transfer
is not accepted until the move is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at a break in the transfer cycle. The PC value saved on the stack in this
caseis the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the
following coding should be used.

L1: EEPMOV. W
MOV. W R4, R4
BNE L1
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5.6 DTC Activation by Interrupt

5.6.1 Overview

The DTC can be activated by an interrupt. In this case, the following options are available:

e Interrupt request to CPU
» Adctivation request to DTC
» Selection of anumber of the above

For details of interrupt requests that can be used with to activate the DTC, see section 8, Data
Transfer Controller.

5.6.2 Block Diagram

Figure 5.9 shows a block diagram of the DTC interrupt controller.

Interrupt DTC activation
e — request vector
request | selection [ nu?nber
circuit —
IRQ
interrupt ﬂ Select
signal )
9 Clear signal Control logic DTC
| Interrupt source DTCER _
On-chip clear signal ‘ Clear signal
supporting
module
DTVECR|[ [
1]
SWDTE .
clear signal CPU interrupt
request vector
ot number
Deternjlnz_:ltlon of | /= CPU
priority -
I,12to 10
Interrupt controller ‘
Figure5.9 Interrupt Control for DTC
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5.6.3 Operation
Theinterrupt controller has three main functionsin DTC control.

(1) Selection of Interrupt Source: Interrupt sources can be specified as DTC activation requests
or CPU interrupt requests by means of the DTCE bit of DTCERA to DTCERF, and DTCERI in
the DTC.

After aDTC datatransfer, the DTCE hit can be cleared to 0 and an interrupt request sent to the
CPU in accordance with the specification of the DISEL bit of MRB inthe DTC.

When the DTC has performed the specified number of datatransfers and the transfer counter value
iszero, the DTCE hit is cleared to 0 and an interrupt request is sent to the CPU after the DTC data
transfer.

(2) Determination of Priority: The DTC activation source is selected in accordance with the
default priority order, and is not affected by mask or priority levels. See section 8.3.3, DTC
Vector Table, for the respective priorities.

(3) Operation Order: If the sameinterrupt is selected asa DTC activation source and a CPU
interrupt source, the DTC data transfer is performed first, followed by CPU interrupt exception
handling.

Table 5.11 summarizes interrupt source selection and interrupt source clearance control according
to the settings of the DTCE bit of DTCERA to DTCERF and DTCERI in the DTC, and the DISEL
bit of MRB inthe DTC.

Table5.11 Interrupt Source Selection and Clearing Control

Settings

DTC Interrupt Source Selection/Clearing Control
DTCE DISEL DTC CPU
0 * X A
1 0 A X

1 O A
Legend
A\ : The relevant interrupt is used. Interrupt source clearing is performed.

(The CPU should clear the source flag in the interrupt handling routine.)
. The relevant interrupt is used. The interrupt source is not cleared.
. The relevant bit cannot be used.
Don't care

* x O
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(4) Usage Note: SCI and A/D converter interrupt sources are cleared when the DTC reads or
writes to the prescribed register, and are not dependent on the DTCE and DISEL bits.
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Section 6 PC Break Controller (PBC)

6.1 Overview

The PC break controller (PBC) provides functions that simplify program debugging. Using these
functions, it is easy to create a self-monitoring debugger, enabling programs to be debugged with
the chip alone, without using an in-circuit emulator. Four break conditions can be set in the PBC:
instruction fetch, data read, data write, and data read/write.

6.1.1 Features
The PC break controller has the following features:
e Two break channels (A and B)

» Thefollowing can be set as break compare conditions:

O 24 address bits

Bit masking possible
O Buscycle

Instruction fetch

Data access. data read, data write, data read/write
[0 Bus master

Either CPU or CPU/DTC can be selected

» Thetiming of PC break exception handling after the occurrence of abreak condition is as
follows:

O Immediately before execution of the instruction fetched at the set address (instruction fetch)

O Immediately after execution of the instruction that accesses data at the set address (data
access)

* Module stop mode can be set

O Theinitia setting isfor PBC operation to be halted. Register accessis enabled by clearing
modul e stop mode.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the PC break controller.

BARA BCRA
2
<
o
o
5
g
Mask control ?
Comparator - Clgréti::ol
Match signal
Internal address
Access
Stats | comparator |——m- Clggti[:m
Match signal S
IS
o
o
Mask control 5
Q.
5
O
BARB BCRB

j PC break

interrupt

Figure6.1 Block Diagram of PC Break Controller
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6.1.3 Register Configuration
Table 6.1 shows the PC break controller registers.

Table6.1 PC Break Controller Registers

Name Abbreviation  R/W Initial Value Address**
Break address register A BARA R/W H'000000 H'FEOO
Break address register B BARB R/W H'000000 H'FEO4
Break control register A BCRA R(W)*? H'00 H'FEO8
Break control register B BCRB R(W)*? H'00 H'FEO9
Module stop control register C MSTPCRC R/W H'FF H'FDEA
Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, to clear the flag.
6.2 Register Descriptions
6.2.1 Break Address Register A (BARA)
Bit 31 ... 24 23 22 21 20 19 18 17 16 7 6 5 4 3 2 1 0
_ | ...| _ |BAA[BAA|BAA|BAABAA|BAAIBAA [BAA|  |BAA(BAA|BAAIBAA|BAA|BAA| BAAIBAA
23| 22| 21| 20| 19| 1817 |16 7|6|5|4|3|2|1]0
Initial value  ynde- ...Unde- 0 0 O O O 0O 0 O 0 0 0 0 0 0O 0 O

fined fined
Read/Write —— ...

— R/W R/W R/W R/IW R/IW RIWR/W R/W ...

R/W R/W R/W R/W R/W R/W R/W R/W

BARA isa32-bit readable/writable register that specifies the channel A bresk address.

BAA23to BAAO areinitialized to H'000000 by a power-on reset and in hardware standby mode.

Bits 31 to 24—Reserved: These bits return an undefined value if read, and cannot be modified.

Bits 23 to 0—Break Address A23to A0 (BAA23to BAAQ): These bits hold the channel A PC

break address.
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6.2.2 Break Address Register B (BARB)
BARB isthe channel B break addressregister. The bit configuration isthe same asfor BARA.
6.2.3 Break Control Register A (BCRA)

Bit .7 6 5 4 3 2 1 0
| CMFA | CDA [BAMRA2|BAMRA1BAMRAO|CSELAL|CSELAO| BIEA |

Initial value : 0 0 0 0 0 0 0 0
R/W . RW)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only 0 can be written to bit 7, to clear this flag.

BCRA is an 8-bit readable/writable register that controls channel A PC breaks. BCRA (1) selects
the break condition bus master, (2) specifies bits subject to address comparison masking, and (3)
specifies whether the break condition is applied to an instruction fetch or adata access. It aso
contains a condition match flag.

BCRA isinitialized to H'00 by a power-on reset and in hardware standby mode.

Bit 7—Condition Match Flag A (CMFA): Set to 1 when a break condition set for channel A is
satisfied. Thisflagisnot cleared to 0.

Bit 7
CMFA Description
0 [Clearing condition]
When 0 is written to CMFA after reading* CMFA = 1 (Initial value)
1 [Setting condition]

When a condition set for channel A is satisfied

Note: * Read the state wherein CMFA = 1 twice or more, when the CMFA is polled after inhibiting
the PC break interrupt.

Bit 6—CPU Cycle/DTC Cycle Select A (CDA): Selectsthe channel A break condition bus
master.

Bit 6

CDA Description

0 PC break is performed when CPU is bus master (Initial value)
1 PC break is performed when CPU or DTC is bus master
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Bits5to 3—Break AddressMask Register A2to A0 (BAMRA2to BAMRAOQ): These hits
specify which hits of the break address (BAA23 to BAAO) set in BARA are to be masked.

Bit 5 Bit 4 Bit 3
BAMRA2 BAMRA1 BAMRAOQO Description
0 0 0 All BARA bits are unmasked and included in break conditions
(Initial value)
1 BAAO (lowest bit) is masked, and not included in break
conditions
1 0 BAAL to 0 (lower 2 bits) are masked, and not included in break
conditions
1 BAA2 to O (lower 3 bits) are masked, and not included in break
conditions
1 0 0 BAA3 to 0 (lower 4 bits) are masked, and not included in break
conditions
1 BAA7 to O (lower 8 bits) are masked, and not included in break
conditions
1 0 BAAL11 to O (lower 12 bits) are masked, and not included in break
conditions
1 BAA15 to O (lower 16 bits) are masked, and not included in break
conditions

Bits 2 and 1—Break Condition Select A (CSELA1, CSELAOQ): These bits selection an
instruction fetch, data read, data write, or data read/write cycle as the channel A break condition.

Bit 2 Bit 1

CSELA1 CSELAO Description

0 0 Instruction fetch is used as break condition (Initial value)
1 Data read cycle is used as break condition

1 0 Data write cycle is used as break condition
1 Data read/write cycle is used as break condition

Bit 0—Break Interrupt Enable A (BIEA): Enables or disables channel A PC break interrupts.

Bit 0

WDescription

0 PC break interrupts are disabled (Initial value)
1 PC break interrupts are enabled
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6.24 Break Control Register B (BCRB)

BCRB isthe channel B break control register. The bit configuration isthe same asfor BCRA.

6.25 Module Stop Control Register C (M STPCRC)

Bit L7 6 5 4 3 2 1 0
| MSTPC7 | MSTPC6| MSTPC5 | MSTPC4| MSTPC3 | MSTPC2| MSTPC1| MSTPCO|

Initial value : 1 1 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW RW

MSTPCRC is an 8-bit readable/writable register that performs module stop mode control.

When the MSTPCA4 bit is set to 1, PC break controller operation is stopped at the end of the bus
cycle, and module stop mode is entered. Register read/write accesses are not possible in module
stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCRC isinitialized to H'FF by areset and in hardware standby mode. Itisnot initidlized in
software standby mode.

Bit 4—Module Stop (M STPC4): Specifies the PC break controller module stop mode.

Bit 4

MSTPC4 Description

0 PC break controller module stop mode is cleared

1 PC break controller module stop mode is set (Initial value)
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6.3 Operation

The operation flow from break condition setting to PC break interrupt exception handling is shown
in sections 6.3.1 and 6.3.2, taking the example of channel A.

6.3.1 PC Break Interrupt Dueto Instruction Fetch

(2) Initial settings
O Set the break addressin BARA. For a PC bresk caused by an instruction fetch, set the
address of the first instruction byte as the break address.
0 Set the break conditionsin BCRA.

BCRA bit 6 (CDA): With aPC break caused by an instruction fetch, the bus master must
be the CPU. Set 0 to select the CPU.

BCRA bits5to 3 (BAMA2t0 0): Set the address bits to be masked.

BCRA bits2to 1 (CSELA1 to 0): Set 00 to specify an instruction fetch as the break
condition.

BCRA bit 0 (BIEA): Set to 1 to enable bresk interrupts.

(2) Satisfaction of break condition

O When the instruction at the set address is fetched, a PC break request is generated
immediately before execution of the fetched instruction, and the condition match flag
(CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.2 PC Break Interrupt Dueto Data Access

(2) Initial settings
O Setthe break addressin BARA. For a PC break caused by a data access, set the target

ROM, RAM, 1/O, or external address space address as the break address. Stack operations
and branch address reads are included in data accesses.

O Set the break conditionsin BCRA.
BCRA bit 6 (CDA): Select the bus master.
BCRA bits5to 3 (BAMAZ2to 0): Set the address bits to be masked.

BCRA bits2to 1 (CSELA1to0): Set 01, 10, or 11 to specify data access as the break
condition.

BCRA bit 0 (BIEA): Set to 1 to enable break interrupts.
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(2) Satisfaction of break condition

O After execution of the instruction that performs a data access on the set address, a PC break
request is generated and the condition match flag (CMFA) is set.

(3) Interrupt handling

O After priority determination by the interrupt controller, PC break interrupt exception
handling is started.

6.3.3 Noteson PC Break Interrupt Handling

(1) The PC break interrupt is shared by channels A and B. The channel from which the request
was issued must be determined by the interrupt handler.

(2) The CMFA and CMFB flags are not cleared to 0, so 0 must be written to CMFA or CMFB
after first reading the flag whileitisset to 1. If theflagisleft set to 1, another interrupt will be
reguested after interrupt handling ends.

(3) A PC break interrupt generated when the DTC is the bus master is accepted after the bus has
been transferred to the CPU by the bus controller.

6.34 Operation in Transitionsto Power-Down M odes

The operation when a PC break interrupt is set for an instruction fetch at the address after a
SLEEP instruction is shown below.

(1) When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
sleep mode, or from subactive mode to subsleep mode:
After execution of the SLEEP instruction, atransition is not made to sleep mode or subsleep
mode, and PC break interrupt handling is executed. After execution of PC break interrupt
handling, the instruction at the address after the SLEEP instruction is executed (figure 6.2 (A)).

(2) When the SLEEP instruction causes a transition from high-speed (medium-speed) mode to
subactive mode:

After execution of the SLEEP instruction, atransition is made to subactive mode via direct
transition exception handling. After the transition, PC break interrupt handling is executed,
then the instruction at the address after the SLEEP instruction is executed (figure 6.2 (B)).

(3) When the SLEEP instruction causes a transition from subactive mode to high-speed (medium-
speed) mode:
After execution of the SLEEP instruction, and following the clock oscillation settling time, a
transition is made to high-speed (medium-speed) mode via direct transition exception
handling. After the transition, PC break interrupt handling is executed, then the instruction at
the address after the SLEEP instruction is executed (figure 6.2 (C)).
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(4) When the SLEEP instruction causes a transition to software standby mode or watch mode:

After execution of the SLEEP instruction, atransition is made to the respective mode, and PC
break interrupt handling is not executed. However, the CMFA or CMFB flag is set (figure 6.2

(D).

SLEEP instruction SLEEP instruction
execution execution

PC break exception
handling

Y

System clock
- subclock

Execution of instruction Direct transition
after sleep instruction exception handling

()

PC break exception
handling
Execution of instructio
after sleep instruction

(B)

e
)

Subactive

mode

SLEEP instruction
execution

Subclock —
system clock,
oscillation settling time,

Direct transition
exception handling

PC break exception
handling
Execution of instruction
after sleep instruction

©

SLEEP instruction
execution

Transition to
respective mode

©)

High-speed
(medium-speed)
mode

6.3.5

PC Break Operation in Continuous Data Transfer

Figure6.2 Operation in Power-Down Mode Transitions

If a PC break interrupt is generated when the following operations are being performed, exception
handling is executed on completion of the specified transfer.

(1) When a PC break interrupt is generated at the transfer address of an EEPM OV .B instruction:

PC break exception handling is executed after all data transfers have been completed and the
EEPMOV .B instruction has ended.

(2) When a PC break interrupt is generated at a DTC transfer address:

PC break exception handling is executed after the DTC has completed the specified number of
datatransfers, or after datafor which the DISEL bit is set to 1 has been transferred.
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6.3.6 When Instruction Execution is Delayed by One State
Cautionisrequired in the following cases, as instruction execution is one state later than usual.

(1) When the PBC is enabled (i.e. when the break interrupt enable bit is set to 1), execution of a
one-word branch instruction (Bcc d:8, BSR, JSR, IMP, TRAPA, RTE, or RTS) located in on-
chip ROM or RAM is always delayed by one state.

(2) When break interruption by instruction fetch is set, the set address indicates on-chip ROM or
RAM space, and that addressis used for data access, the instruction that executes the data
access is one state later than in normal operation.

(3) When break interruption by instruction fetch is set and abreak interrupt is generated, if the
executing instruction immediately preceding the set instruction has one of the addressing
modes shown below, and that address indicates on-chip ROM or RAM, the instruction will be
one state later than in normal operation.

@ERn, @(d:16,ERn), @(d:32,ERn), @-ERNVERN+, @aa:8, @aa:24, @aa:32, @(d:8,PC),
@(d:16,PC), @@aa:8

(4) When break interruption by instruction fetch is set and abreak interrupt is generated, if the
executing instruction immediately preceding the set instruction is NOP or SLEEP, or has
#xx,Rn asits addressing mode, and that instruction is located in on-chip ROM or RAM, the
instruction will be one state later than in normal operation.
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6.3.7 Additional Notes

(1) When aPC break is set for an instruction fetch at the address following aBSR, JSR, IMP,
TRAPA, RTE, or RTS instruction:
Even if the instruction at the address following aBSR, JSR, IMP, TRAPA, RTE, or RTS
instruction is fetched, it is not executed, and so a PC break interrupt is not generated by the
instruction fetch at the next address.

(2) When the |l bitisset by an LDC, ANDC, ORC, or XORC instruction, a PC break interrupt
becomes valid two states after the end of the executing instruction. If aPC break interrupt is
set for the instruction following one of these instructions, since interrupts, including NMI, are
disabled for a 3-state period in the case of LDC, ANDC, ORC, and XORC, the next
instruction is always executed. For details, see section 5, Interrupt Controller.

(3) When a PC break is set for an instruction fetch at the address following a Bce instruction:
A PC break interrupt is generated if the instruction at the next addressis executed in

accordance with the branch condition, but is not generated if the instruction at the next address
is not executed.

(4) When a PC break is set for an instruction fetch at the branch destination address of a Bcc
instruction:
A PC break interrupt is generated if the instruction at the branch destination is executed in
accordance with the branch condition, but is not generated if the instruction at the branch
destination is not executed.
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Section 7 Bus Controller

71 Overview

The LS| has a built-in bus controller (BSC) that manages the external address space divided into
eight areas. The bus specifications, such as bus width and number of access states, can be set
independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters: the CPU and data transfer controller (DTC).

711 Features
The features of the bus controller are listed below.

» Manages external address space in area units
0 Managesthe externa space as 8 areas of 2-Mbytes
O Bus specifications can be set independently for each area
0 Burst ROM interface can be set

» Basic businterface
0 Chip select (CSO to CS3) can be output for areas 0 to 3
O 8-bit access or 16-bit access can be selected for each area
O 2-state access or 3-state access can be selected for each area
O Program wait states can be inserted for each area

* Burst ROM interface
0O Burst ROM interface can be set for area 0
O Choice of 1- or 2-state burst access

» Idlecycleinsertion
O Anidlecyclecan beinserted in case of an external read cycle between different areas

O Anidlecyclecan beinserted in case of an external write cycle immediately after an
external read cycle

* Busarbitration function
O Includes abus arbiter that arbitrates bus mastership among the CPU and DTC

e Other features
O External bus release function
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712 Block Diagram

Figure 7.1 shows a block diagram of the bus controller.

CSO0 to CS3 _ Internal
Area decoder . addressbus
ABWCR
External bus control signals ASTCR S
BCRH
BCRL _
BREQ —————————™
1)
s
BACK Bus F Internal control
p .
controller £ signals
©
g
o Bus mode signal
E
WA - Wait
controller WCRH
WCRL _
-«—— CPU bus request signal
l-«—— DTC bus request signal
Bus arbiter
us arpt — CPU bus acknowledge signal
= DTC bus acknowledge signal
Legend

ABWCR : Bus width control register
ASTCR : Access state control register
WCRH : Wait control register H
WCRL : Wait control register L
BCRH  : Bus control register H

BCRL  : Bus control register L

Figure7.1 Block Diagram of Bus Controller
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713 Pin Configuration

Table 7.1 summarizes the pins of the bus controller.

Table7.1 BusController Pins

Name Symbol I/0 Function

Address strobe AS Output  Strobe signal indicating that address output on address
bus is enabled.

Read RD Output  Strobe signal indicating that external space is being
read.

High write HWR Output  Strobe signal indicating that external space is to be
written, and upper half (D15 to D8) of data bus is
enabled.

Low write LWR Output  Strobe signal indicating that external space is to be
written, and lower half (D7 to DO) of data bus is enabled.

Chipselect0to3 CSO0 to Output  Strobe signal indicating that areas 0 to 3 are selected.

CS3

Wait WAIT Input Wait request signal when accessing external 3-state
access space.

Bus request BREQ Input Request signal that releases bus to external device.

Bus request BACK Output  Acknowledge signal indicating that bus has been

acknowledge

released.
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714 Register Configuration
Table 7.2 summarizes the registers of the bus controller.

Table7.2 BusController Registers

Name Abbreviation R/W Initial value Address*!
Bus width control register ABWCR R/W H'FF/H'00*? H'FEDO
Access state control register ASTCR R/W H'FF H'FED1
Wait control register H WCRH R/W H'FF H'FED2
Wait control register L WCRL R/W H'FF H'FED3
Bus control register H BCRH R/W H'DO H'FED4
Bus control register L BCRL R/W H'08 H'FED5
Pin function control register PFCR R/W H'0D/H'00*® H'FDEB

Notes: *1 Lower 16 bits of the address.

*2 Determined by the MCU operating mode. Initialized to H'00 in mode 4, and to H'FF in
modes 5to 7.

*3 Initialized to H'OD in modes 4 and 5, and to H'00 in modes 6 and 7.

7.2 Register Descriptions

721 BusWidth Control Register (ABWCR)

Bit : 7 6 5 4 3 2 1 0
ABW7 ABW6 | ABW5 | ABW4 | ABW3 | ABW2 ABW1 | ABWO

Modes 5to 7

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W RIW R/W R/W R/W R/W R/W

Mode 4

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ABWCR is an 8-bit readable/writable register that designates each area for either 8-bit access or
16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip
memory and internal 1/0 registersis fixed regardless of the settingsin ABWCR.

After apower-on reset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 5,
6, 7, and to H'00 in mode 4. Itisnot initialized in software standby mode.
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Bits 7to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These bits select whether the
corresponding areaisto be designated for 8-bit access or 16-hit access.

Bit n
ABWn Description

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access
(n=71to00)

722 Access State Control Register (ASTCR)

Bit : 7 6 5 4 3 2 1 0

AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

ASTCR isan 8-bit readable/writable register that designates each area as either a 2-state access
space or a 3-state access space.

ASTCR sets the number of access states for the external memory space. The number of access
states for on-chip memory and internal 1/0 registersis fixed regardless of the settingsin ASTCR.

ASTCRIisinitialized to H'FF by a power-on reset and in hardware standby mode. It is not
initialized in software standby mode.

Bits 7to 0—Area 7 to 0 Access State Control (AST7to AST0): These bits select whether the
corresponding areaisto be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bitn
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)
Wait state insertion in area n external space is enabled
(n=7100)
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7.2.3 Wait Control RegistersH and L (WCRH, WCRL)

WCRH and WCRL are 8-hit readable/writable registers that select the number of program wait
states for each area.

Program waits are not inserted in the case of on-chip memory or internal /O registers.

WCRH and WCRL are initialized to H'FF by a power-on reset and in hardware standby mode.
They are not initialized in software standby mode.

WCRH
Bit : 7 6 5 4 3 2 1 0
W71 W70 W61 W60 W51 W50 W41 W40
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external space is accessed whilethe AST7 bitin ASTCR is set
to 1.

Bit 7 Bit 6
w71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These hits select the number of
program wait states when area 6 in external space is accessed whilethe AST6 bit in ASTCR is set
to 1.

Bit 5 Bit 4
w61l W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed
(Initial value)
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Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These hits select the number of
program wait states when area 5 in external space is accessed whilethe AST5 bit in ASTCR is set

tol.
Bit 3 Bit 2
w51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bitin ASTCRis set

to 1.
Bit 1 Bit 0
w41l W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
WCRL
Bit : 7 6 5 4 3 2 1 0
W31 W30 W21 W20 w11 W10 wo1 W00
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
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Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These hits select the number of
program wait states when area 3 in external space is accessed whilethe AST3 bit in ASTCR is set
to 1.

Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external space is accessed whilethe AST2 bitin ASTCR is set
to 1.

Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)

Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bit in ASTCR is set
to 1.

Bit 3 Bit 2
w11l w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed
(Initial value)
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Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, WQ00): These hits select the number of
program wait states when area 0 in external space is accessed whilethe ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
w01 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed
(Initial value)
724 Bus Control Register H (BCRH)
Bit : 7 6 5 4 3 2 1 0
ICIS1 ICISO [BRSTRM|BRSTS1|BRSTSO — — —
Initial value : 1 1 0 1 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BCRH is an 8-hit readable/writable register that selects enabling or disabling of idle cycle
insertion, and the memory interface for area O.

BCRH isinitialized to H'DO by a power-on reset and in hardware standby mode. It is not
initialized in software standby mode.

Bit 7—Idle Cyclelnsert 1 (ICIS1): Selects whether or not one idle cycle state is to be inserted
between bus cycles when successive external read cycles are performed in different areas.

Bit 7
ICIS1 Description
0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas
(Initial value)
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Bit 6—Ildle Cyclelnsert 0 (ICIS0): Selects whether or not one idle cycle state isto be inserted
between bus cycles when successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area 0 is used as a burst ROM
interface.

Bit 5

BRSTRM Description

0 Area 0 is basic bus interface (Initial value)
1 Area 0 is burst ROM interface

Bit 4—Burst Cycle Select 1 (BRST S1): Selects the number of burst cycles for the burst ROM
interface.

Bit 4

mDescription

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)

Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

mDescription

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits 2 to 0—Reserved: Only 0 should be written to these bits.
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7.25 Bus Control Register L (BCRL)

Bit : 7 6 5 4 3 2 1 0
BRLE — — — — — — WAITE

Initial value : 0 0 0 0 1 0 0 0

R/W : R/W R/W — R/W R/W R/W R/W R/W

BCRL is an 8-hit readable/writable register that performs selection of the external bus-released
state protocol, and enabling or disabling of WAIT pin input.

BCRL isinitialized to H'08 by a power-on reset and in hardware standby mode. It isnot initialized
in software standby mode.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7
BRLE Description
0 External bus release is disabled. BREQ and BACK can be used as /O ports.
(Initial value)
1 External bus release is enabled.

Bit 6—Reserved: Only 0 should be written to this bit.

Bit 5—Reserved: Thisbit cannot be modified and is always read as 0.
Bit 4—Reserved: Only 0 should be written to this bit.

Bit 3—Reserved: Only 1 should be written to this bit.

Bits 2 and 1—Reserved: Only 0 should be written to these bits.

Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT
pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as I/O port. (Initial value)
1 Wait input by WAIT pin enabled
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7.2.6 Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0
— — BUZZE — AE3 AE2 AEl AEOQ

Modes 4 and 5

Initial value : 0 0 0 0 1 1 0 1

Modes 6 and 7

Initial value : 0 0 0 0 0 0 0 0

R/W . RW R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable/writable register that performs address output control in external
expanded mode.

PFCR isinitialized to H'OD (modes 4 and 5) or H'00 (modes 6 and 7) by a power-on reset and in
hardware standby mode. It retains its previous state in software standby mode.

Bits 7 and 6—Reserved: Only 0 should be written to these bits.

Bit 5—BUZZ Output Enable (BUZZE): Enables or disables BUZZ output from the PF1 pin.
The WDT1 input clock selected with bits PSS and CKS2 to CK S0 is output as the BUZZ signal .

Bit 5

BUZZE Description

0 Functions as PF1 I/O pin (Initial value)
1 Functions as BUZZ output pin

Bit 4—Reserved: Only 0 should be written to this bit.

Bits 3to 0—Address Output Enable 3to 0 (AE3 to AEQ): These bits select enabling or
disabling of address outputs A8 to A23in ROMIess expanded mode and modes with ROM. When
apinisenabled for address output, the address is output regardless of the corresponding DDR
setting. When apin isdisabled for address output, it becomes an output port when the
corresponding DDR hit isset to 1.
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Bit 3 Bit 2 Bit 1 Bit O
AE3 AE2 AE1l AEO Description
0 0 0 0 A8 to A23 output disabled (Initial value*1)
1 A8 output enabled; A9 to A23 output disabled
1 0 A8, A9 output enabled; A10 to A23 output disabled
1 A8 to A10 output enabled; A11 to A23 output disabled
1 0 0 A8 to All output enabled; A12 to A23 output disabled
1 A8 to A12 output enabled; A13 to A23 output disabled
1 0 A8 to A13 output enabled; A14 to A23 output disabled
1 A8 to Al4 output enabled; A15 to A23 output disabled
1 0 0 0 A8 to A15 output enabled; A16 to A23 output disabled
1 A8 to A16 output enabled; A17 to A23 output disabled
1 0 A8 to A17 output enabled; A18 to A23 output disabled
1 A8 to A18 output enabled; A19 to A23 output disabled
1 0 0 A8 to A19 output enabled; A20 to A23 output disabled
1 A8 to A20 output enabled; A21 to A23 output disabled
(Initial value* 2)
1 0 A8 to A21 output enabled; A22, A23 output disabled
1 A8 to A23 output enabled

Notes: *1 In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.

In expanded mode with ROM, address pins A0 to A7 are made address outputs by

setting the corresponding DDR bits to 1.
*2 In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
In ROMless expanded mode, address pins AO to A7 are always made address output.

RENESAS
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7.3 Overview of Bus Control

731 Area Partitioning

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0 to
7, in 2-Mbyte units, and performs bus control for external space in area units. In normal mode, it
controls a 64-kbyte address space comprising part of area 0 (not availablein the LSI). Figure 7.2

shows an outline of the memory map.

Chip select signal's (CSO to CS3) can be output for areas 0 to 3.

H'000000 H'0000
Area 0
(2 Mbytes) '
H'1FFFFF
H'200000
Area 1
(2 Mbytes)
H'3FFFFF
H'400000
Area 2 "
(2 Mbytes) ‘\‘ H'FFFF
HSFFFFF| | TTTTTTTTT
H'600000
Area 3
(2 Mbytes)
H'7FFFFF
H'800000
Area 4
(2 Mbytes)
H'OFFFFF
H'A00000
Area 5
(2 Mbytes)
H'BFFFFF
H'C00000
Area 6
(2 Mbytes)
H'DFFFFF
H'E00000
Area 7
(2 Mbytes)
H'FFFFFF
(1) Advanced mode (2) Normal mode*

Note: * Not available in the LSI.

Figure7.2 Overview of Area Partitioning

134
RENESAS




732 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access
states, and number of program wait states.

The bus width and number of access states for on-chip memory and internal 1/O registers are
fixed, and are not affected by the bus controller.

(1) BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an
8-hit bus is selected functions as an 8-bit access space, and an area for which a 16-bit busis
selected functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any areais designated for 16-bit
access, 16-bit bus modeis set. When the burst ROM interface is designated, 16-bit bus modeis
always set.

(2) Number of Access States: Two or three access states can be selected with ASTCR. An area
for which 2-state access is selected functions as a 2-state access space, and an area for which 3-
state access is selected functions as a 3-state access space.

With the burst ROM interface, the number of access states may be determined without regard to
ASTCR.

When 2-state access space is designated, wait insertion is disabled.

(3) Number of Program Wait States: When 3-state access space is designated by ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From 0 to 3 program wait states can be selected.

Table 7.3 shows the bus specifications for each basic bus interface area.
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Table7.3 Bus Specificationsfor Each Area (Basic Bus I nterface)

ABWCR  ASTCR WCRH, WCRL Bus Specifications (Basic Bus Interface)
Program Wait
ABWn ASTn wnl WnoO Bus Width Access States States
0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 2 0
1 0 0 3 0
1 1
1 0 2
1 3
(n=71t00)

7.3.3 Memory Interfaces

The LSl memory interfaces comprise a basic bus interface that allows direct connection of ROM,
SRAM, and so on, and aburst ROM interface (for area 0 only) that allows direct connection of
burst ROM.

An areafor which the basic bus interface is designated functions as normal space, and an area for
which the burst ROM interface is designated functions as burst ROM space.

7.34 I nterface Specifications for Each Area

Theinitial state of each areais basic bus interface, 3-state access space. Theinitial buswidth is
selected according to the operating mode. The bus specifications described here cover basic items
only, and the sections on each memory interface (7.4 and 7.5) should be referred to for further
details.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of areaOis
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed, the CSO0 signal can be output.

Either basic bus interface or burst ROM interface can be selected for area 0.
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Areas 1to 6: In externa expansion mode, all of areas 1 to 6 is external space.

When area 1 to 6 external space is accessed, the CS1 to CS3 pin signals respectively can be
outpui.

Only the basic businterface can be used for areas 1 to 6.

Area 7: Area 7 includes the on-chip RAM and internal 1/O registers. In external expansion mode,
the space excluding the on-chip RAM and internal /O registersis external space. The on-chip
RAM is enabled when the RAME bit in the system control register (SY SCR) is set to 1; when the
RAME hit is cleared to 0, the on-chip RAM is disabled and the corresponding space becomes
external space.

Only the basic businterface can be used for thearea?.

7.35 Chip Select Signals

The LSI can output chip select signals (CS0 to CS3) to areas 0 to 3, the signal being driven low
when the corresponding external space areais accessed.

Figure 7.3 shows an example of CSn (n = 0 to 3) output timing.

Enabling or disabling of the CSn signal is performed by setting the data direction register (DDR)
for the port corresponding to the particular CSn pin.

In ROM-disabled expansion mode, the CSO pin is placed in the output state after a power-on reset.
Pins CS1 to CS3 are placed in the input state after a power-on reset, and so the corresponding
DDR should be set to 1 when outputting signals CS1 to CS3.

In ROM-enabled expansion mode, pins CSO to CS3 are al placed in the input state after a power-
on reset, and so the corresponding DDR should be set to 1 when outputting signals CSO to CS3.

For details, see section 9, 1/0 Ports.
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Bus cycle

Address bus x Area n external address x

CSn
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Figure7.3 CSn Signal Output Timing (n=0to 3)
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7.4 Basic BusInterface

74.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (seetable
7.3).

74.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D15 to D8) or lower data bus (D7 to DO) is used according to the bus
specifications for the area being accessed (8-bit access space or 16-bit access space) and the data
size.

8-Bit Access Space: Figure 7.4 illustrates data alignment control for the 8-bit access space. With
the 8-bit access space, the upper data bus (D15 to D8) is always used for accesses. The amount of
data that can be accessed at one time is one byte: aword transfer instruction is performed as two
byte accesses, and alongword transfer instruction, as four byte accesses.

Upper data bus Lower data bus
D15 D8, D7 DO,

Byte size [0

Word si 7lstbuscycle | : : : : : : :
ord size | 2ndbuscycle [ , |

[ 1stbus cycle |
2nd bus cycle |
3rd bus cycle |

|

Longword size

| 4th bus cycle

Figure7.4 Access Sizesand Data Alignment Control (8-Bit Access Space)

16-Bit Access Space: Figure 7.5 illustrates data alignment control for the 16-bit access space.
With the 16-bit access space, the upper data bus (D15 to D8) and lower data bus (D7 to DO) are
used for accesses. The amount of datathat can be accessed at one time is one byte or one word,
and alongword transfer instruction is executed as two word transfer instructions.
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In byte access, whether the upper or lower data busis used is determined by whether the addressis
even or odd. The upper databus isused for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
D15 D8 D7 DO,

Byte size  « Even address L ]
Byte size » Odd address | —— |

Word size |““Hw|wwww”\|

Longword 1st bus cycle o T
size 1 T T T T 1 T T T T T 1

2nd bus cycle

Figure7.5 Access Sizesand Data Alignment Control (16-Bit Access Space)

743 Valid Strobes
Table 7.4 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the
data bus.

In awrite, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the
lower half.

Table7.4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write Address Strobe (D15 to D8) (D7 to DO)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-Z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Valid Hi-z
Odd LWR Hi-Z Valid
Word  Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Hi-Z:  High impedance.
Invalid: Input state; input value is ignored.
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74.4 Basic Timing

8-Bit 2-State Access Space: Figure 7.6 shows the bus timing for an 8-hit 2-state access space.
When an 8-hit access space is accessed , the upper half (D15 to D8) of the data busis used.

Wait states cannot be inserted.

————— Buscycle ————————
‘ i

: T1 ! T2 *

CSn

Address bus i)( : i)(

Read D15 to D8 1 " < Valid | >—
{ Invalid | }—

D7 to DO

I
By

LWR
(16-bit bus mode)

Write WR
(8-bit bus mode)

D15 to D8 ‘v—<

D7 to DO

High imbedance

Note: n=0to 3

Figure7.6 BusTimingfor 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 7.7 shows the bus timing for an 8-bit 3-state access space.
When an 8-hit access space is accessed, the upper half (D15 to D8) of the data busis used.

Wait states can be inserted.

- Bus cycle

T3

Csn 3

D15 to D8

Read

D7 to DO

T
0

LWR

High i
(16-bit bus mode) |

LWR
(8-bit bus mode)

Write :

3 High impedance

Note: n=0to 3

Figure7.7 BusTimingfor 8-Bit 3-State Access Space
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16-Bit 2-State Access Space: Figures 7.8 to 7.10 show bus timings for a 16-bit 2-state access
space. When a 16-bit access space is accessed, the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states cannot be inserted.

—————— Buscycle —————

} T1 ! T2 }

Address bus ><

Read D15 to D8

D7 to DO ;

T
=
T

Write 1 |

D15 to D8 “—< i Valid >7

D7 to DO

Note: n=0to 3

Figure7.8 BusTimingfor 16-Bit 2-State Access Space (Even Address Byte Access)
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-————— Buscycle —————————

T1 T2
) B I
Address bus >< ><:
- o L
1
. —

Read D15 to D8 1 { Invalid | }—
D7 to DO 1 { valid '}—

HWR

Write

D15 to D8

D7 to DO ——< " Valid

Note: n=0to 3

Figure7.9 BusTimingfor 16-Bit 2-State Access Space (Odd Address Byte Access)
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T2

Bus cycle

T1

D15 to D8
D7 to DO
D15 to D8
D7 to DO

Address bus

Read
Write
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Figure7.10 BusTiming for 16-Bit 2-State Access Space (Word Access)

Note: n=0to 3




16-Bit 3-State Access Space: Figures 7.11 to 7.13 show bus timings for a 16-bit 3-state access
space. When a 16-bit access spaceis accessed , the upper half (D15 to D8) of the data busis used
for the even address, and the lower half (D7 to DO) for the odd address.

Wait states can be inserted.

- Bus cycle -
3 T1 T2 i T3 3

Address bus ><

CSn

Read < D15to D8

D7 to DO

I
my)

Write

C

D15 to D8 ~—<

D7 to DO

Valid

High impedance

Note: n=0to 3

Figure7.11 BusTiming for 16-Bit 3-State Access Space (Even Address Byte Access)
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Note: n=0to 3

Figure7.12 BusTiming for 16-Bit 3-State Access Space (Odd Address Byte Access)
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T3

Bus cycle
T2

T1

D15 to D8
D7 to DO
D15 to D8
D7 to DO

Address bus

Read
Write

RENESAS

Figure7.13 BusTiming for 16-Bit 3-State Access Space (Word Access)

Note: n=0to 3
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7.4.5 Wait Control

When accessing external space, the LS| can extend the bus cycle by inserting one or more wait
states (Tw). There are two ways of inserting wait states: program wait insertion and pin wait
insertion using the WAIT pin.

Program Wait Insertion

From 0 to 3 wait states can be inserted automatically between the T2 state and T3 state on an
individual areabasisin 3-state access space, according to the settings of WCRH and WCRL.

Pin Wait Insertion

Setting the WAITE bit in BCRH to 1 enables wait insertion by means of the WAIT pin. When
external space is accessed in this state, program wait insertion isfirst carried out according to the
settingsin WCRH and WCRL. Then, if the WAIT pinislow at the falling edge of gin thelast T2
or Tw state, a Tw state isinserted. If the WAIT pinisheld low, Tw states are inserted until it goes
high.

Thisis useful when inserting four or more Tw states, or when changing the number of Tw states
for different external devices.

The WAITE bit setting appliesto all areas.
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Figure 7.14 shows an example of wait state insertion timing.

By program wait By WAIT pin

T1 T2 Tw Tw Tw T3
= -t - - - - =
p J r
WAIT
Address bus:>< >[
AS
RD r
Read
Data bus { Read data )—
HWR, LWR
Write
Data bus —< Write data >~

Note: | indicates the timing of WAIT pin sampling.

Figure7.14 Example of Wait State Insertion Timing

The settings after a power-on reset are; 3-state access, 3 program wait state insertion, and WAIT
input disabled.
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75 Burst ROM Interface

751 Overview

With the LSI, external space area 0 can be designated as burst ROM space, and burst ROM
interfacing can be performed. The burst ROM space interface enables 16-bit configuration ROM
with burst access capability to be accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH.
Consecutive burst accesses of a maximum of 4 words or 8 words can be performed for CPU
instruction fetches only. One or two states can be selected for burst access.

752 Basic Timing

The number of statesin theinitial cycle (full access) of the burst ROM interface isin accordance
with the setting of the ASTO hit in ASTCR. Also, when the ASTO bit is set to 1, wait state
insertion is possible. One or two states can be selected for the burst cycle, according to the setting
of the BRSTSL1 bit in BCRH. Wait states cannot be inserted. When area O is designated as burst
ROM space, it becomes 16-bit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTSO0 bit in BCRH is cleared to O, burst access of up to 4 words is performed; when
the BRSTSO hit is set to 1, burst access of up to 8 wordsis performed.

The basic access timing for burst ROM spaceis shown in figures 7.15 (&) and (b). The timing
shown in figure 7.15 (a) isfor the case where the ASTO and BRSTSL1 bits are both set to 1, and
that in figure 7.15 (b) is for the case where both these bits are cleared to 0.
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Full access Burst access

T1 | T2 | T3 T1 | T2 T1 | T2
- = = = = = = ™
[
\/
Address bus :>< >< Only lower ad/d\ress changed ><
80 _| r
AS

RD r
Databus—< Read data >—< Read data >—< Read data >~

Figure7.15(a) Example of Burst ROM Access Timing (When ASTO=BRSTS1=1)
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Full access Burst access

T1 T2 T1 T1

\/
Address bus x ><Only|0wer ad;j\ress changed x

Data bus 4< Read data ><Read data><Read data>i

Figure7.15(b) Exampleof Burst ROM Access Timing (When ASTO = BRSTS1 = 0)

75.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface. See section 7.4.5, Wait
Control.

Wait states cannot be inserted in a burst cycle.
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7.6 Idle Cycle

7.6.1 Operation

When the LSI accesses external space, it can insert a 1-stateidle cycle (T,) between bus cyclesin
the following two cases: (1) when read accesses between different areas occur consecutively, and
(2) when awrite cycle occurs immediately after aread cycle. By inserting an idle cycleit is
possible, for example, to avoid data collisions between ROM, with along output floating time, and
high-speed memory, 1/0 interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bitin BCRH issetto 1, anidle
cycleisinserted at the start of the second read cycle.

Figure 7.16 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isaread cycle from SRAM,
each being located in adifferent area. In (a), an idle cycleis not inserted, and a collision occursin
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycleisinserted,
and adata collision is prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

T1L T2 T3 | T1 T2 T1L T2 T3

Address bus j X X: Address bus j X \
CS (area A) ‘ CS (area A) ‘
CS(areaB) | CS (areaB) | ‘
RD | ] RD | [ |
Data bus | —§. Data bus | ‘ )—( Q—
' : Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs1=0) (Initial value ICIS1 = 1)
Figure7.16 Exampleof Idle Cycle Operation (1)
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(2) Writeafter Read

If an external write occurs after an external read while the ICIS0O bit in BCRH issetto 1, anidle
cycleisinserted at the start of the write cycle.

Figure 7.17 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle from ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read datafrom ROM and
the CPU write data. In (b), an idle cycleisinserted, and adata collision is prevented.

, BuscycleA  Buscycle B , BuscycleA  BuscycleB
T1 T2 T3 . T1 T2 T1 T2 T3, T T1 T2 |
o LTI LT LILD e [T LT LT LTI L
Address bus j 9( X: Address bus j 1X 9(:
CS (area A) | CS (area A) |
CS (areaB) | CS(areaB) | ‘
RD | 1 RD | |
FWR s s FWR s s
Data bus —§- Data bus | 3 )_( 9_
‘ : Data
Long output | ¢, jigion
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0 =0) (Initial value ICISO = 1)

Figure7.17 Exampleof Idle Cycle Operation (2)
(3) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system’s load conditions, the RD signal may lag behind the CS signal. An
exampleis shown in figure 7.18.

In this case, with the setting for no idle cycle insertion (@), there may be a period of overlap
between the bus cycle A RD signal and the bus cycle B CS signal.

Setting idle cycle insertion, asin (b), however, will prevent any overlap between the RD and CS
signals.
Intheinitial state after reset release, idle cycleinsertion (b) is set.
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, BuscycleA  Buscycle B . Buscycle A Bus cycle B

T4 T2 T3 ' T1 T2

T1 T2 T3

Address bus :b( X x: Address bus j lX

CS (area A) : CS (area A)

CS(areaB) k CS(areaB) i
i 1 *

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS1=0) (Initial value ICIS1 = 1)

Figure7.18 Relationship between Chip Select (CS) and Read (RD)

7.6.2 Pin Statesin Idle Cycle
Table 7.5 shows pin statesin an idle cycle.

Table7.5 Pin Statesin IdleCycle

Pins Pin State
A23 to AO Contents of next bus cycle
D15 to DO High impedance
CSn High
AS High
RD High
HWR High
LWR High
(n=0to 3)
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77 Bus Release

7.7.1 Overview

The LS| can release the external bus in response to a bus request from an external device. In the
external bus released state, the internal bus master continues to operate as long as there is no
external access.

7.7.2 Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE bit
in BCRL to 1. Driving the BREQ pin low issues an external bus request to the LSI. When the
BREQ pin is sampled, at the prescribed timing the BACK pin isdriven low, and the address bus,
data bus, and bus control signals are placed in the high-impedance state, establishing the external
bus-released state.

In the external bus released state, an internal bus master can perform accesses using the internal
bus. When an internal bus master wants to make an external access, it temporarily defers
activation of the bus cycle, and waits for the bus request from the external bus master to be
dropped.

When the BREQ pin is driven high, the BACK pin is driven high at the prescribed timing and the
external bus released state is terminated.

In the event of simultaneous external bus rel ease request and external access request generation,
the order of priority isasfollows:

(High) External bus release > Internal bus master external access (Low)
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7.7.3 Pin Statesin External Bus Released State
Table 7.6 shows pin states in the external bus released state.

Table7.6 Pin Statesin Bus Released State

Pins Pin State

A23 to AO High impedance

D15 to DO High impedance

CSn High impedance

AS High impedance

RD High impedance

HWR High impedance

LWR High impedance

(n=0to3)
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7.7.4 Transition Timing

Figure 7.19 shows the timing for transition to the bus-released state.

CPU

CPU cycle External bus released state cycle
TO T1 T2

Address bus >< Address ><

: : High impedance :/—
/ | | :
i ‘ 1 ! High impedance ! 1
Data bus i ! ; ; ; ;
— 3 I I ' High impedance | |
osh | ! ‘ igh impedance
; : 4 | | |
| : : ! High impedance —
AS 3 | N : : ‘
o —\_'74\ ! High impedance : :/—
RD ! | \ \ |
: \ " High impedance |
FVWR, CWR : 1 1 1 1 1
BREQ \ | | | | / |
BACK Minimum | o\ e
. 1state ! ! ; : |
~— : : : :
(1] (2] (3] [4] (5]
[1] Low level of BREQ pin is sampled at rise of T, state.
[2] BACK pin is driven low at end of CPU read cycle, releasing bus to external
bus master.
[3] BREQ pin state is still sampled in external bus released state.
[4] High level of BREQ pin is sampled.
[5] BACK pin is driven high, ending bus release cycle.

Note: n=0to 3

Figure7.19 Bus-Released State Transition Timing
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7.7.5 Usage Note

When MSTPCR is set to H'FFFFFF and a transition is made to sleep mode, the external bus
release function halts. Therefore, MSTPCR should not be set to H'FFFFFF if the external bus
release function isto be used in sleep mode.

7.8 Bus Arbitration

781 Overview
The LS| has abus arbiter that arbitrates bus master operations.

There are two bus masters, the CPU and DTC, which perform read/write operations when they
have possession of the bus. Each bus master requests the bus by means of a bus request signal. The
bus arbiter determines priorities at the prescribed timing, and permits use of the bus by means of a
bus request acknowledge signal. The selected bus master then takes possession of the bus and
begins its operation.

7.8.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
reguest acknowledge signal to the bus master making the request. If there are bus requests from
more than one bus master, the bus request acknowledge signal is sent to the one with the highest
priority. When a bus master receives the bus request acknowledge signal, it takes possession of the
bus until that signal is canceled.

The order of priority of the bus mastersis asfollows:
(Highy DTC > CPU (Low)

Aninternal bus access by an internal bus master, and external bus release, can be executed in
parallel.

In the event of simultaneous external bus rel ease request, and internal bus master external access
reguest generation, the order of priority is asfollows:

(High) External bus release > Internal bus master external access (Low)
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7.8.3 Bus Transfer Timing

Even if abus request is received from a bus master with a higher priority than that of the bus
master that has acquired the bus and is currently operating, the bus is not necessarily transferred
immediately. There are specific times at which each bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC,
the bus arbiter transfers the bus to the bus master that issued the request. The timing for transfer of
the busis asfollows:

» Thebusistransferred at a break between bus cycles. However, if abus cycle is executed in
discrete operations, as in the case of alongword-size access, the busis not transferred between
the operations. See Appendix A.5, Bus States During Instruction Execution, for timings at
which the busis not transferred.

» If the CPU isin slegp mode, it transfers the bus immediately.
DTC: The DTC sends the bus arbiter a request for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), asingle data
transfer, or aregister information write (3 states). It does not release the bus during a register
information read (3 states), a single data transfer, or aregister information write (3 states).

784 External Bus Release Usage Note

External bus release can be performed on completion of an external bus cycle. TheCS signal
remains low until the end of the external bus cycle. Therefore, when external busreleaseis
performed, the CS signal may change from the low level to the high-impedance state.

79 Resets and the Bus Controller

In a power-on reset, the LSI, including the bus controller, enters the reset state at that point, and an
executing bus cycle is discontinued.
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Section 8 Data Transfer Controller (DTC)

8.1 Overview

The LSl includes adatatransfer controller (DTC). The DTC can be activated by an interrupt or
software, to transfer data.

811 Features
The features of the DTC are:

» Transfer possible over any number of channels
O Transfer information is stored in memory
0 One activation source can trigger a number of data transfers (chain transfer)

» Wide range of transfer modes
O Normal, repeat, and block transfer modes available
O Incrementing, decrementing, and fixing of source and destination addresses can be selected

» Direct specification of 16-Mbyte address space possible
O 24-bit transfer source and destination addresses can be specified

e Transfer can be set in byte or word units

» A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends

O Aninterrupt request can be issued to the CPU after the specified data transfers have
completely ended

» Adctivation by softwareis possible

* Module stop mode can be set

O Theinitia setting enables DTC registers to be accessed. DTC operation is halted by setting
modul e stop mode.
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8.1.2 Block Diagram

Figure 8.1 shows a block diagram of the DTC.

The DTC'sregister information is stored in the on-chip RAM*. A 32-hit bus connectsthe DTC to
the on-chip RAM (1 kbyte), enabling 32-bit/1-state reading and writing of the DTC register
information.

Note: * When the DTC is used, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
c
o
© |
<tz s Ey 2
Interrupt o g Wi |5 = L
request) BoPl> > S | |2 gz o =
5o 8 oy E =|<<|00n 2
o £8 | 3 | <35 2 !
5§ x g
o = x .
'_ 1
O ]
CPU interrupt Internal data bus
request
Legend
MRA, MRB : DTC mode registers A and B
CRA, CRB : DTC transfer count registers A and B
SAR : DTC source address register
DAR : DTC destination address register
DTCERA to DTCEREF,
DTCERI : DTC enable registers Ato F and |
DTVECR : DTC vector register

Figure8.1 Block Diagram of DTC
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8.1.3 Register Configuration

Table 8.1 summarizes the DTC registers.

Table8.1 DTC Registers

Name Abbreviation R/W Initial Value  Address**

DTC mode register A MRA —*%  Undefined —=3

DTC mode register B MRB —*2  Undefined —*3

DTC source address register SAR —*2  Undefined —*3

DTC destination address register DAR —*%  Undefined —=3

DTC transfer count register A CRA —*2  Undefined —*3

DTC transfer count register B CRB —*2  Undefined —*3

DTC enable registers DTCER R/W  H'00 H'FE16 to H'FE1A,
H'FE1E

DTC vector register DTVECR R/W  H'00 H'FE1F

Module stop control register A MSTPCRA R/W  H'3F H'FDES8

Notes:

*1 Lower 16 bits of the address.

*2 Registers within the DTC cannot be read or written to directly.

*3 Register information is located in on-chip RAM addresses H'EBCO to H'EFBF. It cannot
be located in external memory space. When the DTC is used, do not clear the RAME

bit in SYSCR to 0.

RENESAS
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8.2 Register Descriptions

821  DTC ModeRegister A (MRA)

Bit : 7 6 5 4 3 2 1 0
SM1 SMO0 DM1 DMO MD1 MDO DTS Sz

Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde-  Unde-
fined fined fined fined fined fined fined fined

RIW : — — — — — — — —

MRA is an 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source AddressMode 1 and 0 (SM 1, SM0): These bits specify whether SAR is
to be incremented, decremented, or left fixed after a data transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by —1 when Sz = 0; by —2 when Sz = 1)

Bits 5 and 4—Destination Address M ode 1 and 0 (DM 1, DM 0): These bits specify whether
DAR isto be incremented, decremented, or |eft fixed after a data transfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer
(by -1 when Sz = 0; by -2 when Sz = 1)
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Bits3and 2—DTC Mode (MD1, MDO): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 I

Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination
side is set to be arepeat area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifiesthe size of datato be transferred.

Bit 0
Sz Description
0 Byte-size transfer

Word-size transfer

822  DTC ModeRegister B (MRB)

Bit : 7 6 5 4 3 2 1 0
CHNE | DISEL — — — — — —

Initial value: Unde- Unde- Unde- Unde- Unde-  Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

RIW : — — — — — — — —

MRB isan 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a
number of datatransfers can be performed consecutively in response to a single transfer request.
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In data transfer with CHNE set to 1, determination of the end of the specified number of transfers,
clearing of the interrupt source flag, and clearing of DTCER is not performed.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are
disabled or enabled after adata transfer.

Bit 6
DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the
interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—Reserved: These bits have no effect on DTC operation in the LSI, and should always
be written with 0.

8.2.3 DTC Source Address Register (SAR)

Bit : 23 22 21 20 19 --- 4 3 2 1 0

Initial value:  Unde- Unde- Unde-Unde-Unde- - Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined

RW ¢ - - - - — --- —_ = - = -

SAR isa24-bit register that designates the source address of data to be transferred by the DTC.
For word-size transfer, specify an even source address.
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8.24 DTC Destination Address Register (DAR)

Bit : 23 22 21 20 19 --- 4 3 2 1 0
Initial value : Unde- Unde-Unde-Unde-Unde- - Unde- Unde-Unde- Unde-Unde-

fined fined fined fined fined fined fined fined fined fined
R/W = = = = = --- —_ = = = —

DAR is a24-hit register that designates the destination address of data to be transferred by the
DTC. For word-size transfer, specify an even destination address.

8.25 DTC Transfer Count Register A (CRA)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value:  Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

RW @ — — — — — — — — - - - - - = = —

- CRAH ——— > -« CRAL ——»

CRA isa16-hit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65536). Itis
decremented by 1 every time dataiis transferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 bits
(CRAH) and the lower 8 bits (CRAL). CRAH holds the number of transfers while CRAL
functions as an 8-bit transfer counter (1 to 256). CRAL isdecremented by 1 every time datais
transferred, and the contents of CRAH are sent when the count reaches H'00. This operation is
repeated.

8.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value:  Unde-Unde-Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

RIW - - - - - - - - - - - - - = = -

CRB isa 16-hit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65536) that is decremented by 1
every time datais transferred, and transfer ends when the count reaches H'0000.
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827  DTC Enable Registers (DTCER)

Bit : 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The DTC enable registers comprise six 8-bit readable/writable registers, DTCERA to DTCERE
and DTCERI, with bits corresponding to the interrupt sources that can control enabling and
disabling of DTC activation. These bits enable or disable DTC service for the corresponding
interrupt sources.

The DTC enableregisters are initialized to H'00 by areset and in hardware standby mode.

Bit n—DTC Activation Enable (DTCEn)

Bit n

DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
¢ When the DISEL bit is 1 and the data transfer has ended
* When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled

[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended
(n=71to00)

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence
between interrupt sources and DTCE bitsis shown in table 8.4, together with the vector number
generated for each interrupt controller.

For DTCE hit setting, use bit manipulation instructions such as BSET and BCLR for reading and
writing. If al interrupts are masked, multiple activation sources can be set at one time by writing
data after executing adummy read on the relevant register.
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828  DTC Vector Register (DTVECR)

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVECS5|DTVEC4|DTVEC3|DTVEC2 | DTVEC1|DTVECO

Initial value: 0 0 0 0 0 0 0 0

R/W o RI(W)*1 R/(W)*2 R/(W)*2 R/(W)*2 R/(W)*2 R/(W)*2 R/(W)*2 R/(W)*2

Notes: *1 Only 1 can be written to the SWDTE bit.
*2 Bits DTVECS6 to DTVECO can be written to when SWDTE = 0.

DTVECR is an 8-hit readable/writable register that enables or disables DTC activation by
software, and sets a vector number for the software activation interrupt.

DTVECRIsinitialized to H'00 by areset and in hardware standby mode.

Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by
software.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing conditions]
* When the DISEL bit is 0 and the specified humber of transfers have not ended
* When 0 is written to the DISEL bit after a software-activated data transfer end

interrupt (SWDTEND) request has been sent to the CPU
1 DTC software activation is enabled

[Holding conditions]

e When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
« During data transfer due to software activation

Bits6to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECO0): These bits
specify avector number for DTC software activation.

The vector addressis expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit left-
shift. For example, when DTVEC6 to DTVECO = H'10, the vector address is H'0420.
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8.29 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0

| MSTPA7 | MSTPAG | MSTPAS | MSTPA4 | MSTPA3 | MSTPA2| MSTPA1| MSTPAO|
Initial value : 0 0 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW RW

MSTPCRA isan 8-bit readable/writable register that performs module stop mode control.

When the MSTPAG bit in MSTPCRA is set to 1, the DTC operation stops at the end of the bus
cycle and atransition is made to module stop mode. However, 1 cannot be written in the MSTPAG
bit whilethe DTC is operating. For details, see section 19.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 6—Module Stop (M STPAGB): Specifies the DTC module stop mode.

Bit 6

MSTPA6  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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8.3 Operation

8.3.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers
data on the basis of that register information. After the datatransfer, it writes updated register
information back to memory. Pre-storage of register information in memory makes it possible to
transfer data over any required number of channels. Setting the CHNE bit to 1 makes it possible
to perform a number of transfers with a single activation.

Figure 8.2 shows a flowchart of DTC operation.

Start

\
Read DTC vector

Next transfer
B —

Y

Read register information

Y

Data transfer

v

Write register information

i

No

Transfer Counter=0
or DISEL=1

Yes

Y

Clear an activation flag Clear DTCER

End Interrupt exception
handling

Figure8.2 Flowchart of DTC Operation
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The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the
transfer destination address. After each transfer, SAR and DAR are independently incremented,
decremented, or left fixed.

Table 8.2 outlines the functions of the DTC.

Table8.2 DTC Functions

Address Registers

Transfer  Transfer

Transfer Mode Activation Source Source Destination
* Normal mode « IRQ 24 bits 24 hits
O One transfer request transfers one e TPUTGI
byte or one word e 8-bit timer CMI
O Memory addresses are incremented e SCITXl or RXI
or decremented by 1 or 2 « A/D converter ADI

O Up to 65,536 transfers possible
* Repeat mode
0 One transfer request transfers one
byte or one word
0 Memory addresses are incremented
or decremented by 1 or 2
O After the specified number of
transfers (1 to 256), the initial state
resumes and operation continues
* Block transfer mode
O One transfer request transfers a block
of the specified size
O Block size is from 1 to 256 bytes or
words
O Up to 65,536 transfers possible
O A block area can be designated at
either the source or destination

* Software
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8.3.2 Activation Sources

The DTC operates when activated by an interrupt or by awriteto DTVECR by software. An
interrupt request can be directed to the CPU or DTC, as designated by the corresponding DTCER
bit. An interrupt becomes a DTC activation source when the corresponding bit isset to 1, and a
CPU interrupt source when the bit is cleared to O.

At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the
activation source or corresponding DTCER bit is cleared. Table 8.3 shows activation source and
DTCER clearance. The activation source flag, in the case of RXI10, for example, isthe RDRF flag
of SCIO.

Table8.3 Activation Source and DTCER Clearance

When the DISEL Bit Is 0 and When the DISEL Bit Is 1, or when
the Specified Number of the Specified Number of Transfers
Activation Source Transfers Have Not Ended Have Ended

Software activation The SWDTE bit is cleared to 0 The SWDTE bit remains set to 1
An interrupt is issued to the CPU

Interrupt activation The corresponding DTCER bit The corresponding DTCER bit is cleared

remains setto 1 to0
The activation source flag is The activation source flag remains set to 1
cleared to O A request is issued to the CPU for the

activation source interrupt

Figure 8.3 shows a block diagram of activation source control. For details see section 5, Interrupt
Controller.

Source flag cleared

Clear
controller

Clear
A

A
DTCER
Clear request
Select
Y Y
On-chip |
supporting = - DTC
>
module o
S
. -] c
IRQ interrupt ™ o
Interrupt °
(0]
request ° -
DTVECR i w»{ Interrupt controller CPU

Interrupt mask

Figure8.3 Block Diagram of DTC Activation Source Control
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When an interrupt has been designated a DTC activation source, existing CPU mask level and
interrupt controller priorities have no effect. If thereis more than one activation source at the same
time, the DTC operates in accordance with the default priorities.

8.33 DTC Vector Table
Figure 8.4 shows the correspondence between DTC vector addresses and register information.

Table 8.4 shows the correspondence between activation and vector addresses. Whenthe DTC is
activated by software, the vector address is obtained from: H'0400 + (DTVECR[6:0] << 1) (where
<< lindicates a 1-bit left shift). For example, if DTVECR is H'10, the vector address is H'0420.

The DTC reads the start address of the register information from the vector address set for each
activation source, and then reads the register information from that start address. The register
information can be placed at predetermined addresses in the on-chip RAM. The start address of
the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal* and advanced modes, a 2-byte
unit being used in both cases. These two bytes specify the lower bits of the address in the on-chip
RAM.

Note: * Not availableintheLSl.
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Table8.4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of
Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE** Priority
Write to DTVECR Software DTVECR H'0400+ — High
(DTVECR A
[6:0]
<<1)
IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5S
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6*? 22 H'042C DTCEAl
IRQ7 23 H'042E DTCEAO
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel 0
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match) 41 H'0452 DTCEBO
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCECY
input capture) channel 2
TGI2B (GR2B compare match) 45 H'045A DTCEC6
CMIAO (compare match A) 8-bit timer 64 H'0480 DTCEDS3
CMIBO (compare match B) channel 0 65 H0482  DTCED2
CMIA1 (compare match A) 8-bit timer 68 H'0488 DTCED1
CMIBL1 (compare match B) channel 1 69 HO048A  DTCEDO Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE*! Priority
RXI0 (reception complete 0) SCI 81 H'04A2 DTCEE3 High
TXIO (transmit data empty 0) channel 0 82 H04A4  DTCEE2
RXI1 (reception complete 1) SClI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 HO4AC  DTCEEO
RXI3 (reception complete 3) SCI 121 H'04F2 DTCEI7
TXI3 (transmit data empty 3) channel 3 122 H'04F4  DTCEI6  Low

Notes: *1 DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
*2 IRQ6 is a dedicated interrupt source for the FLEX™ decoder Il.

DTC vector
address

Register information

/

start address

~N_

.

Chain transfer

Register information

~N_

Figure8.4 Correspondence between DTC Vector Address and Register |nformation
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834 Location of Register Information in Address Space

Figure 8.5 shows how the register information should be located in the address space.

Locate the MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address
of the register information (contents of the vector address). In the case of chain transfer, register
information should be located in consecutive areas.

Locate the register information in the on-chip RAM (addresses: H'FFEBCO to H'FFEFBF).

Register

information >

start address

Lower address

Chain
transfer

Y

0 1 2

MRA I SAR I

MRB DAR
CRA CRB

MRA SAR

MRB DAR
CRA CRB

= 4 bytes ~

T

Register information

Register information
for 2nd transfer in
chain transfer

Figure8.5 Location of Register Information in Address Space
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8.35 Normal Mode
In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt can be requested.

Table 8.5 lists the register information in normal mode and figure 8.6 shows memory mapping in
normal mode.

Table85 Register Information in Normal Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used

~ M T

SAR —»= I <— DAR

Transfer

Figure8.6 Memory Mappingin Normal Mode
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8.3.6 Repeat Mode
In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the
initial state of the transfer counter and the address register specified as the repeat areais restored,
and transfer is repeated. In repeat mode the transfer counter value does not reach H'00, and
therefore CPU interrupts cannot be requested when DISEL = 0.

Table 8.6 lists the register information in repeat mode and figure 8.7 shows memory mapping in
repeat mode.

Table8.6 Register Information in Repeat Mode

Name Abbreviation Function
DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used

~ M T

SAR or DAR or
DAR — ™ Repeat area <:> - 5AR

Transfer

Figure8.7 Memory Mappingin Repeat Mode
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8.3.7 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area.

The block sizeis 1 to 256. When the transfer of one block ends, the initial state of the block size
counter and the address register specified as the block areais restored. The other address register
is then incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a
CPU interrupt is requested.

Table 8.7 lists the register information in block transfer mode and figure 8.8 shows memory
mapping in block transfer mode.

Table8.7 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count
DTC transfer count register B CRB Transfer count
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H First block

B N
SAR or B N B DAR or
DAR ™ Block area -— S5AR

- - Transfer -

- 7 ~N_ @

Nth block
m
Figure8.8 Memory Mappingin Block Transfer Mode
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8.3.8 Chain Transfer

Setting the CHNE hit to 1 enables a number of data transfers to be performed consectutively in
responseto asingle transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data
transfers, can be set independently.

Figure 8.9 shows the memory map for chain transfer.

T~

Source

Destination

N ) 4
Register information
CHNE =1
DTC vector Register information [

address ’ start address

Register information
CHNE =0

Source

/\//\/

) Destination

Figure8.9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting of the DISEL bit to 1, and the interrupt
source flag for the activation source is not affected.
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8.3.9 Operation Timing

Figures 8.10 to 8.12 show an example of DTC operation timing.

° Sy UL
DTC activation \
request /

DTC \
request /

Data transfer

Vector read

-
s O (OO 0
-~ -

Transfer Transfer
information read information write

Figure8.10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)

0 JUuyubuuuuvuuduyyL
DTC activation

request / \

DTC request / \

Data transfer

Vector read

B T
s O OO im0

- -
Transfer Transfer
information read information write

Figure8.11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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o Juvyyiirryyrirryyyyyuyt

DTC activation
request _/ \
DTC
request J \_
Data transfer Data transfer
Vector read - -
Address
Transfer Transfer Transfer Transfer
information information information information
read write read write

Figure8.12 DTC Operation Timing (Example of Chain Transfer)

8.3.10 Number of DTC Execution States

Table 8.8 lists execution statuses for asingle DTC data transfer, and table 8.9 shows the number of
states required for each execution status.

Table8.8 DTC Execution Statuses

Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3

N: Block size (initial setting of CRAH and CRAL)
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Table8.9 Number of States Required for Each Execution Status

On- On-
Chip  Chip  On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 16 8 16 8 8 16 16
Access states 1 1 2 2 2 3 2 3
Vector read S — 1 — — 4 6+2m 2 3+m
Register S, 1 — — — — — — —
17, .
2 information
£ read/write
.S Byte data read Sy 1 1 2 2 2 3+m 2 3+m
§ Word data read S¢ 1 1 4 2 4 6+2m 2 3+m
X
W Byte data write S 1 1 2 2 2 3+m 2 3+m
Word data write S 1 1 4 2 4 6+2m 2 3+m
Internal operation S, 1 1 1 1 1 1 1 1

m: Number of wait states in external device access

The number of execution states is calculated from the formula below. Note that ¥ means the sum
of al transfers activated by one activation event (the number in which the CHNE bit isset to 1,
plus1).

Number of execution states=1-S+2(J-§+K: -S§+L-§)+M S,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set,
and datais transferred from the on-chip ROM to an internal 1/O register, the time required for the
DTC operation is 13 states. The time from activation to the end of the data write is 10 states.

8.3.11 Proceduresfor UsingDTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.

[2] Set the start address of the register information in the DTC vector address.

[3] Set the corresponding bit in DTCER to 1.

[4] Set the enable bits for the interrupt sourcesto be used as the activation sourcesto 1. The DTC
is activated when an interrupt used as an activation source is generated.
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[5] After the end of one data transfer, or after the specified number of data transfers have ended,
the DTCE bit is cleared to 0 and a CPU interrupt is requested. If the DTC isto continue
transferring data, set the DTCE hit to 1.

Activation by Softwar e: The procedure for using the DTC with software activation is as follows:
[1] Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
[2] Set the start address of the register information in the DTC vector address.

[3] Check that the SWDTE hit isO.

[4] Write 1 to SWDTE bit and the vector number to DTVECR.

[5] Check the vector number written to DTVECR.

[6] After the end of one data transfer, if the DISEL bit is 0 and a CPU interrupt is not requested,
the SWDTE hit is cleared to O. If the DTC is to continue transferring data, set the SWDTE bit
to 1. When the DISEL bit is 1, or after the specified number of data transfers have ended, the
SWDTE bit isheld at 1 and a CPU interrupt is requested.

8.3.12 Examplesof Useof theDTC
(1) Normal Mode
An example is shown in which the DTC is used to receive 128 bytes of data viathe SCI.

[1] Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 =
1, DMO = 0), normal mode (MD1 = MDQO = 0), and byte size (Sz = 0). The DTS bit can have
any value. Set MRB for one data transfer by one interrupt (CHNE = 0, DISEL = 0). Set the
SCI RDR addressin SAR, the start address of the RAM areawhere the data will be received in
DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

[2] Set the start address of the register information at the DTC vector address.
[3] Set the corresponding bit in DTCER to 1.

[4] Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the
reception complete (RX1) interrupt. Since the generation of areceive error during the SCI
reception operation will disable subsequent reception, the CPU should be enabled to accept
receive error interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRisset to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DARisincremented and CRA isdecremented. The RDRF flag is
automatically cleared to O.
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[6] When CRA becomes 0 after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE hit iscleared to 0, and an RX| interrupt request is sent to the CPU. The interrupt
handling routine should perform wrap-up processing.

(2) Software Activation

An example is shown in which the DTC is used to transfer a block of 128 bytes of data by means
of software activation. The transfer source address is H'1000 and the destination address is
H'2000. The vector number is H'60, so the vector address is H'04CO.

[1] Set MRA to incrementing source address (SM1 = 1, SMO = 0), incrementing destination
address (DM1 =1, DMO = 0), block transfer mode (MD1 = 1, MDO = 0), and byte size (Sz =
0). The DTS bit can have any value. Set MRB for one block transfer by one interrupt (CHNE =
0). Set the transfer source address (H'1000) in SAR, the destination address (H'2000) in DAR,
and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Set the start address of the register information at the DTC vector address (H'04CO0).

[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated
by software.

[4] Write 1 to the SWDTE bit and the vector number (H'60) to DTVECR. The write datais H'EO.

[5] Read DTVECR again and check that it is set to the vector number (H'60). If it is not, this
indicates that the write failed. Thisis presumably because an interrupt occurred between steps
3 and 4 and led to a different software activation. To activate this transfer, go back to step 3.

[6] If the write was successful, the DTC is activated and a block of 128 bytes of datais transferred.

[7] After the transfer, an SWDTEND interrupt occurs. The interrupt handling routine should clear
the SWDTE hit to 0 and perform other wrap-up processing.
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8.4 Interrupts

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers, or a data transfer for which the DISEL bit was set to 1. In the case of interrupt
activation, the interrupt set as the activation source is generated. These interruptsto the CPU are
subject to CPU mask level and interrupt controller priority level control.

In the case of activation by software, a software activated data transfer end interrupt (SWDTEND)
is generated.

When the DISEL bit is 1 and one data transfer has ended, or the specified number of transfers
have ended, after data transfer ends, the SWDTE bit isheld at 1 and an SWDTEND interrupt is
generated. Theinterrupt handling routine should clear the SWDTE bit to 0.

When the DTC is activated by software, an SWDTEND interrupt is not generated during a data
transfer wait or during datatransfer even if the SWDTE bit is set to 1.

85 Usage Notes

Module Stop: DTC operation can be disabled or enabled using the module stop control register.
Theinitial setting isfor DTC operation to be enabled. Register accessis disabled by setting
module stop mode. M odule stop mode cannot be set during DTC operation. For details, refer to
section 19, Power-Down Modes.

On-Chip RAM: The MRA, MRB, SAR, DAR, CRA, and CRB registers are al located in on-chip
RAM. When the DTC is used, the RAME hit in SY SCR must not be cleared to 0.

DTCE Bit Setting: For DTCE hit setting, use bit manipulation instructions such as BSET and
BCLR. If all interrupts are masked, multiple activation sources can be set at one time by writing
data after executing adummy read on the relevant register.

190
RENESAS



Section 9 /O Ports

9.1 Overview

The LSl has nine I/0 ports (ports 1, 3, and A to G), and one input-only port (port 4). Also it has
one internal 4-bit 1/0O port (port 7), one internal 1-bit I/O port (port 36), and one input-only port
(port GO) for the FLEX™ decoder |1 interface.

Table 9.1 summarizes the port functions. The pins of each port aso have other functions.

Each port includes a data direction register (DDR) that controls input/output (not provided for the
input-only ports), a dataregister (DR) that stores output data, and a port register (PORT) used to
read the pin states.

Ports A to E have a built-in MOS input pull-up function, and in addition to DR and DDR, have a
MOS input pull-up control register (PCR) to control the on/off status of the MOS input pull-ups.

Ports 3 and A include an open-drain control register (ODR) that controls the on/off status of the
output buffer PMOS.

All the ports can drive asingle TTL load and 30 pF capacitive load.
TheIRQ pins are Schmitt-triggered inputs.

Block diagrams of each port are give in Appendix C, 1/0 Port Block Diagrams.
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Table9.1 H8S2276 Series Port Functions

Port Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port 1 |« 6-bit I/O port P16/TIOCA2/IRQT 6-bit 1/0 port also functioning as TPU /O pins 6-bit 1/0 port also
« Schmitt-triggered P14/TIOCA1/IRQO (TCLKA, TCLKB, TIOCAO, TIQCBO, T‘IOCCOj functioning as
input (IRQO, IRQT) P13/TIOCDO/TCLKB/A23 TIOCDO, TIOCAL, TIOCA2), interrupt input pins | TPU I/O pins
P12/TIOCCO/TCLKA/A22 |(IRQO, IRQT), and address output (A20 to A23)  |(TCLKA, TCLKB,
P11/TIOCBO/A21 TIOCAO, TIOCBO,
P10/TIOCAO0/A20 TIOCCO, TIOCDO,
TIOCA1L, TIOCA2)
and interrupt input
pins (IRQO, IRQ1)
Port 3 |« 6-bit /O port P35/SCK1/IRQ5 6-bit I/0 port also functioning as SCI (channel 0 and 1) I/O pins

. P34/RxD1 (TxDO, RxDO, SCKO, TxD1, RxD1, SCK1) and interrupt input pins
» Open-drain output
cappabi”ty' WU b3 mxD1 (IRQ4, TIRQB)
P32/SCKO/IRQ4
» Schmitt-triggered  |P31/RxD0
input (IRQ4, IRQ5) |P30/TxDO
* 1-bit I/O port P36 1-bit I/O port
(dedicated internal
1/0 port for the
FLEX™ decoder Il
interface)
Port 4 |« 8-bit input port P47/AN7 8-bit input port also functioning as A/D converter analog input (AN7
P46/AN6 to ANO)
P45/AN5
P44/AN4
P43/AN3
P42/AN2
P41/AN1
P40/ANO
Port 7 |« 4-bit 1/0 port P77/TxD3 4-bit 1/0 port also functioning as SCI (channel 3) 1/O pins (TxD3,
(dedicated /O port |P76/RxD3 RxD3, SCK3)
for the FLEX™ P75/SCK3
decoder Il interface) |P74
Port A |+ 4-bit I/O port PA3/A19 to PAO/A16 4-bit 1/0 port also functioning as address output  |4-bit I/O port
« Built-in MOS input (A19 10 A1)
pull-up
» Open-drain output
capability
Port B |+ 8-bit I/0O port PB7/A15 to PBO/A8 8-bit I/O port also functioning as address output |8-bit I/O port
* Built-in MOS input (A15 10 AB)
pull-up
Port C |+ 8-bit I/0O port PC7/A7 to PCO/AO Address output (A7 to AQ) When DDR = 0: |8-bit I/O port
. Rl . Input port
Built-in MOS input \When DDR = 1:
pull-up
Address output
Port D |+ 8-bit I/O port PD7/D15 to PDO/D8 Data bus input/output (D15 to D8) 8-bit I/O port

« Built-in MOS input
pull-up
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Port Description Pins Mode 4 Mode 5 Mode 6 Mode 7
Port E |* 8-bit I/O port PE7/D7 to PEO/DO In 8-bit bus mode: 8-bit I/0 port 8-bit 1/0 port
« Built-in MOS input :;1016»b|t bus mode: Data bus input/output (D7 to
pull-up )
Port F |+ 8-bit I/O port PF7/g When DDR = 0: Input port When DDR =0
« Schmitt-triggered When DDR = 1 (after reset): g output :)if:;er reset): Input
input (IRQ3, IRQ2
nput (IRQ3, 1RQ2) When DDR = 1:
output
PF6/AS AS, RD, HWR output 3-bit I/0 port
PF5/RD
PF4/HWR
PF3/LWR/ADTRG/IRQS3 |In 16-bit bus mode: LWR output 1/0 port also
In 8-bit bus mode: I/O port also functioning as functioning as
interrupt input pin (IRQ3) and A/D converter input |interrupt input pin
(ADTRG) (IRQ3) and A/D
converter input
(ADTRG)
PF2/WAIT When WAITE = 0 (after reset): I/O port 1/0 port
When WAITE = 1: WAIT input
PF1/BACK/BUZZ When BRLE = 0 (after reset): 1/O ports also 1/0 ports also
PFO/BREQ/IRQ2 functioning as WDT output pin (BUZZ) and functioning as
interrupt input pin (IRQ2) WDT output pin
When BRLE = 1: BREQ input, BACK output, and |(BUZZ) and
interrupt input pin (IRQ2) interrupt input pin
(IRQ2)
Port G |» 4-bit I/O port PG4/CS0 When DDR = 0*1: Input port 1/0 port
— 2. ~QN
« Schmitt-triggered When DDR = 1*2: CSO output
input (IRQ7) PG3/CS1 When DDR = 0 (after reset): Input ports also 1/0 ports also
PG2/CS2 functioning as interrupt input pin (IRQ7) functioning as
PG1/CS3/IRQ7 When DDR = 1: CS1, CS2, CS3 output and interrupt input pin
interrupt input pin (IRQ7) (IRQ7)
« 1-bit input port PGO/IRQ6 Input port also functioning as interrupt input pin (IRQ6)
(dedicated internal
1/0 port for the
FLEX™ decoder I
interface)
Notes: *1 After mode 6 reset

*2 After mode 4 or 5 reset
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9.2 Port 1

921 Overview

Port 1 isa6-bit 1/0O port. Port 1 pins aso function as TPU 1/0 pins (TCLKA, TCLKB, TIOCAO,
TIOCBO, TIOCCO, TIOCDO, TIOCAL, and TIOCA?2), external interrupt pins (IRQO and IRQ1),
and address bus output pins (A23 to A20). Port 1 pin functions depend on the operating mode.

The interrupt input pins (IRQO and IRQ1) are Schmitt-triggered inputs.

Figure 9.1 shows the port 1 pin configuration.

Port 1 pins: Pin functions in modes 4 to 6

—= P16 (input/output)/TIOCA2 (input/output)/IRQT (input)
~— P14 (input/output)/TIOCA1 (input/output)/IRQO (input)
Port1 = P13 (input/output)/TIOCDO (input/output)/TCLKB (input)/A23 (output)
— P12 (input/output)/TIOCCO (input/output)/TCLKA (input)/A22 (output)
~— P11 (input/output)/TIOCBO (input/output)/A21(output)
— P10 (input/output)/TIOCAO (input/output)/A20(output)

Pin functions in mode 7

P16 (input/output)/ TIOCA2 (input/output)/IRQT (input)
P14 (input/output)/TIOCAL1 (input/output)/IRQO (input)
P13 (input/output)/TIOCDO (input/output)/TCLKB (input)
P12 (input/output)/TIOCCO (input/output)/TCLKA (input)
P11 (input/output)/TIOCBO (input/output)

P10 (input/output)/TIOCAO (input/output)

Figure9.1 Port 1 Pin Functions
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9.22 Register Configuration
Table 9.2 shows the port 1 register configuration.

Table9.2 Port 1Registers

Name Abbreviation R/W Initial Value*? Address**
Port 1 data direction register P1DDR w H'00 H'FE30
Port 1 data register P1DR R/W H'00 H'FF00
Port 1 register PORT1 R Undefined H'FFBO

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 6 and 4 to 0.

Port 1 Data Direction Register (P1DDR)

Bit : 7 6 5 4 3 2 1 0

| — |P16DDR| — |P14DDR|P13DDR|P12DDR| P11DDR| P10DDR|
Initial value : Undefined 0 Undefined 0 0 0 0 0
RIW : w w w w w w w w

P1DDR isan 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 1. PIDDR cannot beread; if it is, an undefined value will beread. Bits 7 and 5 are
reserved; these bits should always be written with O.

P1DDR isinitialized to H' 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

The OPE bit in SBYCR is used to select whether the address output pins retain their output state
or become high-impedance when atransition is made to software standby mode.

(8 Modes 4, 5, and 6
If address output is enabled by the setting of bits AE3 to AEO in PFCR, pins P13 to P10 are
address outputs. Pins P16 and P15, and pins P13 to P10 when address output is disabled, are
output ports when the corresponding PLDDR bits are set to 1, and input ports when the
corresponding PLDDR hits are cleared to 0.

(b) Mode 7

Setting a PADDR bit to 1 makes the corresponding port 1 pin an output port, while clearing the
bit to 0 makes the pin an input port.
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Port 1 Data Register (P1DR)

Bit : 7 6 5 4 3 2 1 0

| — | PDR| — | P14DR | P13DR | P12DR | P11DR | P1ODR |
Initial value : Undefined 0 Undefined 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

P1DR is an 8-bit readable/writable register that stores output data for the port 1 pins (P16, P14 to
P10). Bits 7 and 5 are reserved; these bits should aways be written with 0 and will return an
undefined valueif read.

P1DRisinitialized to H’ 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port 1 Register (PORT1)

Bit : 7 6 5 4 3 2 1 0
. — | P | — | P4 | P13 | P12 | Pl | P10 |

Initial value : Undefined —*  Undefined —* —* —* —* —*

RIW S R — R R R R R

Note: * Determined by the state of pins P16, P14 to P10.

PORT1 is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 1 pins (P16, P14 to P10) must always be performed on P1DR. Bits 7 and 5
are reserved; these bits will return an undefined value if read.

If aport 1 read is performed while PADDR bits are set to 1, the PIDR vaues areread. If aport 1
read is performed while PLDDR bits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORT1 contents are determined by the pin
states, as PIDDR and P1DR areinitialized. PORT1 retains its previous state in software standby
mode.
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9.23

Pin Functions

Port 1 pins also function as TPU 1/O pins (TCLKA, TCLKB, TIOCAO, TIOCBO, TIOCCQO,
TIOCDO, TIOCA1, and TIOCA?2), external interrupt input pins (IRQO and IRQ1), and address
output pins (A23 to A20). Port 1 pin functions are shown in table 9.3.

Table9.3

Pin

Port 1 Pin Functions

Pin Functions and Selection Method

P16/
TIOCA2/
IRQ1

The pin function is switched as shown below according to the combination of the TPU
channel 2 settings (bits MD3 to MDO in TMDRZ2, bits IOA3 to IOAO in TIOR2, and bits
CCLR1 and CCLRO in TCR2) and bit P16DDR.

TPU channel 2 (1) )
settings in table below in table below
P16DDR — 0 1
Pin function TIOCA2 output P16 input P16 output
TIOCAZ2 input**
IRQT input*?
Notes: *1 TIOCAZ2 input when MD3 to MDO = B'0000 or B'01xx and IOA3 = 1.

*2 When used as an external interrupt pin, do not use for another function.

TPU channel 2 2) @) 2 ) Q) 2)
settings
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOAO B'0000 |B'0001 to B'0011 B'xx00 | Other Other than B'xx00
B'0100 |B'0101 to B'0111 than
B'1xxx B'xx00
CCLR1, CCLRO — — — — Other than B'01
B'01
Output function — | Output compare — PWM |PWM mode 2| —
output mode 1 output
output
x: Don't care
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Pin

Pin Functions and Selection Method

P14/ The pin function is switched as shown below according to the combination of the TPU
TIOCA1l/  channel 1 settings (bits MD3 to MDO in TMDR1, bits IOA3 to IOAO in TIOR1, and bits
IRQO CCLR1 and CCLRO in TCR1) and bit P14DDR.
TPU channel 1 (1) 2)
settings in table below in table below
P14DDR — 0 1
Pin function TIOCAL output P14 input P14 output
TIOCAL input**
IRQO input*?
Notes: *1 TIOCA1 input when MD3 to MDO = B'0000 or B'01xx and IOA3 to IOAO=
B'10xx.
*2 When used as an external interrupt pin, do not use for another function.
TPU channel 1 ) 1) 2 (1) (1) 2
settings
MD3 to MDO B'0000, B'01xx B'001x | B'0010 B'0011
IOA3 to IOA0 B'0000 |B'0001 to B'0011 B'xx00 | Other Other than B'xx00
B'0100 |B'0101 to B'0111 than
B'1xxx B'xx00
CCLR1, CCLRO — — — — Other than B'01
B'01
Output function — | Output compare| — PWM |PWM mode 2| —
output mode 1 output
output
x: Don't care
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Pin

Pin Functions and Selection Method

P13/
TIOCDO/
TCLKB/
A23

The pin function is switched as shown below according to the combination of the
operating mode, the TPU channel 0 settings (bits MD3 to MDO in TMDRO, bits I0D3 to
I0DO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO0), bits TPSC2 to TPSCO0 in TCRO
to TCR2, bits AE3 to AEO in PFCR, and bit P13DDR.

Operating mode Modes 4, 5, 6 Mode 7

AE3 to AEO Other than B'1111 B'1111 —

TPU channel 0 () ) — ) (2

settings in table below| in table below in table below| in table below

P13DDR — 0 1 — — 0 1

Pin function TIOCDO P13 | P13 — TIOCDO P13 | P13

output input | output output input | output
TIOCDO — TIOCDO
input** input**
TCLKB input*?2 A23 TCLKB input*?2
output

Notes: *1 TIOCDO input when MD3 to MDO = B'0000 and I0D3 to IODO = B'10xx.
*2 TCLKB input when the setting for any of TCRO to TCR2 is: TPSC2 to

TPSCO = B'101.
Also, TCLKB input when channel 1 is set to phase counting mode.
TPU channel 0 ) 1) (2) 2 1) 2)
settings
MD3 to MDO B'0000 B'0010 B'0011
10D3 to I0D0 B'0000 |B'0001 to B'0011] — B'xx00 | Other than B'xx00
B'0100 |B'0101 to B'0111
B'1xxx
CCLR2to CCLRQ — — — — Other than | B'110
B'110
Output function — | Output compare| — — |PWMmode2| —
output output
x: Don't care
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Pin Pin Functions and Selection Method
P12/
TIOCCO/
TCLKA/
A22

The pin function is switched as shown below according to the combination of the
operating mode, the TPU channel 0 settings (bits MD3 to MDO in TMDRO, bits I0C3 to
I0CO0 in TIOROL, and bits CCLR2 to CCLRO in TCRO0), bits TPSC2 to TPSCO0 in TCRO
to TCR2, bits AE3 to AEO in PFCR, and bit P12DDR.

Modes 4, 5, 6
Other than B'1111

@ &)

Operating mode Mode 7

AE3 to AEO
TPU channel 0

B'1111

1) @

in table below

in table below

settings

in table below

in table below

0 1

P12 | P12
input | output
TIOCCO
input**

TCLKA input*?

0 1 —

P12 | P12
input | output
TIOCCO
input**

TCLKA input*?

P12DDR

Pin function

TIOCCO
output

TIOCCO
output

A22
output

Notes: *1 TIOCCO input when MD3 to MDO = B'0000 and IOC3 to IOCO = B'10xx.
*2 TCLKA input when the setting for any of TCRO to TCR2 is: TPSC2 to
TPSCO = B'100.
Also, TCLKA input when channel 1 is set to phase counting mode.

TPU channel 0 ) Q) (2) Q) Q)
settings

MD3 to MDO
IOC3 to IOCO

)

B'0011
Other than B'xx00

B'001x
B'xx00

B'0010

Other
than
B'xx00

B'0000

B'0001 to B'0011
B'0101 to B'0111

B'0000
B'0100
B'1xxx

Other than B'101

B'101

PWM mode 2
output

CCLR2 to CCLROQ

PWM
mode 1
output*®

Output compare
output

Output function

Xx: Don’t care

Note: *3 Output is disabled for TIOCDO.
When BFA =1 or BFB = 1 in TMDRO, output is disabled and the settings in

(2) apply.
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Pin

Pin Functions and Selection Method

P11/
TIOCBO/
A21

The pin function is switched as shown below according to the combination of the
operating mode, the TPU channel 0 settings (bits MD3 to MDO in TMDRO and bits
IOB3 to IOBO in TIOROH), bits AE3 to AEO in PFCR, and bit P11DDR.

Operating mode Modes 4, 5, 6 Mode 7

AE3 to AEO Other than B'111x B'111x —

TPU channel 0 Q) ) — Q) )

settings in table below| in table below in table below| in table below

P11DDR — 0 1 — — 0 1

Pin function TIOCBO P11 | P11 | — TIOCBO P11 | P11
output input | output output input | output

TIOCBO A21 TIOCBO
input* output input*

Note: * TIOCBO input when MD3 to MDO = B'0000 and IOB3 to IOB0 = B'10xx.

RENESAS

TPU channel 0 2) 1) 2 2 Q) 2)
settings
MD3 to MDO B'0000 B'0010 B'0011
10B3 to IOBO B'0000 |B'0001 to B'0O011 — B'xx00 | Other than B'xx00
B'0100 |B'0101 to B'0111
B'1xxx
CCLR2to CCLRQ — — — — Other than | B'010
B'010
Output function — | Output compare — — |PWMmode2| —
output output
X: Don't care
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Pin Pin Functions and Selection Method
P10/ The pin function is switched as shown below according to the combination of the
TIOCAO/  operating mode, the TPU channel 0 settings (bits MD3 to MDO in TMDRO, bits IOA3 to
A20 IOAQ in TIOROH, and bhits CCLR2 to CCLRO in TCRO0), bhits AE3 to AEO in PFCR, and
bit P1ODDR.
Operating mode Modes 4, 5, 6 Mode 7
AE3 to AEO Other than (B'1101 or B'111x) B'1101 —
or
B'111x
TPU channel 0 (1) 2) — 1) 2)
settings in table below| in table below in table below| in table below
P10DDR — 0 1 — — 0 1
Pin function TIOCAO P10 | P10 | — TIOCAO P10 | P10
output input | output output input | output
TIOCAO A20 TIOCAO
input** | output input**
Note: *1 TIOCAO input when MD3 to MDO = B'0000 and IOA3 to IOAO = B'10xx.
TPU channel 0 ) 1) 2) 1) (1) 2
settings
MD3 to MDO B'0000 B'001x | B'0010 B'0011
IOA3 to IOAOQ B'0000 |B'0001 to B'0011 B'xx00 | Other Other than B'xx00
B'0100 |B'0101 to B'0111 than
B'1xxx B'xx00
CCLR2to CCLRQ — — — — Other than | B'001
B'001
Output function — | Output compare| — PWM |PWM mode 2| —
output mode 1 output
output*?
x: Don’t care
Note: *2 Output is disabled for TIOCBO.
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9.3 Port 3*

Note: * P36, only isainternal 1/0O port.

9.3.1 Overview

Port 3 consists of a 6-hit 1/0O port and on-chip 1-bit 1/O port that is a dedicated port for the
FLEX™ decoder Il interface. Port 3 pins also function as SCI 1/0 pins (TxDO0, RxDO, SCKO,
TxD1, RxD1, and SCK 1) and external interrupt input pins (IRQ4 and IRQS5). Port 3 pin functions
arethe samein al operating modes.

The interrupt input pins (IRQ4 and IRQS5) are Schmitt-triggered inputs.

Figure 9.2 shows the port 3 pin configuration.

Port 3 pins

le—» P36 (input/output) —— === [ ——

—m P35 (input/output)/SCK1(input/output)/IRQ5 (input)

— P34 (input/output)/RxD1 (input)

POrt3 le—» P33 (input/output)/ TxD1 (output) FLEX™
p p p decoder Il

" P32 (input/output)/SCKO(input/output)/IRQ4 (input)

~+— P31 (input/output)/RxDO0 (input)

~*— P30 (input/output)/TxDO (output)

Note: ------ : Connected inside the chip (P36 only)

Figure9.2 Port 3 Pin Functions
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9.3.2 Register Configuration
Table 9.4 shows the port 3 register configuration.

Table9.4 Port 3Registers

Name Abbreviation R/W Initial Value*? Address**
Port 3 data direction register P3DDR w H'00 H'FE32
Port 3 data register P3DR R/W H'00 H'FF02
Port 3 register PORT3 R H'00 H'FFB2
Port 3 open-drain control register P30ODR R/W H'00 H'FE46

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 6 to 0.

Port 3 Data Direction Register (P3DDR)

Bit : 7 6 5 4 3 2 1 0

| — | P36DDR| P35DDR| P34DDR | P33DDR | P32DDR| P31DDR | P30DDR|
Initial value : Undefined 0 0 0 0 0 0 0
RIW S W W W W W W W

P3DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 3. P3DDR cannot beread; if it is, an undefined value will be returned. Bit 7 is
reserved; this bit cannot be modified and will return an undefined value if read.

Setting a P3DDR bit to 1 makes the corresponding port 3 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P3DDR isinitialized to H' 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.
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Port 3 Data Register (P3DR)

Bit : 7 6 5 4 3 2 1 0

| — | P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR |
Initial value : Undefined 0 0 0 0 0 0 0
RIW S RW RW RW RW RW RW  RW

P3DR is an 8-bit readable/writable register that stores output data for the port 3 pins (P36 to P30).
Bit 7 is reserved; this bit cannot be modified and will return an undefined value if read.

P3DRisinitialized to H' 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port 3 Register (PORT?3)

Bit : 7 6 5 4 3 2 1 0
. — | — | P | P34 | P33 | P32 | P31 | P30 |

Initial value : Undefined Undefined —* —* —* —* —* —*

RIW S R R R R R R R

Note: * Determined by the state of pins P35 to P30.

PORT3 is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port 3 pins (P35 to P30) must always be performed on P3DR. Bits7 and 6 are
reserved; these bits will return an undefined value if read.

If aport 3 read is performed while P3DDR bits are set to 1, the P3DR values are read. If aport 3
read is performed while P3DDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORT 3 contents are determined by the pin
states, as P3ADDR and P3DR areinitialized. PORT3 retains its previous state in software standby
mode.
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Port 3 Open-Drain Control Register (P3ODR)

Bit : 7 6 5 4 3 2 1 0

| — | — | P350DR|P340DR| P330DR| P320DR| P310DR| P300DR|
Initial value : Undefined Undefined 0 0 0 0 0 0
RIW S RW RW RW RW RW RW  RW

P30DR is an 8-bit readable/writable register that controls the PMOS on/off status for each port 3
pin (P35 to P30). Bits7 and 6 are reserved; these bits should always be written with 0 and will
return an undefined value if read.

Setting a P3ODR bit to 1 makes the corresponding port 3 pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

P3ODR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

9.3.3 Pin Functions

Port 3 pins also function as SCI 1/0 pins (TxDO0, RxDO, SCKO0, TxD1, RxD1, and SCK1) and
interrupt input pins (IRQ4 and IRQ5). Port 3 pin functions are shown in table 9.5.
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Table 9.5

Port 3 Pin Functions

Pin Pin Functions and Selection Method
P36 The pin function is switched as shown below according to the setting of bit P36DDR.
(dedicated
internal I/O
port for the | p3gDDR 0 1
FLEX™
decoder Il | pin function P36 input P36 output
interface)
P35/SCK1/ The pin function is switched as shown below according to the combination of bit C/A in
IRQ5 SMR, bits CKEO and CKE1 in SCR of SCI1, and bit P35DDR.
CKE1 0 1
C/A 0 1 _
CKEO 0 1 — —
P35DDR 0 1 — — —
Pin function P35 input | P35 output**|SCK1 output* {SCK1 output** SCK1 input
IRQ5 input*?
Notes: *1 NMOS open-drain output when P350DR = 1.
*2 When used as an external interrupt pin, do not use for another function.
P34/RxD1 The pin function is switched as shown below according to the combination of bit RE in
SCR of SCI1 and bit P34DDR.
RE 0 1
P34DDR 0 1 —
Pin function P34 input P34 output* RxD1 input
Note: * NMOS open-drain output when P340DR = 1.
P33/TxD1 The pin function is switched as shown below according to the combination of bit TE in

SCR of SCI1 and bit P33DDR.

TE 0 1
P33DDR 0 1 —
Pin function P33 input P33 output* TxD1 output*

Note: * NMOS open-drain output when P330DR = 1.

RENESAS
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Pin

Pin Functions and Selection Method

P32/SCKO/ The pin function is switched as shown below according to the combination of bit C/A in

IRQ4 SMR, bits CKEO and CKEL1 in SCR of SCI0, and bit P32DDR.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P32DDR 0 1 — — —
Pin function P32 input | P32 output** SCKO SCKO SCKO input
output** output**
TRQ4 input*?
Notes: *1 NMOS open-drain output when P320DR = 1.
*2 When used as an external interrupt pin, do not use for another function.
P31/RxD0 The pin function is switched as shown below according to the combination of bit RE in
SCR of SCIO0 and bit P31DDR.
RE 0 1
P31DDR 0 1 —
Pin function P31 input P31 output* RxDO input
Note: * NMOS open-drain output when P310ODR = 1.
P30/TxD0O The pin function is switched as shown below according to the combination of bit TE in
SCR of SCI0 and bit P30DDR.
TE 0 1
P30DDR 0 1 —
Pin function P30 input P30 output* TxDO output*
Note: * NMOS open-drain output when P300DR = 1.
9.4 Port 4
94.1 Overview

Port 4 is an 8-bit input-only port. Port 4 pins also function as A/D converter analog input pins
(ANOto AN7). Port 4 pin functions are the same in al operating modes. Figure 9.3 showsthe
port 4 pin configuration.
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Port 4 pins

—— P47 (input)/AN7 (input)
~—— P46 (input)/AN6 (input)
—— P45 (input) /AN5 (input)
Porta [ P44 (input) /AN4 (input)
~—— P43 (input)/AN3 (input)
—— P42 (input) /AN2 (input)
~—— P41 (input)/AN1 (input)

~——— P40 (input)/ANO (input)

Figure9.3 Port 4 Pin Functions

94.2 Register Configuration

Table 9.6 shows the port 4 register configuration. Port 4 is an input-only register, and does not
have a data direction register or data register.

Table9.6 Port 4 Registers

Name Abbreviation R/W Initial Value  Address*
Port 4 register PORT4 R Undefined H'FFB3
Note: * Lower 16 bits of the address.

Port 4 Register (PORT4)

Bit : 7 6 5 4 3 2 1 0
| P47 | Pa6 | Pas | Paa | Pa3 | P42 | Pa1 | Pa0 |

Initial value : —* —* —* _* _* _* _* _

RIW : R R R R R R R R

Note: * Determined by the state of pins P47 to P40.

PORT4 is an 8-hit read-only register. The pin states are aways read when aport 4 read is
performed. Thisregister cannot be written to.

9.4.3 Pin Functions

Port 4 pins also function as A/D converter analog input pins (ANO to AN7).
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9.5 Port 7 [Internal 1/0 Port]

95.1 Overview

Port 7 isa4-bit on-chip dedicated /O port for the FLEX™ decoder 11. Port 7 pins also function as
SCI /O pins (SCK3, RxD3, and TxD3). The functions of pins P77 to P74 are the same in all
operating mode.

Figure 9.4 shows the port 7 pin configuration.

Port 7 pins
~— P77 (input/output)/TxD3 (output) ----------- MOSI ——»
~—— P76 (input)/RxD3 (input) ----------------- MOSO -—— g Ex™
Port 7
—» P75 (input/output)/SCK3 (output) ~----------- SCK ——-| decoder i
—= P74 (input/output) ---------------------- RESET —»
Note: ------ : Connected inside the chip

Figure9.4 Port 7 Pin Functions
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95.2 Register Configuration
Table 9.7 shows the port 7 register configuration.

Table9.7 Port 7 Registers

Name Abbreviation R/W Initial Value*? Address**
Port 7 data direction register P7DDR w H'00 H'FE36
Port 7 data register P7DR R/W H'00 H'FF06
Port 7 register PORT7 R Undefined H'FFB6

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 7, 5, and 4.

Port 7 Data Direction Register (P7DDR)

Bit : 7 6 5 4 3 2 1 0
\P77TDDR| — |P7SDDR|P74DDR| — | — | — | — |

Initial value : 0 Undefined 0 0 Undefined Undefined Undefined Undefined

R/W : W W W W W W W W

P7DDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port 7. P7TDDR cannot beread; if itis, an undefined value will beread. Bits6, 3to 0 are
reserved; these bits should always be written with O.

Setting a P7DDR bit to 1 makes the corresponding port 7 pin an output pin, while clearing the bit
to 0 makes the pin an input pin.

P7DDRisinitialized to H' 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port 7 Data Register (P7DR)

Bit : 7 6 5 4 3 2 1 0
PTIDR| — | PTSDR|PT4DR| — | — | — | — |

Initial value : 0 Undefined 0 0 Undefined Undefined Undefined Undefined

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

P7DR is an 8-bit readable/writable register that stores output data for the port 7 pins (P77, P75,
P74). Bits 6, 3 to 0 are reserved; these bits should always be written with 0 and will return an
undefined vaue if read.
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P7DRisinitialized to H' 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port 7 Register (PORT?7)

Bit : 7 6 5 4 3 2 1 0
e N e e e e

Initial value : Undefined —* Undefined Undefined Undefined Undefined Undefined Undefined

R/W : R R R R R R R R

Note: * Determined by the state of MISO of FLEX™ decoder Il.

PORT?7 is an 8-hit read-only register. The state of M1SO of FLEX™ decoder |1 is aways read
when aport 7 read is performed. It cannot be written to. Writing of output data for the port 7 pins
(P77, P75, P74) must always be performed on P7DR. Bits 7, 5 to O are reserved; these bits will
return an undefined value if read.

212
RENESAS



953

Pin Functions

Port 7 pins also function as SCI 1/0 pins (SCK 3, RxD3, and TxD3). Port 7 pin functions are
shown in table 9.8.

Table9.8 Port 7 Pin Functions
Pin Pin Functions and Selection Method
P77/TxD3 The pin function is switched as shown below according to the combination of bit TE in
SCR of SCI3 and bit P77DDR.
TE 0 1
P77DDR 0 1 1 0
Pin function P77 input P77 output TxD3 output Setting
prohibited
P76/RxD3 The pin function is switched as shown below according to the setting of bit RE in SCR
of SCI3.
RE 0 1
Pin function P76 input RxD3 input
P75/SCK3 The pin function is switched as shown below according to the combination of bit C/A in
SMR, bits CKEO and CKE1 of SCR of SCI3, and bit P75DDR.
CKE1l 0 1
P75DDR 0 1 —
C/A 1 1 —
CKEO 0 1 — 0 1 — —
Pin function P75 Setting prohibited P75 SCK3 SCK3 | Setting
input output | output | output |prohibited
P74 The pin function is switched as shown below according to the setting of the bit
P74DDR.
P74DDR 0 1
Pin function P74 input P74 output
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9.6 Port A

9.6.1 Overview

Port A isa4-bit I/O port. Port A pins also function as address bus outputs. The pin functions

depend on the operating mode.

Port A has abuilt-in MOS input pull-up function that can be controlled by software.

Figure 9.5 shows the port A pin configuration.

Port A pins
— PA3/A19
PortA [ ™ PA2/A18
- PA1/ALl7

~— PAO/A16

Pin functions in modes 4, 5, and 6

PA3 (input/output)/A19 (output)

PA2 (input/output)/A18 (output)

PA1 (input/output)/A17 (output)

PAO (input/output)/A16 (output)

Pin functions in mode 7

PA3 (input/output)

PA2 (input/output)

PA1 (input/output)

PAO (input/output)

Figure9.5 Port A Pin Functions

9.6.2 Register Configuration

Table 9.9 shows the port A register configuration.

Table9.9 Port A Registers

Name Abbreviation R/W Initial Value’> Address™
Port A data direction register PADDR w H'0 H'FE39
Port A data register PADR R/W H'0 H'FF09
Port A register PORTA R Undefined H'FFB9
Port A MOS pull-up control register PAPCR R/W H'0 H'FE40
Port A open-drain control register PAODR R/W H'0 H'FE47

Notes: *1 Lower 16 bits of the address.

*2 Value of bits 3 to 0.
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Port A Data Direction Register (PADDR)

Bit : 7 6 5 4 3 2 1 0

_ _ _ — | PA3DDR PA2DDR | PAIDDR| PAODDR |
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S _ _ _ w w w w

PADDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pinsof port A. PADDR cannot be read; if it is, an undefined value will be read.

Bits 7 to 4 are reserved; these bits cannot be modified.

PADDR isinitialized to H'O (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state in software standby mode. The OPE bit in SBY CR is used to select
whether the address output pins retain their output state or become high-impedance when a
transition is made to software standby mode.

(a) Modes 4, 5, and 6
If address output is enabled by the setting of bits AE3 to AEO in PFCR, the corresponding port
A pins are address outputs.

When address output is disabled, setting a PADDR hit to 1 makes the corresponding port A pin
an output port, while clearing the bit to 0 makes the pin an input port.

(b) Mode 7

Setting a PADDR bit to 1 makes the corresponding port A pin an output port, while clearing
the bit to 0 makes the pin an input port.

Port A Data Register (PADR)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | — | PA3DR| PA2DR | PAIDR | PAODR |
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW : — — — — RW RW  RW  RW

PADR is an 8-hit readable/writable register that stores output data for the port A pins (PA3 to
PAOQ).

Bits 7 to 4 are reserved; these bits cannot be modified and will return an undefined value if read.

PADR isinitialized to H'0 (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state in software standby mode.
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Port A Register (PORTA)

Bit : 7 6 5 4 3 2 1 0
 — | — | — | — | ea3 | Pa2 | PaL | PAO |

Initial value : Undefined Undefined Undefined Undefined —* —* —* —*

RIW : — — — — R R R R

Note: * Determined by the state of pins PA3 to PAO.

PORTA is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port A pins (PA3 to PAO) must always be performed on PADR.

Bits 7 to 4 are reserved; these bits will return an undefined value if read.

If aport A read is performed while PADDR bits are set to 1, the PADR vaues are read. If aport
A read is performed while PADDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTA contents are determined by the pin
states, as PADDR and PADR areinitialized. PORTA retainsits previous state in software standby
mode.

Port A MOS Pull-Up Control Register (PAPCR)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | — | PASPCR| PA2PCR|PAIPCR PAOPCR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S — — — RW RW  RW  RW

PAPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port A on a bit-by-bit basis.

Bits 7 to 4 are reserved; these bits cannot be modified and will return an undefined value if read.

PAPCR isvalid for port input pins. When a PADDR bit is cleared to O (input port setting), setting
the corresponding PAPCR bit to 1 turns on the MOS input pull-up for the corresponding pin.

PAPCR isinitialized to H' O (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state in software standby mode.
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Port A Open-Drain Control Register (PAODR)

Bit : 7 6 5 4 3 2 1 0

. — | — | — | — |PA30ODR|PA20DR|PALODR PAOODR|
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
RIW S _ _ _ RW RW  RW  RW

PAODR is an 8-bit readable/writable register that controls the PMOS on/off status for each port A
pin (PA3to PAO).

Bits 7 to 4 are reserved; these bits cannot be modified and will return an undefined value if read.
PAODR isvalid for port output.

Setting a PAODR bit to 1 makes the corresponding port A pin an NMOS open-drain output pin,
while clearing the bit to 0 makes the pin a CMOS output pin.

PAODR isinitialized to H'O (bits 3 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state in software standby mode.
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9.6.3

Pin Functions

Port A pins also function as address output pins (A19 to A16). Port A pin functions are shownin

table 9.10.

Table9.10 Port A Pin Functions

Pin Pin Functions and Selection Method
PA3/A19  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PA3SDDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in 11xx Other than 11xx —
PFCR
PA3DDR — 0 1 0 1
Pin function A19 output | PAS3 input | PA3 output*| PA3input |PA3 output*
x: Don’t care
Note: * NMOS open-drain output when PA3ODR =1 in PAODR.
PA2/A18 The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PA2DDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in 1011 or Other than —
PFCR 11xx (1011 or 11xx)
PA2DDR — 0 1 0 1
Pin function A18 output | PA2 input | PA2 output*| PAZ2 input |PA2 output*
x: Don't care
Note: * NMOS open-drain output when PA20DR = 1 in PAODR.
PA1/A17  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PA1DDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in 101x or Other than —
PFCR 11xx (101x or 11xx)
PA1DDR — 0 1 0 1
Pin function Al7 output | PALlinput | PAl output*| PA1input |PA1 output*
x: Don’t care
Note: * NMOS open-drain output when PA1ODR =1 in PAODR.
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Pin Pin Functions and Selection Method

PAO/A16  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PAODDR.

Operating mode Modes 4 to 6 Mode 7
AE3to AEQ in Other than Oxxx or 1000 —
PFCR (Oxxx or 1000)
PA1DDR — 0 1 0 1
Pin function A16 output PAO input PAO PAO input PAO
output* output*
x: Don'’t care

Note: * NMOS open-drain output when PAOODR =1 in PAODR.

9.64 MOS Input Pull-Up Function

Port A has abuilt-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off for individual bits.

With port input pins, when a PADDR bit is cleared to 0, setting the corresponding PAPCR bit to 1
turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset and in hardware standby
mode. The previous state is retained in software standby mode.

Table 9.11 summarizes the MOS input pull-up states.

Table9.11 MOSInput Pull-Up States (Port A)

Power-On  Hardware Software In Other
Pins Reset Standby Mode Standby Mode Operations
Address output, port output OFF OFF OFF OFF
Port input OFF OFF ON/OFF ON/OFF

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PADDR = 0 and PAPCR = 1; otherwise off.
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9.7 Port B

9.7.1 Overview

Port B isan 8-bit 1/0 port. Port B pins also function as address bus outputs. The pin functions
depend on the operating mode.

Port B has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.6 shows the port B pin configuration.

Port B pins Pin functions in modes 4, 5, and 6
~— PB7/A15 PB7 (input/output) /A15 (output)
~—» PB6/A14 PB6 (input/output) /A14 (output)
~—» PB5/A13 PB5 (input/output) /A13 (output)

Port B |«— PB4/A12 PB4 (input/output) /A12 (output)
~— PB3/All PB3 (input/output) /A11 (output)
~— PB2/A10 PB2 (input/output) /A10 (output)
~— PB1/A9 PB1 (input/output) /A9 (output)
— PBO/A8 PBO (input/output) /A8 (output)

Pin functions in mode 7
PB7 (input/output)
PB6 (input/output)
PBS5 (input/output)
PB4 (input/output)
PB3 (input/output)
PB2 (input/output)
PB1 (input/output)
PBO (input/output)

Figure9.6 Port B Pin Functions
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9.7.2 Register Configuration
Table 9.12 shows the port B register configuration.

Table9.12 Port B Registers

Name Abbreviation R/W Initial Value  Address*
Port B data direction register PBDDR W H'00 H'FE3A
Port B data register PBDR R/W H'00 H'FFOA
Port B register PORTB R Undefined H'FFBA
Port B MOS pull-up control register PBPCR R/W H'00 H'FE41

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

Bit : 7 6 5 4 3 2 1 0
|PB7DDR | PB6DDR | PB5DDR | PBADDR| PB3DDR | PB2DDR | PB1DDR | PBODDR)|

Initial value : 0 0 0 0 0 0 0 0

RIW : w w w w w w w w

PBDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port B. PBDDR cannot be read; if it is, an undefined value will be read.

PBDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode. The OPE bit in SBY CR is used to select whether the
address output pins retain their output state or become high-impedance when atransition is made
to software standby mode.

e Modes4,5, and 6

If address output is enabled by the setting of bits AE3 to AEO in PFCR, the corresponding port
B pins are address outputs.

When address output is disabled, setting a PBDDR bit to 1 makes the corresponding port B pin
an output port, while clearing the bit to 0 makes the pin an input port.

e Mode7

Setting a PBDDR bit to 1 makes the corresponding port B pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port B Data Register (PBDR)

Bit : 7 6 5 4 3 2 1 0

| PB7DR | PB6DR | PBSDR | PBADR | PB3DR | PB2DR | PBIDR | PBODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PBDR is an 8-hit readable/writable register that stores output data for the port B pins (PB7 to
PBO).

PBDR isinitialized to H’ 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port B Register (PORTB)

Bit : 7 6 5 4 3 2 1 0
| PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PBl | PBO |

Initial value : —* —* —* —* —* —* —* —x

RIW : R R R R R R R R

Note: * Determined by the state of pins PB7 to PBO.

PORTB is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port B pins (PB7 to PBO) must always be performed on PBDR.

If aport B read is performed while PBDDR bits are set to 1, the PBDR values are read. |f aport B
read is performed while PBDDR bits are cleared to O, the pin states are read.

After a power-on reset and in hardware standby mode, PORTB contents are determined by the pin
states, as PBDDR and PBDR are initialized. PORTB retainsits previous state in software standby
mode.

Port B MOS Pull-Up Control Register (PBPCR)

Bit : 7 6 5 4 3 2 1 0
| PB7PCR| PB6PCR| PBSPCR| PBAPCR| PB3PCR| PB2PCR| PB1PCR| PBOPCR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PBPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port B on a bit-by-bit basis.
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PBPCR isvalid for port input pins.

When a PBDDR bit is cleared to O (input port setting), setting the corresponding PBPCR hit to 1
turns on the MOS input pull-up for the corresponding pin.

PBPCR isinitialized to H’' 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

9.7.3 Pin Functions

Port B pins also function as address output pins (A15 to A8). Port B pin functions are shown in
table 9.13.
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Table9.13 Port B Pin Functions

Pin Pin Functions and Selection Method
PB7/A15 The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB7DDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in B'1xxx Other than B'1xxx —
PFCR
PB7DDR — 0 1 0 1
Pin function A15 output | PB7 input | PB7 output | PB7 input | PB7 output
x: Don't care
PB6/A14  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB6DDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in B'0111 or | Other than (B'0111 or —
PFCR B'1xxx B'1xxx)
PB6DDR — 0 1 0 1
Pin function Al4 output | PB6 input | PB6 output | PB6 input | PB6 output
x: Don't care
PB5/A13  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB5DDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in B'011x or | Other than (B'011x or —
PFCR B'1xxx B'1xxx)
PB5DDR — 0 1 0 1
Pin function Al13 output | PB5 input | PB5 output | PB5 input | PB5 output
x: Don't care
PB4/A12  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB4DDR.
Operating mode Modes 4 to 6 Mode 7
AE3 to AEQ in B'0100 or | Other than (B'0100 or —
PFCR B'00xx B'00xx)
PB4DDR — 0 1 0 1
Pin function A12 output | PB4 input | PB4 output | PB4 input | PB4 output
x: Don't care
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Pin

Pin Functions and Selection Method

PB3/A11  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB3DDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in B'00xx Other than B'00xx —
PFCR
PB3DDR — 0 1 0 1
Pin function A1l output | PB3input | PB3 output | PB3input | PB3 output
x: Don't care
PB2/A10  The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB2DDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in B'0010 or Other than B'0010 or —
PFCR B'000x B'000x
PB2DDR — 0 1 0 1
Pin function A10 output | PB2 input | PB2 output | PB2 input | PB2 output
x: Don’t care
PB1/A9 The pin function is switched as shown below according to the combination of the
operating mode, PFCR setting, and bit PB1DDR.
Operating mode Modes 4 to 6 Mode 7
AE3to AEO in B'000x Other than B'000x —
PFCR
PB1DDR — 0 1 0 1
Pin function A9 output | PB1input | PB1 output| PB1 input | PB1 output
x: Don't care
PBO/A8 The pin function is switched as shown below according to the combination of the

operating mode, PFCR setting, and bit PBODDR.

Operating mode Modes 4 to 6 Mode 7

AE3to AEO in B'0000 Other than B'0000 —

PFCR

PBODDR — 0 1 0 1

Pin function A8 output | PBO input | PBO output | PBO input | PBO output
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9.74 MOS Input Pull-Up Function

Port B has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be specified as on or off for individual bits.

With port input pins, when a PBDDR hit is cleared to 0, setting the corresponding PBPCR bit to 1
turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset and in hardware standby
mode. The previous state is retained in software standby mode.

Table 9.14 summarizes the MOS input pull-up states.

Table9.14 MOSInput Pull-Up States (Port B)

Power-On  Hardware Software In Other
Pins Reset Standby Mode Standby Mode Operations
Address output, port output OFF OFF OFF OFF
Port input OFF OFF ON/OFF ON/OFF

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PBDDR = 0 and PBPCR = 1; otherwise off.
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9.8 Port C

9.8.1 Overview

Port C isan 8-hit 1/0 port. Port C pins also function as address bus outputs. The pin functions

depend on the operating mode.

Port C has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.7 shows the port C pin configuration.

Port C pins

—= PC7/A7
—m PC6/A6
— PC5/A5
PortC (w—» PC4/A4
= PC3/A3
—= PC2/A2
—= PC1/Al
= PCO/A0

Pin functions in mode 6
PC7 (input)/A7 (output)
PC6 (input)/A6 (output)
PC5 (input)/A5 (output)
PC4 (input)/A4 (output)
PC3 (input)/A3 (output)
PC2 (input)/A2 (output)
PC1 (input)/Al (output)
PCO (input)/A0 (output)

Pin functions in modes 4 and 5

A7 (output)
A6 (output)
A5 (output)
A4 (output)
A3 (output)
A2 (output)
A1l (output)
A0 (output)

Pin functions in mode 7
PC7 (input/output)
PC6 (input/output)
PCS5 (input/output)
PC4 (input/output)
PC3 (input/output)
PC2 (input/output)
PC1 (input/output)
PCO (input/output)

Figure9.7 Port C Pin Functions
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9.8.2 Register Configuration
Table 9.15 shows the port C register configuration.

Table9.15 Port C Registers

Name Abbreviation R/W Initial Value  Address*
Port C data direction register PCDDR W H'00 H'FE3B
Port C data register PCDR R/W H'00 H'FFOB
Port C register PORTC R Undefined H'FFBB
Port C MOS pull-up control register PCPCR R/W H'00 H'FE42

Note: * Lower 16 bits of the address.

Port C Data Direction Register (PCDDR)

Bit : 7 6 5 4 3 2 1 0
|PC7DDR| PC6DDR| PCSDDR | PC4DDR| PC3DDR| PC2DDR | PC1DDR | PCODDR|

Initial value : 0 0 0 0 0 0 0 0

RIW : w w w w w w w w

PCDDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pins of port C. PCDDR cannot be read; if it is, an undefined value will be read.

PCDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode. The OPE bit in SBY CR is used to select whether the
address output pins retain their output state or become high-impedance when atransition is made
to software standby mode.

* Modes4 and 5
Port C pins are address outputs regardless of the PCDDR settings.

* Mode6

Setting a PCDDR bit to 1 makes the corresponding port C pin an address output, while clearing
the bit to 0 makes the pin an input port.

« Mode7

Setting a PCDDR bit to 1 makes the corresponding port C pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port C Data Register (PCDR)

Bit : 7 6 5 4 3 2 1 0

| PCDR | PC6DR | PC5DR | PC4DR | PC3DR | PC2DR | PCIDR | PCODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PCDR is an 8-bit readable/writable register that stores output data for the port C pins (PC7 to
PCO).

PCDR isinitialized to H’ 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port C Register (PORTC)

Bit : 7 6 5 4 3 2 1 0
\ PC7 \ PC6 \ PC5 \ PC4 \ PC3 \ PC2 \ PC1 \ PCO \

Initial value : —* —* —* —* _* _* _* _*

RIW : R R R R R R R R

Note: * Determined by the state of pins PC7 to PCO.

PORTC is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port C pins (PC7 to PCO) must always be performed on PCDR.

If aport Cread is performed while PCDDR bits are set to 1, the PCDR values areread. If aport C
read is performed while PCDDR bits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORTC contents are determined by the pin
states, as PCDDR and PCDR are initiadlized. PORTC retains its previous state in software standby
mode.

Port C MOS Pull-Up Control Register (PCPCR)

Bit : 7 6 5 4 3 2 1 0
|PC7PCR|PC6PCR | PCSPCR | PC4PCR| PC3PCR| PC2PCR | PCIPCR | PCOPCR)|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PCPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port C on a bit-by-bit basis.

PCPCR isvalid for port input (modes 6 and 7).
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When a PCDDR hit is cleared to O (input port setting), setting the corresponding PCPCR bit to 1
turns on the MOS input pull-up for the corresponding pin.

PCPCR isinitialized to H’' 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

9.8.3 Pin Functionsin Each Mode
Modes4 and 5

In modes 4 and 5, port C pins function as address outputs automatically. Port C pin functionsin
modes 4 and 5 are shown in figure 9.8.

—» A7 (output)
— A6 (output)
— A5 (output)
PortC [— A4 (output)
— A3 (output)
—» A2 (output)

— Al (output)

— A0 (output)

Figure9.8 Port C Pin Functions (Modes 4 and 5)
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Mode 6

In mode 6, port C pins function as address outputs or input ports, and input or output can be
specified bit by bit. Setting a PCDDR bit to 1 makes the corresponding port C pin an address

output, while clearing the bit to 0 makes the pin an input port.

Port C pin functionsin mode 6 are shown in figure 9.9.

When PCDDR =1 When PCDDR =0

Port C

~— A7 (output)
~—> A6 (output)
—> A5 (output)
~— A4 (output)
—> A3 (output)
- A2 (output)

~— Al (output)

— AQ (output)

PC7 (input)
PC6 (input)
PC5 (input)
PC4 (input)
PC3 (input)
PC2 (input)
PC1 (input)
PCO (input)

Mode 7

Figure9.9 Port C Pin Functions (M ode 6)

In mode 7, port C functions as an 1/0 port, and input or output can be specified bit by bit. Setting
aPCDDR bit to 1 makes the corresponding port C pin an output port, while clearing the bit to O
makes the pin an input port.

Port C pin functionsin mode 7 are shown in figure 9.10.

PortC |a—m»

PC7 (input/output)
PC6 (input/output)
PCS5 (input/output)
PC4 (input/output)
PC3 (input/output)
PC2 (input/output)
PC1 (input/output)
PCO (input/output)

Figure9.10 Port C Pin Functions(Mode 7)
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9.84 MOS Input Pull-Up Function

Port C has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be used in modes 6 and 7, and can be specified as on or off for individual bits.

With the port input pin function (modes 6 and 7), when a PCDDR hit is cleared to 0, setting the
corresponding PCPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function isin the off state after a power-on reset and in hardware standby
mode. The previous state is retained in software standby mode.

Table 9.16 summarizes the MOS input pull-up states.

Table9.16 MOSInput Pull-Up States (Port C)

Power-On  Hardware Software In Other
Pins Reset Standby Mode Standby Mode Operations
Address output (modes 4 and 5), OFF OFF OFF OFF
port output (modes 6 and 7)
Port input (modes 6 and 7) OFF OFF ON/OFF ON/OFF
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PCDDR = 0 and PCPCR = 1; otherwise off.
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9.9 Port D

99.1 Overview

Port D isan 8-bit I/O port. Port D pinsalso function as data bus input/output pins. The pin

functions depend on the operating mode.

Port D has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.11 shows the port D pin configuration.

Port D

Port D pin

~— PD7/D15
~— PD6/D14
~+—> PD5/D13
— PD4/D12
~— PD3/D11
~— PD2/D10
~—> PD1/D9
~— PD0/D8

Pin functions in modes 4 to 6
D15 (input/output)

D14 (input/output)

D13 (input/output)

D12 (input/output)

D11 (input/output)

D10 (input/output)

D9 (input/output)

D8 (input/output)

Pin functions in mode 7
PD7 (input/output)
PD6 (input/output)
PD5 (input/output)
PD4 (input/output)
PD3 (input/output)
PD2 (input/output)
PD1 (input/output)
PDO (input/output)

Figure9.11 Port D Pin Functions
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9.9.2 Register Configuration
Table 9.17 shows the port D register configuration.

Table9.17 Port D Registers

Name Abbreviation R/W Initial Value  Address*
Port D data direction register PDDDR W H'00 H'FE3C
Port D data register PDDR R/W H'00 H'FFOC
Port D register PORTD R Undefined H'FFBC
Port D MOS pull-up control register PDPCR R/W H'00 H'FE43

Note: * Lower 16 bits of the address.

Port D Data Direction Register (PDDDR)

Bit : 7 6 5 4 3 2 1 0
|PD7DDR| PD6DDR | PDSDDR | PDADDR| PD3DDR| PD2DDR | PD1DDR| PDODDR|

Initial value : 0 0 0 0 0 0 0 0

RIW : w w w w w w w w

PDDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port D. PDDDR cannot be read; if it is, an undefined value will be read.

PDDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

e Modes4to6

The input/output direction settings in PDDDR are ignored, and port D pins automatically
function as data input/output pins.

* Mode7

Setting a PDDDR bit to 1 makes the corresponding port D pin an output port, while clearing
the bit to 0 makes the pin an input port.
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Port D Data Register (PDDR)

Bit : 7 6 5 4 3 2 1 0

| PD7DR | PD6DR | PD5DR | PD4DR | PD3DR | PD2DR | PDIDR | PDODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PDDR is an 8-bit readable/writable register that stores output data for the port D pins (PD7 to
PDO).

PDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port D Register (PORTD)

Bit : 7 6 5 4 3 2 1 0
\ PD7 \ PD6 \ PD5 \ PD4 \ PD3 \ PD2 \ PD1 \ PDO \

Initial value : —* —* —* —* _* _* _* _*

RIW : R R R R R R R R

Note: * Determined by the state of pins PD7 to PDO.

PORTD is an 8-hit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port D pins (PD7 to PD0) must always be performed on PDDR.

If aport D read is performed while PDDDR bits are set to 1, the PDDR values are read. If aport
D read is performed while PDDDR bits are cleared to 0, the pin states are read.

After apower-on reset and in hardware standby mode, PORTD contents are determined by the pin
states, as PDDDR and PDDR areinitialized. PORTD retainsits previous state in software standby
mode.

Port D MOS Pull-Up Control Register (PDPCR)

Bit : 7 6 5 4 3 2 1 0
|PD7PCR|PD6PCR | PDSPCR | PD4PCR| PD3PCR| PD2PCR | PDIPCR | PDOPCR)|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PDPCR is an 8-bit readable/writable register that controls the MOS input pull-up function
incorporated into port D on a bit-by-bit basis.
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PDPCR isvalid for port input pins (mode 7). When a PDDDR bit is cleared to O (input port
setting), setting the corresponding PDPCR bit to 1 turns on the MOS input pull-up for the
corresponding pin.

PDPCR isinitialized to H’ 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

9.9.3 Pin Functionsin Each M ode
Modes4to 6

In modes 4 to 6, port D pins function as data input/output pins automatically. Port D pin functions
in modes 4 to 6 are shown in figure 9.12.

~— D15 (input/output)
~— D14 (input/output)
~— D13 (input/output)
Port D [ D12 (input/output)
~—> D11 (input/output)
~—> D10 (input/output)

~+—> D9 (input/output)

— D8 (input/output)

Figure9.12 Port D Pin Functions (Modes 4 to 6)
Mode 7

In mode 7, port D functions as an 1/O port, and input or output can be specified bit by bit. Setting
aPDDDR hit to 1 makes the corresponding port D pin an output port, while clearing the bit to 0
makes the pin an input port.

Port D pin functions in mode 7 are shown in figure 9.13.
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~— PD7 (input/output)
~— PDG6 (input/output)
~+— PDS5 (input/output)
PortD ~e— PD4 (input/output)
~+— PD3 (input/output)
~— PD2 (input/output)
~+— PD1 (input/output)

+—> PDO (input/output)

Figure9.13 Port D Pin Functions (Mode 7)

9.94 MOS Input Pull-Up Function

Port D has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be used in mode 7, and can be specified as on or off for individual bits.

With the port input pin function (mode 7), when a PDDDR hit is cleared to O, setting the
corresponding PDPCR bit to 1 turns on the MOS input pull-up for that pin.

The MOS input pull-up function is in the off state after a power-on reset and in hardware standby
mode. The previous state is retained in software standby mode.

Table 9.18 summarizes the MOS input pull-up states.

Table9.18 MOSInput Pull-Up States (Port D)

Power-On  Hardware Software In Other
Pins Reset Standby Mode Standby Mode Operations
Data input/output (modes 4 to 6), OFF OFF OFF OFF
port output (mode 7)
Port input (mode 7) OFF OFF ON/OFF ON/OFF
Legend:

OFF: MOS input pull-up is always off.
ON/OFF: On when PDDDR = 0 and PDPCR = 1; otherwise off.
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9.10 Port E

9.10.1 Overview

Port E isan 8-hit I/O port. Port E pins a so function as data bus input/output pins. The pin
functions depend on the operating mode and on whether 8-bit or 16-bit bus modeis used.

Port E has a built-in MOS input pull-up function that can be controlled by software.

Figure 9.14 shows the port E pin configuration.

Port E pins Pin functions in modes 4 to 6
— PE7/D7 PE7 (input/output)/D7 (input/output)
~—> PEG6/D6 PE® (input/output)/D6 (input/output)
+—> PE5/D5 PES (input/output)/D5 (input/output)
Port E |-=—» PE4/D4 PE4 (input/output)/D4 (input/output)
—> PE3/D3 PE3 (input/output)/D3 (input/output)
— PE2/D2 PE2 (input/output)/D2 (input/output)
~—» PE1/D1 PEL1 (input/output)/D1 (input/output)
~—> PEQ/DO PEO (input/output)/DO (input/output)

Pin functions in mode 7
PE7 (input/output)
PEG6 (input/output)
PES (input/output)
PE4 (input/output)
PE3 (input/output)
PE2 (input/output)
PE1 (input/output)
PEO (input/output)

Figure9.14 Port E Pin Functions
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9.10.2 Register Configuration
Table 9.19 shows the port E register configuration.

Table9.19 Port E Registers

Name Abbreviation R/W Initial Value  Address*
Port E data direction register PEDDR W H'00 H'FE3D
Port E data register PEDR R/W H'00 H'FFOD
Port E register PORTE R Undefined H'FFBD
Port E MOS pull-up control register PEPCR R/W H'00 H'FE44

Note: * Lower 16 bits of the address.

Port E Data Direction Register (PEDDR)

Bit : 7 6 5 4 3 2 1 0
|PE7DDR | PE6DDR | PESDDR | PE4DDR| PE3DDR | PE2DDR | PEIDDR | PEODDR)|

Initial value : 0 0 0 0 0 0 0 0

RIW : w w w w w w w w

PEDDR is an 8-hit write-only register, the individua bits of which specify input or output for the
pinsof port E. PEDDR cannot be read; if it is, an undefined value will be read.

PEDDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

e Modes4to6

When 8-bit bus mode is selected, port E functions as an 1/O port. Setting a PEDDR bit to 1
makes the corresponding port E pin an output port, while clearing the bit to 0 makes the pin an
input port.

When 16-bit bus mode is selected, the input/output direction settingsin PEDDR are ignored,
and port E pins automatically function as data input/output pins.

For details of the 8-bit and 16-bit bus modes, see section 7, Bus Controller.

« Mode7

Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while clearing the
bit to 0 makes the pin an input port.
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Port E Data Register (PEDR)

Bit : 7 6 5 4 3 2 1 0

| PE7DR | PE6DR | PESDR | PE4DR | PE3DR | PE2DR | PEIDR | PEODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PEDR is an 8-bit readable/writable register that stores output data for the port E pins (PE7 to PEQ).

PEDR isinitialized to H'00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port E Register (PORTE)

Bit : 7 6 5 4 3 2 1 0

| PE7 | PE6 | PE5 | PE4 | PE3 | PE2 | PEl | PEO |
Initial value : —* - — —* = _* _* _
RIW : R R R R R R R R

Note: * Determined by the state of pins PE7 to PEO.
PORTE is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port E pins (PE7 to PEO) must always be performed on PEDR.

If aport E read is performed while PEDDR bits are set to 1, the PEDR values are read. If aport E
read is performed while PEDDR bits are cleared to 0, the pin states are read.

After apower-on reset and in hardware standby mode, PORTE contents are determined by the pin
states, as PEDDR and PEDR areinitialized. PORTE retainsiits previous state in software standby
mode.

Port E MOS Pull-Up Control Register (PEPCR)

Bit : 7 6 5 4 3 2 1 0
| PETPCR| PEGPCR| PESPCR| PE4PCR| PE3PCR| PE2PCR| PE1IPCR| PEOPCR|

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

PEPCR is an 8-hit readable/writable register that controls the MOS input pull-up function
incorporated into port E on a bit-by-bit basis.

PEPCR isvalid for port input pins (modes 4 to 6 in 8-bit bus mode, or mode 7).

240
RENESAS



When a PEDDR bit is cleared to O (input port setting), setting the corresponding PEPCR bit to 1
turns on the MOS input pull-up for the corresponding pin.

PEPCR isinitialized to H 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

9.10.3 Pin Functionsin Each Mode
Modes4to 6

In modes 4 to 6, if 8-hit access space is designated and 8-bit bus mode is selected, port E functions
asan /O port. Setting a PEDDR bit to 1 makes the corresponding port E pin an output port, while

clearing the bit to 0 makes the pin an input port.

When 16-bit bus mode is selected, the input/output direction settings in PEDDR are ignored, and
port E pins function as data input/output pins.

Port E pin functions in modes 4 to 6 are shown in figure 9.15.

Port E

8-bit bus mode

PE7 (input/output)
PEG6 (input/output)
PE5 (input/output)
PE4 (input/output)
PES3 (input/output)
PE2 (input/output)
PE1 (input/output)
PEO (input/output)

16-bit bus mode
D7 (input/output)
D6 (input/output)
D5 (input/output)
D4 (input/output)
D3 (input/output)
D2 (input/output)
D1 (input/output)
DO (input/output)

Figure9.15 Port E Pin Functions (Modes 4 to 6)
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Mode 7

In mode 7, port E functions as an I/O port, and input or output can be specified bit by bit. Setting
a PEDDR hit to 1 makes the corresponding port E pin an output port, while clearing the bit to 0
makes the pin an input port.

Port E pin functions in mode 7 are shown in figure 9.16.

~— PE7 (input/output)
~— PEG (input/output)
~+—> PE5 (input/output)
Port E [-— PE4 (input/output)
~— PE3 (input/output)
~—> PE2 (input/output)

~+— PE1 (input/output)

~—> PEQ (input/output)

Figure9.16 Port E Pin Functions (Mode 7)

9.10.4 MOSInput Pull-Up Function

Port E has a built-in MOS input pull-up function that can be controlled by software. MOS input
pull-up can be used in modes 4 to 6 in 8-bit bus mode, or in mode 7, and can be specified as on or
off for individual bits.

With the port input pin function (modes 4 to 6 in 8-bit bus mode, or mode 7), when a PEDDR bit
iscleared to 0, setting the corresponding PEPCR bit to 1 turns on the MOS input pull-up for that

pin.

The MOS input pull-up function isin the off state after a power-on reset and in hardware standby
mode. The previous state is retained in software standby mode.

Table 9.20 summarizes the MOS input pull-up states.
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Table9.20 MOSInput Pull-Up States (Port E)

Power-On Hardware Software In Other
Pins Reset Standby Mode Standby Mode Operations
Data input/output (modes 4 to 6 OFF OFF OFF OFF

with 16-bit bus), port output (modes
4 to 6 with 8-bit bus, mode 7)

Port input (modes 4 to 6 with 8-bit OFF OFF ON/OFF ON/OFF
bus, mode 7)

Legend:
OFF: MOS input pull-up is always off.
ON/OFF: On when PEDDR = 0 and PEPCR = 1; otherwise off.

9.11 Port F

9.11.1 Overview

Port Fisan 8-bit 1/0O port. Port F pins also function as external interrupt input pins (IRQ2 and
IRQ3), the BUZZ output pin, the A/D trigger input pin (ADTRG), bus control signal 1/0 pins (AS,
RD, HWR, LWR, WAIT, BREQ, and BACK), and the system clock (@) output pin.

Theinterrupt input pins (IRQ2 and IRQ3) are Schmitt-triggered inputs.

Figure 9.17 shows the port F pin configuration.
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Port F pins Pin functions in mode 7

—» PF7/g PF7 (input)/g (output)

a—m PF6/AS PF6 (input/output)

+—» PF5/RD PF5 (input/output)

Port F =—= PF4/HWR PF4 (input/output)

~=—» PF3/LWR/ADTRG/IRQ3 PF3 (input/output)/ ADTRG (input)/IRQ3 (input)

- PF2/WAIT PF2 (input/output)

-—» PF1/BACK/BUZZ PF1 (input/output)/BUZZ (output)

= PFO/BREQ/TRQ2 PFO (input/output)/TRQ2 (input)
Pin functions in modes 4 to 6
PF7 (input)/g (output)
AS (output)
RD (output)
HWR (output)
PF3 (input/output)/ LWR (output)/ ADTRG (input)/IRQ3 (input)
PF2 (input/output)/WAIT (input)
PF1 (input/output)/BACK (output)/BUZZ (output)
PFO (input/output)/BREQ (input)/IRQ2 (input)

Figure9.17 Port F Pin Functions
9.11.2 Register Configuration

Table 9.21 shows the port F register configuration.

Table9.21 Port F Registers

Name Abbreviation R/W Initial Value ~ Address**
Port F data direction register PFDDR W H'80/H'00*? H'FE3E
Port F data register PFDR R/W  H'00 H'FFOE
Port F register PORTF R Undefined H'FFBE

Notes: *1 Lower 16 bits of the address.

*2 Initial value depends on the mode.
PFDDR is initialized to H'80 in modes 4 to 6, and to H'00 in mode 7.
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Port F Data Direction Register (PFDDR)

Bit 7 6 5 4 3 2 1 0
\ PF7DDR‘ PF6DDR‘ PF5DDR‘ PF4DDR‘ PFSDDR‘ PFZDDR‘ PFlDDR‘ PFODDR‘

Modes 4 to 6

Initial value : 1 0 0 0 0 0 0 0

RIW : w w w w w w

Mode 7

Initial value : 0 0 0 0 0 0 0 0

RIW : w w w w w w

PFDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port F. PFDDR cannot be read; if it is, an undefined value will be read.

PFDDR isinitialized to H'80 (modes 4 to 6) or H'00 (mode 7) by a power-on reset and in hardware
standby mode. It retainsits previous state in software standby mode. The OPE bitin SBYCR is
used to select whether the bus control output pins retain their output state or become high-
impedance when atransition is made to software standby mode.

Modes 4 to 6

Pin PF7 functions as the g output pin when the corresponding PFDDR bit is set to 1, and as an
input port when the bit is cleared to O.

The input/output direction specification in PFDDR isignored for pins PF6 to PF4, which are
automatically designated as bus control outputs (AS, RD, and HWR).

When 8-bit bus mode selected, pin PF3 is made bus control output (LWR). When 16-bit bus
mode selected, setting a PF3DDR hit to 1 makes the pin an output port, while clearing the bit
to 0 makes the pin an input port.

Pins PF2 to PFO are made bus control input/output pins (WAIT, BACK, and BREQ) by bus
controller settings. Otherwise, setting a PFDDR hit to 1 makes the corresponding pin an
output port, while clearing the bit to 0 makes the pin an input port.

Mode 7

Setting a PFDDR hit to 1 makes the corresponding port F pin PF6 to PFO an output port, or in
the case of pin PF7, the g output pin. Clearing the bit to 0 makes the pin an input port.
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Port F Data Register (PFDR)

Bit : 7 6 5 4 3 2 1 0

| PF7DR | PF6DR | PF5DR | PFADR | PF3DR | PF2DR | PFIDR | PFODR |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

PFDR is an 8-bit readable/writable register that stores output data for the port F pins (PF7 to PFO).

PFDR isinitialized to H’ 00 by a power-on reset and in hardware standby mode. It retainsits
previous state in software standby mode.

Port F Register (PORTF)

Bit : 7 6 5 4 3 2 1 0
| PF7 | PF6 | PF5 | PF4 | PF3 | PF2 | PF1 | PFO |

Initial value : —* - — —* = _* _* _

RIW : R R R R R R R R

Note: * Determined by the state of pins PF7 to PFO.

PORTF is an 8-bit read-only register that shows the pin states. It cannot be written to. Writing of
output data for the port F pins (PF7 to PFO) must always be performed on PFDR.

If aport F read is performed while PFDDR bits are set to 1, the PFDR values are read. If aport F
read is performed while PFDDR bits are cleared to O, the pin states are read.

After apower-on reset and in hardware standby mode, PORTF contents are determined by the pin
states, as PFDDR and PFDR areinitialized. PORTF retains its previous state in software standby
mode.

9.11.3 Pin Functions

Port F pins also function as external interrupt input pins (IRQ2 and IRQ3), the BUZZ output pin,
the A/D trigger input pin (ADTRG), bus control signal I/0 pins (AS, RD, HWR, LWR, WAIT,
BREQ, and BACK), and the system clock (@) output pin. The pin functions differ between modes
4 to 6 and mode 7. Port F pin functions are shown in table 9.22.
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Table9.22 Port F Pin Functions

Pin Pin Functions and Selection Method
PF7/a The pin function is switched as shown below according to bit PF7DDR.

PF7DDR 0 1

Pin function PF7 input @ output
PF6/AS The pin function is switched as shown below according to the operating mode and bit

PF6DDR.

Operating mode Modes 4 to 6 Mode 7

PF6DDR — 0 1

Pin function AS output PF6 input PF6 output
PF5/RD The pin function is switched as shown below according to the operating mode and bit

PF5DDR.

Operating mode Modes 4 to 6 Mode 7

PF5DDR — 0 1

Pin function RD output PF5 input PF5 output
PF4/HWR The pin function is switched as shown below according to the operating mode and bit

PF4DDR.

Operating mode Modes 4 to 6 Mode 7

PF4DDR — 0 1

Pin function HWR output PF4 input PF4 output
PF3/LWR/ The pin function is switched as shown below according to the operating mode, the bus
ADTRG/  mode, A/D converter bits TRGS1 and TRGSO, and bit PF3DDR.
IRQ3 Operating mode Modes 4 to 6 Mode 7

Bus mode 16-bit bus 8-bit bus mode —

mode
PF3DDR — 0 1 0 1
Pin function LWR output| PF3input | PF3 output | PF3input | PF3 output
ADTRG input**
IRQ3 input*?

Notes: *1 ADTRG input when TRGSO = TRGS1 = 1.

*2 When used as an external interrupt input pin, do not use as an I/O pin for
another function.
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Pin

Pin Functions and Selection Method

PF2/WAIT The pin function is switched as shown below according to the operating mode, bit
WAITE in BCRL, and bit PF2DDR.

Operating mode Modes 4 to 6 Mode 7

WAITE 0 1 —

PF2DDR 0 1 — 0 1

Pin function PF2 input | PF2 output | WAIT input | PF2input | PF2 output

PF1/BACK/ The pin function is switched as shown below according to the operating mode, bit

BUZZ BRLE in BCRL, bit BUZZE in PFCR, and bit PF1DDR.
Operating mode Modes 4 to 6 Mode 7
BRLE 0 1 —
BUZZE 0 1 — 0 1
PF1DDR 0 1 — — 0 1 —
Pin function PF1 PF1 | BUZZ | BACK | PF1 PF1 | BUZZ
input | output | output | output | input | output | output
ﬂm/ The pin function is switched as shown below according to the operating mode, bit
IRQ2 BRLE in BCRL, and bit PFODDR.
Operating mode Modes 4 to 6 Mode 7
BRLE 0 1 —
PFODDR 0 1 — 0 1
Pin function PFO input | PFO output | BREQ input| PFO input | PFO output
IRQ2 input*
Note: * When used as an external interrupt input pin, do not use as an 1/O pin for
another function.
9.12 Port G*

Note: * PGO/IRQ6, only isa internal input port.

9121

Overview

Port G consists of a 4-bit 1/O port and on-chip 1-bit input port that is a dedicated port for the
FLEX ™ decoder Il interface. Port G pins also function as external interrupt input pins (IRQ6
(dedicated to the interrupt from the FLEX ™ decoder 11) and IRQ7) and bus control signal output
pins (CSO to CS3).

The interrupt input pin (IRQ7) is Schmitt-triggered input.
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Figure 9.18 shows the port G pin configuration.

Port G pins
—» PG4/CSO0
e [T 7 PN decocer
— PG2/CS2
~=—» PG1/CS3/IRQ7
—— PGO/IRQ6 -------------------oooe- READY =——
Pin functions in modes 4 to 6 Pin functions in mode 7
PG4 (input)/CS0 (output) PG4 (input/output)
PG3 (input)/CS1 (output) PG3 (input/output)
PG2 (input)/CS2 (output) PG2 (input/output)
PG1 (input)/CS3 (output)/TRQ7 (input) PG1 (inputfoutput)/IRQ7 (input)
PGO (input)/ TRQS (input) PGO (input/output)/TRQ6 (input)
Note: ------ : Connected inside the chip (PGO/IRQ6 only)

Figure9.18 Port G Pin Functions

9.12.2 Register Configuration
Table 9.23 shows the port G register configuration.

Table9.23 Port G Registers

Name Abbreviation R/W Initial Value*®> Address*'
Port G data direction register PGDDR W H'10/H'00*® H'FE3F
Port G data register PGDR R/W H'00 H'FFOF
Port G register PORTG R Undefined H'FFBF

Notes: *1 Lower 16 bits of the address.
*2 Value of bits 4 to 0.

*3 Initial value depends on the mode.
PGDDR is initialized to H'10 in modes 4 and 5, and to H'00 in modes 6 and 7.
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Port G Data Direction Register (PGDDR)

Bit : 7 6 5 4 3 2 1 0

. — | — | — |PGADDR PG3DDR|PG2DDR PGIDDR| — |
Modes 4 and 5
Initial value : Undefined Undefined Undefined 1 0 0 0 Undefined
RIW S — — W W W W w

Modes 6 and 7
Initial value : Undefined Undefined Undefined 0 0 0 0 Undefined
R/W : — — — W W W W W

PGDDR is an 8-bit write-only register, the individual bits of which specify input or output for the
pins of port G. PGDDR cannot beread. Also, bits 7 to 5 are reserved, and cannot be modified.
Bit O is reserved, and should always be written with O.

Bit PGADDR isinitialized to 1 (modes 4 and 5) or 0 (modes 6 and 7) by a power-on reset and in
hardware standby mode. PGDDR retains its previous state in software standby mode. The OPE
bit in SBY CR is used to select whether the bus control output pins retain their output state or
become high-impedance when a transition is made to software standby mode.

* Modes4to6

Pins PG4 to PG1 function as bus control signal output pins (CSO to CS3) when the
corresponding PGDDR hits are set to 1, and as input ports when the bits are cleared to 0.

Pin PGO functions as an output port when the corresponding PGDDR bit isset to 1, and as an
input port when the bit is cleared to O.

« Mode7

Setting a PGDDR bit to 1 makes the corresponding pin an output port, while clearing the bit to
0 makes the pin an input port.

Port G Data Register (PGDR)

Bit : 7 6 5 4 3 2 1 0

. — | — | — |PG4DR| PG3DR | PG2DR | PGIDR| — |
Initial value : Undefined Undefined Undefined 0 0 0 0 Undefined
RIW S — — RW RW RW RW  RW

PGDR is an 8-bit readable/writable register that stores output data for the port G pins (PG4 to
PG1).
Bits 7 to 5 are reserved; these bits cannot be modified and will return an undefined value if read.
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Bit O isreserved: this bit should always be written with 0 and will return an undefined value if
read.

PGDR isinitialized to H'00 (bits 4 to 0) by a power-on reset and in hardware standby mode. It
retains its previous state in software standby mode.

Port G Register (PORTG)

Bit : 7 6 5 4 3 2 1 0

\ — \ — \ — \ PG4 \ PG3 \ PG2 \ PG1 \ PGO \
Initial value : Undefined Undefined Undefined —* —* —* — —*
RIW : — — — R R R R R

Note: * Determined by the state of pins PG4 to PG1, and of READY of FLEX™ decoder II.

PORTG is an 8-hit read-only register that shows the pin states and READY of FLEX™ decoder
[1. It cannot be written to. Writing of output data for the port G pins (PG4 to PG1) must always
be performed on PGDR.

Bits 7 to 5 are reserved; these bits will return an undefined value if read.

If aport G read is performed while PGDDR bits are set to 1, the PGDR vaues areread. If aport
G read is performed while PGDDR hits are cleared to 0, the pin states are read.

Note that the READY state of the FLEX™ decoder |1 is aways read for PGO.

After a power-on reset and in hardware standby mode, PORTG contents are determined by the pin
states, as PGDDR and PGDR are initialized. PORTG retains its previous state in software standby
mode.

9.12.3 Pin Functions

Port G pins also function as external interrupt input pins (IRQ6 dedicated to the interrupt from the
FLEX ™ decoder |1 and IRQ7) and bus control signal output pins (CSO to CS3). The pin functions
differ between modes 4 to 6 and mode 7. Port G pin functions are shown in table 9.24.
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Table9.24

Port G Pin Functions

Pin Pin Functions and Selection Method
PG4/CS0 The pin function is switched as shown below according to the operating mode and bit
PG4DDR.
Operating mode Modes 4 to 6 Mode 7
PG4DDR 0 1 0 1
Pin function PG4 input CSO0 output PG4 input PG4 output
PG3/CS1 The pin function is switched as shown below according to the operating mode and bit
PG3DDR.
Operating mode Modes 4 to 6 Mode 7
PG3DDR 0 1 0 1
Pin function PG3 input CS1 output PG3 input PG3 output
PG2/CS2 The pin function is switched as shown below according to the operating mode and bit
PG2DDR.
Operating mode Modes 4 to 6 Mode 7
PG2DDR 0 1 0 1
Pin function PG2 input CS2 output PG2 input PG2 output
PG1/CS3/ The pin function is switched as shown below according to the operating mode and bit
IRQ7 PG1DDR.
Operating mode Modes 4 to 6 Mode 7
PG1DDR 0 1 0 1
Pin function PG1 input CS3 output PG1 input PG1 output
IRQ7 input*
Note: * When used as an external interrupt input pin, do not use as an 1/O pin for
another function.
PGO/IRQ6 PGO is an input-only pin and can be used as the PGO or IRQ6 input pin. When used
(on-chip as an external interrupt pin (IRQ6), do not use it as an input pin for another function.
dedicated
I/O port for
the FLEX™
decoder I
interface)
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Section 10 16-Bit Timer Pulse Unit (TPU)

10.1 Oveview

The LS| has an on-chip 16-bit timer pulse unit (TPU) that comprises three 16-bit timer channels.

10.1.1 Features

» Maximum 6-pulse input/output capability
O A total of 8 timer general registers (TGRs) are provided (four for channel 0 and two each
for channels 1 and 2), each of which can be set independently as an output compare/input
capture register
0 TGRC and TGRD for channel 0 can also be used as buffer registers

» Selection of one of six clocks as the counter input for channel 0, and one of seven clocks for
channels 1 and 2

» Thefollowing operations can be set for each channel:

O Waveform output at compare match: Selection of O, 1, or toggle output

O Input capture function: Selection of rising edge, falling edge, or both edge detection

0 Counter clear operation: Counter clearing possible by compare match or input capture

O Synchronous operation: Multiple timer counters (TCNT) can be written to simultaneously
Simultaneous clearing by compare match and input capture possible
Register simultaneous input/output possible by counter synchronous operation

0 PWM mode: Any PWM output duty can be set
Maximum of 6-phase PWM output possible by combination with synchronous operation

» Buffer operation settable for channel 0
O Input capture register double-buffering possible
O Automatic rewriting of output compare register possible

» Phase counting mode settable for channel 1
O Two-phase encoder pulse up/down-count possible

» Fast accessviainterna 16-bit bus
0 Fast accessis possible viaa 16-bit bus interface
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13 interrupt sources

O For channel O, four compare match/input capture dual-function interrupts and one overflow
interrupt can be requested independently

O For channels 1 and 2, one compare match/input capture dual-function interrupt one
compare match interrupt, one overflow interrupt, and one underflow interrupt can be
requested independently

Automatic transfer of register data

O Block transfer, 1-word data transfer, and 1-byte data transfer possible by data transfer
controller (DTC) activation

A/D converter conversion start trigger can be generated

O Channel 0to 2 compare match A/input capture A signals can be used as A/D converter
conversion start trigger

Module stop mode can be set

O Astheinitia setting, TPU operation is halted. Register access is enabled by exiting module
stop mode.

Table 10.1 lists the functions of the TPU.
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Table10.1 TPU Functions

Item Channel 0 Channel 1 Channel 2
Count clock a/1 /1 /1
ol4 o/4 ol4
/16 /16 /16
/64 /64 /64
TCLKA /256 /1024
TCLKB TCLKA TCLKA
TCLKB TCLKB
General registers TGROA TGR1A TGR2A
TGROB TGR1B TGR2B
General registers/ TGROC — —
buffer registers TGROD
I/O pins TIOCAO TIOCA1 TIOCA2
TIOCBO
TIOCCO
TIOCDO

Counter clear function

TGR compare match
or input capture

TGR compare match
or TGR1A input
capture

TGR compare match
or TGR2A input
capture

Compare 0 output

match output 4 output

Toggle output

Input capture function

Synchronous operation

PWM mode

O] O] O] O] O] O

O] O] O] O] O] O

Phase counting mode

O] O] O] O] O] O] O

Buffer operation

O

DTC activation

TGR compare match
or input capture

TGR compare match
or TGR1A input
capture

TGR compare match
or TGR2A input
capture

A/D converter trigger

TGROA compare
match or input
capture

TGR1A compare
match or input
capture

TGR2A compare
match or input
capture

Legend
O : Possible
— : Not possible
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Iltem

Channel 0

Channel 1

Channel 2

Interrupt sources

5 sources

« Compare match or
input capture OA

« Compare match or
input capture 0B

« Compare match or
input capture 0C

« Compare match or
input capture 0D

* Overflow

4 sources

« Compare match or
input capture 1A

« Compare match 1B
* Overflow
¢ Underflow

4 sources

« Compare match or
input capture 2A

« Compare match 1B
* Overflow
« Underflow
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10.1.2

Block Diagram

Figure 10.1 shows a block diagram of the TPU.

Clock input
Internal clock: g/1
a4
2/16
o/64 — i
9/256 g Sl § ~ > Internal data bus
211024 2|2 g
— 5|2 |5 g
. c [[E ) » A/D conversion
External clock: TCLKA E| 8 o ~ a start request signal
TCLKB e -]
(] [,]
~ |8l |G
T E = =l <o
<ol £ SHEE
= »—l0| 6|6
clx|xlx S |
o|o|o|WKe )
Input/output pins s % Interrupt request signals
Channel 0:  TIOCAO ——p Channel 0: TGIOA
TIOCBO | (x| 1B TGIOB
TIoCCo N “|8| |28 TGIOC
£ g|F|l ™ Ele| & TGIOD
TIOCDO<:::> S K= £ 3% %
Channel 1:  TIOCAl o Sl glel | F TCloV
Channel 2 TIOCA2 £ C1RIRIE Channel 1: TGI1A
g TGI1B
= TCILV
£ x| <
Q SEEES TCI1U
8 T E =ZlF AL 9la Channel 2: TGI2A
S - 10| o|o|o|o TGI8
g 5|zl Gl FlFE|F| R - TCI2V
S O 8 o|l<
o ElF TCI2U
Legend i )
TSTR: Timer start register TIOR (H, L): T!mer _I/O control reglsters_(H, L)
TSYR: Timer synchro register TIER: T!mer interrupt e_nable register
TCR:  Timer control register TSR: Timer status register
TMDR: Timer mode register TGR (A, B, C, D): T!mer general registers (A, B, C, D)
TCNT: Timer counter
Figure10.1 Block Diagram of TPU
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10.1.3

Pin Configuration

Table 10.2 summarizes the TPU pins.

Table10.2 TPU Pins

Channel  Name Symbol 1/O Function
All Clock input A TCLKA  Input  External clock A input pin
(Channel 1 phase counting mode A phase
input)
Clock input B TCLKB Input  External clock B input pin
(Channel 1 phase counting mode B phase
input)
0 Input capture/out TIOCAO 1/O TGROA input capture input/output compare
compare match AO output/PWM output pin
Input capture/out TIOCBO 1/O TGROB input capture input/output compare
compare match BO output/PWM output pin
Input capture/out TIOCCO 1I/O TGROC input capture input/output compare
compare match CO output/PWM output pin
Input capture/out TIOCDO 1/O TGROD input capture input/output compare
compare match DO output/PWM output pin
1 Input capture/out TIOCA1l 1/O TGR1A input capture input/output compare
compare match Al output/PWM output pin
2 Input capture/out TIOCA2 1/O TGR2A input capture input/output compare
compare match A2 output/PWM output pin
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10.1.4 Register Configuration

Table 10.3 summarizes the TPU registers.

Table10.3 TPU Registers

Channel Name Abbreviation R/W Initial Value Address**
0 Timer control register 0 TCRO R/W H'00 H'FF10
Timer mode register 0 TMDRO R/W H'CO H'FF11
Timer 1/O control register OH TIOROH R/W H'00 H'FF12
Timer 1/O control register OL TIOROL R/W H'00 H'FF13
Timer interrupt enable register 0 TIERO R/W H'40 H'FF14
Timer status register 0 TSRO R/(W)** H'CO H'FF15
Timer counter 0 TCNTO R/W H'0000 H'FF16
Timer general register OA TGROA R/W H'FFFF H'FF18
Timer general register 0B TGROB R/W H'FFFF H'FF1A
Timer general register 0C TGROC R/W H'FFFF H'FF1C
Timer general register 0D TGROD R/W H'FFFF H'FF1E
1 Timer control register 1 TCR1 R/W H'00 H'FF20
Timer mode register 1 TMDR1 R/W H'CO H'FF21
Timer 1/O control register 1 TIOR1 R/W H'00 H'FF22
Timer interrupt enable register 1 TIER1 R/W H'40 H'FF24
Timer status register 1 TSR1 R/(W) ** H'CO H'FF25
Timer counter 1 TCNT1 R/W H'0000 H'FF26
Timer general register 1A TGR1A R/W H'FFFF H'FF28
Timer general register 1B TGR1B R/W H'FFFF H'FF2A
2 Timer control register 2 TCR2 R/W H'00 H'FF30
Timer mode register 2 TMDR2 R/W H'CO H'FF31
Timer 1/O control register 2 TIOR2 R/W H'00 H'FF32
Timer interrupt enable register 2 TIER2 R/W H'40 H'FF34
Timer status register 2 TSR2 R/(W) ** H'CO H'FF35
Timer counter 2 TCNT2 R/W H'0000 H'FF36
Timer general register 2A TGR2A R/W H'FFFF H'FF38
Timer general register 2B TGR2B R/W H'FFFF H'FF3A
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Channel Name Abbreviation R/W Initial Value Address**

All Timer start register TSTR R/W H'00 H'FEBO
Timer synchro register TSYR R/W H'00 H'FEB1
Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: *1 Lower 16 bits of the address.
*2 Can only be written with O for flag clearing.

10.2 Register Descriptions

10.21 Timer Control Register (TCR)

Channel 0: TCRO

Bit : 7 6 5 4 3 2 1 0
CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Channel 1: TCR1
Channel 2: TCR2

Bit : 7 6 5 4 3 2 1 0

— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
Initial value : 0 0 0 0 0 0 0 0
R/W : — R/W R/W R/W R/W R/W R/W R/W

The TCR registers are 8-bit registers that control the TCNT channels. The TPU hasthree TCR
registers, one for each of channels0to 2. The TCR registers areinitialized to H'00 by areset, and
in hardware standby mode.
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Bits 7 to 5—Counter Clear 2t0 0 (CCLR2 to CCLROQ): These hits select the TCNT counter

clearing source.

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match/input
capture

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation**

1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture*?
1 0 TCNT cleared by TGRD compare match/input
capture*?

1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation**

Bit 7 Bit 6 Bit 5
Channel Reserved**CCLR1 CCLRO Description
1,2 0 0 0 TCNT clearing disabled (Initial value)

1 TCNT cleared by TGRA compare match/input

capture
1 0 TCNT cleared by TGRB compare match

TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation**

Notes: *1 Synchronous operation setting is performed by setting the SYNC bit in TSYR to 1.

*2 When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

*3 Bit 7 is reserved in channels 1 and 2. It is always read as 0 and cannot be modified.
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Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO): These bits select the input clock edge.

When the input clock is counted using both edges, the input clock period is halved (e.g. @/4 both
edges = @/2 rising edge). If phase counting mode is used on channel 1, this setting isignored and
the phase counting mode setting has priority.

Bit 4 Bit 3
CKEG1 CKEGO Description

0 0 Count at rising edge (Initial value)
1 Count at falling edge
1 — Count at both edges

Note: Internal clock edge selection is valid when the input clock is @/4 or slower. This setting is
ignored if the input clock is g/1, or when overflow/underflow of another channel is selected.

Bits2to 0—TimePrescaler 2to 0 (TPSC2 to TPSCO): These hits select the TCNT counter
clock. The clock source can be selected independently for each channel. Table 10.4 showsthe
clock sources that can be set for each channel.

Table10.4 TPU Clock Sources

Internal Clock External Clock o rfiow/Underflow

Channel o/l ol4 2/16 /64 2/256  @/1024 TCLKA TCLKB on Another Channel

0 O O O O O O

1 O O O O O O O O
2 O O O O O O O

Legend

O : Setting

Blank : No setting
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Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on /4
1 0 Internal clock: counts on g/16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Setting disabled
1 Setting disabled
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on g/64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Internal clock: counts on @/256
1 Setting disabled

Note: This setting is ignored when channel 1 is in phase counting mode.

Bit 2 Bit 1 Bit O
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on g/1 (Initial value)
1 Internal clock: counts on g/4
1 0 Internal clock: counts on /16
1 Internal clock: counts on /64
1 0 0 External clock: counts on TCLKA pin input
1 External clock: counts on TCLKB pin input
1 0 Setting disabled
1 Internal clock: counts on /1024
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10.22 Timer Mode Register (TMDR)

Channel 0: TMDRO

Bit : 7 6 5 4 3 2 1 0
— — BFB BFA MD3 MD2 MD1 MDO

Initial value : 1 1 0 0 0 0 0 0

R/W : — — R/W R/W R/W R/W R/W R/W

Channel 1: TMDR1

Channel 2: TMDR2

Bit : 7 6 5 4 3 2 1 0
— — — — MD3 MD2 MD1 MDO

Initial value : 1 1 0 0 0 0 0 0

R/W : — — — — R/W R/W R/W R/W

The TMDR registers are 8-bit readable/writable registers that are used to set the operating mode
for each channel. The TPU has three TMDR registers, one for each channel. The TMDR registers

areinitialized to H'CO by areset, and in hardware standby mode.

Bits 7 and 6—Reserved: Read-only bits, alwaysread as 1.

Bit 5—Buffer Operation B (BFB): Specifies whether TGRB is to operate in the normal way, or
TGRB and TGRD areto be used together for buffer operation. When TGRD is used as a buffer
register, TGRD input capture/output compare is not generated.

In channels 1 and 2, which have no TGRD, bit 5isreserved. It is awaysread as 0 and cannot be
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modified.

Bit 5

BFB Description

0 TGRB operates normally (Initial value)
1 TGRB and TGRD used together for buffer operation
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Bit 4—Buffer Operation A (BFA): Specifies whether TGRA isto operate in the normal way, or
TGRA and TGRC are to be used together for buffer operation. When TGRC is used as a buffer
register, TGRC input capture/output compare is not generated.

In channels 1 and 2, which have no TGRC, bit 4 isreserved. It isaways read as 0 and cannot be
modified.

Bit 4

FDescription

0 TGRA operates normally (Initial value)
1 TGRA and TGRC used together for buffer operation

Bits3to 0—Modes 3to 0 (MD3 to MDO): These bits are used to set the timer operating mode.

Bit 3 Bit 2 Bit 1 Bit 0
MD3*1 MD2*2 MD1 MDO Description

0 0 0 0 Normal operation (Initial value)
1 Reserved
1 0 PWM mode 1
1 PWM mode 2
1 0 0 Phase counting mode 1
1 Phase counting mode 2
1 0 Phase counting mode 3
1 Phase counting mode 4
1 * * * Setting disabled

*: Don't care
Notes: *1 MD3 is a reserved bit. In a write, it should always be written with 0.

*2 Phase counting mode cannot be set for channels 0 and 2. In this case, 0 should always
be written to MD2.
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10.2.3 Timer I/O Control Register (TIOR)

Channel 0: TIOROH
Channel 1: TIOR1
Channel 2: TIOR2

Bit : 7 6 5 4 3 2 1 0
I0B3 10B2 10B1 I0BO IOA3 I0A2 I0Al IOAOQ

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Channel 0: TIOROL

Bit : 7 6 5 4 3 2 1 0
I0D3 I0D2 10D1 10D0 10C3 10C2 I0C1 10CO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.

The TIOR registers are 8-bit registersthat control the TGR registers. The TPU has four TIOR
registers, two for channel 0, and one each for channels 1 and 2. The TIOR registers areinitialized
to H'00 by areset, and in hardware standby mode.

Careisrequired since TIOR is affected by the TMDR setting. The initial output specified by
TIOR isvalid when the counter is stopped (the CST bit in TSTR is cleared to 0). Note also that, in
PWM mode 2, the output at the point at which the counter is cleared to 0 is specified.
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Bits7to4—1/O Control B3to BO (I0B3to 10OB0)
I/0 Control D3to DO (I0D3to 10D0):

Bits IOB3 to 10BO specify the function of TGRB.

Bits IOD3 to 10DO specify the function of TGRD.

Bit7 Bit6 Bit5 Bit4

Channel 10B3 10B2 IOB1 I0OBO Description
0 0 0 0 0 TGROB is Output disabled (Initial value)
1 OUtpUt |isial outputis 0 0 output at compare match
compare it
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROB is Capture input Input capture at rising edge
1 input source1s Input capture at falling edge
capture  TIOCBO pin
1 * register Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count- up/count-down**

1/count clock

*: Don't care

Note: *1 When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1
count clock, this setting is invalid and input capture is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel I0D3 10D2 IOD1 IODO Description
0 0 0 0 0 TGROD is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
compare - ¢
1 register*z 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROD is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
capture  TIOCDO pin
1 register*? Input capture at both edges
1 * * Capture input Input capture at TCNT1
source is channel count-up/count-down**
1/count clock
*: Don't care
Notes: *1 When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used as the TCNT1
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count clock, this setting is invalid and input capture is not generated.

*2 When the BFB bit in TMDRO is set to 1 and TGROD is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 IOB1 IOBO Description
1 0 0 0 0 TGR1B is Output disabled (Initial value)
1 output Initial output is 0 O output at compare match
0 compare  output 1 output at tch
1 register output at compare matc
1 Toggle output at compare
match
1 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * * * — Setting disabled
*: Don't care
Bit7 Bit6 Bit5 Bit4
Channel I0B3 10B2 IOB1 IOBO Description
2 0 0 0 0 TGR2B is Output disabled (Initial value)
1 output Initial outputis 0 O output at compare match
1 0 compare  output 1 output at tch
register output at compare matc
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * * * — Setting disabled
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Bits3to 0— 1/O Control A3to A0 (I0OA3toI0AQ)
I/0 Control C3to CO (I0C3to 10C0):

IOA3 to IOAO specify the function of TGRA.

IOC3 to 10CO0 specify the function of TGRC.

Bit3 Bit2 Bitl BitO
Channel I0OA3 I0A2 IOA1 IOAO0 Description

(Initial value)

0 output at compare match

1 output at compare match

Toggle output at compare
match

0 0 0 0 0 TGROA is Output disabled
1 25:]2:;1‘8 Initial output is 0
output
1 0 register P
1
1 0 0 Output disabled
1 Initial output is 1
1 0 output
1

0 output at compare match

1 output at compare match

Toggle output at compare
match

1 0 0 0 TGROA is Capture input

Input capture at rising edge

Input capture at falling edge

Input capture at both edges

1 input source is
capture  TIOCAO pin
1 * register
1 * * Capture input

Input capture at TCNT1

source is channel count-up/count-down

1/ count clock
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Bit3 Bit2

Bitl BitO

Channel I0OC3 10C2 IOC1 I0OCO Description
0 0 0 0 0 TGROC is Output disabled (Initial value)
1 output pitial outputis 0 0 output at compare match
compare 0t
1 0 registert! 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGROC is Capture input Input capture at rising edge
1 input source s Input capture at falling edge
capture  TIOCCO pin
1 * register*! Input capture at both edges
1 * * Capture input Input capture at TCNT1

source is channel count-up/count-down

1/count clock

*: Don't care

Note: *1 When the BFA bit in TMDRO is set to 1 and TGROC is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Bit3 Bit2 Bitl Bit0
Channel IOA3 I0A2 IOA1 IOAQ Description
1 0 0 0 0 TGR1A is Output disabled (Initial value)
1 output nitial outputis O O output at compare match
compare ¢
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial outputis 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 0 0 0 TGR1Ais Capture input Input capture at rising edge
1 input sourceIs Input capture at falling edge
capture  TIOCAL pin
1 * register Input capture at both edges
1 * * Capture input Input capture at generation of
source is TGROA channel 0/TGROA compare
compare match/ match/input capture
input capture
*: Don't care
Bit3 Bit2 Bitl Bit0
Channel I0OA3 I0A2 IOA1 IOAQ Description
2 0 0 0 0 TGR2A is Output disabled (Initial value)
1 output Initial output is 0 0 output at compare match
compare ¢
1 0 register 1 output at compare match
1 Toggle output at compare
match
1 0 0 Output disabled
1 Initial output is 1 0 output at compare match
1 0 output 1 output at compare match
1 Toggle output at compare
match
1 * 0 0 TGR2A is Capture input Input capture at rising edge
1 input sourceis Input capture at falling edge
capture  TIOCA2 pin
1 * register Input capture at both edges
*: Don't care
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10.24 Timer Interrupt Enable Register (TIER)

Channel 0: TIERO

Bit : 7 6 5 4 3 2 1 0
TTGE — — TCIEV | TGIED | TGIEC | TGIEB | TGIEA

Initial value : 0 1 0 0 0 0 0 0

R/W : R/W — — R/W R/W R/W R/W R/W

Channel 1: TIER1
Channel 2: TIER2

Bit : 7 6 5 4 3 2 1 0
TTGE — TCIEU | TCIEV — — TGIEB | TGIEA

Initial value : 0 1 0 0 0 0 0 0

R/W : R/W — R/W R/W — — R/W R/W

The TIER registers are 8-hit registers that control enabling or disabling of interrupt requests for
each channel. The TPU hasthree TIER registers, one for each channel. The TIER registers are
initialized to H'40 by areset, and in hardware standby mode.

Bit 7—A/D Conversion Start Request Enable (TTGE): Enables or disables generation of A/D
conversion start requests by TGRA input capture/compare match.

Bit 7

TTGE Description

0 A/D conversion start request generation disabled (Initial value)
1 A/D conversion start request generation enabled

Bit 6—Reserved: Read-only bit, alwaysread as 1.

Bit 5—Underflow Interrupt Enable (TCIEU): Enables or disablesinterrupt requests (TCIU) by
the TCFU flag when the TCFU flagin TSR isset to 1 in channels 1 and 2.

In channel 0, bit 5isreserved. It isawaysread as 0 and cannot be modified.

Bit 5

TCIEU Description

0 Interrupt requests (TCIU) by TCFU disabled (Initial value)
1 Interrupt requests (TCIU) by TCFU enabled
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Bit 4—Overflow Interrupt Enable (TCIEV): Enables or disables interrupt requests (TCIV) by
the TCFV flag when the TCFV flagin TSR is set to 1.

Bit 4

TCIEV Description

0 Interrupt requests (TCIV) by TCFV disabled (Initial value)
1 Interrupt requests (TCIV) by TCFV enabled

Bit 3—TGR Interrupt Enable D (TGIED): Enables or disables interrupt requests (TGID) by the
TGFD bit when the TGFD bit in TSR is set to 1 in channel 0.

In channels 1 and 2, bit 3isreserved. It isawaysread as 0 and cannot be modified.

Bit 3

TGIED Description

0 Interrupt requests (TGID) by TGFD bit disabled (Initial value)
1 Interrupt requests (TGID) by TGFD bit enabled

Bit 2—TGR Interrupt Enable C (TGIEC): Enables or disables interrupt requests (TGIC) by the
TGFC bit when the TGFC bit in TSR is set to 1 in channel 0.

In channels 1 and 2, bit 2 isreserved. It is aways read as 0 and cannot be modified.

Bit 2

TGIEC Description

0 Interrupt requests (TGIC) by TGFC bit disabled (Initial value)
1 Interrupt requests (TGIC) by TGFC bit enabled

Bit 1—TGR Interrupt Enable B (TGIEB): Enables or disablesinterrupt requests (TGIB) by the
TGFB bit when the TGFB bit in TSR isset to 1.

Bit 1

TGIEB Description

0 Interrupt requests (TGIB) by TGFB bit disabled (Initial value)
1 Interrupt requests (TGIB) by TGFB bit enabled
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Bit 0—TGR Interrupt Enable A (TGIEA): Enables or disables interrupt requests (TGIA) by the
TGFA bit when the TGFA bitin TSR isset to 1.

Bit 0

TGIEA Description

0 Interrupt requests (TGIA) by TGFA bit disabled (Initial value)
1 Interrupt requests (TGIA) by TGFA bit enabled

10.25 Timer Status Register (TSR)

Channel 0: TSRO

Bit : 7 6 5 4 3 2 1 0
— — — TCFV | TGFD | TGFC TGFB | TGFA

Initial value : 1 1 0 0 0 0 0 0

R/W : — — — R/(W)*  RI(W)* R/W)* R/(W)* R/(W)*

Channel 1: TSR1
Channel 2: TSR2

Bit : 7 6 5 4 3 2 1 0
TCFD — TCFU TCFV — — TGFB TGFA

Initial value : 1 1 0 0 0 0 0 0

R/W : R — R/(W)*  R/(W)* — — R/(W)*  R/(W)*

Note: * Can only be written with 0 for flag clearing.

The TSR registers are 8-hit registers that indicate the status of each channel. The TPU has three
TSR registers, one for each channel. The TSR registers are initialized to H'CO by areset, and in
hardware standby mode.

Bit 7—Count Direction Flag (TCFD): Status flag that shows the direction in which TCNT
countsin channels 1 and 2.

In channel O, bit 7 isreserved. It is alwaysread as 1 and cannot be modified.

Bit 7

TCFD Description

0 TCNT counts down

1 TCNT counts up (Initial value)
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Bit 6—Reserved: Read-only hit, aways read as 1 and cannot be modified.

Bit 5—Underflow Flag (TCFU): Status flag that indicates that TCNT underflow has occurred
when channel 1 is set to phase counting mode.

In channels 0 and 2, bit 5isreserved. It isaways read as 0 and cannot be modified.

Bit 5

TCFU Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFU after reading TCFU = 1

1 [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Bit 4—Overflow Flag (TCFV): Status flag that indicates that TCNT overflow has occurred.

Bit 4

TCFV Description

0 [Clearing condition] (Initial value)
When 0 is written to TCFV after reading TCFV =1

1 [Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

Bit 3—Input Capture/Output Compare Flag D (TGFD): Status flag that indicates the
occurrence of TGRD input capture or compare match in channel 0.

In channels 1 and 2, bit 3isreserved. It isaways read as 0 and cannot be modified.

Bit 3

TGFD Description

0 [Clearing conditions] (Initial value)
*  When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is O
e When 0 is written to TGFD after reading TGFD =1

1 [Setting conditions]

«  When TCNT = TGRD while TGRD is functioning as output compare register

* When TCNT value is transferred to TGRD by input capture signal while TGRD is
functioning as input capture register

Bit 2—Input Capture/Output Compare Flag C (TGFC): Status flag that indicates the
occurrence of TGRC input capture or compare match in channel 0.
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In channels 1 and 2, bit 2 isreserved. It isaways read as 0 and cannot be modified.

Bit 2

TGFC Description

0 [Clearing conditions] (Initial value)
* When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is 0
« When 0 is written to TGFC after reading TGFC = 1

1 [Setting conditions]

«  When TCNT = TGRC while TGRC is functioning as output compare register
* When TCNT value is transferred to TGRC by input capture signal while TGRC is
functioning as input capture register

Bit 1—Input Capture/Output Compare Flag B (TGFB): Status flag that indicates the
occurrence of TGRB input capture (only for channel 0) or compare match.

Bit 1

TGFB Description

0 [Clearing conditions] (Initial value)
* When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is O
*  When 0 is written to TGFB after reading TGFB = 1

1 [Setting conditions]

When TCNT = TGRB while TGRB is functioning as output compare register
e When TCNT value is transferred to TGRB by input capture signal while TGRB is
functioning as input capture register (only for channel 0)

Bit 0—Input Capture/Output Compare Flag A (TGFA): Status flag that indicates the
occurrence of TGRA input capture or compare match.

Bit 0

TGFA Description

0 [Clearing conditions] (Initial value)
* When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is O
e When 0 is written to TGFA after reading TGFA =1

1 [Setting conditions]

*  When TCNT = TGRA while TGRA is functioning as output compare register

e When TCNT value is transferred to TGRA by input capture signal while TGRA is
functioning as input capture register
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10.2.6 Timer Counter (TCNT)

Channel 0: TCNTO (up-counter)
Channel 1: TCNT1 (up/down-counter*)
Channel 2: TCNT2 (up/down-counter*)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : o o o o o o o o o o o o o o o o
R/W : R/W R/W R/W R/W R/W R/WR/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * These counters can be used as up/down-counters only in phase counting mode or
when counting overflow/underflow on another channel. In other cases they function
as up-counters.

The TCNT registers are 16-bit counters. The TPU hasthree TCNT counters, one for each channel.
The TCNT counters areinitialized to H'0000 by areset, and in hardware standby mode.

The TCNT counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit
unit.

10.2.7 Timer General Register (TGR)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/WR/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

The TGR registers are 16-hit registers with adual function as output compare and input capture
registers. The TPU has eight TGR registers, four for channel 0 and two each for channels 1 and 2.
TGRC and TGRD for channel 0 can also be designated for operation as buffer registers*. The
TGR registers are initialized to H'FFFF by areset, and in hardware standby mode.

The TGR registers cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.

Note: * TGR buffer register combinations are TGRA-TGRC and TGRB-TGRD.
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10.28 Timer Start Register (TSTR)

Bit : 7 6 5 4 3 2 1 0
— — — — — CST2 CST1 CSTO

Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — — R/W R/W R/W

TSTR isan 8-bit readable/writable register that selects operation/stoppage for channels 0 to 2.
TSTRisinitialized to H'00 by areset, and in hardware standby mode.

TCNT counter operation must be halted before setting the operating mode in TMDR, or setting the
TCNT count clock in TCR.

Bits 7 to 3—Reserved: Should always be written with 0.

Bits2to 0—Counter Start 2to 0 (CST2to CSTO0): These bits select operation or stoppage for
TCNT.

Bit n

CSTn Description

0 TCNTn count operation is stopped (Initial value)
1 TCNTn performs count operation

n=2to0
Note: If O is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written to
when the CST bhit is cleared to 0, the pin output level will be changed to the set initial output
value.
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10.29 Timer Synchro Register (TSYR)

Bit : 7 6 5 4 3 2 1 0

— — — — — SYNC2 | SYNC1 | SYNCO
Initial value : 0 0 0 0 0 0 0 0
R/W : — — — — — R/W R/W R/W

TSYR isan 8-bit readable/writable register that selects independent operation or synchronous
operation for the channel 0to 2 TCNT counters. A channel performs synchronous operation when
the corresponding bitin TSYR isset to 1.

TSYRisinitialized to H'00 by areset, and in hardware standby mode.
Bits 7 to 3—Reserved: Should always be written with 0.

Bits2to 0—Timer Synchro 2to 0 (SYNC2 to SYNCUO0): These bits select whether operation is
independent of or synchronized with other channels.

When synchronous operation is selected, synchronous presetting of multiple channels**, and
synchronous clearing through counter clearing on another channel* 2 are possible.

Bitn
SYNCn Description
0 TCNTn operates independently (TCNT presetting/clearing is unrelated to
other channels) (Initial value)
1 TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible

n=2to0

Notes: *1 To set synchronous operation, the SYNC bitsfor at least two channels must be set to 1.

*2 To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source
must also be set by means of bits CCLR2 to CCLRO in TCR.
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10.2.10 Module Stop Control Register A (MSTPCRA)

Bit .7 6 5 4 3 2 1 0
| MSTPA7 | MSTPA6| MSTPAS | MSTPA4 | MSTPA3 | MSTPA2| MSTPA1| MSTPAO|

Initial value : 0 0 1 1 1 1 1 1

RIW . RW RW RW RW RW RW  RW  RW

MSTPCRA isan 8-hit readable/writable register that performs modul e stop mode control.

When the MSTPAS bit in MSTPCR is set to 1, TPU operation stops at the end of the bus cycle
and atransition is made to module stop mode. Registers cannot be read or written to in module
stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 5—Module Stop (M STPAD): Specifies the TPU module stop mode.

Bit 5
MSTPA5  Description

0 TPU module stop mode cleared

1 TPU module stop mode set (Initial value)
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10.3 Interfaceto BusMaster

10.3.1 16-Bit Registers

TCNT and TGR are 16-bit registers. Asthe data bus to the bus master is 16 bits wide, these

registers can be read and written to in 16-bit units.

These registers cannot be read or written to in 8-bit units; 16-bit access must always be used.

An example of 16-hit register access operation is shown in figure 10.2.

Internal data bus
H

master : L l[:

Bus interface

> Module

VAN

U

{0

TCNTH

TCNTL

> data bus

Figure10.2 16-Bit Register Access Operation [BusMaster — TCNT (16 Bits)]

10.3.2 8-Bit Registers

Registers other than TCNT and TGR are 8-hit. Asthe data busto the CPU is 16 bits wide, these
registers can be read and written to in 16-bit units. They can also be read and written to in 8-bit

units.

Examples of 8-bit register access operation are shown in figures 10.3, 10.4, and 10.5.

Internal data bus
H

Bus :ll ,l:

L

master : [l:

Bus interface

> Module

7S

VANDAN

> data bus

TCR

Figure10.3 8-Bit Register Access Operation [BusMaster ~ TCR (Upper 8 Bit9)]
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Bus
master

Il

Internal data bus

L

Bus interface

> Module

VANDAN

TMDR

> data bus

Figure10.4 8-Bit Register Access Operation [BusMaster -~ TMDR (Lower 8 Bits)]

Bus
master

Internal data bus

:

L

H

Bus interface

> Module

7S

VANDAN

> data bus

U

{

TCR

TMDR

Figure10.5 8-Bit Register Access Operation [BusMaster - TCR and TMDR (16 Bits)]
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104 Operation

10.4.1 Overview

Operation in each mode is outlined below.

Normal Operation: Each channel hasa TCNT and TGR register. TCNT performs up-counting,
and is also capable of free-running operation, synchronous counting, and external event counting.

Each TGR can be used as an input capture register (excepted TGR1B and TGR2B) or output
compare register.

Synchronous Oper ation: When synchronous operation is designated for a channel, TCNT for
that channel performs synchronous presetting. That is, when TCNT for a channel designated for
synchronous operation is rewritten, the TCNT counters for the other channels are also rewritten at
the same time. Synchronous clearing of the TCNT countersis also possible by setting the timer
synchronization bitsin TSYR for channels designated for synchronous operation.

Buffer Operation

e  When TGR isan output compare register

When a compare match occurs, the value in the buffer register for the relevant channel is
transferred to TGR.

*  When TGR (excepted TGR1B and TGR2B) is an input capture register

When input capture occurs, the valuein TCNT istransfer to TGR and the value previously
held in TGR istransferred to the buffer register.

PWM Mode: In this mode, a PWM waveform is output. The output level can be set by means of
TIOR. A PWM waveform with a duty of between 0% and 100% can be output, according to the
setting of each TGR register.

Phase Counting Mode: In thismode, TCNT isincremented or decremented by detecting the
phases of two clocks input from the external clock input pinsin channel 1. When phase counting
mode is set, the corresponding TCLK pin functions as the clock pin, and TCNT performs up- or
down-counting.

This can be used for two-phase encoder pulse input.
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10.4.2 Basic Functions

Counter Operation: When one of bits CSTOto CST2 issetto 1in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

» Example of count operation setting procedure
Figure 10.6 shows an example of the count operation setting procedure.

< Operation selection > [1] Select the counter
clock with bits

TPSC2to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

Periodi F . [2] For periodic counter
eriodic counter ree-running counter operation, select the

TGR to be used as
the TCNT clearing
source with bits
CCLR2to CCLROin
TCR.

[3] Designate the TGR
Select output compare register | [3] selected in [2] as an
output compare
register by means of
TIOR.

Set the periodic
counter cycle in the
TGR selected in [2].

Start count operation [5] Start count operation [5] [5] Setthe CST bitin
TSTR to 1 to start

the counter
operation.

Select counter clearing source | [2]

Set period [4] [4

<Periodic counter> <Free-running counter>

Figure10.6 Example of Counter Operation Setting Procedure
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Free-running count operation and periodic count operation

Immediately after areset, the TPU’s TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as afree-running counter. When TCNT overflows (from H'FFFF to H'0000),
the TCFV hitin TSR is set to 1. If the value of the corresponding TCIEV bitin TIER is 1 at
this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again from
H'0000.

Figure 10.7 illustrates free-running counter operation.

TCNT value

H'0000

Time

CST bit

TCFV

Figure10.7 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
up-count operation as periodic counter when the corresponding bitin TSTR is set to 1. When
the count value matches the value in TGR, the TGF bit in TSR isset to 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bitin TIER is 1 at this point, the TPU requests an
interrupt. After acompare match, TCNT starts counting up again from H'0000.

286

RENESAS




Figure 10.8 illustrates periodic counter operation.

TCNT value Counter cleared by TGR
TR b 4 comparematch .
H0000 j H f Time
CST hit ; ;
; Flag cleared by software or
1 . DTC activation
TGF

Figure 10.8 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using compare match.

» Example of setting procedure for waveform output by compare match

Figure 10.9 shows an example of the setting procedure for waveform output by compare
match.

< ) > [1] Select initial value O output or 1 output, and
Output selection
compare match output value 0 output, 1 output,

or toggle output, by means of TIOR. The set
initial value is output at the TIOC pin until the
Select waveform output mode | [1] first compare match occurs.

[2] Set the timing for compare match generation in

TGR.
Set output timing (2] [3] Setthe CST bitin TSTR to 1 to start the count
operation.
Start count operation [3]

'

<Waveform output>

There is no output compare output pin (TIOC) corresponding to TGR1B and TGR2B.
They must be used as a compare match interrupt source or a compare match function in
PWM mode.

Figure 10.9 Example Of Setting Procedure For Waveform Output By Compare M atch
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Examples of waveform output operation
Figure 10.10 shows an example of O output/1 output.

In thisexample TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TCNT value

H PR - - - = = o o o o o o o e e e o o e oo

TGRA |----mmmmmmme R e P s CCCEEP LR
TGRB |eecet o
H'0000 : : : : : : Time

E ' ; ~Nochange |  No change

; ; ™~ ; ™~ 1 output
TIoOCA @ ; : p
TIOCB* A\No change f;\ No change 0 output

) Y

Note: * Applied to channel 0

Figure10.10 Example of 0 Output/1 Output Operation
Figure 10.11 shows an example of toggle output.

In this example TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output is toggled by both
compare match A and compare match B.

TCNT value

o

TGRB

TGRA

Time

H'0000

TIOCB* ! Toggle output

TIOCA Toggle output

Note: * Applied to channel 0

Figure10.11 Example of Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pininput edge.

Rising edge, falling edge, or both edges can be selected as the detected edge. For channels 0 and 1,
it is also possible to specify another channel’s counter input clock or compare match signal asthe
input capture source.

Note:  When another channel’s counter input clock is used as the input capture input for channel
0, @/1 should not be selected as the counter input clock used for input capture input. 1nput
capture will not be generated if @/1 is selected.

» Example of input capture operation setting procedure
Figure 10.12 shows an example of the input capture operation setting procedure.

< ) > [1] Designate TGR as an input capture register by
Input selection . .
means of TIOR, and select rising edge, falling
edge, or both edges as the input capture source
and input signal edge.

Select input capture input [ [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

i

<Input capture operation>

Figure10.12 Example of Input Capture Operation Setting Procedure
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« Example of input capture operation
Figure 10.13 shows an example of input capture operation of channel 0.

In this example both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.

Counter cleared by TIOCB
TCNT value ,/ input (falling edge)
{0 B

0 o N v

H'O010 |-mmmm oo

H'0005 |- - o e e

H'0000

TIOCA \

TGRA H'0005 X H'0160

I
=}
S
P
o

H'0180

Figure 10.13 Example of Input Capture Operation
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10.4.3

Synchronous Operation

In synchronous operation, the valuesin anumber of TCNT counters can be rewritten

simultaneously (synchronous presetting). Also, a number of TCNT counters can be cleared

simultaneously by making the appropriate setting in TCR (synchronous clearing).

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 2 can al be designated for synchronous operation.

Example of Synchronous Operation Setting Procedure: Figure 10.14 shows an example of the
synchronous operation setting procedure.

Synchronous operation)
selection

Set synchronous
operation

(1]

CSynchronous presettin@

| Set TCNT |

)
<Synchronous presetting>

(2]

CSynchronous clearing>

Clearing No

sourcegeneration
channel?

Yes

Select counter 3]
clearing source

Start count [5]

<Counter clearing>

Set synchronous
counter clearing

Start count

|

<Synchronous clearing>

(4]

(3]

[1] Setto 1the SYNC bits in TSYR corresponding to the channels to be designated for synchronous

operation.

[21 Whenthe TCNT counter of any of the channels designated for synchronous operation is
written to, the same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare,

etc.

[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing

source.

[5] Setto 1the CST bits in TSTR for the relevant channels, to start the count operation.

Figure10.14 Example of Synchronous Operation Setting Procedure
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Example of Synchronous Operation: Figure 10.15 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGROB compare match has been set as the channel 0 counter clearing source, and synchronous
clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCOA, TIOC1A, and TIOC2A. At this
time, synchronous presetting, and synchronous clearing by TGROB compare match, is performed
for channel 0to 2 TCNT counters, and the data set in TGROB is used as the PWM cycle.

For details of PWM modes, see section 10.4.5, PWM Modes.

Synchronous clearing by TGROB compare match

TCNTO to TCNT2 values

TGROB
TGR1B

TGROA
TGR2B
TGR1A
TGR2A
H'0000

.........................

E ' Time
TIOCOA

TIOC1A

TIOC2A

Figure 10.15 Example of Synchronous Operation
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10.4.4 Buffer Operation
Buffer operation, provided for channel 0, enables TGRC and TGRD to be used as buffer registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or as acompare match register.

Table 10.5 shows the register combinations used in buffer operation.

Table10.5 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register
0 TGROA TGROC
TGROB TGROD

e When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer general register.

Thisoperation isillustrated in figure 10.16.

Compare match signal

Timer general —\|

Buffer register /
d register | Comparator ( TCNT

Figure10.16 Compare Match Buffer Operation
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e When TGR isan input capture register

When input capture occurs, the valuein TCNT istransferred to TGR and the value previously
held in the timer general register is transferred to the buffer register.

Thisoperationisillustrated in figure 10.17.

Input capture
signal

Buffer register

Timer general

; TCNT
register

Figure10.17 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 10.18 shows an example of the buffer

operation setting procedure.

< Buffer operation >

Select TGR function

Set buffer operation

Start count

'

<Buffer operation>

(1]

(2]

(3]

[1] Designate TGR as an input capture register or
output compare register by means of TIOR.

[2] Designate TGR for buffer operation with bits
BFA and BFB in TMDR.

[3] Setthe CST bitin TSTR to 1 to start the count
operation.

Figure 10.18 Example of Buffer Operation Setting Procedure

294

RENESAS




Examples of Buffer Operation

When TGR is an output compare register

Figure 10.19 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and 0
output at compare match B.

As buffer operation has been set, when compare match A occurs the output changes and the
value in buffer register TGRC is simultaneoudly transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details of PWM modes, see section 10.4.5, PWM Modes.

TCNT value
B 5 s s (B /<710
Hoo—" | : i
TGROA |- oo — : ; D
H0000 L : : ! = Time
TeRoC HO200, X | HO450 ! X | Hos2o X
Transferi\ I\ I l\ \ I \:\ :
TGROA X | Hoo0! X | H0450 X
TIOCA

Figure10.19 Example of Buffer Operation (1)
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e When TGR isan input capture register
Figure 10.20 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT valueis stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.

TCNT value

] A

0] e

03 - S s

H'0000 Time

TIOCA

TGRA H'0532 >< H'OF07 >< H'09FB

TGRC x H'0532 >< H'OF07

Figure10.20 Example of Buffer Operation (2)

1045 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0, 1, or toggle output can be
selected as the output level in response to compare match of each TGR.

Designating TGR compare match as the counter clearing source enables the period to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.
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There are two PWM modes, as described below.

PWM mode 1

PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The output specified by bits IOA3 to IOA0 and IOC3to IOCOin TIOR is
output from the TIOCA and TIOCC pins at compare matches A and C, and the output
specified by bits |OB3 to IOB0 and I0OD3 to I0OD0 in TIOR is output at compare matches B
and D. Theinitial output valueisthe value set in TGRA or TGRC. If the set values of paired
TGRs are identical, the output value does not change when a compare match occurs.

In PWM mode 1, a maximum 4-phase PWM output is possible.

PWM mode 2

PWM output is generated using one TGR as the cycle register and the others as duty registers.
The output specified in TIOR is performed by means of compare matches. Upon counter
clearing by a synchronization register compare match, the output value of each pinistheinitial
value set in TIOR. If the set values of the cycle and duty registers are identical, the output
value does not change when a compare match occurs.

In PWM mode 2, a maximum 6-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 10.6.

Table10.6 PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGROA TIOCAO TIOCAO
TGROB TIOCBO
TGROC TIOCCO TIOCCO
TGROD TIOCDO
1 TGR1A TIOCA1 TIOCA1
TGR1B —
2 TGR2A TIOCA2 TIOCA2
TGR2B —

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the period is set.

There is no output pins corresponding to TGR1B and TGR2B in PWM mode 2. They must
be used as cycle registers.
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Example of PWM Mode Setting Procedure: Figure 10.21 shows an example of the PWM mode
setting procedure.

< PWM mode > [1] Select the counter clock with bits TPSC2 to
TPSCO in TCR. At the same time, select the

‘ input clock edge with bits CKEG1 and CKEGO in

TCR.

Select counter clock [1]

‘ [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
‘ [3] Use TIOR to designate the TGR as an output

compare register, and select the initial value and

Select waveform output level | [3] output value.

‘ [4] Setthe cycle in the TGR selected in [2], and set
the duty in the other the TGR.

Set TGR [4]
‘ [5] Select the PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5] .
[6] Setthe CST bitin TSTR to 1 to start the count
‘ operation.
Start count [6]
<PWM mode>

Figure10.21 Example of PWM M ode Setting Procedure

Examples of PWM Mode Oper ation: Figure 10.22 shows an example of PWM mode 1
operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used as the period, and the values set in TGRB registers as
the duty.
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TCNT value
Counter cleared by

/ TGRA compare match
TORA |- m o e e e

TGRB |- o e T T
H'0000

TIOCA J I—, I—, |

Figure10.22 Example of PWM M ode Operation (1)
Figure 10.23 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGR1B compare match
isset asthe TCNT clearing source, and O is set for the initial output value and 1 for the output
value of the other TGR registers (TGROA to TGROD, TGR1A), to output a 5-phase PWM
waveform.

In this case, the value set in TGR1B is used as the cycle, and the values set in the other TGRs as
the duty.

Counter cleared by TGR1B
TCNT value / compare match

TGRAB |- - - - mmmm e e e
TGR1A
TGROD
TGROC
TGROB
TGROA
H'0000

TIOCAO — |

TIOCBO

TIOCCO

TIOCDO

TIOCAL1 _i _i

Figure 10.23 Example of PWM M ode Operation (2)
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Figure 10.24 shows examples of PWM waveform output with 0% duty and 100% duty in PWM

mode.
TONT value TGRB rewritten
TORA |- oo oo i
—
TCRB |-l TGRB rewritten
H'0000 L

TIOCA | 0% duty :

TCNT value

TGRA

TGRB
H'0000

d
o
0
>

TCNT value

TGRA

TGRB
H'0000

d
o
0
>

Output does not change when cycle register and duty register
compare matches occur simultaneously

TGRB rewritten

Time

100% duty I_I

Output does not change when cycle register and duty
register compare matches occur simultaneously

TGRB rewritten

TGRB rewritten

O
TGRB rewritten
Time

100% duty 0% duty
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10.4.6  Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT isincremented/decremented accordingly. This mode can be set for channel 1.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurs while TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR is the count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 10.7 shows the correspondence between external clock pins and channels.

Table 10.7 Phase Counting M ode Clock Input Pins

External Clock Pins

Channels A-Phase B-Phase

When channel 1 is set to phase counting mode TCLKA TCLKB

Example of Phase Counting M ode Setting Procedur e: Figure 10.25 shows an example of the
phase counting mode setting procedure.

] [1] Select phase counting mode with bits MD3 to
Phase counting mode MDO in TMDR.
‘ [2] Setthe CST bitin TSTR to 1 to start the count
Select phase counting mode | [1] operation.
Start count [2]

v

<Phase counting mode>

Figure10.25 Example of Phase Counting M ode Setting Procedure
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Examples of Phase Counting M ode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

» Phase counting mode 1

Figure 10.26 shows an example of phase counting mode 1 operation, and table 10.8
summarizes the TCNT up/down-count conditions.

TCLKA

Time

Figure 10.26 Example of Phase Counting Mode 1 Operation

Table10.8 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA TCLKB Operation
High level £ Up-count
Low level R

E3 Low level

RS High level

High level R Down-count
Low level =

4 High level

R Low level

Legend

4 :Rising edge
Y :Falling edge
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e Phase counting mode 2

Figure 10.27 shows an example of phase counting mode 2 operation, and table 10.9
summarizesthe TCNT up/down-count conditions.

TCLKA

TCLKB

TCNT value

| L

V

%

Time
Figure 10.27 Example of Phase Counting M ode 2 Operation

Table10.9 Up/Down-Count Conditionsin Phase Counting Mode 2
TCLKA TCLKB Operation
High level = Don’t care
Low level t Don't care
4 Low level Don'’t care
e High level Up-count
High level R Don't care
Low level = Don't care
4 High level Don't care
R Low level Down-count
Legend

£ :Rising edge

Y : Falling edge
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e Phase counting mode 3

Figure 10.28 shows an example of phase counting mode 3 operation, and table 10.10
summarizesthe TCNT up/down-count conditions.

TCLKA | [

TCLKB
TCNT value

' |  Down-count ‘
Up_cy’ \\

- 1

Time

Figure 10.28 Example of Phase Counting M ode 3 Operation

Table 10.10 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA TCLKB Operation
High level = Don't care
Low level 1 Don't care
E3 Low level Don't care
e High level Up-count
High level 1 Down-count
Low level 4 Don't care
4 High level Don't care
R Low level Don't care
Legend

4 : Rising edge
Y : Falling edge
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e Phase counting mode 4

Figure 10.29 shows an example of phase counting mode 4 operation, and table 10.11
summarizesthe TCNT up/down-count conditions.

TCLKA |

TCNT value

TCLKB |

Time

Figure 10.29 Example of Phase Counting M ode 4 Operation

Table 10.11 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA TCLKB Operation
High level £ Up-count
Low level R

Ey Low level Don't care
t High level

High level R Down-count
Low level =

4 High level Don't care
R Low level

Legend

£ :Rising edge
't :Falling edge

Phase Counting M ode Application Example: Figure 10.30 shows an example in which phase
counting mode is designated for channel 1, and channel 1 is coupled with channel O to input servo
motor 2-phase encoder pulsesin order to detect the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.

Channel 0 operates with TCNT counter clearing by TGROC compare match; TGROA and TGROC

are used for the compare match function, and are set with the speed control period and position
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control period. TGROB is used for input capture, with TGROB and TGROD operating in buffer
mode. The channel 1 counter input clock is designated as the TGROB input capture source, and
detection of the pulse width of 2-phase encoder 4-multiplication pulses is performed.

TGR1A and TGR1B for channel 1 are designated for input capture, channel 0 TGROA and
TGROC compare matches are selected as the input capture source, and store the up/down-counter
values for the control periods.

This procedure enables accurate position/speed detection to be achieved.

Channel 1
TCLKA Edge
detection| > TCNT1
TCLKB circuit

TGRI1A = Vi] -
(speed period capture) N -

TGR1B
(position period capture)

L TCNTO

a
IS

TGROA (speed control period)

J
o

TGROC
(position control period)

y
o

v
TGROB (pulse width capture) ¥<]>

~I>> TGROD (buffer operation)

Channel 0

Figure 10.30 Phase Counting Mode Application Example
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10.5 Interrupts

10.5.1 Interrupt Sourcesand Priorities

There are three kinds of TPU interrupt source: TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disabled
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding statusflag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priorities can be changed by the interrupt controller, but the priority order within
achannel isfixed. For details, see section 5, Interrupt Controller.

Table 10.12 lists the TPU interrupt sources.

Table 10.12 TPU Interrupts

Interrupt DTC
Channel  Source Description Activation Priority
0 TGIOA TGROA input capture/compare match Possible High
TGIOB TGROB input capture/compare match Possible A
TGIOC TGROC input capture/compare match Possible
TGIOD TGROD input capture/compare match Possible
TCIOV TCNTO overflow Not possible
1 TGI1A TGR1A input capture/compare match Possible
TGI1B TGR1B compare match Possible
TCI1V TCNT1 overflow Not possible
TCI1U TCNT1 underflow Not possible
2 TGI2A TGR2A input capture/compare match Possible
TGI2B TGR2B compare match Possible
TCI2V TCNT2 overflow Not possible
TCI2U TCNT2 underflow Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: Aninterrupt isrequested if the TGIE bitin TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a particular channel. The interrupt request is cleared by clearing the TGF flag to 0. The
TPU has eight input capture/compare match interrupts, four for channel 0, and two each for
channels 1 and 2.

Overflow Interrupt: Aninterrupt isrequested if the TCIEV bitin TIER is set to 1 when the
TCFV flagin TSR is set to 1 by the occurrence of TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has three overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt isrequested if the TCIEU bit in TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of TCNT underflow on achannel. Theinterrupt
request is cleared by clearing the TCFU flag to 0. The TPU has two underflow interrupts, one
each for channels 1 and 2.

10.5.2 DTC Activation

DTC Activation: The DTC can be activated by the TGR input capture/compare match interrupt
for achannel. For details, see section 8, Data Transfer Controller (DTC).

A total of 8 TPU input capture/compare match interrupts can be used as DTC activation sources,
four for channel 0, and two each for channels 1 and 2.

10.5.3 A/D Converter Activation
The A/D converter can be activated by the TGRA input capture/compare match for a channel.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversionis
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at thistime, A/D conversion is started.

Inthe TPU, atotal of three TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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10.6  Operation Timing

10.6.1  Input/Output Timing

TCNT Count Timing: Figure 10.31 shows TCNT count timing in internal clock operation, and
figure 10.32 shows TCNT count timing in external clock operation.

’ U UL

Internal clock Falling edge Rising edge

\ N\

input clock ——— —

TCNT N-1 >< N >< N+1 >< N+2

Figure10.31 Count Timingin Internal Clock Operation

: L L

External CIOCKW Falling edge Rising edge Falling edge
TCNT

input clock

TCNT N-1 >< N >< N+1 >< N+2

Figure10.32 Count Timingin External Clock Operation

309
RENESAS




Output Compare Output Timing: A compare match signal is generated in the final statein
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin (TIOC pin). After amatch between TCNT and TGR, the compare match
signal is not generated until the TCNT input clock is generated.

Figure 10.33 shows output compare output timing.

- J oy

TCNT
input clock

TCNT N >< N+1

TGR

Compare
match signal

TIOC pin ><

Figure 10.33 Output Compare Output Timing

Input Capture Signal Timing: Figure 10.34 shows input capture signal timing.

Input capture
input

Input capture
signal

TCNT >< N >< N+1 >< N+2 >< ><:

TGR >< N >< N+2

Figure10.34 Input Capturelnput Signal Timing
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Timing for Counter Clearing by Compare M atch/Input Capture: Figure 10.35 shows the
timing when counter clearing by compare match occurrenceis specified, and figure 10.36 shows
the timing when counter clearing by input capture occurrence is specified.

- J oy

Compare
match signal

Counter
clear signal

TCNT N >< H'0000

TGR N

Figure10.35 Counter Clear Timing (Compare Match)

Input capture
signal

\
.
:
Counter clear ,
:
:
:

signal
TCNT N : >< H'0000
TGR >< N

Figure 10.36 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 10.37 and 10.38 show the timing in buffer operation.

- J oy

TCNT n >< n+1

Compare
match signal

TGRB

TGRA, 5 ><

TGRC, ]
TGRD ]

Figure 10.37 Buffer Operation Timing (Compare Match)

’ L L

Input capture

signal
TCNT N >< N+1
TGRA, :
TGRB no. >< N | >< N+1
TGRC,
TGRD >< n >< N
Figure 10.38 Buffer Operation Timing (Input Capture)
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10.6.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 10.39 shows the timing for
setting of the TGF flag in TSR by compare match occurrence, and TGI interrupt request signal

timing.

TCNT input
clock

TCNT

TGR

Compare
match signal

TGF flag

TGl interrupt

ISR

N >< N+1

Figure10.39 TGI Interrupt Timing (Compare Match)
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TGF Flag Setting Timing in Case of Input Capture: Figure 10.40 shows the timing for setting
of the TGF flag in TSR by input capture occurrence, and TGI interrupt request signal timing.

- J oy

Input capture
signal

TCNT N

TGR i

.
\

TGF flag

TGl interrupt

Figure10.40 TGI Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 10.41 shows the timing for setting of the TCFV
flagin TSR by overflow occurrence, and TCIV interrupt request signal timing.

Figure 10.42 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
TCIU interrupt request signal timing.

g Sy

TCNT input
clock

TCNT H'FFFF >< H0000
(overflow)

Overflow
signal

TCFV flag

TCIV interrupt

Figure10.41 TCIV Interrupt Setting Timing

° Sy

TCNT
input clock

TCNT . :
(underflow) H'0000 >< H'EFFF

Underflow signal

TCFU flag

TCIU interrupt

Figure10.42 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After astatusflagisread as 1 by the CPU, it is cleared by writing
0toit. When the DTC is activated, the flag is cleared automatically. Figure 10.43 shows the
timing for status flag clearing by the CPU, and figure 10.44 shows the timing for status flag
clearing by the DTC.

TSR write cycle

Tl T2

e
N I O
Address >< TSR address ><
Write signal
Status flag
Interrupt
request
signal

Figure10.43 Timingfor StatusFlag Clearing by CPU

DTC DTC
read cycle write cycle

Lo o, T2 . T1 T2
I I I I |

- J Uy

Destination
Address >< Source address address ><
Status flag
Interrupt
request
signal

Figure10.44 Timingfor Status Flag Clearing by DTC Activation
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10.7 Usage Notes
Note that the kinds of operation and contention described below occur during TPU operation.

Input Clock Restrictions: The input clock pulse width must be at least 1.5 states in the case of
single-edge detection, and at least 2.5 states in the case of both-edge detection. The TPU will not
operate properly with a narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 10.45 shows the input clock
conditions in phase counting mode.

Phase Phase
differ- differ-
Overlap | ence |Overlap; ence

TCLKA i

TCLKB : :
—_— I
. Pulse width | . Pulse width |

Notes: Phase difference and overlap: 1.5 states or more
Pulse width : 2.5 states or more

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode

Caution on Period Setting: When counter clearing by compare match isset, TCNT iscleared in
the final state in which it matches the TGR value (the point at which the count value matched by
TCNT is updated). Consequently, the actual counter frequency is given by the following formula:

[
f=——
(N+1

Where  f : Counter frequency
g : Operating frequency
N :TGR setvaue
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Contention between TCNT Writeand Clear Operations:. If the counter clear signal is
generated inthe T2 state of a TCNT write cycle, TCNT clearing takes precedence and the TCNT
write is not performed.

Figure 10.46 shows the timing in this case.

TCNT write cycle

T1 T2

e
g JU ULy L
Address >< TCNT address ><
Write signal
Counter clear B
signal
TCNT N >< H'0000

Figure10.46 Contention between TCNT Write and Clear Operations
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Contention between TCNT Write and Increment Operations:. If incrementing occursin the T2
state of a TCNT write cycle, the TCNT write takes precedence and TCNT is not incremented.

Figure 10.47 shows the timing in this case.

TCNT write cycle

T1 T2

e
’ JU UYL
Address >< TCNT address ><
Write signal
TCNT input
clock
TCNT N >< P M

TCNT write data

Figure 10.47 Contention between TCNT Writeand I ncrement Operations
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Contention between TGR Write and Compare Match: If acompare match occursin the T2
state of a TGR write cycle, the TGR write takes precedence and the compare match signal is
inhibited. A compare match does not occur even if the same value as before is written.

Figure 10.48 shows the timing in this case.

TGR write cycle

LTL T2
- J UL
Address >< TGR address ><
Write signal
Compare il : o
match signal : i=—— Inhibited
TCNT N >< N+1
TGR N >< L

TGR write data

Figure 10.48 Contention between TGR Write and Compare Match
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Contention between Buffer Register Write and Compare Match: If acompare match occursin
the T2 state of a TGR write cycle, the data transferred to TGR by the buffer operation will be the
data prior to the write.

Figure 10.49 shows the timing in this case.

TGR write cycle

PL,"T_Z,‘

’ L L

Address e )
Write signal
Compare
match signal
Buffer register write data
Buffer -
register N M
TGR >< N

Figure10.49 Contention between Buffer Register Write and Compare Match
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Contention between TGR Read and Input Capture: If the input capture signal is generated in
the T1 state of a TGR read cycle, the data that isread will be the data after input capture transfer.

Figure 10.50 shows the timing in this case.

TGR read cycle

FL,’_L,\
'] J LI LI LI LI L
Address >< TGR address ><
Read signal
Input capture
signal
TGR X >< M
Internal >< M ><
data bus
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Figure 10.50 Contention between TGR Read and Input Capture
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Contention between TGR Writeand Input Capture: If the input capture signal is generated in
the T2 state of a TGR write cycle, the input capture operation takes precedence and the write to
TGR is not performed.

Figure 10.51 shows the timing in this case.

TGR write cycle

‘<L,’<T_2,‘
. S
Address >< TGR address ><

Write signal

Input capture

signal
TCNT PM
TGR >< M

Figure10.51 Contention between TGR Writeand Input Capture
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Contention between Buffer Register Write and Input Capture: If theinput capture signal is
generated in the T2 state of a buffer write cycle, the buffer operation takes precedence and the
write to the buffer register is not performed.

Figure 10.52 shows the timing in this case.

Buffer register write cycle

‘M‘
P LILILILIL

Buffer register ><
address

Address

Write signal

Input capture

signal

TCNT N
~

TGR M >< N
T

register Lo

Figure 10.52 Contention between Buffer Register Writeand I nput Capture
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Contention between Over flow/Underflow and Counter Clearing: If overflow/underflow and
counter clearing occur simultaneously, the TCFV/TCFU flagin TSR is not set and TCNT clearing

takes precedence.

Figure 10.53 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF isset in TGR.

TCNT input
clock

TCNT

Counter
clear signal

TGF

TCFV

J Uy

H'FFFF >< H'0000

—
|

Disabled —___ ;-""-"""""-7ommoommomoooes

Figure 10.53 Contention between Overflow and Counter Clearing
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Contention between TCNT Write and Overflow/Underflow: If thereis an up-count or down-
count in the T2 state of a TCNT write cycle, and overflow/underflow occurs, the TCNT write
takes precedence and the TCFV/TCFU flagin TSR is not set .

Figure 10.54 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

T1 2
|

il

. T

Address >< TCNT address ><
Write signal )
TCNT write data
’
TCNT H'FFFF >< M

Disabled e e
TCEV flag T

Figure10.54 Contention between TCNT Write and Overflow

Multiplexing of 1/0 Pins: Inthe LSI, the TCLKA input pin is multiplexed with the TIOCCO I/O
pin and the TCLKB input pin with the TIOCDO I/O pin. When an external clock isinput, compare
match output should not be performed from amultiplexed pin.

Interruptsand Module Stop Mode: If module stop mode is entered when an interrupt has been
requested, it will not be possible to clear the CPU interrupt source or DTC activation source.
Interrupts should therefore be disabled before entering modul e stop mode.
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Section 11 8-Bit Timers (TMR)

11.1 Oveview

The LSl includes an 8-bit timer module with two channels (TMRO, TMR1). Each channel has an
8-hit counter (TCNT) and two time constant registers (TCORA and TCORB).

11.1.1 Features
The features of the 8-bit timer module are listed below.

» Selection of three clock sources
O The counters can be driven by one of three internal clock signals (2/8, @/64, or 2/8192).

e Selection of two ways to clear the counters
O The counters can be cleared on compare match A or B.

» Provision for cascading of two channels

0 Operation as a 16-bit timer is possible, using channel 0 for the upper 8 bits and channel 1
for the lower 8 bits (16-bit count mode).

0 Channel 1 can be used to count channel 0 compare matches (compare match count mode).

» Threeindependent interrupts
0 Compare match A and B and overflow interrupts can be requested independently.

» A/D converter conversion start trigger can be generated

O Channel 0 compare match A signal can be used as an A/D converter conversion start
trigger.

* Module stop mode can be set

O Astheinitia setting, 8-bit timer operation is halted. Register access is enabled by exiting
modul e stop mode.

327
RENESAS



11.1.2 Block Diagram

Figure 11.1 shows a block diagram of the 8-bit timer module in case of TMRO and TMRL.

Internal clock sources
2/8

/64

/8192

Y

Clock 1
Clock select Clock 0

TCORAO TCORA1

Compare match Al, K) K)

Compare match AO| Comparator AO Comparator A1

Overflow 1 (ﬁ (ﬁ Ve
Overflow 0 TCNTO Iil TCNT1 |<

Clearo/ Clearl/ ‘ ‘

Compare match B1 ,
A/D Compare match BO | Comparator BO Ii' Comparator B1 |

conversion | Control logic
start request ( W ( W

signal | Tcorso [ TcomBl KT
— | Tcsmo || Tesrn kK
— N = T —

— CMIAO
— CMIBO

— 0VIO

———=CMIAL

E— 017 1] =X §

—————————=0o0vi1

Interrupt signals

Internal bus

Figure11.1 Block Diagram of 8-Bit Timer
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11.1.3 Register Configuration

Table 11.1 summarizes the registers of the 8-bit timer module.

Table11.1 8-Bit Timer Registers

Channel Name Abbreviation R/W Initial value ~ Address**
0 Timer control register O TCRO R/W H'00 H'FF68
Timer control/status register 0 TCSRO R/(W)*? H'00 H'FF6A
Time constant register AO TCORAO R/W H'FF H'FF6C
Time constant register BO TCORBO R/W H'FF H'FF6E
Timer counter O TCNTO R/W H'00 H'FF70
1 Timer control register 1 TCR1 R/W H'00 H'FF69
Timer control/status register 1 TCSR1 R/(W)** H'10 H'FF6B
Time constant register Al TCORAL R/IW H'FF H'FF6D
Time constant register B1 TCORB1 R/W H'FF H'FF6F
Timer counter 1 TCNT1 R/W H'00 HFF71
Common Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: *1 Lower 16 bits of the address

*2 Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registersfor channel 0 and channel 1 is a 16-bit register with the upper 8 bits for
channel 0 and the lower 8 bits for channel 1, so they can be accessed together by word transfer

instruction.
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11.2  Register Descriptions

11.21 Timer CountersOand 1 (TCNTO, TCNT1)

TCNTO TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W . RW R/W R/W R/W R/W R/W R/W RIW RIW R/IW RIW RIW RIW RIW RIW R/W

TCNTO and TCNT1 are 8-hit readable/writable up-counters that increment on pul ses generated
from aninternal or external clock source. This clock sourceis selected by clock select bits CKS2
to CKS0 of TCR. The CPU can read or writeto TCNTO and TCNT1 at all times.

TCNTO and TCNT1 comprise asingle 16-hit register, so they can be accessed together by aword
transfer instruction.

TCNTO and TCNT1 can be cleared by a compare match signal. Which signal isto be used for
clearing is selected by clock clear bits CCLR1 and CCLRO of TCR.

When atimer counter overflows from H'FF to H'00, OVF in TCSRis set to 1.
TCNTO and TCNT1 are each initialized to H'00 by areset and in hardware standby mode.
11.2.2 TimeConstant RegistersAO and A1 (TCORAOQ, TCORA1)

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW RIW RIW RIW RIW RIW R/W

TCORAO and TCORA1 are 8-hit readable/writable registers. TCORAO and TCORA1 comprise a
single 16-hit register so they can be accessed together by word transfer instruction.

TCORA iscontinually compared with the value in TCNT. When a match is detected, the
corresponding CMFA flagin TCSRisset to 1. Note, however, that comparison is disabled during
the T2 state of a TCOR write cycle.

TCORAO and TCORAL are each initialized to H'FF by areset and in hardware standby mode.
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11.23 TimeConstant RegistersB0 and B1 (TCORBO, TCORB1)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W RIW RIW R/W RIW R/IW R/W R/W R/W R/W R/W R/W R/W

TCORBO and TCORB1 are 8-bit readable/writable registers. TCORBO and TCORB1 comprise a
single 16-bit register so they can be accessed together by word transfer instruction.

TCORSB is continually compared with the valuein TCNT. When amatch is detected, the
corresponding CMFB flag in TCSR isset to 1. Note, however, that comparison is disabled during
the T2 state of a TCOR write cycle.

TCORBO and TCORBL1 are each initialized to H'FF by areset and in hardware standby mode.

11.2.4 Timer Control RegistersOand 1 (TCRO, TCR1)

Bit : 7 6 5 4 3 2 1 0
CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 CKS1 | CKSO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCRO and TCRL are 8-hit readabl e/writable registers that select the input clock source and the
time at which TCNT is cleared, and enable interrupts.

TCRO and TCR1 are each initialized to H'00 by areset and in hardware standby mode.

For details of thistiming, see section 11.3, Operation.
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Bit 7—Compare Match Interrupt Enable B (CMIEB): Selects whether CMFB interrupt
reguests (CMIB) are enabled or disabled when the CMFB flag of TCSR is set to 1.

Bit 7

CMIEB Description

0 CMFB interrupt requests (CMIB) are disabled (Initial value)
1 CMFB interrupt requests (CMIB) are enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Selects whether CMFA interrupt
reguests (CMIA) are enabled or disabled when the CMFA flag of TCSRisset to 1.

Bit 6

CMIEA Description

0 CMFA interrupt requests (CMIA) are disabled (Initial value)
1 CMFA interrupt requests (CMIA) are enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Selects whether OVF interrupt requests
(OV1) are enabled or disabled when the OVF flag of TCSR is set to 1.

Bit 5

OVIE Description

0 OVF interrupt requests (OVI) are disabled (Initial value)
1 OVF interrupt requests (OVI) are enabled

Bits4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select the method by which
TCNT iscleared: by compare match A or B.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clear is disabled (Initial value)
1 Clear by compare match A

1 0 Clear by compare match B
1 Setting disabled
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Bits2to 0—Clock Select 2t0 0 (CKS2 to CK S0): These bits select the clock input to TCNT is

aninterna clock.

Threeinternal clocks can be selected, all divided from the system clock (): @/8, 2/64, and @/8192.
Thefalling edge of the selected internal clock triggers the count.

Some functions differ between channel 0 and channel 1.

Bit 2 Bit 1 Bit 0

CKS2 CKS1 CKSO Description
0 0 0 Clock input disabled (Initial value)
1 Internal clock, counted at falling edge of @/8
1 0 Internal clock, counted at falling edge of 2/64
1 Internal clock, counted at falling edge of 2/8192
1 0 0 For channel O: count at TCNT1 overflow signal*
For channel 1: count at TCNTO compare match A*
1 Setting disabled
1 0 Setting disabled
1 Setting disabled

Note: * If the count input of channel 0 is the TCNT1 overflow signal and that of channel 1 is the
TCNTO compare match signal, no incrementing clock is generated. Do not use this setting.

RENESAS

333



11.25 Timer Control/Status RegistersOand 1 (TCSRO, TCSR1)

TCSRO

Bit : 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ADTE — — — —

Initial value : 0 0 0 0 0 0 0 0

R/W o RIW)*  R/(W)*  R/(W)* R/W R/W R/W R/W R/W

TCSR1

Bit : 7 6 5 4 3 2 1 0
CMFB | CMFA OVF — — — — —

Initial value : 0 0 0 1 0 0 0 0

R/W : RIW)*  RI(W)* R/(W)* — R/W R/W R/W R/W

Note: * Only O can be written to bits 7 to 5, to clear these flags.

TCSRO and TCSR1 are 8-hit registers that display compare match and overflow statuses, and
control compare match output.

TCSRO isinitialized to H'00, and TCSR1 to H'10, by areset and in hardware standby mode.

Bit 7—Compare Match Flag B (CMFB): Status flag indicating whether the values of TCNT and
TCORB match.

Bit 7
CMFB Description
0 [Clearing conditions] (Initial value)

* Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB
*  When DTC is activated by CMIB interrupt while DISEL bit of MRB in DTC is O

1 [Setting condition]
Set when TCNT matches TCORB
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Bit 6—Compare Match Flag A (CMFA): Status flag indicating whether the values of TCNT and
TCORA match.

Bit 6
CMFA Description
0 [Clearing conditions] (Initial value)

e Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA

« When DTC is activated by CMIA interrupt while DISEL bit of MRB in DTC is 0
1 [Setting condition]

Set when TCNT matches TCORA

Bit 5—Timer Overflow Flag (OVF): Statusflag indicating that TCNT has overflowed (changed
from H'FF to H'00).

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Cleared by reading OVF when OVF = 1, then writing O to OVF

1 [Setting condition]

Set when TCNT overflows from H'FF to H'00

Bit 4—A/D Trigger Enable (ADTE) (TCSRO Only): Selects enabling or disabling of A/D
converter start requests by compare-match A.

TCSR1 isreserved bit. When TCSR1 isread, always 1 isread off. It cannot be modified.

Bit 4

ADTE Description

0 A/D converter start requests by compare match A are disabled (Initial value)
1 A/D converter start requests by compare match A are enabled

Bits 3to 0—Reserved: Only 0 may be written to these hits.
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11.2.6 Module Stop Control Register A (MSTPCRA)

Bit L7 6 5 4 3 2 1 0
| MSTPA7 | MSTPAG| MSTPAS | MSTPA4 | MSTPA3 | MSTPA2| MSTPA1| MSTPAO|

Initial value : 0 0 1 1 1 1 1 1

RIW . RW RW RW RW RW RW RW RW

MSTPCRA isan 8-bit readable/writable register that performs module stop mode control.

When the MSTPA4 bit in MSTPCRA is set to 1, the 8-bit timer operation stops at the end of the
bus cycle and atransition is made to module stop mode. For details, see section 21.5, Module Stop
Mode.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 4—Module Stop (M STPA4): Specifiesthe TMRO and TMR1 module stop mode.

Bit 4

MSTPA4  Description

0 TMRO, TMR1 module stop mode cleared

1 TMRO, TMR1 module stop mode set (Initial value)

Bit 0—Reserved: Only 1 may be written to this bit.
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11.3 Operation

11.31 TCNT Increment Timing
TCNT isincremented by input clock pulses.

Internal Clock: Three different internal clock signals (&/8, @/64, or @/8192) divided from the
system clock (@) can be selected, by setting bits CKS2 to CKS0in TCR. Figure 11.2 showsthe
count timing.

: e e 1 e e O e

Internal clock —|

Clock input
to TCNT

N+1

z
>

(
TCNT N-1 X
)

Figure11.2 Count Timingfor Internal Clock Input

11.3.2 CompareMatch Timing

Setting of Compare Match FlagsA and B (CMFA, CMFB): The CMFA and CMFB flagsin
TCSR are set to 1 by a compare match signal generated when the TCOR and TCNT values match.
The compare match signal is generated at the last state in which the match istrue, just before the
timer counter is updated.

Therefore, when TCOR and TCNT match, the compare match signal isnot generated until the
next increment clock input. Figure 11.3 shows this timing.
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TCNT N X N+1

TCOR N

Compare match
signal

CMF |

Figure11.3 Timing of CMF Setting

Timing of Compare Match Clear: The timer counter is cleared when compare match A or B
occurs, depending on the setting of the CCLR1 and CCLRO bitsin TCR. Figure 11.4 shows the
timing of this operation.

g S I
Compare match
signal

AN

TCNT N X H00

Figure11.4 Timing of Compare Match Clear
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11.3.3 Timing of Overflow Flag (OVF) Setting

The OVFin TCSRis set to 1 when the timer count overflows (changes from H'FF to H'00). Figure
11.5 shows the timing of this operation.

s E
TCNT HFE X H'00

Overflow signal

\

OVF

Figure11.5 Timing of OVF Setting

11.34  Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCRO or TCR1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit timer
mode) or compare matches of the 8-bit timer channel 0 could be counted by the timer of channel 1
(compare match counter mode). In this case, the timer operates as below.

16-Bit Counter Mode: When bits CKS2 to CKS0 in TCRO are set to B'100, the timer functions as
asingle 16-bit timer with channel 0 occupying the upper 8 bits and channel 1 occupying the lower
8 hits.

» Setting of compare match flags
0 TheCMFflagin TCSRO s set to 1 when a 16-bit compare match event occurs.
0 TheCMFflagin TCSR1is set to 1 when alower 8-bit compare match event occurs.

» Counter clear specification

O If the CCLR1 and CCLRO bitsin TCRO have been set for counter clear at compare match,
the 16-hit counter (TCNTO and TCNTL1 together) is cleared when a 16-bit compare match
event occurs.

0 The settings of the CCLR1 and CCLRO bitsin TCR1 are ignored. The lower 8 hits cannot
be cleared independently.

339
RENESAS




Compare Match Counter Mode: When bits CKS2 to CKS0 in TCR1 are B'100, TCNT1 counts
compare match A’sfor channel 0.

Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF flag,
generation of interrupts, and counter clear are in accordance with the settings for each channel.

Note on Usage: If the 16-bit counter mode and compare match counter mode are set
simultaneously, the input clock pulsesfor TCNTO and TCNTL1 are not generated and thus the
counters will stop operating. Software should therefore avoid using both these modes.

11.4  Interrupts

1141  Interrupt Sourcesand DTC Activation

There are three 8-bit timer interrupt sources: CMIA, CMIB, and OVI. Their relative priorities are
shownin Table 11.2. Each interrupt sourceis set as enabled or disabled by the corresponding
interrupt enable bit in TCR, and independent interrupt requests are sent for each to the interrupt
controller. Itisalso possibleto activate the DTC by means of CMIA and CMIB interrupts.

Table11.2 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description DTC Activation Priority
0 CMIAO Interrupt by CMFA Possible High
CMIBO Interrupt by CMFB Possible
QoVIo Interrupt by OVF Not possible
1 CMIAL Interrupt by CMFA Possible
CMIB1 Interrupt by CMFB Possible
ovii Interrupt by OVF Not possible Low

Note: This table shows the initial state immediately after a reset. The relative channel priorities
can be changed by the interrupt controller.

1142 A/D Converter Activation
The A/D converter can be activated only by channel 0 compare match A.

If the ADTE bitin TCSRO is set to 1 when the CMFA flag is set to 1 by the occurrence of channel
0 compare match A, arequest to start A/D conversion is sent to the A/D converter. If the 8-hit
timer conversion start trigger has been selected on the A/D converter side at thistime, A/D
conversion is started.
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115 Sample Application

In the example below, the 8-bit timer is used to specify the cycle for generating an interrupt, as
shown in figure 11.6. The control bits are set as follows:

[1] In TCR, bit CCLR1 iscleared to 0 and bit CCLRO is set to 1 so that the timer counter is
cleared when its value matches the constant in TCORA.

[2] In TCR, bits CMIEB and CMIEA are set to 1 respectively, generating interrupts at TCORA
and TCORB.

;“;ﬁz:;‘:;% | ] | W | } } ]

Figure11.6 Example of Pulse Output
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11.6  Usage Notes

Application programmers should note that the following kinds of contention can occur in the 8-bit
timer.

11.6.1 Contention between TCNT Writeand Clear

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the clear
takes priority, so that the counter is cleared and the write is not performed.

Figure 11.7 shows this operation.

TCNT write cycle by CPU
T1 T2

R
g B e e

Address >< TCNT address ><

Internal write signal | |

Counter clear signal | |

TCNT N >< H'00

Figure11.7 Contention between TCNT Writeand Clear
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11.6.2 Contention between TCNT Write and I ncrement

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write

takes priority and the counter is not incremented.

Figure 11.8 shows this operation.

Address

Internal write signal

TCNT input clock

TCNT

TCNT write cycle by CPU
T1 T2

D

B e e

X

TCNT address

v M

Counter write data

Figure 11.8 Contention between TCNT Write and I ncrement
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11.6.3 Contention between TCOR Write and Compare Match

During the T2 state of a TCOR write cycle, the TCOR write has priority and the compare match
signal isdisabled even if acompare match event occurs.

Figure 11.9 shows this operation.

TCOR write cycle by CPU
T1 T2

D
g B e e

Address >< TCOR address ><

Internal write signal | |

TCNT N >< N+1

TCOR N >< M

Compare match signal : :\

Disabled

Figure11.9 Contention between TCOR Write and Compare Match

11.6.4  Switching of Internal Clocksand TCNT Operation

TCNT may increment erroneously when the internal clock is switched over. Table 11.3 shows the
relationship between the timing at which theinternal clock is switched (by writing to the CKS1
and CK S0 bits) and the TCNT operation.

When the TCNT clock is generated from an internal clock, the falling edge of the internal clock
pulseisdetected. If clock switching causes a change from high to low level, as shownincase 3in
table 11.3, aTCNT clock pulse is generated on the assumption that the switchover isafalling
edge. Thisincrements TCNT.
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Table11.3 Switching of Internal Clock and TCNT Operation

Timing of Switchover
by Means of CKS1

No. and CKSO Bits TCNT Clock Operation
1 Switching from Clock before
low to low** switchover _,—\__, | | |
Clock after ;
switchover ‘
TCNT clock i
TCNT N X N+1 X
CKS bit write
2 Switching from Clock before
low to high*? switchover _,—\_, | ‘ | |
Clock after ‘
switchover
TCNT clock ;
TCNT NoOX O N X Ne2 X

CKS bit write

3 Switching from Clock before
high to low*? switchover _,—\_,

Clock after
switchover

TCNT clock

TCNT

CKS bit write
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Timing of Switchover
by Means of CKS1
No. and CKSO Bits TCNT Clock Operation

4 Switching from high ~ Clock before ‘
to high switchover J | !

Clock after
switchover

TCNT clock

TCNT

CKS bit write

Notes: *1 Includes switching from low to stop, and from stop to low.
*2 Includes switching from stop to high.
*3 Includes switching from high to stop.

*4 Generated on the assumption that the switchover is a falling edge; TCNT is
incremented.

11.6.5 Interruptsand Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or DTC activation source. Interrupts should therefore be disabled
before entering module stop mode.
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Section 12 Watchdog Timer (WDT)

121 Overview

The LS| has an on-chip watchdog timer with two channels (WDTO and WDT1). The watchdog
timer can generate an internal reset signal if a system crash prevents the CPU from writing to the
counter, allowing it to overflow.

When this watchdog function is not needed, the WDT can be used as an interval timer. In interval
timer mode, an interval timer interrupt is generated each time the counter overflows.

1211 Features
WDT features are listed below.
» Switchable between watchdog timer mode and interval timer mode

» Internal reset or internal interrupt generated when watchdog timer mode
O WDTO
Choice of whether or not an internal power-on reset is effected when the counter overflows
O WDT1
Choice of internal power-on reset or NMI interrupt generation when the counter overflows

* Interrupt generation in interval timer mode
O Aninterval timer interrupt is generated when the counter overflows

e Choiceof 8 (WDTO) or 16 (WDT1) counter input clocks
O Maximum WDT interval: system clock period x 131072 x 256
O Subclock can be selected for the WDT1 input counter
Maximum interval when the subclock is selected: subclock period x 256 x 256

» Selected clock can be output from the BUZZ output pin (WDT1)
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12.1.2 Block Diagram

Figures 12.1 (a) and (b) show block diagrams of WDTO and WDTL1.

Overflow

WOVIO 22 :
(interrupt request - | Interrupt ~——2/64 i
signal) : control | /128 l
: Clock [+ /512 :
1 l Clock select [«——2/2048 l
/8192
| l«—— /32768 |
Internal reset =—|  Reset ~—0/131072
e ‘ control !
signal ! Internal clock 1
i RSTCSR }J | TCNT |<»| TCSR 3
: O O O Bus i
f Module bus interface [
T ——————————— WDT - 1
Legend:
TCSR: Timer control/status register

TCNT: Timer counter
RSTCSR: Reset control/status register

Note: * A register setting can be used to generate a power-on reset.

Internal bus

Figure12.1 (a) Block Diagram of WDTO
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wovil i +—o12 Ooul2 |
(interrupt request =—— +—0/64 Boupld
signal) | Interrupt <0128 Fsus/8 |
! l—@/512 |
Internal NMI | control | Overflow Clock Clock o048 Fsus/16 |
(interrupt request =~ | select |3—0/2048 o 32 |
signal) ! Reset /8192 B /64 :
! control 32132768 108 |
1 <—p/131072 V% C
Internal reset <—— 2100 /256
signal* ! Internal clock 1
1 T source 1
BUZZ < g
! |2
: | TONT <> TCSR | 3
| -
: Bus L=
f Module bus interface L
b WDT - oo oo j
Legend:
TCSR: Timer control/status register
TCNT: Timer counter
Note: * A register setting can be used to generate a power-on reset.
Figure12.1 (b) Block Diagram of WDT1
12.1.3  Pin Configuration
Table 12.1 describesthe WDT pin.
Table12.1 WDT Pin
Name Symbol 1/0 Function
Buzzer output BUzz Output  Outputs clock selected by watchdog timer (WDT1)
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1214

Register Configuration

Table 12.2 summarizes the WDT registers. These registers control clock selection, WDT mode
switching, the reset signal, etc.

Table12.2 WDT Registers

Address**
Channel Name Abbreviation R/W Initial Value  Write*> Read
0 Timer control/status TCSRO R/(W)*® H'18 H'FF74 HFF74
register 0
Timer counter 0 TCNTO R/W H'00 H'FF74 H'FF75
Reset control/status RSTCSR R/(W)*® H1F H'FF76 HFF77
register
1 Timer control/status TCSR1 R/(W)**  H00 H'FFA2 H'FFA2
register 1
Timer counter 1 TCNT1 R/W H'00 H'FFA2 H'FFA3
Pin function control  PFCR R/W H'0D/H'00** H'FDEB H'FDEB

register

Notes: *1 Lower 16 bits of the address.

*2 For details of write operations, see section 12.2.5, Notes on Register Access.

*3 Only 0 can be written in bit 7, to clear the flag.

*4 |nitialized to H'OD in modes 4 and 5, and to H'00 in modes 6 and 7.
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12.2  Register Descriptions

1221  Timer Counter (TCNT)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TCNT isan 8-hit readable/writable* up-counter.

When the TME bitisset to 1in TCSR, TCNT starts counting pulses generated from the internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF flagin TCSR is set to 1.

TCNT isinitialized to H'00 by areset, in hardware standby mode, or when the TME bit is cleared
to 0. It isnot initialized in software standby mode.

Note: * TCNT iswrite-protected by a password to prevent accidental overwriting. For details see
section 12.2.5, Notes on Register Access.

12.2.2  Timer Control/Status Register (TCSR)

« TCSRO
Bit L7 6 5 4 3 2 1 0

| OVF | WIT| TME | — | — | CKS2 | CKSL | CKSO |
Initial value 0 0 0 1 1 0 0 0
RIW . RIW)* RMW  RMW — — RW  RW  RW

Note: * Only 0 can be written, to clear the flag.
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« TCSR1

Bit L7 6 5 4 3 2 1 0

| OVF | WTIT| TME | PSS |RST/NMI CKS2 | CKS1 | CKSO |
Initial value 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

Note: * Only 0 can be written, to clear the flag.
TCSR is an 8-hit readable/writable* register. Its functionsinclude selecting the clock sourceto be
input to TCNT, and the timer mode.

TCRisinitialized to H'18 (H'00) by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Note: * TCSR iswrite-protected by a password to prevent accidental overwriting. For details see
section 12.2.5, Notes on Register Access.

Bit 7—Overflow Flag (OVF): A status flag that indicates that TCNT has overflowed from H'FF
to H'00.

Bit 7
OVF Description
0 [Clearing conditions] (Initial value)

e Write 0 in the TME bit (Only applies to WDT1)
« Read TCSR when OVF = 1, then write O in OVF*
1 [Setting condition]

When TCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset.

Note: * When the OVF flag is polled with the interval timer interrupt disabled, read the OVF bit
while it is 1 at least twice.
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Bit 6—Timer Mode Select (WT/IT): Selects whether the WDT is used as awatchdog timer or
interval timer. If WDTO is used in watchdog timer mode, it can generate areset when TCNT
overflows. If WDTOisused ininterval timer mode, it generates a WOV interrupt request to the
CPU when TCNT overflows. WDT1 generates a power-on reset or NMI interrupt request if used
in watchdog timer mode, and a WOV interrupt request if used in interval timer mode.

«  WDTO mode selection

WDTO TCSR
WTAT Description
0 Interval timer mode: Interval timer interrupt (WOVI) request is sent to
CPU when TCNT overflows (Initial value)
1 Watchdog timer mode: Internal reset can be selected when TCNT overflows*

Note: * For details of the case where TCNT overflows in watchdog timer mode, see section 12.2.3,
Reset Control/Status Register (RSTCSR).

« WDT1 mode selection

WDT1 TCSR
WTAT Description
0 Interval timer mode: Interval timer interrupt (WOVI) request is sent to
CPU when TCNT overflows (Initial value)
1 Watchdog timer mode: Power-on reset or NMI interrupt request is sent to CPU

when TCNT overflows

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and count operation is halted (Initial value)
1 TCNT counts

WDTO TCSR Bit 4—Reserved: Thisbit cannot be modified and is always read as 1.
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WDT1 TCSR Bit 4—Prescaler Select (PSS): Selects the input clock source for TCNT in WDTL1.
For details, see the description of the CKS2 to CK S0 hits below.

WDT1 TCSR

Bit 4

PSS Description

0 TCNT counts g-based prescaler (PSM) divided clock pulses (Initial value)
1 TCNT counts gSUB-based prescaler (PSS) divided clock pulses

WDTO TCSR Bit 3—Reserved: This bit cannot be modified and is alwaysread as 1.

WDT1 TCSR Bit 3—Power-on Reset or NM| (RST/NMI): Specifies whether a power-on reset
or NMI interrupt is requested on TCNT overflow in watchdog timer mode.

Bit 3

RST/NMI Description

0 An NMI interrupt is requested (Initial value)
1 A power-on reset is requested

Bits2to 0—Clock Select 2t0 0 (CKS2 to CK S0): These bits select an internal clock source,
obtained by dividing the system clock (@), or subclock (aSUB) for input to TCNT.

« WDTO input clock selection

Bit 2 Bit 1 Bit 0 Description
CKS2 CKs1 CKSO0 Clock Overflow Period* (when g = 10 MHz)
0 0 0 @/2 (Initial value) 51.2 us
1 /64 1.6 ms
1 0 /128 3.2ms
1 2/512 13.2ms
1 0 0 /2048 52.4 ms
1 /8192 209.8 ms
1 0 2132768 838.8 ms
1 /131072 3.36s
Note: * The overflow period is the time from when TCNT starts counting up from H'00 until overflow
occurs.
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e« WDT1 input clock selection

Bit 4 Bit 2 Bit 1 Bit 0 Description
PSS CKS2 CKS1 CKSO0 Clock Overflow Period
0 0 0 0 /2 (Initial value) 51.2 us*!
1 /64 1.6 ms*?
1 0 2/128 3.2ms"™?
1 2/512 13.2 ms™*
1 0 0 2/2048 52.4 ms*!
1 2/8192 209.8 ms**
1 0 2/32768 838.8 ms”*
1 2/131072 3.36 s**
1 0 0 0 2SUB/2 6.7 ms"™? 3.2ms*?
1 2SUB/4 13.3 ms"? 6.4 ms*?
1 0 2SUB/8 26.7 ms*? 12.8 ms*?
1 2#SUB/16 53.3 ms*? 25.6 ms*®
1 0 0 2SUB/32 106.7 ms*? 51.2 ms*?
1 #SUB/64 213.3 ms*? 102.4 ms*®
1 0 2SUB/128 426.7 ms*? 204.8 ms*?
1 2SUB/256 853.3 ms”? 409.6 ms*?

Notes: *1 The time from TCNT starting to count up from H'00 until it overflows, when g = 10 MHz.

*2 The time from TCNT starting to count up from H'00 until it overflows, when gSUB =
76.8 kHz.

*3 The time from TCNT starting to count up from H'83 until it overflows, when gSUB =
160 kHz.
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12.23 Reset Control/Status Register (RSTCSR) (WDTO Only)

Bit : 7 6 5 4 3 2 1 0
WOvF | RSTE | — | — | — | — | — | — |

Initial value 0 0 0 1 1 1 1 1

R/W : RI(W)* R/W R/W — — — — _

Note: * Only 0 can be written, to clear the flag.
RSTCSR is an 8-hit readable/writable* register that controls the generation of the internal reset

signal when TCNT overflows, and selects the type of internal reset signal.

RSTCSR isinitialized to H'1F by areset signal from the RES pin, but not by the internal reset
signal caused by aWDT overflow.

Note: * RSTCSR iswrite-protected by a password to prevent accidental overwriting. For details
see section 12.2.5, Notes on Register Access.

Bit 7—Watchdog Overflow Flag (WOVF): Indicatesthat TCNT has overflowed (from H'FF to
H'00) during watchdog timer operation. Thisbit isnot set in interval timer mode.

Bit 7

WOVF Description

0 [Clearing condition] (Initial value)
Cleared by reading RSTCSR when WOVF = 1, then writing 0 to WOVF

1 [Setting condition]

When TCNT overflows (from H'FF to H'00) in watchdog timer mode

Bit 6—Reset Enable (RSTE): Specifies whether or not an internal reset signal is generated if
TCNT overflows in watchdog timer mode.

Bit 6

RSTE Description

0 No internal reset when TCNT overflows* (Initial value)
1 Internal reset is generated when TCNT overflows

Note: * The chip is not reset internally, but TCNT and TCSR in WDTO are reset.
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Bit 5—Reserved: Only 0 may be written to this bit.

Bits 4 to 0—Reserved: These bits cannot be modified and are always read as 1.

12.2.4  Pin Function Control Register (PFCR)

Bit : 7 6 5 4 3 2 1 0

. — | — |BUuzzE| — | AE3 | AE2 | AEl | AEO |
Modes 4 and 5
Initial value 0 0 0 0 1 1 0 1
Modes 6 and 7
Initial value 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

PFCR is an 8-bit readable/writable register that performs address output control in external
expanded mode.

Only hit 5 isdescribed here. For details of the other bits, see section 7.2.6, Pin Function Control
Register (PFCR).

Bit 5—BUZZ Output Enable (BUZZE): Enables or disables BUZZ output from the PF1 pin.
The WDT1 input clock selected with bits PSS and CKS2 to CK S0 is output as the BUZZ signal.

Bit 5

BUZZE Description

0 Functions as PF1 1/O pin (Initial value)
1 Functions as BUZZ output pin
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12.25 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

Writing to TCNT and TCSR: These registers must be written to by aword transfer instruction.
They cannot be written to with byte transfer instructions.

Figure 12.2 shows the format of data written to TCNT and TCSR. TCNT and TCSR both have the
same write address. For awriteto TCNT, the upper byte of the written word must contain H'5A
and the lower byte must contain the write data. For awrite to TCSR, the upper byte of the written
word must contain H'A5 and the lower byte must contain the write data. This transfers the write
data from the lower byteto TCNT or TCSR.

TCNT write
15 8 7 0
Address: HFF74 H'SA Write data
TCSR write
15 8 7 0
Address: HFF74 H'AS | Write data |

Figure12.2 Format of Data Written to TCNT and TCSR (Example of WDTOQ)

Writing to RSTCSR: RSTCSR must be written to by aword transfer to address H'FF76. It
cannot be written to with byte instructions.

Figure 12.3 shows the format of data written to RSTCSR. The method of writing 0 to the WOV F
bit differs from that for writing to the RSTE and RSTS bits.

To write O to the WOVF bit, the upper byte of the written word must contain H'A5 and the lower
byte must contain H'00. This clears the WOVF bit to 0, but has no effect on the RSTE and RSTS
bits. To write to the RSTE and RSTS bits, the upper byte must contain H'5A and the lower byte
must contain the write data. Thiswritesthe valuesin bits 6 and 5 of the lower byte into the RSTE
and RSTS hits, but has no effect on the WOVF bit.
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Writing 0 to WOVF bit
15 8 7 0

H'A5 H'00

Address: H'FF76

Writing to RSTE and RSTS bits
15 8 7 0

Address: HFF76 | H'SA | Write data |

Figure12.3 Format of Data Written to RSTCSR (Example of WDTO0)

Reading TCNT, TCSR, and RSTCSR (Example of WDTO0): These registers are read in the
same way as other registers. The read addresses are H'FF74 for TCSR, H'FF75 for TCNT, and
H'FF77 for RSTCSR.

12.3  Operation

12.3.1 Watchdog Timer Operation

To usethe WDT as awatchdog timer, set the WT/IT and TME bitsin TCSR to 1. Software must
prevent TCNT overflows by rewriting the TCNT value (normally by writing H'00) before
overflow occurs.

Inthisway, TCNT will not overflow while the system is operating normally, but if TCNT is not
rewritten and overflows because of a system crash or other error, in the case of WDTO, if the
RSTE bit in RSTCSR is set to 1 beforehand, asignal is generated that effects an internal chip
reset. Theinternal reset signal isoutput for 518 states. Thisisillustrated in figure 12.4.

If areset caused by an input signal from the RES pin and areset caused by WDT overflow occur
simultaneously, the RES pin reset has priority, and the WOVF bitin RSTCSR is cleared to 0.

In the case of WDT1, the chipisreset, or an NMI interrupt request is generated, for 516 system
clock periods (516g) (515 or 516 clock periods when the clock source is gsub (PSS = 1)). Thisis
illustrated in figure 12.4.

An NMI interrupt request from the watchdog timer and an interrupt request from the NMI pin are
handled via the same vector. Simultaneous handling of awatchdog timer NMI interrupt request
and an NMI pin interrupt request must therefore be avoided.
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TCNT value

Overflow
[ = A
K
7 |
S
i i
WTAT=1 HO00 written WOVF=1 | WT/IT=1 HO0O written
TME=1 to TCNT , TME=1 to TCNT
Internal reset
generated

Internal reset signal*

518 states (WDTO)
515/516 states (WDT1)

Legend:
WT/IT: Timer mode select bit
TME: Timer enable bit

Note: * With WDTO, the internal reset signal is generated only when the RSTE bit is set to 1. With
WDT1, an internal reset or NMI interrupt is generated.

Figure12.4 Operation in Watchdog Timer Mode

12.3.2 Interval Timer Operation

To usethe WDT as an interval timer, clear the WT/IT bit in TCSR to 0 and set the TME bit to 1.
Aninterval timer interrupt (WOVI) is generated each time TCNT overflows, provided that the
WDT isoperating as an interval timer, as shown in figure 12.5. This function can be used to
generate interrupt requests at regular intervals.
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TCNT count

A
HEE Overflow Overflow Overflow Overflow

= Time

S ' ' ' '

WTAT =0 wovi wovi wovl wovi
TME =1

Legend:
WOVI: Interval timer interrupt request generation

Figure12.5 Operationin Interval Timer Mode

12.3.3  Timing of Setting of Overflow Flag (OVF)

The OVFflagissetto 1if TCNT overflows during interval timer operation. At the sametime, an
interval timer interrupt (WOVI) isrequested. Thistiming is shown in figure 12.6.

If NMI request generation is selected in watchdog timer mode, when TCNT overflows the OVF
bitin TCSR is set to 1 and at the same time an NMI interrupt is requested.

. T LT LT
TCNT HS HFF ‘>< H00

.
\I

Overflow signal
(internal signal)

OVF (
))

Figure12.6 Timing of OVF Setting
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12.34 Timing of Setting of Watchdog Timer Overflow Flag (WOVF)

With WDTO, the WOVF bitin RSTCSR isset to 1 if TCNT overflows in watchdog timer mode.
If TCNT overflows while the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated
for the entire chip. Thistimingisillustrated in figure 12.7.

e T LT LT LI LT L
TCNT % HFF j< H'00 SH

Overflow signal
(internal signal) 5

WOVF

NECN
N

U~
Z—

SN
Z—

NETN
NN

Internal reset
signal

NECN
Z—

518 states (WDTO)
515/516 states (WDT1)

Figure12.7 Timing of WOVF Setting

12.4  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
Theinterval timer interrupt is requested whenever the OVF flag isset to 1 in TCSR. OVF must be
cleared to O in the interrupt handling routine. When NM I interrupt request generation is selected in
watchdog timer mode, an overflow generates an NMI interrupt request.
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125 Usage Notes

1251 Contention between Timer Counter (TCNT) Write and I ncrement

If atimer counter clock pulse is generated during the T2 state of a TCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 12.8 shows this operation.

TCNT write cycle

Address ><

TCNT input clock

Internal write signal

TCNT N >< M
b

Counter write data

Figure12.8 Contention between TCNT Write and I ncrement

125.2 Changing Value of PSSand CKS2to CKS0

If bits PSS and CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors could
occur in the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0)
before changing the value of bits PSS and CKS2 to CKS0.

125.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, whilethe WDT is
operating, errors could occur in the incrementation. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.
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1254 Internal Reset in Watchdog Timer Mode

If the RSTE bit is cleared to 0 in watchdog timer mode, the chip will not be reset internally if
TCNT overflows, but TCNTO and TCSRO in WDTO will be reset.

TCNT, TCSR, and RSTCR cannot be written to for a 132-state interval after overflow occurs, and
aread of the WOVF flag is not recognized during thistime. It is therefore necessary to wait for
132 states after overflow occurs before writing 0 to the WOV flag to clear it.
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Section 13 Serial Communication Interface (SCI)

13.1 Oveview

The LSl is equipped with a mutually independent 3-channel* serial communication interface
(SCI). The SCI can handle both asynchronous and clocked synchronous serial communication. A
function is also provided for serial communication between processors (multiprocessor
communication function).

Note: * SCI3 isdedicated for use with the FLEX™ decoder |1 interface, and so does not appear on
an external pin.

1311 Features
SCI features are listed below.
» Choice of asynchronous or clocked synchronous serial communication mode

Asynchronous mode

0 Serial data communication executed using asynchronous system in which synchronization
is achieved character by character
Serial data communication can be carried out with standard asynchronous communication
chips such as a Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous
Communication Interface Adapter (ACIA)

O A multiprocessor communication function is provided that enables serial data
communication with a number of processors

00 Choiceof 12 seria datatransfer formats

Data length . 7or 8bits
Stop bit length . 1or2bits
Parity . Even, odd, or none
Multiprocessor bit : lor0
O Receive error detection : Parity, overrun, and framing errors
O Break detection . Break can be detected by reading the RxD pin level directly in

case of aframing error

Clocked Synchronous mode
O Serial data communication synchronized with a clock

Serial data communication can be carried out with other chipsthat have a synchronous
communication function
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O One serid datatransfer format
Datalength : 8hits
0 Receive error detection : Overrun errors detected

*  Full-duplex communication capability
O The transmitter and receiver are mutually independent, enabling transmission and reception
to be executed simultaneously

0 Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

¢ Choice of LSB-first or MSB-first transfer

0 Can be selected regardless of the communication mode* (except in the case of
asynchronous mode 7-bit data)

Note: * Descriptionsin this section refer to LSB-first transfer.
«  On-chip baud rate generator allows any bit rate to be selected

» Choice of seria clock source: internal clock from baud rate generator or external clock from
SCK pin (Except SCI3. Seria clock source of SCI3isonly interna clock)

« Four interrupt sources

O Four interrupt sources — transmit-data-empty, transmit-end, receive-data-full, and receive
error — that can issue requests independently

O The transmit-data-empty interrupt and receive data full interrupts can activate the data
transfer controller (DTC) to execute data transfer

e Module stop mode can be set

O Astheinitia setting, SCI operation is halted. Register accessis enabled by exiting module
stop mode.
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13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the SCI.

]
Q
IS
Module data bus o Internal
= data bus
>
[}
RDR | | TDR SCMR | BRR L
il Ty SR -0
RxD *| | RSR | | | TSR SCR Baud rate (w— /4
i SMR generator «  2/16
Transmission/
T*D reception control -— 2/64
h Parity generation | A { Clock 1
Parity check Ext | clock
xternal cloc
SCK ==
t——————» TEI
= TXI
= RXI
Legend > ERI
RSR : Receive shift register
RDR : Receive data register
TSR : Transmit shift register
TDR : Transmit data register
SMR : Serial mode register
SCR : Serial control register
SSR : Serial status register
SCMR : Smart card mode register
BRR : Bitrate register
Figure13.1 Block Diagram of SCI
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13.1.3  Pin Configuration
Table 13.1 shows the serial pinsfor each SCI channel.

Table13.1 SCI Pins

Channel Pin Name Symbol I/0 Function

0 Serial clock pin 0 SCKO I/O SCIO clock input/output
Receive data pin 0 RxDO Input SCIO receive data input
Transmit data pin 0 TxDO Output SCIO transmit data output

1 Serial clock pin 1 SCK1 I/O SCI1 clock input/output
Receive data pin 1 RxD1 Input SCI1 receive data input
Transmit data pin 1 TxD1 Output SCI1 transmit data output

3 (dedicated Serial clock pin 3* SCK3 Output SCI3 clock output

;Oetcr:)ezjeFrLIIIEXTM Receive data pin 3*  RxD3 Input SCI3 receive data input

interface) Transmit data pin 3*  TxD3 Output  SCI3 transmit data output

Notes: Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the channel
designation.
* Dedicated for the FLEX™ decoder Il interface, and does not have LSI-external
connection point.
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13.1.4 Register Configuration

The SCI hasthe internal registers shown in table 13.2. These registers are used to specify
asynchronous mode or clocked synchronous mode, the data format , and the bit rate, and to control
transmitter/receiver.

Table13.2 SCI Registers

Channel Name Abbreviation R/W Initial Value Address**
0 Serial mode register 0 SMRO R/W H'00 H'FF78
Bit rate register O BRRO R/W H'FF H'FF79
Serial control register 0 SCRO R/W H'00 H'FF7A
Transmit data register 0 TDRO R/W H'FF H'FF7B
Serial status register 0 SSRO R/(W)*?* H'84 H'FF7C
Receive data register 0 RDRO R H'00 H'FF7D
Smart card mode register O SCMRO R/W H'F2 H'FF7E
1 Serial mode register 1 SMR1 R/W H'00 H'FF80
Bit rate register 1 BRR1 R/W H'FF H'FF81
Serial control register 1 SCR1 R/W H'00 H'FF82
Transmit data register 1 TDR1 R/W H'FF H'FF83
Serial status register 1 SSR1 R/(W)*? H'84 H'FF84
Receive data register 1 RDR1 R H'00 H'FF85
Smart card mode register 1 SCMR1 R/W H'F2 H'FF86
3 (dedicated Serial mode register 3 SMR3 R/W H'00 H'FDDO
to the Bit rate register 3 BRR3 RIW  HFF H'FDD1
g:z;:lr ' Serial control register 3 SCR3 R/W H'00 H'FDD2
interface) Transmit data register 3 TDR3 R/W H'FF H'FDD3
Serial status register 3 SSR3 R/(W)*?* H'84 H'FDD4
Receive data register 3 RDR3 R H'00 H'FDD5
Smart card mode register 3 SCMR3 R/W H'F2 H'FDD6
Common Module stop control register B MSTPCRB R/W H'FF H'FDE9
Module stop control register C MSTPCRC R/W H'FF H'FDEA

Notes: *1 Lower 16 bits of the address.
*2 Can only be written with O for flag clearing.
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13.2  Register Descriptions

13.21 Receive Shift Register (RSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

RSR isaregister used to receive seria data

The SCI sets seria datainput from the RxD pin in RSR in the order received, starting with the
LSB (bit 0), and convertsit to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR cannot be directly read or written to by the CPU.

13.2.2 Receive Data Register (RDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W

RDR is aregister that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received serial datafrom RSR to
RDR where it is stored, and completes the receive operation. After this, RSR is receive-enabled.

Since RSR and RDR function as a double buffer in this way, enables continuous receive
operations to be performed.

RDR is aread-only register, and cannot be written to by the CPU.

RDR isinitialized to H'00 by areset, in standby mode, watch mode, subactive mode, and subsleep
mode or module stop mode.
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13.23 Transmit Shift Register (TSR)

Bit : 7 6 5 4 3 2 1 0

RIW — — — — — — — —

TSR isaregister used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit data from TDR to TSR, then
sends the data to the TxD pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from TDR to
TSR, and transmission started, automatically. However, data transfer from TDR to TSR is hot
performed if the TDRE bit in SSRis set to 1.

TSR cannot be directly read or written to by the CPU.

13.24  Transmit Data Register (TDR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TDRisan 8-bit register that stores data for serial transmission.

When the SCI detectsthat TSR is empty, it transfers the transmit datawrittenin TDR to TSR and
starts serial transmission. Continuous serial transmission can be carried out by writing the next
transmit data to TDR during serial transmission of the datain TSR.

TDR can be read or written to by the CPU at all times.

TDRisinitialized to H'FF by areset, in standby mode, watch mode, subactive mode, and subsleep
mode or module stop mode.
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13.25 Serial Mode Register (SMR)

Bit : 7 6 5 4 3 2 1 0
C/A CHR PE O/E | STOP MP CKS1 | CKSO

Initial value : 0 0 0 0 0 0 0 0

RIW : RIW RIW RIW RIW RIW R/W RIW RIW

SMRisan 8-bit register used to set the SCI’s serid transfer format and select the baud rate
generator clock source.

SMR can be read or written to by the CPU at all times.

SMRiisinitialized to H'00 by areset and in hardware standby mode. It retains its previous state in
module stop mode, software standby mode, watch mode, subactive mode, and subsleep mode.

Bit 7—Communication M ode (C/A): Selects asynchronous mode or clocked synchronous mode
as the SCI operating mode.

Bit 7

C/A Description

0 Asynchronous mode (Initial value)
1 Clocked synchronous mode

Bit 6—Character Length (CHR): Selects 7 or 8 bits as the data length in asynchronous mode. In
clocked synchronous mode, afixed data length of 8 bitsis used regardless of the CHR setting.

Bit 6

CHR Description

0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not possible
to choose between LSB-first or MSB-first transfer.
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Bit 5—Parity Enable (PE): In asynchronous mode, selects whether or not parity bit addition is
performed in transmission, and parity bit checking in reception. In clocked synchronous mode
with a multiprocessor format, parity bit addition and checking is not performed, regardless of the
PE bit setting.

Bit 5

PE—Description

0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled*

Note: * When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity (even
or odd) specified by the O/E bit.

Bit 4—Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The O/E bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. The O/E bit setting isinvalid in clocked synchronous mode,
when parity addition and checking is disabled in asynchronous mode, and when a multiprocessor
format is used.

Bit 4

O/E Description

0 Even parity** (Initial value)
1 Odd parity**

Notes: *1 When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is even.

*2 When odd parity is set, parity bit addition is performed in transmission so that the total

number of 1 bits in the transmit character plus the parity bit is odd.
In reception, a check is performed to see if the total number of 1 bits in the receive
character plus the parity bit is odd.
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Bit 3—Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP hits setting is only valid in asynchronous mode. If clocked synchronous mode is set the
STOP bit setting isinvalid since stop bits are not added.

Bit 3
STOP Description
0 1 stop bit: In transmission, a single 1 bit (stop bit) is added to the end
of a transmit character before it is sent. (Initial value)
1 2 stop bits: In transmission, two 1 bits (stop bits) are added to the end of a transmit

character before it is sent.

In reception, only the first stop bit is checked, regardless of the STOP hit setting. If the second
stop bitis 1, it istreated as a stop bit; if itisO, it istreated as the start bit of the next transmit
character.

Bit 2—M ultiprocessor Mode (M P): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit and O/E bit parity settings are invalid. The MP bit setting isonly valid in
asynchronous mode; it isinvalid in clocked synchronous mode.

For details of the multiprocessor communication function, see section 13.3.3, Multiprocessor
Communication Function.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1, CK S0): These bits select the clock source for the
baud rate generator. The clock source can be selected from g, @/4, @/16, and /64, according to the
setting of bits CKS1 and CKS0.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 13.2.8, Bit Rate Register.

Bit 1 Bit O

CKs1 CKS0 Description

0 0 @ clock (Initial value)
1 @/4 clock

1 0 2/16 clock
1 2/64 clock
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13.26  Serial Control Register (SCR)

Bit : 7 6 5 4 3 2 1 0
TIE RIE TE RE MPIE TEIE CKE1 | CKEO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCRisaregister that performs enabling or disabling of SCI transfer operations, seria clock output
in asynchronous mode, and interrupt requests, and selection of the serial clock source.

SCR can be read or written to by the CPU at all times.

SCRisinitialized to H'00 by areset and in hardware standby mode. It retainsits previous state in
modul e stop mode, software standby mode, watch mode, subactive mode, and subsleep mode.

Bit 7—Transmit Interrupt Enable (TIE): Enables or disables transmit data empty interrupt
(TXI) request generation when seria transmit datais transferred from TDR to TSR and the TDRE
flagin SSRisset to 1.

Bit 7

TIE Description

0 Transmit data empty interrupt (TXI) requests disabled (Initial value)
1 Transmit data empty interrupt (TXI) requests enabled

Note: TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then
clearing it to O, or clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables receive data full interrupt (RXI)
request and receive error interrupt (ERI) request generation when serial receive datais transferred
from RSR to RDR and the RDRF flag in SSR is set to 1.

Bit 6

RIE Description

0 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
disabled* (Initial value)

1 Receive data full interrupt (RXI) request and receive error interrupt (ERI) request
enabled

Note: * RXIl and ERI interrupt request cancellation can be performed by reading 1 from the RDRF
flag, or the FER, PER, or ORER flag, then clearing the flag to 0, or clearing the RIE bit to 0.
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Bit 5—Transmit Enable (TE): Enables or disables the start of serial transmission by the SCI.

Bit 5

TE Description

0 Transmission disabled** (Initial value)
1 Transmission enabled*?

Notes: *1 The TDRE flag in SSR is fixed at 1.

*2 In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0.

SMR setting must be performed to decide the transfer format before setting the TE bit
to 1.

Bit 4—Receive Enable (RE): Enables or disables the start of serial reception by the SCI.

Bit 4

RE Description

0 Reception disabled** (Initial value)
1 Reception enabled*?

Notes: *1 Clearing the RE bit to O does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

*2 Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in clocked synchronous mode.

SMR setting must be performed to decide the transfer format before setting the RE bit
to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when the MP bitin SMR is set to 1.

The MPIE bit setting isinvalid in clocked synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
*  When the MPIE bit is cleared to 0
¢  When MPB= 1 data is received

1 Multiprocessor interrupts enabled*

Receive interrupt (RXI) requests, receive error interrupt (ERI) requests, and setting
of the RDRF, FER, and ORER flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR to RDR,
receive error detection, and setting of the RDRF, FER, and ORER flags in SSR , is not
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performed. When receive data including MPB = 1 is received, the MPB bit in SSR is set to
1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI interrupts
(when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag setting is enabled.

Bit 2—Transmit End Interrupt Enable (TEIE): Enables or disables transmit end interrupt
(TEI) request generation when there is no valid transmit datain TDR in MSB data transmission.

Bit 2

FDescription

0 Transmit end interrupt (TEI) request disabled* (Initial value)
1 Transmit end interrupt (TEI) request enabled*

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then clearing it
to 0 and clearing the TEND flag to 0, or clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ): These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEDQO bits determines whether the SCK pin functions as an 1/0 port, the serial clock output pin, or
the serial clock input pin.

The setting of the CKEO bit, however, isonly valid for internal clock operation (CKEL1 =0) in
asynchronous mode. The CKEOQ bit setting isinvalid in clocked synchronous mode, and in the case
of external clock operation (CKEL = 1). Note that the SCI’ s operating mode must be decided using
SMR after setting the CKE1 and CKEO hits.

External clock operation (CKEL = 1) isdisabled for the SCI3 that is the internal FLEX™ decoder
Il interface. The CKEL bit should always be written with 0.

For details of clock source selection, seetable 13.9 in section 13.3, Operation.
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Bit 1 Bit 0
CKE1 CKEO Description

0 0 Asynchronous mode Internal clock/SCK pin functions as I/O port**
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output**

1 Asynchronous mode Internal clock/SCK pin functions as clock output*?
Clocked synchronous Internal clock/SCK pin functions as serial clock
mode output

1** 0 Asynchronous mode External clock/SCK pin functions as clock input*®
Clocked synchronous External clock/SCK pin functions as serial clock
mode input

1 Asynchronous mode External clock/SCK pin functions as clock input*®
Clocked synchronous External clock/SCK pin functions as serial clock
mode input

Notes: *1 Initial value
*2 Outputs a clock of the same frequency as the bit rate.
*3 Inputs a clock with a frequency 16 times the bit rate.
*4 The CKEL1 hit of SCR (channel 3) should always be written with 0.

13.2.7  Serial Status Register (SSR)

Bit : 7 6 5 4 3 2 1 0
TDRE RDRF | ORER FER PER TEND MPB MPBT

Initial value : 1 0 0 0 0 1 0 0

R/W : R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Note: * Only 0 can be written, to clear the flag.

SSRis an 8-hit register containing status flags that indicate the operating status of the SCI, and
multiprocessor hits.

SSR can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.

SSRisinitialized to H'84 by areset, in standby mode, watch mode, subactive mode, and subsleep
mode or module stop mode.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDRto TSR and the next serial data can be written to TDR.

Bit 7
TDRE Description
0 [Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
* When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
e When the TE bitin SCRis 0
* When data is transferred from TDR to TSR and data can be written to TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that the received datais stored in RDR.

Bit 6
RDRF Description
0 [Clearing conditions] (Initial value)

e When 0 is written to RDRF after reading RDRF = 1
* When the DTC is activated by an RXI interrupt and reads data from RDR
1 [Setting condition]
When serial reception ends normally and receive data is transferred from RSR to RDR
Note: RDR and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.

Bit 5—Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing condition] (Initial value)**
When 0 is written to ORER after reading ORER =1

1 [Setting condition]

When the next serial reception is completed while RDRF = 1**

Notes: *1 The ORER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
*2 The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.
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Bit 4—Framing Error (FER): Indicates that aframing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing condition] (Initial value)**
When 0 is written to FER after reading FER = 1

1 [Setting condition]

When the SCI checks whether the stop bit at the end of the receive data when
reception ends, and the stop bit is 0 **

Notes: *1 The FER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
*2 In 2-stop-bit mode, only the first stop bit is checked for a value of 1; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDRF flag is not set. Also, subsequent serial reception cannot be continued while the
FER flag is set to 1. In clocked synchronous mode, serial transmission cannot be
continued, either.

Bit 3—Parity Error (PER): Indicatesthat a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 3

PER Description

0 [Clearing condition] (Initial value)**
When 0 is written to PER after reading PER = 1

1 [Setting condition]

When, in reception, the number of 1 bits in the receive data plus the parity bit does not
match the parity setting (even or odd) specified by the O/E bit in SMR*?
Notes: *1 The PER flag is not affected and retains its previous state when the RE bit in SCR is
cleared to 0.
*2 If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.
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Bit 2—Transmit End (TEND): Indicates that there isno valid datain TDR when the last bit of
the transmit character is sent, and transmission has been ended.

The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]

*  When 0 is written to TDRE after reading TDRE =1
« When the DTC is activated by a TXI interrupt and writes data to TDR
1 [Setting conditions] (Initial value)
e When the TE bitin SCR is 0
« When TDRE =1 at transmission of the last bit of a 1-byte serial transmit character

Bit 1—Multiprocessor Bit (M PB): When reception is performed using multiprocessor format in
asynchronous mode, MPB stores the multiprocessor bit in the receive data.

MPB is aread-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing condition] (Initial value)*
When data with a 0 multiprocessor bit is received

1 [Setting condition]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR is cleared to 0 with multiprocessor
format.

Bit 0—Multiprocessor Bit Transfer (MPBT): When transmission is performed using
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added to
the transmit data.

The MPBT hit setting is invalid when multiprocessor format is not used, when not transmitting,
and in clocked synchronous mode.

Bit 0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted

381
RENESAS



13.28 Bit Rate Register (BRR)

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BRRisan 8-hit register that sets the seria transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKS0 in SMR.

BRR can be read or written to by the CPU at al times.

BRRisinitialized to H'FF by areset and in hardware standby mode. It retainsits previous state in
module stop mode, software standby mode, watch mode, subactive mode, and subsleep mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 13.3 shows sample BRR settings in asynchronous mode, and table 13.4 shows sample BRR
settings in clocked synchronous mode.
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Table13.3 BRR Settingsfor Various Bit Rates (Asynchronous M ode)

g =2 MHz @ = 2.097152 MHz g = 2.4576 MHz g =3 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 003 1 148 -0.04 1 174 —0.26 1 212 0.03
150 1 103 016 1 108 021 1 127 0.00 1 155 0.16
300 0 207 016 O 217 021 O 255 000 1 77 0.16
600 0 103 016 O 108 021 O 127 000 O 155 0.16
1200 0 51 016 O 54 -0.70 0 63 000 O 77 0.16
2400 0 25 016 O 26 114 0 31 0.00 O 38 0.16
4800 0 12 016 O 13 —2.48 0 15 000 O 19 —2.34
9600 — — — 0 6 -2.48 0 7 000 O 9 -2.34
19200 — — — — — — 0 3 0.00 O 4 -2.34
31250 0 1 0.00 — — — — — — 0 2 0.00
38400 — — — — — — 0 1 0.00 — — —

g = 3.6864 MHz 2 =4 MHz g =4.9152 MHz 2 =5 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 003 2 86 031 2 88 -0.25
150 1 191 000 1 207 016 1 255 0.00 2 64 0.16
300 1 95 000 1 103 016 1 127 000 1 129 0.16
600 0 191 000 O 207 016 O 255 0.00 1 64 0.16
1200 0 95 000 O 103 016 O 127 000 O 129 0.16
2400 0 47 0.00 O 51 016 O 63 000 O 64 0.16
4800 0 23 000 O 25 016 O 31 000 O 32 -1.36
9600 0 11 000 O 12 016 O 15 000 O 15 1.73
19200 0 5 0.00 — — — 0 7 000 O 7 1.73
31250 — — — 0 3 000 O 4 -1.70 0 4 0.00
38400 0 2 0.00 — — — 0 3 000 O 3 1.73
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@ =6 MHz 2 =6.144 MHz @ =7.3728 MHz g =8 MHz

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 —0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 016 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 016 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 016 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 O 159 0.00 O 191 000 O 207 0.16
2400 0 77 0.16 0 79 0.00 O 95 0.00 O 103 0.16
4800 0 38 016 O 39 000 O 47 000 O 51 0.16
9600 0 19 -234 0 19 0.00 O 23 0.00 O 25 0.16
19200 0 9 -234 0 9 0.00 O 11 0.00 O 12 0.16
31250 0 5 000 O 5 240 — — — 0 7 0.00
38400 0 4 -234 0 4 0.00 O 5 0.00 — — —

2 = 9.8304 MHz 2 =10 MHz g =12 MHz 9 =12.288 MHz
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -025 2 212 0.03 2 217  0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 000 1 129 016 1 155 016 1 159  0.00
1200 0 255 000 1 64 016 1 77 016 1 79 0.00
2400 0 127 000 O 129 016 O 155 016 O 159 0.00
4800 0 63 0.00 O 64 0.16 O 77 0.16 O 79 0.00
9600 0 31 0.00 O 32 -1.36 0 38 0.16 O 39 0.00
19200 0 15 000 O 15 1.73 0 19 -2.34 0 19 0.00
31250 0 9 -1.70 0 9 0.00 O 11 0.00 O 11 2.40
38400 0 7 0.00 O 7 173 0 9 -234 0 9 0.00
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Table13.4

BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

Bit Rate @ =2 MHz 2 =4 MHz @ =6 MHz 2 =8 MHz 2 =10 MHz
(bit/s) n N n N n N n N n N
110 3 70 — —

250 2 124 2 249 3 124 — —
500 1 249 2 124 2 249 — —
1k 1 124 1 249 2 124 — —
25k 0 199 1 99 1 149 1 199 1 249
5k 0 99 0 199 1 74 1 99 1 124
10k 0 49 0 99 0 149 0 199 0 249
25k 0 19 0 39 0 59 0 79 0 99
50 k 0 9 0 19 0 29 0 39 0 49
100 k 0 4 0 9 0 14 0 19 0 24
250 k 0 1 0 3 0 5 0 7 0 9
500 k 0 0* 0 1 0 2 0 3 0 4
1M 0 0* 0 1

25M 0 0*
5M

Note: As far as possible, the setting should be made so that the error is no more than 1%.

Legend

Blank : Cannot be set.
— : Can be set, but there will be a degree of error.
* 1 Continuous transfer is not possible.

RENESAS

385



The BRR setting is found from the following formulas.
Asynchronous mode;

%]
N = x106-1
64x22n—1xB

Clocked synchronous mode:

%]
N = x10°-1
8x22n—1xB

Where B: Bit rate (bit/s)
: BRR setting for baud rate generator (0 < N < 255)
Operating frequency (MHz)
Baud rate generator input clock (n =010 3)
(See the table below for the relation between n and the clock.)

28 Z

SMR Setting
n Clock CKS1 CKSO0
0 @ 0 0
1 ol4 0 1
2 /16 1 0
3 /64 1 1

The bit rate error in asynchronous mode is found from the following formula:

o 2 x 10°
Error (%) = { (N+1)xB x 64 x 21 —1} x 100
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Table 13.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 13.6
and 13.7 show the maximum bit rates with external clock input.

Table13.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

g (MHz) Maximum Bit Rate (bit/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
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Table13.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

g (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000

Table13.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous M ode)

g (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/s)
2 0.3333 333333.3

4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0
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13.29 Smart Card Mode Register (SCMR)

Bit : 7 6 5 4 3 2 1 0
— — — — SDIR — — —

Initial value : 1 1 1 1 0 0 1 0

R/W : — — — — R/W R/W — R/W

SCMR selects L SB-first or MSB-first by means of bit SDIR. Except in the case of asynchronous
mode 7-hit data, L SB-first or MSB-first can be selected regardless of the serial communication
mode. The descriptionsin this chapter refer to LSB-first transfer.

SCMRiisinitialized to H'F2 by areset and in hardware standby mode. It retains its previous state
in module stop mode, software standby mode, watch mode, subactive mode, and subsleep mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion
format.

Thisbit isvalid when 8-bit datais used as the transmit/receive format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first

Bits 2 and 0—Reserved: Only 0 should be written to these bits.

Bit 1—Reserved: Thisbit cannot be modified and is always read as 1.
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13.210 Module Stop Control RegistersB and C (MSTPCRB, MSTPCRC)

MSTPCRB

Bit : 7 6 5 4 3 2 1 0
MSTPB7| MSTPB6| MSTPB5| MSTPB4|MSTPB3|MSTPB2 | MSTPB1|MSTPBO

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCRC

Bit : 7 6 5 4 3 2 1 0
MSTPC7| MSTPC6|MSTPC5/MSTPC4|MSTPC3|MSTPC2|MSTPC1|MSTPCO

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCRB and MSTPCRC are 8-bit readable/writable registers that perform module stop mode
control.

When one of bits MSTPB7, MSTPB6, or MSTPC7 isset to 1, SCIO0, SCI1, or SCI3, respectively,
stops operation at the end of the bus cycle, and enters module stop mode. For details, see section
19.5, Module Stop Mode.

MSTPCRB and MSTPCRC are each initialized to H'FF by areset and in hardware standby mode.
They are not initialized in software standby mode.

Module Stop Control Register B (M STPCRB)

Bit 7—Module Stop (M STPB7): Specifies the SCI0 module stop mode.

Bit 7

MSTPB7  Description

0 SCI0 module stop mode is cleared

1 SCI0 module stop mode is set (Initial value)

Bit 6—Module Stop (M STPB6): Specifies the SCI1 module stop mode.

Bit 6

MSTPB6  Description

0 SCI1 module stop mode is cleared

1 SCI1 module stop mode is set (Initial value)
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Bit 5—Reserved: Only 1 should be written to this bit.
Module Stop Control Register C (M STPCRC)

Bit 7—Module Stop (M STPC7): Specifies the SCI3 module stop mode.

Bit 7

MSTPC7 Description

0 SCI3 module stop mode is cleared

1 SCI3 module stop mode is set (Initial value)
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13.3  Operation

13.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and clocked synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or clocked synchronous mode and the transmission format is made
using SMR as shown in table 13.8. The SCI clock is determined by a combination of the C/A bit
in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 13.9.

Asynchronous M ode
« Datalength: Choice of 7 or 8 bits

» Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

» Detection of framing, parity, and overrun errors, and breaks, during reception

» Choice of internal or external clock as SCI clock source
O Wheninternal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequency as
the bit rate can be output

00 When external clock is selected:

A clock with afrequency of 16 times the bit rate must be input (the on-chip baud rate
generator is not used)

Clocked Synchronous Mode
e Transfer format: Fixed 8-bit data
« Detection of overrun errors during reception

« Choiceof internal or external clock as SCI clock source
O Wheninternal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
O When external clock is selected:
The on-chip baud rate generator is not used, and the SCI operates on the input serial clock
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Table13.8 SMR Settingsand Serial Transfer Format Selection

SMR Settings

SCI Transfer Format

Multi-
Bit7 Bit6 Bit2 BitS Bit3 Data processor Parity  Stop Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 — 0 Asynchronous 8-bitdata Yes No 1 bit
mode (multi-
. 1 processor 2 bits
format)
1 — 0 7-bit data 1 bit
— 1 2 bits
1 — — — — Clocked 8-bitdata No None

synchronous mode

Table13.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR SCR Setting

Bit 7 Bitl BitO

SCI Transmit/Receive Clock

Clock
C/A CKE1 CKEO Mode Source SCK Pin Function
0 0 0 Asynchronous  Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency as bit
rate
1 0 External Inputs clock with frequency of 16 times
1 the bit rate
1 0 0 Clocked syn- Internal Outputs serial clock
1 chronous mode
1 0 External Inputs serial clock
1

RENESAS
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13.3.2 Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating the
start of communication and stop bits indicating the end of communication. Serial communication
isthus carried out with synchronization established on a character-by-character basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 13.2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission lineis usually held in the mark state (high
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in LSB-
first order), a parity bit (high or low level), and finally stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with afrequency of 16 timesthe
length of one bit, so that the transfer datais |atched at the center of each bit.

Idle state
(mark state)
1 LSB MSB 1
Seriall 4 | po | p1 | D2 | D3| D4 |D5| D6 | D7 |01 ]| 1 1
data
Start Parity| Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 bits 1 bit, 1or

ornone 2 bits

One unit of transfer data (character or frame)

Figure13.2 Data Format in Asynchronous Communication
(Examplewith 8-Bit Data, Parity, Two Stop Bits)
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Data Transfer Format: Table 13.10 shows the data transfer formats that can be used in
asynchronous mode. Any of 12 transfer formats can be selected according to the SMR setting.

Table 13.10 Serial Transfer Formats (Asynchronous M ode)

SMR Settings Serial Transfer Format and Frame Length
CHR | PE | MP |STOP| 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 o ||s] 8-bit data [sTop
0 0 0 1| s 8-bit data [srop|sTop
0 1 0 o ||s] 8-bit data | P [stop
0 1 0 1| s 8-bit data | P [storstop
1 0 0 o ||s] 7-bit data [sTop
1 0 0 1 | |s| 7-bit data |sTo[sop
1 1 0 o ||s| 7-bit data | P [stop
1 1 0 1| |s | 7-bit data | P [sto[stop
0 — 1 o ||s| 8-bit data | wpe [sToP
0 — 1 1 | |s| 8-bit data | e [sTop[sTOP
1 — 1 o ||s| 7-bit data | wpe [sToP
1 — 1 1 | |s| 7-bit data | wpa]stop[sTop
Legend
S :Startbit
STOP : Stop bit
P :Parity bit

MPB : Multiprocessor bit
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Clock: Either an internal clock generated by the on-chip baud rate generator or an external clock
input at the SCK pin can be selected as the SCI’ s seria clock, according to the setting of the C/A
bit in SMR and the CKE1 and CKEQO bitsin SCR. For details of SCI clock source selection, see
table 13.9.

When an external clock isinput at the SCK pin, the clock frequency should be 16 times the bit rate
used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
freguency of the clock output in this caseis equal to the bit rate, and the phase is such that the
rising edge of the clock isin the middle of the transmit data, as shown in figure 13.3.

gy

0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | 01 1 1

1 frame

A
A

Figure 13.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous M ode)

Data Transfer Operations:

e SCl initialization (asynchronous mode)
Before transmitting and receiving data, you should first clear the TE and RE bitsin SCR to 0,
then initialize the SCI as described below.
When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared
to 0 before making the change using the following procedure. When the TE bit is cleared to O,
the TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to O does not
change the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.
When an external clock is used the clock should not be stopped during operation, including
initialization, since operation is uncertain.
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Figure 13.4 shows a sample SCI initialization flowchart.

C Start initialization

| Clear TE and RE bits in SCRto 0

Set CKE1 and CKEQO bits in SCR
(TE, RE bits 0)

Set data transfer format in
SMR and SCMR

Set value in BRR

Wait

(1]

(1]

(2]
(2]

(3]
(3]

A

1-bit interval elapsed?

Yes

Set TE and RE bits in
SCR to 1, and set RIE, TIE, TEIE,
and MPIE bits

<Transfer completion>

[4]
No

(4]

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE,
TEIE, and MPIE, and bits TE and
RE, to 0.

When the clock is selected in
asynchronous mode, it is output
immediately after SCR settings are
made.

Set the data transfer format in SMR
and SCMR.

Write a value corresponding to the
bit rate to BRR. Not necessary if an
external clock is used.

Wait at least one bit interval, then
set the TE bit or RE bit in SCR to 1.
Also set the RIE, TIE, TEIE, and
MPIE bits.

Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Figure13.4 Sample SCI Initialization Flowchart

RENESAS

397




e Serid datatransmission (asynchronous mode)
Figure 13.5 shows a sample flowchart for serial transmission.
The following procedure should be used for serial data transmission.

| Initialization | 11 [1] SCl initialization:
I The TxD pin is automatically

< . > designated as the transmit data
Start transmission .
output pin.

}4— After the TE bit is set to 1, a frame

| Read TDRE flag in SSR | 2] of 1s is output, and transmission is
enabled.

No [2] SCI status check and transmit data
write:
Read SSR and check that the

Yes TDRE flag is set to 1, then write
transmit data to TDR and clear the

Write transmit data to TDR TDRE flag to 0.
and clear TDRE flag in SSRto 0

[3] Serial transmission continuation
procedure:
To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,

All data transmitted?

Yes then write data to TDR, and then
- 3] clear the TDRE flag to 0. Checking
and clearing of the TDRE flag is
Read TEND flag in SSR automatic when the DTC is

activated by a transmit data empty
interrupt (TXI) request, and date is
written to TDR.

[4] Break output at the end of serial
transmission:
To output a break in serial
[4] transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCR to 0.

Break output?

Clear DR to 0 and
set DDRto 1

PE—

Clear TE bitin SCR to 0 |

<End>

Figure13.5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the data from TDR to TSR.

[2] After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit isset to 1 at thistime, atransmit data empty interrupt (TXI) is generated.
The serial transmit datais sent from the TxD pin in the following order.

[a] Start bit:
One O-hit is output.

[b] Transmit data:
8-bit or 7-bit datais output in LSB-first order.

[c] Parity bit or multiprocessor bit:
One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

[d] Stop bit(s):
One or two 1-hits (stop hits) are output.

[e] Mark state:
1isoutput continuously until the start bit that starts the next transmission is sent.

[3] The SCI checksthe TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, the data is transferred from TDR to TSR, the stop bit is sent,
and then seria transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the
“mark state” is entered in which 1 is output continuously. If the TEIE bitin SCRissetto 1 at
thistime, a TEI interrupt request is generated.
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Figure 13.6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop Start Parity Stop
1 bit % bit % bit bit 1
) )
0 DO | D1 D7 0 D7 | on ldle state
(« ( (mark state)
) )
(
)
TDRE («
A i R
TEND « (
) ) ]
TXI interrupt Data written to TDR and rrupt
request generated TDRE flag cleared to 0 in generated TEl interrupt
TXI interrupt service routine request generated
1 frame

Figure13.6 Example of Operation in Transmission in Asynchronous M ode
(Examplewith 8-Bit Data, Parity, One Stop Bit)
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Serial data reception (asynchronous mode)
Figure 13.7 shows a sample flowchart for serial reception.
The following procedure should be used for serial data reception.

| Initialization | [1] [1] SClinitialization:
‘ The RxD pin is automatically
< Start reception > _design_ated as the receive data
input pin.

-
!

[2] [3] Receive error processing and
break detection:
Read ORER, PER, and 2] If a receive error occurs, read the
FER flags in SSR ORER, PER, and FER flags in
SSR to identify the error. After
performing the appropriate error
processing, ensure that the
[3] ORER, PER, and FER flags are
: all cleared to 0. Reception cannot
C Error processing > be resumed if any of these flags
are set to 1. In the case of a
framing error, a break can be
Read RDRF flag in SSR | [4] detected by reading the value of
the input port corresponding to
the RxD pin.

Yes
PEROFERIORER= 1

(Continued on next page)

No
[4] SCI status check and receive

data read :
Yes Read SSR and check that RDRF
=1, then read the receive data in
Read receive data in RDR, and RDR and clear the RDRF flag to
clear RDRF flag in SSR to 0 0. Transition of the RDRF flag
from 0 to 1 can also be identified
by an RXI interrupt.

5] [5] Serial reception continuation
procedure:
To continue serial reception,
before the stop bit for the current
frame is received, read the
RDREF flag, read RDR, and clear
the RDRF flag to 0. The RDRF
<End> flag is cleared automatically
when DTC is activated by an RXI
interrupt and the RDR value is
read.

All data received?

Clear RE bitin SCRto 0

Figure 13.7 Sample Serial Reception Data Flowchart
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(3]

< Error processing >

No
ORER=1

Yes

Overrun error processing

-

Yes

No

Y

Framing error processing | | Clear RE bitin SCR to 0

-
-

No
PER=1

Yes

Parity error processing

oy
-l

Clear ORER, PER, and
FER flags in SSR to O

<End>

Figure13.7 Sample Serial Reception Data Flowchart (cont)
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In serial reception, the SCI operates as described below.

[1] The SCI monitorsthe transmission line, and if a0 stop bit is detected, performs internal
synchronization and starts reception.

[2] The received datais stored in RSR in LSB-to-M SB order.

[3] The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks.

[a] Parity check:
The SCI checks whether the number of 1 bitsin the receive data agrees with the parity
(even or odd) set in the O/E bit in SMR.

[b] Stop bit check:
The SCI checks whether the stop bit is 1.
If there are two stop bits, only the first is checked.

[c] Status check:
The SCI checks whether the RDRF flag is O, indicating that the receive data can be
transferred from RSR to RDR.

If al the above checks are passed, the RDRF flag is set to 1, and the receive datais stored in
RDR.
If areceive error* is detected in the error check, the operation is as shown in table 13.11.

Note: * Subsequent receive operations cannot be performed when areceive error has occurred.
Also note that the RDRF flag is not set to 1 in reception, and so the error flags must be
cleared to 0.

[4] If the RIE bit in SCR is set to 1 when the RDRF flag changesto 1, areceive data full interrupt
(RX1) request is generated.
Also, if the RIE bit in SCR is set to 1 when the ORER, PER, or FER flag changesto 1, a
receive error interrupt (ERI) request is generated.
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Table 13.11 Receive Errorsand Conditionsfor Occurrence

Receive Error Abbreviation  Occurrence Condition Data Transfer

Overrun error ORER When the next data reception is Receive data is not
completed while the RDRF flag transferred from RSR to
in SSRissetto 1 RDR.

Framing error FER When the stop bit is 0 Receive data is transferred

from RSR to RDR.

Parity error

PER

When the received data differs
from the parity (even or odd) set

in SMR

Receive data is transferred
from RSR to RDR.

Figure 13.8 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit B bit  bit bt B bit  bit 1
) )
o | bo | b1 b7 | o1 | 1 | o | po| b1 p7 | o1 | 0 |ldlestate
( ( (mark state)
) )
RDRF (« (C
) ] | )
FER ( (
)] )] A
RXI interrupt RDR data read and RDRF
request flag cleared to 0 in RXI ERI interrupt request
generated interrupt service routine generated by framing
error
1 frame
Figure 13.8 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)
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13.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronous
mode. Use of this function enables data transfer to be performed among a number of processors
sharing transmission lines.

When multiprocessor communication is carried out, each receiving station is addressed by a
unique 1D code.

The serial communication cycle consists of two component cycles: an ID transmission cycle
which specifies the receiving station , and a data transmission cycle. The multiprocessor bit is used
to differentiate between the ID transmission cycle and the data transmission cycle.

The transmitting station first sendsthe ID of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as data
with a0 multiprocessor bit added.

The receiving station skips the data until data with a 1 multiprocessor bit is sent.

When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose ID matches then receives the data sent next. Stations whose ID does
not match continue to skip the data until data with a 1 multiprocessor bit is again received. In this
way, data communication is carried out among a number of processors.

Figure 13.9 shows an example of inter-processor communication using the multiprocessor format.
Data Transfer Format: There are four data transfer formats.

When the multiprocessor format is specified, the parity bit specification isinvalid.

For details, see table 13.10.

Clock: See the section on asynchronous mode.
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Transmitting
station
Y Serial transmission line
! ! ! 1
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID=03) (ID=04)
Serial
data | | Ho1 HAA
(MPB=1) (MPB=0)
ID transmission cycle= Data transmission cycle=
receiving station Data transmission to
specification receiving station specified by ID
Legend

MPB: Multiprocessor bit

Figure13.9 Example of Inter-Processor Communication Using M ultiprocessor Format
(Transmission of Data H'AA to Receiving Station A)

Data Transfer Operations:
* Multiprocessor serial datatransmission

Figure 13.10 shows a sample flowchart for multiprocessor serial data transmission.
The following procedure should be used for multiprocessor serial data transmission.
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| Initialization |
\
( Start transmission >

}47

| Read TDRE flag in SSR |

No

Yes

Write transmit data to TDR and
set MPBT bit in SSR

Clear TDRE flag to 0

All data transmitted?

Yes

—
-

Read TEND flag in SSR

Break output?

Clear DR to 0 and set DDR to 1

Clear TE bitin SCRt0 0

—
-

<End>

(1]

(3]

(4]

(1]

(2]

(3]

(4]

SCl initialization:

The TxD pin is automatically
designated as the transmit data
output pin.

After the TE bitis setto 1, a
frame of 1s is output, and
transmission is enabled.

SCI status check and transmit
data write:

Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR. Set the
MPBT bitin SSRto 0 or 1.
Finally, clear the TDRE flag to O.

Serial transmission continuation
procedure:

To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
possible, then write data to TDR,
and then clear the TDRE flag to
0. Checking and clearing of the
TDRE flag is automatic when the
DTC is activated by a transmit
data empty interrupt (TXI)
request, and data is written to
TDR.

Break output at the end of serial
transmission:

To output a break in serial
transmission, set the port DDR to
1, clear DR to 0, then clear the
TE bit in SCR to 0.

Figure13.10 Sample Multiprocessor Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

[2] After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission.

If the TIE bit in SCRisset to 1 at thistime, atransmit data empty interrupt (TXI) is generated.
The serial transmit datais sent from the TxD pin in the following order.

[a Start bit:
One O-hit is output.

[b] Transmit data:
8-bit or 7-bit datais output in LSB-first order.

[c] Multiprocessor bit
One multiprocessor bit (MPBT value) is output.

[d] Stop bit(s):
One or two 1-hits (stop bits) are output.
[e] Mark state:
1isoutput continuously until the start bit that starts the next transmission is sent.

[3] The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, the stop bit is sent, and
then serial transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the
mark stateis entered in which 1 is output continuoudly. If the TEIE bit in SCRis set to 1 at this
time, atransmission end interrupt (TEI) request is generated.
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Figure 13.11 shows an example of SCI operation for transmission using the multiprocessor

format.
Multi-
Start Data Stop Start proces- Stop
1 bit (« ( sor bit  bit 1
) )
0 | Do | D1 0 0/1 | 1 Idlestate
( (( (mark state)
) )
(
)
TDRE («
i i )
TEND (« («
)) )) A

TXlinterrupt ~ Data written to TDR
request generated  and TDRE flag cleared to
0 in TXI interrupt service

routine

A

1 frame

Y

TXI interrupt
request generated

TEl interrupt
request generated

Figure13.11 Example of SCI Operation in Transmission
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)

» Multiprocessor serial data reception
Figure 13.12 shows a sample flowchart for multiprocessor serial reception.

The following procedure should be used for multiprocessor serial data reception.
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| Initialization | 1] [1] SCl initialization: _
‘ The RxD pin is automatically
( Start reception > designated as the receive data

A — input pin.
| Read MPIE bit in SCR | 2] [2] ID reception cycle:

I Set the MPIE bitin SCR to 1.
| Read ORER and FER flags in SSR |

FEROORER=1
No

[3] SCI status check, ID reception
and comparison:
Read SSR and check that the
RDRF flag is set to 1, then read
the receive data in RDR and
compare it with this station’s ID.

Read RDRF flag in SSR 3] If the data is not this station’s ID,
No set the MPIE bit to 1 again, and
clear the RDRF flag to 0.
If the data is this station’s ID,
Yes clear the RDRF flag to 0.
Read receive data in RDR [4] SCI status check and data
reception:

Read SSR and check that the
RDRF flag is set to 1, then read
the data in RDR.

This station’s ID?

ves [5] Receive error processing and
— break detection:
Read ORER and FER flags in SSR If a receive error occurs, read the
ORER and FER flags in SSR to
Yes identify the error. After
FERLORER=1 > performing the appropriate error
processing, ensure that the
No ORER and FER flags are all
Read RDRF flag in SSR [4] cleared to 0. _
Reception cannot be resumed if

either of these flags is set to 1.

In the case of a framing error, a
break can be detected by reading
the RxD pin value.

y [6]
( Error processing )

(Continued on
next page)

Read receive data in RDR

All data received?

Clear RE bitin SCRto 0

<End>
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Figure 13.12 Sample Multiprocessor Serial Reception Flowchart
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(5] C Error processing >

ORER=1

Yes

Overrun error processing

-
-

No
FER=1

Yes

Break?

No

\
Framing error processing | | Clear RE bitin SCRto 0

|

—f

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure13.12 Sample Multiprocessor Serial Reception Flowchart (cont)
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Figure 13.13 shows an example of SCI operation for multiprocessor format reception.

Multi- Multi-
Start Data (ID1) processor Stop ~ Start Data (Datal) processor Stop
1 bit [« bit bit bit [« bit bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
5 4 (mark state)
(«
)
MPIE
RDRF (« It
)] / / ) \
RDR
ID1
value ><
MPIE=0 RXl interrupt RDR data read If not this station’s ID, RXI interrupt request is
request and RDRF flag MPIE bit is set to 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated service routine
(a) Data does not match station’s ID
Multi- Multi-
Start Data (ID2) processor Stop  Start Data (Data2)  processor Stop
1 bit [« bit bit bit [« bit bit 1
) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
4 4 (mark state)
MPIE | («
) i
RDRF [« [«
)) / / )
RDR
value ID1 X ID2 X Data2
MPIE=0 RXl interrupt RDR data read and Matches this station’s ID, MPIE bit setto 1
request RDRF flag cleared  so reception continues, and again
(multiprocessor to 0 in RXI interrupt  data is received in RXI
interrupt) service routine interrupt service routine
generated
(b) Data matches station’s ID
Figure 13.13 Example of SCI Operation in Reception
(Examplewith 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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13.34 Operation in Clocked Synchronous Mode

In clocked synchronous mode, datais transmitted or received in synchronization with clock
pulses, making it suitable for high-speed serial communication.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of acommon clock. Both the transmitter and the receiver also have a
double-buffered structure, so that data can be read or written during transmission or reception,
enabling continuous data transfer.

Figure 13.14 shows the general format for clocked synchronous serial communication.

One unit of transfer data (character or frame)

1 -
* *

wx L L L e
clock

_ LSB MSB
Sd';rt'sl A Bito X Bit1 X Bit2 X Bit3 X Bita X Bit5 X Bit6 X Bit7 X 4

Don't care Don't care

Note: * High except in continuous transfer

Figure 13.14 Data Format in Synchronous Communication

In clocked synchronous serial communication, data on the transmission line is output from one
falling edge of the serial clock to the next. Data confirmation is guaranteed at the rising edge of
the serial clock.

In clocked serial communication, one character consists of data output starting with the LSB and
ending with the MSB. After the MSB is output, the transmission line holds the MSB state.

In clocked synchronous mode, the SCI receives data in synchronization with the rising edge of the
serial clock.

Data Transfer Format: A fixed 8-bit dataformat is used.
No parity or multiprocessor hits are added.

Clock: Either an internal clock generated by the on-chip baud rate generator or an external serial
clock input at the SCK pin can be selected, according to the setting of the C/A bit in SMR and the
CKE1 and CKEOQ bitsin SCR. For details of SCI clock source selection, see table 13.9.

When the SCI is operated on an internal clock, the serial clock is output from the SCK pin.
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Eight serial clock pulses are output in the transfer of one character, and when no transfer is
performed the clock is fixed high. When only receive operations are performed, however, the
serial clock is output until an overrun error occurs or the RE bit is cleared to 0. If you want to
perform receive operations in units of one character, you should select an external clock asthe
clock source.

Data Transfer Operations:

» SCl initialization (clocked synchronous mode)
Before transmitting and receiving data, you should first clear the TE and RE bitsin SCR to 0,
then initialize the SCI as described below.
When the operating mode, transfer format, etc., is changed, the TE and RE bits must be cleared
to 0 before making the change using the following procedure. When the TE bit is cleared to O,
the TDRE flag isset to 1 and TSR isinitialized. Note that clearing the RE bit to 0 does not
change the contents of the RDRF, PER, FER, and ORER flags, or the contents of RDR.
Figure 13.15 shows a sample SCI initialization flowchart.

< Start initialization > [1] Set the clock selection in SCR. Be sure
‘ to clear bits RIE, TIE, TEIE, and MPIE,
TE and RE, to O.

| Clear TE and RE bits in SCR to 0 | )
‘ [2] Set the data transfer format in SMR

and SCMR.

Set CKE1 and CKEQ bits in SCR
(TE, RE bits 0) [1]  [3] Write a value corresponding to the bit

\ rate to BRR. Not necessary if an
external clock is used.

Set data transfer format in

[2]
SMR and SCMR [4] Wait at least one bit interval, then set
| the TE bit or RE bitin SCR to 1.
Set value in BRR (3] Also set the RIE, TIE, TEIE, and MPIE
Wait bits.
- Setting the TE and RE bits enables the
No TxD and RxD pins to be used.

1-bit interval elapsed?

Set TE and RE bits in SCR to 1, and
set RIE, TIE, TEIE, and MPIE bits [4]

<Transfer start>

Note: In simultaneous transmit and receive operations, the TE and RE bits should both be cleared
to 0 or set to 1 simultaneously.

Figure13.15 Sample SCI Initialization Flowchart
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Serial datatransmission (clocked synchronous mode)
Figure 13.16 shows a sample flowchart for serial transmission.
The following procedure should be used for serial datatransmission.

| Initialization | [1]
\

C Start transmission >
s T

| Read TDRE flag in SSR | 2]

Yes

Write transmit data to TDR and
clear TDRE flag in SSR to 0

All data transmitted?

No

(3]

Read TEND flag in SSR

Yes

Clear TE bitin SCRto 0

<End>

No

(1]

(2]

(3]

SCl initialization:

The TxD pin is automatically
designated as the transmit data output
pin.

SCI status check and transmit data
write:

Read SSR and check that the TDRE
flag is set to 1, then write transmit data
to TDR and clear the TDRE flag to 0.

Serial transmission continuation
procedure:

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR, and then clear the
TDRE flag to 0.

Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit data empty
interrupt (TXI) request and data is
written to TDR.

Figure13.16 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

[1] The SCI monitorsthe TDRE flag in SSR, and if is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

[2] After transferring datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmission. If the TIE bit in SCRis set to 1 at thistime, atransmit data empty interrupt
(TXI) is generated.

When clock output mode has been set, the SCI outputs 8 seria clock pulses. When use of an
external clock has been specified, datais output synchronized with the input clock.

The serial transmit data is sent from the TxD pin starting with the LSB (bit 0) and ending with
the MSB (bit 7).

[3] The SCI checksthe TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, datais transferred from TDR to TSR, and seria transmission
of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSRis set to 1, the MSB (bit 7) is sent, and the
TxD pin maintainsits state.

If the TEIE bitin SCRis set to 1 at thistime, a TEI interrupt request is generated.

[4] After completion of seria transmission, the SCK pin is fixed.
Figure 13.17 shows an example of SCI operation in transmission.

Transfer direction

Serial clock m m

Serial data Bit0>< Bit 1 ><:: X Bit7 X Bito >< Bit 1 ><:Z X Bit6 >< Bit 7
(
))

TDRE ,
1 i B A ——
TEND
(( ((
) ) J
TXI interrupt Data written to TDR  TXI interrupt TEl interrupt
request generated and TDRE flag request generated request generated
cleared to 0 in TXI
interrupt service routine
- 1 frame
Figure13.17 Example of SCI Operation in Transmission
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Serial data reception (clocked synchronous mode)
Figure 13.18 shows a sample flowchart for serial reception.
The following procedure should be used for serial data reception.

When changing the operating mode from asynchronous to clocked synchronous, be sure to
check that the ORER, PER, and FER flags are all cleared to O.

The RDRF flag will not be set if the FER or PER flag is set to 1, and neither transmit nor
receive operations will be possible.
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(1]

| Initialization |
\

< Start reception >

(1]

| Read ORER flag in SSR |

No < Error processing >
4
(Continued below) 4]

Read RDRF flag in SSR | 4]

No

Yes

(5]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

All data received?

(3]

| Clear RE bitin SCRto 0 |

<End>

Error processing >

3] (
|

| Overrun error processing |

| Clear ORER flag in SSR to 0 |

<End>

SCl initialization:

The RxD pin is automatically
designated as the receive data
input pin.

[2] [3] Receive error processing:

If a receive error occurs, read the
ORER flag in SSR , and after
performing the appropriate error
processing, clear the ORER flag
to 0. Transfer cannot be resumed
if the ORER flag is set to 1.

SCI status check and receive
data read:

Read SSR and check that the
RDREF flag is set to 1, then read
the receive data in RDR and
clear the RDRF flag to 0.
Transition of the RDRF flag from
0 to 1 can also be identified by
an RXI interrupt.

Serial reception continuation
procedure:

To continue serial reception,
before the MSB (bit 7) of the
current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag
to 0. The RDRF flag is cleared
automatically when the DTC is
activated by a receive data full
interrupt (RXI) request and the
RDR value is read.

Figure 13.18 Sample Serial Reception Flowchart
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In serial reception, the SCI operates as described below.
[1] The SCI performsinternal initialization in synchronization with serial clock input or output.

[2] The received datais stored in RSR in LSB-to-M SB order.

After reception, the SCI checks whether the RDRF flag is 0 and the receive data can be
transferred from RSR to RDR.

If this check is passed, the RDRF flag is set to 1, and the receive datais stored in RDR. If a
receive error is detected in the error check, the operation is as shown in table 13.11.

Neither transmit nor receive operations can be performed subsequently when a receive error
has been found in the error check.

[3] If the RIE bit in SCR is set to 1 when the RDRF flag changesto 1, areceive data full interrupt
(RX1) request is generated.

Also, if the RIE bit in SCR is set to 1 when the ORER flag changesto 1, areceive error
interrupt (ERI) request is generated.

Figure 13.19 shows an example of SCI operation in reception.

Serial ¥
clock
Serial R R R R R R R
Seri CD COSNCD CYCIVE
RDRF

A
ORER

RXI interrupt request | RDR data read and RXl interrupt request  ERI interrupt request
generated RDRF flag cleared to 0 generated generated by overrun
in RXI interrupt service error
routine
N 1 frame -

Figure 13.19 Example of SCI Operation in Reception

e Simultaneous serial data transmission and reception (clocked synchronous mode)
Figure 13.20 shows a sample flowchart for simultaneous serial transmit and receive operations.

The following procedure should be used for simultaneous serial data transmit and receive
operations.
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[1] SCl initialization:
The TxD pin is designated as the
\ transmit data output pin, and the
C Start transmission/reception > RxD pin is designated as the
receive data input pin, enabling
I simultaneous transmit and receive
operations.

| Initialization | [1]

| Read TDRE flag in SSR | [2]

[2] SCI status check and transmit data
write:
Read SSR and check that the
TDRE flag is set to 1, then write
transmit data to TDR and clear the
Yes TDRE flag to 0.
Transition of the TDRE flag from 0
Write transmit data to TDR and to 1 can also be identified by a TXI
clear TDRE flag in SSR to 0 interrupt.

No

[3] Receive error processing:

If a receive error occurs, read the
Read ORER flag in SSR | ORER flag in SSR , and after

performing the appropriate error

processing, clear the ORER flag to
0. Transmission/reception cannot be
resumed if the ORER flag is set to
1.

———————— -

E i .
fror processing [4] SCI status check and receive data

read:

Read SSR and check that the
RDREF flag is set to 1, then read the
receive data in RDR and clear the
No RDRF flag to 0. Transition of the
RDREF flag from 0 to 1 can also be
identified by an RXI interrupt.

Read RDRF flag in SSR | [4]

Yes [5] Serial transmission/reception
continuation procedure:
Read receive data in RDR, and To cor]tinue serial transmissipn/
clear RDRF flag in SSR to O reception, before t_he MS.B (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading
RDR, and clearing the RDRF flag to
[5] 0. Also, before the MSB (bit 7) of
the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible.
Then write data to TDR and clear
the TDRE flag to 0.
Checking and clearing of the TDRE
flag is automatic when the DTC is
activated by a transmit data empty
<End> int_errupt (TXI) request and data is
written to TDR. Also, the RDRF flag
is cleared automatically when the
Note: When switching from transmit or receive operation to simultaneous DTC is activated by a receive data
transmit and receive operations, first clear the TE bit and RE bit to full interrupt (RXI) request and the
0, then set both these bits to 1 simultaneously. RDR value is read.

All data received?

Clear TE and RE bits in SCR to 0

Figure13.20 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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134  SCI Interrupts

The SCI has four interrupt sources: the transmit-end interrupt (TEI) request, receive-error interrupt
(ERI) request, receive-data-full interrupt (RXI) request, and transmit-data-empty interrupt (TX1)
request. Table 13.12 shows the interrupt sources and their relative priorities. Individua interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bitsin the SCR. Each kind of
interrupt request is sent to the interrupt controller independently.

When the TDRE flag in SSRis set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRisset to 1, a TEI interrupt request is generated. A TXI interrupt can activate the DTC to
perform datatransfer. The TDRE flag is cleared to 0 automatically when data transfer is
performed by the DTC. The DTC cannot be activated by a TEI interrupt request.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flag in SSRis set to 1, an ERI interrupt request is generated. An RXI interrupt can
activate the DTC to perform datatransfer. The RDRF flag is cleared to O automatically when data
transfer is performed by the DTC. The DTC cannot be activated by an ERI interrupt request.
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Table 13.12 SCI Interrupt Sources

Interrupt DTC
Channel Source Description Activation Priority*
0 ERI Interrupt due to receive error (ORER, FER, Not possible High
or PER) A
RXI Interrupt due to receive data full state (RDRF) Possible
TXI Interrupt due to transmit data empty state Possible
(TDRE)
TEI Interrupt due to transmission end (TEND) Not possible
1 ERI Interrupt due to receive error (ORER, FER, Not possible
or PER)
RXI Interrupt due to receive data full state (RDRF) Possible
TXI Interrupt due to transmit data empty state Possible
(TDRE)
TEI Interrupt due to transmission end (TEND) Not possible
3 ERI Interrupt due to receive error (ORER, FER, or  Not possible
PER)
RXI Interrupt due to receive data full state (RDRF) Possible
TXI Interrupt due to transmit data empty state Possible
(TDRE)
TEI Interrupt due to transmittion end (TEND) Not possible Low

Note: * This table shows the initial state immediately after a reset. Relative priorities among
channels can be changed by means of the interrupt controller.

A TEI interrupt is requested when the TEND flag is set to 1 whilethe TEIE bitissetto 1. The
TEND flag is cleared at the same time asthe TDRE flag. Consequently, if a TEI interrupt and a
TXI interrupt are requested simultaneously, the TXI interrupt may have priority for acceptance,
with the result that the TDRE and TEND flags are cleared. Note that the TEI interrupt will not be

accepted in this case.
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13,5 Usage Notes
The following points should be noted when using the SCI.

Relation between Writesto TDR and the TDRE Flag
The TDRE flag in SSR is a status flag that indicates that transmit data has been transferred from
TDR to TSR. When the SCI transfers datafrom TDR to TSR, the TDRE flag isset to 1.

Data can be written to TDR regardless of the state of the TDRE flag. However, if new datais
written to TDR when the TDRE flag is cleared to O, the data stored in TDR will be lost since it has
not yet been transferred to TSR. It is therefore essential to check that the TDRE flagissetto 1
before writing transmit datato TDR.

Operation when Multiple Receive Errors Occur Simultaneously

If a number of receive errors occur at the same time, the state of the status flagsin SSR isas
shown in table 13.13. If there is an overrun error, datais not transferred from RSR to RDR, and
thereceive datais|ost.

Table 13.13 State of SSR Status Flagsand Transfer of Receive Data

SSR Status Flags Receive Data Transfer
RDRF ORER FER PER RSR to RDR Receive Error Status
1 1 0 0 X Overrun error
0 0 1 0 (0] Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X Overrun error + framing error +

parity error

0O: Receive data is transferred from RSR to RDR.
X: Receive data is not transferred from RSR to RDR.

Break Detection and Processing (Asynchronous Mode Only): When framing error (FER)
detection is performed, a break can be detected by reading the RxD pin value directly. In a break,
theinput from the RxD pin becomes all Os, and so the FER flag is set, and the parity error flag
(PER) may also be set.

Note that, since the SCI continues the receive operation after receiving a break, even if the FER
flagiscleared to O, it will be set to 1 again.
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Sending a Break (Asynchronous Mode Only): The TxD pin has adual function as an I/O port
whose direction (input or output) is determined by DR and DDR. This can be used to send a break.

Between serial transmission initialization and setting of the TE bit to 1, the mark state is replaced
by the value of DR (the pin does not function as the TxD pin until the TE bit is set to 1).
Consequently, DDR and DR for the port corresponding to the TxD pin arefirst set to 1.

To send abreak during serial transmission, first clear DR to O, then clear the TE bit to 0.

When the TE bit is cleared to 0, the transmitter isinitialized regardless of the current transmission
state, the TxD pin becomes an I/O port, and 0 is output from the TxD pin.

Receive Error Flags and Transmit Operations (Clocked Synchronous M ode Only):
Transmission cannot be started when areceive error flag (ORER, PER, or FER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before starting
transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE bit iscleared to 0.

Receive Data Sampling Timing and Reception Margin in Asynchronous Mode:
In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 times the transfer
rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Receive datais latched internally at the rising edge of the 8th pulse of the
basic clock. Thisisillustrated in figure 13.21.

16 clocks

-y~
8 clocks
0 7 15/ 0 7 15 0
Internal basic m
clock

Receive data _1 ‘
(RxD) ‘

| DO

Synchronization
sampling timing !

Data sampling L L
timing H H

Figure 13.21 Receive Data Sampling Timing in Asynchronous Mode

424
RENESAS




Thus the reception margin in asynchronous mode is given by formula (1) below.

1 |D-05]
M=[(05- — ) =(L-08F- —— = —(1+F)|x100%

... Formula (1)

Where M : Reception margin (%)

N : Ratio of bit rate to clock (N = 16)
D :Clock duty (D=0t01.0)

L : Framelength (L =9to12)

F

: Absolute value of clock rate deviation

Assuming values of F=0and D = 0.5 in formula (1), areception margin of 46.875% is given by
formula (2) below.

When D =0.5and F = 0,
1
M=(05- —)x100%
2 x 16

=46.875% ... Formula (2)

However, thisis only the computed value, and a margin of 20% to 30% should be allowed in
system design.

Restrictionson Useof DTC

*  When an external clock sourceis used as the serial clock, the transmit clock should not be
input until at least 5 @ clock cycles after TDR is updated by the DTC. Misoperation may occur
if the transmit clock isinput within 4 g clocks after TDR is updated. (Figure 13.22)

* When RDRisread by the DTC, be sure to set the activation source to the relevant SCI
reception end interrupt (RX1).
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SCK :

' LSB

Serial data >< po X b1 X b2 X b3 X pa X s X pe X b7 X

Note: When operating on an external clock, set t >4 clocks.

Figure13.22 Example of Clocked Synchronous Transmission by DTC

Operation in Case of Mode Transition

Transmission

Operation should be stopped (by clearing TE, TIE, and TEIE to 0) before making a module
stop mode, software standby mode, watch mode, subactive mode, or subsleep mode transition.
TSR, TDR, and SSR arereset. The output pin states in module stop mode, software standby
mode, watch mode, subactive mode, or subsleep mode depend on the port settings, and
becomes high-level output after the relevant modeis cleared. If atransition is made during
transmission, the data being transmitted will be undefined. When transmitting without
changing the transmit mode after the relevant mode is cleared, transmission can be started by
setting TE to 1 again, and performing the following sequence: SSR read - TDR write —
TDRE clearance. To transmit with a different transmit mode after clearing the relevant mode,
the procedure must be started again from initialization. Figure 13.23 shows a sample flowchart
for mode transition during transmission. Port pin states are shown in figures 13.24 and 13.25.
Operation should also be stopped (by clearing TE, TIE, and TEIE to 0) before making a
transition from transmission by DTC transfer to module stop mode, software standby mode,
watch mode, subactive mode, or subsleep mode transition. To perform transmission with the
DTC after the relevant mode is cleared, setting TE and TIE to 1 will set the TXI flag and start
DTC transmission.
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» Reception
Receive operation should be stopped (by clearing RE to 0) before making a module stop mode,
software standby mode, watch mode, subactive mode, or subsleep mode transition. RSR,
RDR, and SSR are reset. If atransition is made without stopping operation, the data being
received will beinvalid.
To continue receiving without changing the reception mode after the relevant modeis cleared,
set RE to 1 before starting reception. To receive with a different receive mode, the procedure
must be started again from initialization.
Figure 13.26 shows a sample flowchart for mode transition during reception.

<Transmission>

All data No [1] [1] Data being transmitted is interrupt-
transmitted? ed. After exiting software standby
mode, etc., normal CPU transmis-
sion is possible by setting TE to 1,
reading SSR, writing TDR, and
clearing TDRE to 0, but note that if
the DTC has been activated, the

No remaining data in DTCRAM will be
transmitted when TE and TIE are

Yes |-

Read TEND flag in SSR

setto 1.
Yes [
TE=0 [2] [2] If TIE and TEIE are set to 1, clear
them to 0 in the same way.

T;?gﬁg&nng%ggft\é\ﬁre [3] [3] Includes module stop mode, watch

‘ mode, subactive mode, and sub-
sleep mode.

Exit from software
standby mode, etc.

Change
operating mode?
Yes
Initialization TE=1

-]

<Start of transmission>

Figure 13.23 Sample Flowchart for Mode Transition during Transmission
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Transition Exit from
End of to software software
Start of transmission transmission standby standby

' ' R '

TE bit ! !

SCK output pin Port input/output \ |

: (
TxD output pin  Port input/outputW‘ High output Start A X Y Stop r Port input/output w High output
Port i Port | SCI TxD

SCI TxD output | output

Figure13.24 Asynchronous Transmission Using Internal Clock

Transition Exit from
End of to software software
Start of transmission transmission standby standby

| ' ' y I,
TE bit

i " | |
SCK output pin ! K SJ i X Port inputioutput Y’ |

(C ((
TxD output pin  Port input/output 1 Marking output”—\< X X :: ' Last TxD bit held>f Port input/outputﬁ High output*
T
Port Port SCITxD

| SCI TxD output ‘ I output

Note: * Initialized by software standby.

Figure 13.25 Synchronous Transmission Using I nternal Clock
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<Reception>
|
Read RDRF flag in SSR

No [1] [1] Receive data being received

RDRF=1 becomes invalid.

Yes

Read receive data in RDR

A

RE=0

Tg?gﬁgg/nnt%sgft\évtire [2] [2] Includes module stop mode, watch

‘ mode, subactive mode, and sub-
sleep mode.

Exit from software
standby mode, etc.

Change
operating mode?

Yes

Initialization RE=1

-

<Start of reception>

Figure13.26 Sample Flowchart for Mode Transition during Reception
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Switching from SCK Pin Function to Port Pin Function:

* Problem in Operation: When switching the SCK pin function to the output port function (high-
level output) by making the following settingswhile DDR =1, DR=1, C/A =1, CKE1 =0,
CKEO =0, and TE = 1 (synchronous mode), low-level output occurs for one half-cycle.

1. End of serial datatransmission

2. TEbit=0

3. C/A bit =0 ... switchover to port output

4. Occurrence of low-level output (see figure 13.27)

Half-cycle low-level output

/«f\ /
SCK/port | | | I_l
1. End of transmission 4. Low-level output

Data Bit 6 >< Bit 7 )

2.TE=0 :
TE : /
C/A 3.C/IA=0
CKE1 '
CKEO

Figure 13.27 Operation when Switching from SCK Pin Function to Port Pin Function
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» Sample Procedure for Avoiding Low-Level Output: Asthis sample procedure temporarily
placesthe SCK pinin the input state, the SCK/port pin should be pulled up beforehand with an
externa circuit.

WithDDR =1, DR =1, C/A =1, CKE1 =0, CKEO = 0, and TE = 1, make the following
settings in the order shown.

1. End of serial datatransmission

2. TEhit=0
3.CKElbit=1
4. C/A bit = 0 ... switchover to port output
5.CKE1lbit=0
High-level output
/\/
SCK/port | | |
1. End of transmission i
Data Bite X Bit7
2.TE=0
TE !
C/A { 4.CIA=0
3.CKE1=1 '
CKE1 5.CKE1=0
CKEO :

Figure 13.28 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing L ow-L evel Output)

SCI3: SCI3isdedicated for the FLEX™ decoder |1 interface, and cannot be connected with LSI-
external equipment.

e InSCl3that isinternal FLEX™ decoder |1 interface, set to 1 the P77DDR and P75DDR bit of
P7DDR (Port 7 Data Direction Register) before set the CKE1, CKEO, and TE bit of SCR3.
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Section 14 FLEX™ Roaming Decoder |1

The contents of this section apply to the FLEX™ Roaming Decoder. Notethat underlining
in the text indicates differencesin specification from the FLEX™ Non-Roaming Decoder.

141 Oveview

Its primary function is to process information received and demodulated from a FLEX radio
paging channel, select messages addressed to the paging device and communicate the message
information to the host. The FLEX™ decoder |1 also operates the paging receiver in an efficient
power consumption mode and enables the host to operate in alow power mode when monitoring a
single channel for message information.

14.1.1 Features

* FLEX™ paging protocol decoder

» 16 programmable user address words

» 16 fixed temporary addresses

» 16 operator messaging addresses

» 1600, 3200, and 6400 bits per second decoding

» Any-phase or single-phase decoding

» Uses standard Serial Peripheral Interface (SPI) in slave mode

» Allowslow current STOP mode operation of host processor

» Highly programmable receiver control

* Real time clock time base

» FLEX fragmentation and group messaging support

» Real time clock over-the-air update support

» Compatible with synthesized receivers

» SSID and NID Roaming support

» Low Battery Indication (External detector)

» Backward compatible to the standard and roaming FLEX ™ decoders
* Internal demodulator and data slicer

» Improved battery savings via partial correlation and intermittent receiver clock
» Full support for revision 1.9 of the FLEX protocol

Additional Support: FLEX System Software from Motorolais afamily of software components
for building world-class products incorporating messaging capabilities. FLEXstack™ Softwareis
specifically designed to support the FLEX™ Roaming Decoder 11 IC. FLEX stack Software runs
on aproduct’s host processor and takes care of communicating with the FLEX™ decoder 11,

433
RENESAS



acquiring the proper FLEX channel, and fully interpreting the code words that are passed to the
host from the FLEX™ decoder I1.

Additional Information: Additional Information on the FLEX™ protocol decoder chip set and
FLEXstack™ software can be found at the following website:
http://www.hitachi.co.jp/Sicd/English/Products/micom/stack/stack.html.

141.2  System Block Diagram

Synthesizer Programming Control

<« > User
Interface

Receiver
: Control
Receiver ———————
LSI
SO/IFIN — 38.4 or 40 kHz clock
>
160 kH ill
Low Battery LOBAT [ 160 kHz Oscillator
L LOBAT o | =7

Detector

Figure14.1 Example Block Diagram Using Internal Demodulator

When configured to use the internal demodulator, the FLEX ™ decoder |1 connects to areceiver
capable of generating alimited (i.e. 1-bit digitized) 455 kHz or 140 kHz IF signal. In this mode,
the FLEX™ decoder |1 has 7 receiver control lines used for warming up and shutting down a
receiver in stages. The FLEX™ decoder |1 has the ability to detect alow battery signal during the
receiver control sequences. It interfaces to a host MCU through a standard SPI. It has a1 minute
timer that offerslow power support for atime of day function on the host.

When using the internal demodulator, the oscillator frequency (or external clock) must be 160
kHz. The CLKOUT signal can be programmed to be either a 38.4 kHz signal created by
fractionally dividing the oscillator clock, or a40 kHz signal creating by dividing the oscillator
clock by 4.
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Synthesizer Programming Control

Audio to Digital
Convertor |+ EXTSO |

| <« > User
| . Interface
| | Receiver
[ Receiver %I Conirol
I
I
: Audio + | LSl
| | EXTS1 — 38.4 clock
I I
I
I

1
[ 76.8 kHz Oscillator
=

Low Battery LOBAT
Detector

Figure14.2 ExampleBlock Diagram Using External Demodulator

The FLEX™ decoder Il can aso be configured to connect to areceiver capable of converting a4
level audio signal into a2 hit digital signal. In this mode, the FLEX™ decoder |1 has 8 receiver
control lines used for warming up and shutting down areceiver in stages. It also includes
configuration settings for the two post detection filter bandwidths required to decode the two
symbol rates of the FLEX signal. Also when using an external demodulator, the oscillator (or
external clock) must be 76.8 kHz and the CLKOUT signal (when enabled) is 38.4 kHz clock
output capable of driving other devices.
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14.1.3 Functional Block Diagram

S1-S7
< 7 S1-S7
S} Receiver Control
SO/IFIN * | Internal
- | Demodulator & Control
IFIN ) Data Slicer Unit
EXTSO *
|
EXTS1 P Symbol Sync Noise Detector
SYMCLK
<
Y
76.8 kHz
Fpec or 160 kHz Syne ¢ | TESTD
Oscillator Correlator External
Control ¢ﬁ
+ +7 Unit
LOBAT
CLKOUT al <
- ock
Generator De-interleaver Error Corrector
* Control/Status
Registers
Address
Comparator/ LocaIFl;fltzfsage
Correlator A
+ \ READY
| o
SPI Buffer |- SPI 4 SP!
- -
Figure 14.3 Block Diagram
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142  SPI Packets

All data communicated between the FLEX™ decoder |1 and the host MCU is transmitted on the
SPI in 32-bit packets. Each packet consists of an 8-bit ID followed by 24 bits of information. The
FLEX™ decoder Il usesthe SPI busin full duplex mode. In other words, whenever a packet
communication occurs, the datain both directionsis valid packet data.

The SPI interface consists of aREADY pin and four SPI pins (SS, SCK, MOSI, and MISO).The
SS is used as a chip select for the FLEX ™ decoder 11. The SCK is aclock supplied by the host
MCU. The data from the host is transmitted on the MOSI line. The data from the FLEX™ decoder
Il is transmitted on the MISO line,

Timing requirements for SPI communication are specified in 14.6.1, SPI Timing.

14.21 Packet Communication Initiated by the Host

Refer to figure 14.4. When the host sends a packet to the FLEX™ decoder |1, it performs the
following steps:

Select the FLEX ™ decoder |1 by driving the SS pin low.
Wait for the FLEX™ decoder |1 to drivethe READY pin low.
Send the 32-bit packet.

De-select the FLEX™ decoder |1 by driving the SS pin high.
Repeat steps 1 through 4 for each additional packet.

a ~ DN

o~ , e |, [ L, [
READY —@"I_”_l—l___”__,—L__‘
(( ( S“
MOSI |D_31|_: D1 (DO IE.I_;} D1|DO ID_?:JI_;) D1| DO

) ) )
wiso | Ppaf, |otjoo| | fpef [orjoo] | |paf [o1|oo]
T ) )T

|:| High impedance state

Figure14.4 Typical Multiple Packet Communications I nitiated by the Host

When the host sends a packet, it will also receive avalid packet from the FLEX™ decoder I1. If
the FLEX™ decoder 11 is enabled (see 14.3.1, Checksum Packet for a definition of enabled) and
has no other packets waiting to be sent, the FLEX™ decoder |1 will send a status packet.
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The host must transition the SS pin from high to low to begin each 32-bit packet. The FLEX™
decoder |1 must see a negative transition on the SS pin in order for the host to initiate each packet
communication.

14.2.2  Packet Communication Initiated by the FLEX™ decoder |1

Refer to figure 14.5.When the FLEX™ decoder 11 has a packet for the host to read, the following
OCCurs:

1. The FLEX™ decoder Il drivesthe READY pin low.

2. If the FLEX™ decoder Il is not already selected, the host selects the FLEX™ decoder |1 by
driving the SS pin low.

3. The host receives (and sends) a 32-bit packet.

4. The host de-selects the FLEX ™ decoder |1 by driving the SS pin high (optional).

s o, e L, I L, |

RERDY —@}'\—{i—,—\—ﬁ;,—\—ﬂﬂj
> e ] LJ UL i LSJ UL i L;J L1
MOSI ID_&‘].I_:) D1|DO \D_s‘ll_:; |D1 DO ID_S‘].I_;) D1| DO

) ) ))
IS0 | [osy Jorjeo]  [osy orjoo] | [osy oifoo]
)) )J ))

I:l High impedance state

Figure14.5 Typical Multiple Packet Communications I nitiated by the FLEX™ decoder 11

When the host is reading a packet from the FLEX™ decoder 11, it must send avalid packet to the
FLEX™ decoder I1. If the host has no datato send, it is suggested that the host send a Checksum
Packet with all of the data bits set to 0 in order to avoid disabling the FLEX™ decoder 11. See
14.3.1, Checksum Packet for more details on enabling and disabling the FLEX™ decoder 11.

Thefollowing figureillustrates that it is not necessary to de-select the FLEX™ decoder 11 between
packets when the packets are initiated by the FLEX™ decoder I1.
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ES
gg ( (

) 7))

eov | [ ] 1 ]
SCK 55

( ( {
MOsI 031| D1 | DO D31 D1|DO D3£| D1| DO

( (. (.
)l )) ))

MISO | |D31| (( | b1 | DO| |D31| (( | D1| D0| |D31| (C | D1 | D0|
Y )Y Y

|:| High impedance state

Figure14.6 Multiple Packet Communications|Initiated by the FLEX™ decoder ||
with No De-select
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14.2.3 Host-to-Decoder Packet Map

The upper 8 bits of a packet comprise the packet ID. The following table describes the packet ID’s
for all of the packets that can be sent to the FLEX™ decoder |1 from the host.

Table14.1 Host-to-Decoder Packet ID Map

Packet ID

(Hexadecimal) Packet Type

00 Checksum
Configuration
Control

All Frame Mode

Operator Message Address Enables

Roaming Control Packet

Timing Control Packet

R liRPr PRI OC]| OO

- 0E Reserved (Host should never send)
Receiver Line Control
Receiver Control Configuration (Off Setting)
Receiver Control Configuration (Warm Up 1 Setting)
Receiver Control Configuration (Warm Up 2 Setting)
Receiver Control Configuration (Warm Up 3 Setting)
14 Receiver Control Configuration (Warm Up 4 Setting)
15 Receiver Control Configuration (Warm Up 5 Setting)
16 Receiver Control Configuration (3200sps Sync Setting)
17 Receiver Control Configuration (1600sps Sync Setting)
18 Receiver Control Configuration (3200sps Data Setting)
19 Receiver Control Configuration (1600sps Data Setting)
1A Receiver Control Configuration (Shut Down 1 Setting)
1B Receiver Control Configuration (Shut Down 2 Setting)
1C-1F Special (Ignored by FLEX™ decoder II)
20 Frame Assignment (Frames 112 through 127)
21 Frame Assignment (Frames 96 through 111)
22 Frame Assignment (Frames 80 through 95)
23 Frame Assignment (Frames 64 through 79)
24 Frame Assignment (Frames 48 through 63)
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Packet ID
(Hexadecimal)

Packet Type

25

Frame Assignment (Frames 32 through 47)

26 Frame Assignment (Frames 16 through 31)
27 Frame Assignment (Frames 0 through 15)
28 -77 Reserved (Host should never send)

78 User Address Enable

79 -7F Reserved (Host should never send)

80 User Address Assignment (User address 0)
81 User Address Assignment (User address 1)
82 User Address Assignment (User address 2)
83 User Address Assignment (User address 3)
84 User Address Assignment (User address 4)
85 User Address Assignment (User address 5)
86 User Address Assignment (User address 6)
87 User Address Assignment (User address 7)
88 User Address Assignment (User address 8)
89 User Address Assignment (User address 9)
8A User Address Assignment (User address 10)
8B User Address Assignment (User address 11)
8C User Address Assignment (User address 12)
8D User Address Assignment (User address 13)
8E User Address Assignment (User address 14)
8F User Address Assignment (User address 15)
90 - FF Reserved (Host should never send)
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14.24  Decoder-to-Host Packet Map

The following table describes the packet ID’s for all of the packets that can be sent to the host
from the FLEX™ decoder I1.

Table 14.2 Decoder-to-Host Packet ID Map

Packet ID (Hexadecimal) Packet Type

00 Block Information Word
01 Address

02- 57 Vector or Message (ID is word number in frame)
58 - 5F Reserved

60 Roaming Status Packet
61-7D Reserved

7E Receiver Shutdown

7F Status

80 - FE Reserved

FF Part ID

14.3  Host-to-Decoder Packet Descriptions

The following sections describe the packets of information sent from the host to the FLEX™
decoder I1. In al cases the packets should be sent MSB first (bit 7 of byte 3 = hit 31 of the packet
=MSB).

14.3.1 Checksum Packet

The Checksum Packet is used to insure proper communication between the host and the FLEX™
decoder I1. The FLEX™ decoder 11 exclusive-or’ sthe 24 data bits of every packet it receives
(except the Checksum Packet and the specia packet ID’s 1C through 1F hexadecimal) with an
internal checksum register. Upon reset and whenever the host writes a packet to the FLEX™
decoder 11, the FLEX™ decoder |1 is disabled from sending any information to the host processor
until the host processor sends a Checksum Packet with the proper checksum value (CV) to the
FLEX™ decoder 1. When the FLEX™ decoder 11 is disabled in thisway, it prompts the host to
read the Part ID Packet. Note that all other operation continues normally when the FLEX™
decoder |1 is “disabled”. Disabled only implies that data cannot be read, al other internal
operations continue to function.

When the FLEX™ decoder |1 isreset, it is disabled and the internal checksum register is
initialized to the 24 bit part ID defined in the Part ID Packet. See 14.4.8, Part ID Packet for a
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description of the Part ID. Every time a packet other than the Checksum Packet and the special
packets 1C through 1F is sent to the decoder IC, the value sent in the 24 information bitsis
exclusive-or’ ed with the internal checksum register, the result is stored back to the checksum
register, and the FLEX™ decoder 11 is disabled. If a Checksum Packet is sent and the CV bits
match the bits in the checksum register, the FLEX™ decoder 11 is enabled. If a Checksum Packet
is sent when the FLEX™ decoder |1 is aready enabled, the packet isignored by the FLEX™
decoder I1. If apacket other than the Checksum Packet is sent when the FLEX™ decoder 1l is
enabled, the decoder |C will be disabled until a Checksum Packet is sent with the correct CV bits.

When the host reads a packet out of the FLEX™ decoder 11 but has no data to send, the Checksum
Packet should be sent so the FLEX™ decoder 11 will not be disabled. The datain the Checksum
Packet could be anull packet (32 bit stream of all zeros) since a Checksum Packet will not disable
the FLEX™ decoder 1. When the host re-configures the FLEX™ decoder |1, the FLEX™ decoder
I1 will be disabled from sending any packets other than the Part ID Packet until the FLEX™
decoder 11 is enabled with a Checksum Packet having the proper data. The ID of the Checksum
Packet is 0.

Table 14.3 Checksum Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 0 0 0 0
Byte2 CV,, CV,, cv,, CV,, CV,, CV,, CV,, CV,
Bytel CV, CV,, CV,, CV,, cV,, CV,, CV, CV,
ByteO CV, cV, CV, cv, cV, cv, cV, cv,

CV: Checksum Value.
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14.3.2 Configuration Packet

The Configuration Packet defines a number of different configuration options for the FLEX™
decoder I1. Proper operation is not guaranteed if these settings are changed when decoding is
enabled (i.e. the ON bit in the Control Packet is set). The ID of the Configuration Packet is 1.

Table 14.4 Configuration Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 0 0 0 1
Byte2 O DFC 0 0 0 IDE OFD, OFD,
Bytel O 0 0 0 0 PCE SP, SP,
ByteO SME MOT coD MTE LBP ICO 0 0

DFC: Disable Fractional Clock. When thisbit is set and IDE is set, the CLKOUT signal will
generate a 40 kHz signal (gpec divided by 4). When this bit is cleared and IDE is set, the
CLKOUT signal will generate 38.4 kHz signal (g, fractionally divided by 25/6 see diagram
below). This bit has no effect when IDE is cleared. (value after reset=0)

- JJJUUUUUUUUUUUU UL
G B

CLKOUT
w/ DFC=0

IDE: Internal Demodulator Enable. When this bit is set, the internal demodulator is enabled and
the clock frequency at g is expected to be 160 kHz. When this bit is cleared, the internal
demodulator is disabled and the clock frequency at g is expected to be 76.8 kHz. (value after
reset=0)

OFD: Oscillator Frequency Difference. These bits describe the maximum difference in the
frequency of the 76.8 kHz oscillator crystal with respect to the frequency of the transmitter. These
limits should be the worst case difference in frequency due to al conditions including but not
limited to aging, temperature, and manufacturing tolerance. Using a smaller frequency difference
in this packet will result in lower power consumption due to higher receiver battery save ratios.
Note that this value is not the absolute error of the oscillator frequency provided to the FLEX™
decoder I1. The absolute error of the clock used by the FLEX transmitter must be taken into
account. (e.g. If the transmitter tolerance is +/- 25 ppm and the oscillator tolerance is +/-140 ppm,
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the oscillator frequency differenceis +/- 165 ppm and OFD should be set to 0.)(value after reset =
0)

OFD, OFD, Frequency Difference
0 0 +/- 300 ppm

0 1 +/- 150 ppm

1 0 +/- 75 ppm

1 1 +/- 0 ppm

PCE: Partia Correlation Enable. When this bit is set, partial correlation of addressesis enabled.
When partial correlation is enabled, the FLEX™ decoder 11 will shutdown the receiver before the
end of the last FLEX block which contains addresses if it can determine that none of the addresses
in that FLEX block will match any enabled address in the FLEX™ decoder 11. When this bit is
cleared, thereceiver will be controlled asit wasin previous versions of the FLEX™ decoder 11.
(value after reset=0)

SP: Signal Polarity. These bits set the polarity of EXTS1 and EXTS0 input signals. (value after
reset=0) The polarity of the EXTS0 and EXTSL bits will be determined by the receiver design.

Signal Polarity

SP, SP, EXTS1 EXTSO
0O O Normal Normal
0 1 Normal Inverted
1 0 Inverted Normal
1 1 Inverted Inverted

FSK Modulation

@SP=0,0 EXTS1 EXTSO
+ 4800 Hz 1 0
+1600 Hz 1 1
- 1600 Hz 0 1
- 4800 Hz 0 0

SME: Synchronous Mode Enable. When this bit is set, a Status Packet will be automatically sent
whenever the SMU (synchronous mode update) bit in the Status Packet is set. The host can use the
SM (synchronous mode) bit in the Status Packet as an in-range/out-of-range indication. (vaue
after reset=0)

MOT: Maximum Off Time._This bit has no effect if AST in the Timing Control Packet is hon-
zero. When AST=0 and MOT=0, asynchronous A-word searches will time-out in 4 minutes. When
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AST=0 and MOT=1, asynchronous A-word searches will time-out in 1 minute. (value after
reset=0)

COD: Clock Output Disable. When this bit is clear, a 38.4 kHz or 40 kHz (depending on the
values of IDE and DFC) signal will be output on the CLKOUT pin. When thisbit is set, the
CLKOUT pin will be driven low. Note that setting and clearing this bit can cause pulses on the
CLKOUT pin that are less than one half the clock period. Also note that when the clock output is
enabled and not set for intermittent operation (see ICO in this packet), the CLKOUT pin will
always output the clock signal even when the FLEX™ decoder 1l isin reset (aslong as the
FLEX™ decoder Il oscillator is seeing clocks). Further note that when the FLEX™ decoder 11 is
used in internal demodulator mode (i.e. uses a 160 kHz oscillator), the CLKOUT pin will be 80
kHz from reset until the time the IDE bit is set. This is because the FLEX™ decoder 11 defaults to
external demodulator mode at reset. (value after reset=0)

MTE: Minute Timer Enable. When this bit is set, a Status Packet will be sent at one minute
intervals with the MT (minute time-out) bit in the Status Packet set. When this bit is clear, the
internal one-minute timer stops counting. The internal one-minute timer is reset when this bit is
changed from 0 to 1 or when the MTC (minute timer clear) bit in the Control Packet is set. Note
that the minute timer will not be accurate using a 160 kHz oscillator until the IDE bit is set. (value
after reset=0)

L BP: Low Battery Polarity. This bit defines the polarity of the FLEX™ decoder’s LOBAT pin.
The LB bit in the Status Packet isinitialized to the inverse value of this bit when the FLEX™
decoder 11 isturned on (by setting the ON bit in the Control Packet). When the FLEX™ decoder |1
isturned on, the first low battery update in the Status Packet will be sent to the host when alow
battery condition is detected on the LOBAT pin. Setting this bit means that a high on the LOBAT
pin indicates alow voltage condition. (value after reset=0)

I CO: Intermittent Clock Out. When this bit is clear and COD is clear, a 38.4 kHz or 40 kHz
(depending on the values of IDE and DFC) signal will be output on the CLKOUT pin. When this
bit is set and COD isclear, the clock will only be output on the CLKOUT pin while the receiver is
not in the Off state. The clock will be output for afew cycles before the receiver transitions from
the off state and for afew cycles after the receiver transitions to the off state (thisis to insure that
the receiver receives enough clocks to detect and process the changes to and from the Off state).
The CLKOUT pin will be driven low when it is not driving a clock. Note that when the clock is
automatically enabled and disabled (i.e. when ICO is set), the CLKOUT signal transitions will be
clean (i.e. no pulses less than half the clock period) when it transitions between no clock and
clocked output. This bit has no effect when COD is set. (value after reset=0)
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14.3.3 Control Packet

The Control Packet defines a number of different control bits for the FLEX™ decoder II. The D
of the Control Packet is 2.

Table14.5 Control Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 0 0 1 0
Byte2 FF, FF, FF, FF, FF, FF, FF, FF,
Bytel O SPM PS, PS, 0 0 0 0
ByteO O SBI 0 MTC 0 0 EAE ON

FF: Force Frame 0-7. These bits enable and disable forcing the FLEX™ decoder 11 to look in
frames 0 through 7. When an FF bit is set, the FLEX™ decoder |1 will decode the corresponding
frame. Unlike the AF bits in the Frame Assignment Packets, the system collapse of a FLEX
system will not affect frames assigned using the FF bits (e.g. Where as setting AF, to 1 when the
system collapse is 5 will cause the decoder to decode frames 0, 32, 64, and 96, setting FF, to 1
when the system collapse is 5 will only cause the decoder to decode frame 0.). This may be
useful for acquiring transmitted time information or channel attributes (e.g. Local ID). (value after
reset=0)

SPM: Single Phase Mode. When this bit is set, the FLEX ™ decoder 11 will decode only one phase
of the transmitted data. When this bit is clear, the FLEX™ decoder |1 will decode all of the phases
it receives. A changeto this bit while the FLEX™ decoder Il is on, will not take affect until the
next block 0 of the next decoded frame. (value after reset=0)

PS: Phase Select. When the SPM bit is set, these bits define what phase the FLEX™ decoder |1
should decode according to the following table. This value is determined by the service provider.
A change to these bits while the FLEX™ decoder 11 is on, will not take affect until the next block
0 of aframe. (value after reset=0)

PS Value Phase Decoded (based on FLEX Data Rate)

PS, PS, 1600bps 3200bps 6400bps
0 0 a a a

0 1 a a b

1 0 a c c

1 1 a c d
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SBI: Send Block Information words 2-4. When this bit is set, any errored or time related block
information words 2-4 will be sent to the host. See 14.4.1, Block Information Word Packet for a
description of the words sent. (value after reset=0)

MTC: Minute Timer Clear. Setting this bit will cause the one minute timer to restart from 0.

EAE: End of Addresses Enable. When this bit is set, the EA bit in the Status Packet will be set
immediately after the FLEX™ decoder |1 decodes the last address word in the frame if any of the
enabled FLEX™ decoder 11 addresses was detected in the frame. When this bit is cleared, the EA
bit will never be set.

ON: Turn On Decoder. Set if the FLEX™ decoder |1 should be decoding FLEX signals. Clear if
signal processing should be off (very low power mode). If the ON bit is changed twice and the
control packets making the changes are received within 2ms of each other, the FLEX™ decoder 11
may ignore the double change and stay in its original state (e.g. if it is turned off then on again
within 2msit may stay on and ignore the off pulse). Therefore it is recommended that the host
insures a minimum of 2ms between changes in the ON bit. (value after reset=0)

Note: Turning off the FLEX™ decoder |l must be done using the following sequence. This
sequence is performed automatically by the FLEX stack software version 1.2 and greater.
1. Turn off the FLEX™ decoder 11 by sending a Control Packer with the ON bit cleared.
2. Turn onthe FLEX™ decoder Il by sending a Control Packer with the ON bit set.
3. Turn off the FLEX™ decoder |1 by sending a Control Packer with the ON bit cleared.

Timing between these stepsis specified below and is measured from the positive edge of the last
clock of one packet to the positive edge of the last clock of the next packet:

*  The minimum time between steps 1 and 2 is 2ms or the programmed shut down time,
whichever is greater. The programmed shut down timeis the sum of al the of the times
programmed in the used Receiver Shut Down Settings Packets.

* Thereisno maximum time between steps 1 and 2.
»  The minimum time between steps 2 and 3 is 2ms.
» The maximum time between steps 2 and 3 is the programmed warm up time minus 2ms.

The programmed warm up time is the sum of al the of the times programmed in the used
Receiver Warm Up Settings Packets.

14.3.4  All Frame Mode Packet

The All Frame Mode Packet is used to decrement temporary address enable counters by one,
decrement the all frame mode counter by one, and/or enable or disable forcing al frame mode. All
frame mode is enabled if any temporary address enable counter is non-zero, the al frame mode
counter is non-zero, or the force al frame mode bit is set. If al frame mode is enabled, the
FLEX™ decoder Il will attempt to decode every frame and send a Status Packet with the EOF

(end-of-frame) bit set at the end of every frame. Both the all frame mode counter and the
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temporary address enable counters can only be incremented internally by the FLEX™ decoder 11
and can only be decremented by the host. The FLEX™ decoder |1 will increment atemporary
address enable counter whenever a short instruction vector is received assigning the corresponding
temporary address. See 14.5.4, Operation of a Temporary Address for details. The FLEX™
decoder Il will increment the all frame mode counter whenever an a phanumeric, HEX / binary, or
secure vector is received. When the host determines that a message associated with atemporary
address, or a fragmented message has ended, then the appropriate temporary address counter or all
frame mode counter should be decremented by writing an All Frame Mode Packet to the FLEX™
decoder I1 in order to exit the all frame mode, thereby improving battery life. See 14.5.3, Building
a Fragmented Message for details. Neither the temporary address enable counters nor the all
frame mode counter can be incremented past the value 127 (i.e. it will not roll-over) or
decremented past the value 0. The temporary address enable counters and the all frame mode
counter areinitialized to O at reset and when the decoder isturned off. The ID of the All Frame
Mode Packet is 3.

Table14.6 All Frame Mode Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 0 0 1 1
Byte2 DAF FAF 0 0 0 0 0 0
Bytel DTA, DTA,, DTA,, DTA, DTA, DTA, DTA, DTA,
ByteO DTA, DTA, DTA, DTA, DTA, DTA, DTA, DTA,

DAF: Decrement All Frame counter. Setting this bit decrements the all frame mode counter by
one. If apacket is sent with this bit clear, the all frame mode counter is not affected. (value after
reset =0)

FAF: Force All Frame mode. Setting this bit forces the FLEX™ decoder |1 to enter all frame
mode. If thisbit is clear, the FLEX™ decoder || may or may not be in all frame mode depending
on the status of the all frame mode counter and the temporary address enable counters. This may
be useful in acquiring transmitted time information. (value after reset=0)

DTA: Decrement Temporary Address enable counter. When abit in thisword is set, the
corresponding temporary address enable counter is decremented by one. When a hit is cleared, the
corresponding temporary address enable counter is not affected. When atemporary address enable
counter reaches zero, the temporary address is disabled.(value after reset=0)
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1435 Operator Messaging Address Enable Packet

The contents of this section apply to the FLEX Roaming Decoder. They are not applicable to the
FLEX Non-Roaming Decoder.

The operator messaging address enable packet is used to enable and disable the built-in FLEX
operator messaging addresses. Enabling and disabling operator messaging addresses does not
affect what frames the decoder 1C decodes. To decode the proper frames, the host must modify the
FF bitsin the Control Packet or the AF bitsin the Frame Assignment Packets. The ID of the
operator messaging address enable packet is 4.

Table14.7 System Address Enable Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 0 1 0 0
Byte2 O 0 0 0 0 0 0 0

Bytel OAE, OAE, OAE,, ©OAE,, OAE, OAE, OAE, OAE,

ByteO OAE, OAE,  OAE, OAE, OAE, OAE, OAE, OAE,

OAE: Operator messaging Address Enable. When a bit is set, the corresponding operator
messaging address is enabled. When it is cleared, the corresponding operator messaging addressis
disabled. OAE, through OAE 5 corresponds to the hexadecimal operator messaging address values
of 1F7810 through 1F781F respectively. (value after reset=0)

14.3.6 Roaming Control Packet

The contents of this section apply to the FLEX Roaming Decoder. They are not applicable to the
FLEX Non-Roaming Decoder.

The roaming control packet controls the features of the FLEX™ decoder |1 that allow
implementation of aroaming device. The ID of the roaming control packet is5.

Table14.8 Roaming Control Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 0 1 0 1
Byte2 IRS NBC MCM IS1 SDF RSP SND CND
Bytel RND ABI SAS DAS 0 0 0 0
ByteO O 0 MFC, MFC, O 0 MCO,  MCO,
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IRS: Ignore Re-synchronization Signal. When this bit is set, the FLEX™ decoder 11 will not go
asynchronous when detecting an Ar or Ar signal during searches for A-words. It will merely report
that the re-synchronization signal was received by setting RSR to 1 in the Roaming Status packet.
This allows the host to decide what to do when the paging device is synchronous to more than one
channel and only one channel is sending the re-synchronization signal. It also preventsthe
FLEX™ decoder Il from losing synchronization when it detects the re-synchronization signal
while the paging device is checking an unknown channel. This hit is set and cleared by the host.
(value after reset=0)

NBC: Network Bit Check. Setting this bit will enable reporting of the received network bit value
(NBU and n) in the Roaming Status Packet. Setting this bit also makes the FLEX ™ decoder 11
abandon a frame after the Frame Info word without synchronizing to the frame if the frame
information word is uncorrectable or if the n bit in the frame information word is not set. If the
FLEX™ decoder Il wasin synchronous mode when this occurred (probably due to synchronizing
to asecond channel), it will maintain synchronization to the original channel. If the FLEX™
decoder Il was in asynchronous mode when this occurred, it will stay in asynchronous mode and
end the A-word search. Thisis done to avoid synchronizing to a non-roaming channel when
searching for roaming channels. This bit is set and cleared by the host. (value after reset=0)

MCM: Manua Collapse Mode. When this bit is set, the FLEX™ decoder |1 behaves asif the
system collapse was 7. The FLEX™ decoder 11 will not apply the received system collapse to the
AF bits. When this bit is set, the received system collapse is reported to the host via SCU and RSC
in the Roaming Status Packet. Thisis so the host can modify the AF bits based on the system
collapse of the channel. This bit is set and cleared by the host. (value after reset=0)

I S1:Invert EXTSL. Setting this bit inverts the expected polarity of the EXTS1 pin from the way it
is configured by SP 1 in the Configuration Packet (e.g. if both IS1 and SP 1 are set, the polarity of
the EXTSL pin is untouched). This bit isintended to be changed when a change in a channel
changes the polarity of the received signal. This bit is set and cleared by the host. This bit has the
equivalent effect when using the internal demodulator. (value after reset=0)

SDF: Stop Decoding Frame. Setting this bit causes the FLEX ™ decoder 11 to stop decoding a
frame without losing frame synchronization. This bit is set by the host, and cleared by the FLEX™
decoder |1 once it has been processed. The packet with the SDF bit set must be sent after receiving
the status packet with EA bit set. It must be sent within 40ms of the end of block in which the
FLEX™ decoder Il set the EA hit. (value after reset=0)

RSP: Receiver Shutdown Packet enable. When this bit is set, a Receiver Shutdown Packet will be
sent whenever the receiver is shut down. The receiver shutdown packet informs the host that the
receiver shutdown, and how long it will be before the FLEX™ decoder 11 will automatically warm
the receiver back up. (value after reset=0)

SND: Start Noise Detect. Setting this bit while the FLEX™ decoder 11 is battery saving will cause
it to warm-up the receiver, run a noise detect, and report the result of the noise detect viaNDR in
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the Roaming Status Packet. This bit is set by the host, and cleared by the FLEX™ decoder |1 once
it has been processed. If the time comes for the FLEX ™ decoder 11 to warm up automatically or
the SAS hit is set while an SND is being processed, the noise detect will be abandoned and the
abandoned noise detect result (NDR = 01) will be sent in the Roaming Status Packet. (value after
reset=0)

CND: Continuous Noise Detect. Setting this bit will cause the FLEX™ decoder |1 to do
continuous noise detects during the decoded block data of aframe. The results of the noise detect
will only be reported if noise is detected (NDR = 11). Only one noise detected result (NDR=11)
will be sent per block. If the FLEX™ decoder 11 has not completed a noise detect when it shuts
down for the frame, that noise detect will be abandoned, but no abandon result (NDR=01) will be
sent. This bit is set and cleared by the host. (value after reset=0)

RND: Report Noise Detects. Setting this bit will cause the FLEX™ decoder |1 to report the results
of the noise detects it does under normal asynchronous operation (when first turned on and when
asynchronous). The results of the noise detect will be reported via NDR in the Roaming Status
Packet. Thisbit is set and cleared by the host. (value after reset=0)

ABI: All Block Information words. When this bit is set, the FLEX™ decoder Il will send all
received Block Information words 2-4 to the host. Note: Setting the SBI bit in the Control Packet
only enables errored and real time clock related block info words. (value after reset=0)

SAS: Start A-word Search. Setting this bit while in asynchronous battery save mode will cause the
FLEX™ decoder 1l to warm-up the receiver and run an A-word search. If, during the A-word
search, the FLEX™ decoder |1 finds sufficient FLEX signal, it will enter synchronous mode and
start decoding the frame. If the A-word search times-out without finding sufficient FLEX signal, it
will battery save and continue doing periodic noise detects. The time-out for the A-word searches
is controlled by the AST bitsin the Timing Control Packet and the MOT bit in the Configuration
Packet. The A-word search takes priority over noise detects. Therefore, if the FLEX™ decoder |1
is performing an A-word search and the time comes to do automatic noise detect, the noise detect
will not be performed. This bit is set by the host, and cleared by the FLEX™ decoder |1 once it has
been acted on. (value after reset=0)

DAS: Disable A-word Search. When this bit is set, an A-word search will not automatically occur
after a noise detect in asynchronous mode finds FLEX signal. This includes automatic noise
detects and noise detectsinitiated by the host by setting SND. The FLEX™ decoder I1 will shut
down the receiver after the noise detect completes regardless of the result. When this bit is cleared,
A-word searches will occur after anoise detect finds signal in asynchronous mode. (value after
reset=0)

MFC: Missed Frame Control. These bits control the frames for which missing frame data (M S1,
MFI, MS2, MBI, and MAW) is reported in the Roaming Status Packet. (value after reset=0)
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MFC, MFC, Missing Frame Data Reported

0 0 Never

0 1 Only during frames 0 through 3
1 0 Only during frames 0 through 7
1 1 Always

MCO: Maximum Carry On. The value of these bits sets the maximum carry on that the FLEX™
decoder |1 will follow. For example, if the FLEX™ decoder |1 receives acarry on of 3 over the air
and MCO is set to 1, the FLEX™ decoder |1 will only carry on for one frame. (value after reset=3)

14.3.7 Timing Control Packet

The contents of this section apply to the FLEX Roaming Decoder. They are not applicable to the
FLEX Non-Roaming Decoder.

The timing control packet gives the host control of the timing used when the FLEX™ decoder Il is
in asynchronous mode. The packet ID for the timing control packet is 6.

Table14.9 Timing Control Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 1 1 1 1
Byte2 0 0 0 0 0 0 0 0

Bytel AST,  AST,  AST, AST,  AST, AST, AST,  AST,

ByteO ABT, ABT,  ABT, ABT,  ABT, ABT,  ABT, ABT,

AST: A-word Search Time. The value of these bits sets the A-word search time for all
asynchronous A-word searches in units of 80ms (e.g. value of 1 is80ms, value of 2 is 160ms, etc.)
If thevalueis 0, the FLEX™ decoder Il defaults to the 1-minute (MOT=1) or 4-minute (MOT=0)
A-word search time controlled by the MOT bit in the configuration packet. (Value after reset=0)

ABT: Asynchronous Battery-save Time. The value of these bits sets the battery save time (time
from the beginning of one automatic noise detect to the beginning of the next automatic noise
detect) in asynchronous mode in units of 80ms (e.g. value of 1 is80ms, value of 2 is 160ms, etc.)
If the valueis O, the battery save time is set to the default value of 1.5 seconds. The minimum
allowed ABT is 320ms, therefore values of 1, 2, 3, and 4 are invalid. (Value after reset=0)
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14.3.8 Receiver Line Control Packet

This packet gives the host control over the settings on the receiver control lines (S0-S7) in all
modes except reset. In reset, the receiver control lines are in high impedance settings. The ID for
the Receiver Line Control Packet is 15 (decimal).

Table 14.10 Receiver Line Control Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 1 1 1 1
Byte2 O 0 0 0 0 0 0 0

Bytel FRS, FRS, FRS, FRS, FRS, FRS, FRS, FRS,

Byte0O CLS, CLS, CLS, cLs, cCLs, <CLS, CLS, CLs,

FRS: Force Receiver Setting. Setting a bit to one will cause the corresponding CL S bit in this
packet to override the internal receiver control settings on the corresponding receiver control line
(S0-S7). Clearing a bit gives control of the corresponding receiver control lines (S0-S7) back to
the FLEX™ decoder 11.(value after reset=0)

CLS: Control Line Setting. If the corresponding FRS bit was set in this packet, these bits define
what setting should be applied to the corresponding receiver control lines.(value after reset=0)

14.3.9 Receiver Control Configuration Packets

These packets allow the host to configure what setting is applied to the receiver control lines SO-
S7, how long to apply the setting, and when to read the value of the LOBAT input pin. For amore
detailed description of how the FLEX™ decoder |1 uses these settings see 14.5.1, Receiver
Control. The FLEX™ decoder Il defines 12 different receiver control settings. Proper operation is
not guaranteed if these settings are changed when decoding is enabled (i.e. the ON bit in the
Control Packet is set). The IDs for these packets range from 16 to 27 (decimal).

1. Receiver Off Setting Packet

Table14.11 Receiver Off Setting Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 1 0 0 0 0
Byte2 O 0 0 0 LBC 0 0 0
Bytel CLS, CLS, CLS, cLs, cCLs, CLS, CLS, CLs,
ByteO ST, ST, ST, ST, ST, ST, ST, ST,
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LBC: Low Battery Check. If this bit is set, the FLEX™ decoder Il will check the status of the
LOBAT port just before leaving this receiver state. (value after reset=0)

CLS: Control Line Setting. Thisisthe value to be output on the receiver control lines (S0-S7) for
thisreceiver state. (value after reset=0)

ST: Step Time. Thisisthe timethe FLEX™ decoder |1 isto keep the receiver off before applying
the first warm up state’ s receiver control value to the receiver control lines. The setting isin steps
of 625ps. Valid values are 625us (ST=01) to 159.375ms (ST=FF in hexadecimal). (value after
reset=625(1s)

2. Receiver Warm Up Setting Packets

Table14.12 Receiver Warm Up Setting Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Byte3 O 0 0 1 0 S, S, So
Byte 2 SE 0 0 0 LBC 0 0 0
Bytel CLS, CLS, CLS, CLS, CLS, CLS, CLS, CLS,
ByteO 0 ST, ST, ST, ST, ST, ST, ST,

s Setting Number. Receiver control setting for which this packet’s values are to be applied. The
following truth table shows the names of each of the values for sthat apply to this packet.

S, S; S Setting Name
0O 0 1 Warm Up 1
0O 1 O Warm Up 2
0o 1 1 Warm Up 3
1 0 O Warm Up 4
1 0 1 Warm Up 5

SE: Step Enable. The receiver setting is enabled when the bit is set. If a step in the warm up
sequence is disabled, the disabled step and all remaining steps will be skipped. (value after
reset=0)

LBC: Low Battery Check. If thisbit is set, the FLEX™ decoder Il will check the status of the
LOBAT port just before leaving this receiver state. (value after reset=0)

CLS: Control Line Setting. Thisis the value to be output on the receiver control lines (S0-S7) for
thisreceiver state. (value after reset=0)
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ST: Step Time. Thisisthe timethe FLEX™ decoder |1 isto wait before applying the next state’s
receiver control value to the receiver control lines. The setting isin steps of 625us. Valid values

are 625ps (ST=01) to 79.375ms (ST=7F in hexadecimal). (value after reset=625(1s)

3. 3200sps Sync Setting Packets

Table 14.13 3200sps Sync Setting Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 1 0 1 1 0
Byte2 O 0 0 0 LBC 0 0 0
Bytel CLS, CLS, CLS, cLs, cCLs, CLS, CLS, CLS,
ByteO O ST, ST, ST, ST, ST, ST, ST,

LBC: Low Battery Check. If this bit is set, the FLEX™ decoder 11 will check the status of the

LOBAT port just before leaving this receiver state. (value after reset=0)

CLS: Control Line Setting. Thisis the value to be output on the receiver control lines (SO-S7) for

thisreceiver state. (value after reset=0)

ST: Step Time. Thisisthe time the FLEX™ decoder |1 isto wait before expecting good signals on
the EXTSL1 and EXTSO0 signals after warming up. The setting isin steps of 625us. Valid values are
625Us (ST=01) to 79.375ms (ST=7F in hexadecimal). (value after reset=625}1s)

4. Receiver On Setting Packets

Table 14.14 Receiver On Setting Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Byte3 O 0 0 1 S, S, S, So
Byte2 O 0 0 0 LBC 0 0 0
Bytel CLS, CLS, CLS, CLS, CLS, CLS, CLS, CLS,
Byte0 O 0 0 0 0 0 0 0
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s Setting Number. Receiver control setting for which this packet’s values are to be applied. The
following truth table shows the names of each of the values for sthat apply to this packet.

S;3 S, S; Sy Setting Name
0111 1600sps Sync
10 00 3200sps Data
10 01 1600sps Data

LBC: Low Battery Check. If this bit is set, the FLEX™ decoder Il will check the status of the
LOBAT port just before leaving this receiver state. (value after reset=0)

CLS: Control Line Setting. Thisisthe value to be output on the receiver control lines (S0-S7) for
thisreceiver state. (value after reset=0)

5. Receiver Shut Down Setting Packets

Table 14.15 Receiver Shut Down Setting Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 1 1 0 1 s
Byte2 SE 0 0 0 LBC 0 0 0
Bytel CLS, CLS, CLS, cLs, cCLs, CLs, CLS, CLS,
ByteO O 0 ST, ST, ST, ST, ST, ST,

s Setting Number. Receiver control setting for which this packet’s values are to be applied. The
following truth table shows the names of each of the values for sthat apply to this packet.

Setting Name
0 Shut Down 1
1 Shut Down 2

SE: Step Enable. The receiver setting is enabled when the bit is set. If astep in the shut down
sequence is disabled, all steps following the disabled step will be ignored. (value after reset=0)

LBC: Low Battery Check. If this bit is set, the FLEX™ decoder Il will check the status of the
LOBAT port just before leaving this receiver state. (value after reset=0)

CLS: Control Line Setting. Thisisthe value to be output on the receiver control lines (S0-S7) for
thisreceiver state. (value after reset=0)
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ST: Step Time. Thisisthe timethe FLEX™ decoder |1 isto wait before applying the next state’s
receiver control value to the receiver control lines. The setting isin steps of 625us. Valid values
are 625ps (ST=01) to 39.375ms (ST=3F in hexadecimal). (value after reset=625(1s)

14.3.10 Frame Assignment Packets

The FLEX protocol defines that each address of a FLEX pager is assigned a home frame and a
battery cycle. The FLEX™ decoder |11 must be configured so that a frame that is assigned by one
or more of the addresses’ home frames and battery cycles hasits corresponding configuration bit
set. For example, if the FLEX™ decoder |1 has one enabled address and it is assigned to frame 3
with a battery cycle of 4, the AF bits for frames 3, 19, 35, 51, 67, 83, 99, and 115 should be set
and the AF bits for all other frames should be cleared.

When the FLEX™ decoder 11 is configured for manual collapse mode by setting the MCM bit in
the Roaming Control Packet, the FLEX™ decoder |1 will not apply the received system collapse
to the AF bits. The host should set the AF bits for all frames that should be decoded on all
channels. For example, if frames 0 and 64 should be decoded on one channel and frames 4, 36, 68,
and 100 should be decoded on another channel, all six of the corresponding AF bits should be set.
The host can then change the receiver’s carrier frequency after the FL EX™ decoder 11 decodes
frames 0, 36, 64, and 100.

There are 8 Frame Assignment Packets. The Packet 1Ds for these packets range from 32 to 39
(decimal).

Table14.16 Frame Assignment Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 1 0 0 f, f, f,
Byte2 O 0 0 0 0 0 0 0
Bytel AF, AF AF,, AF,, AF AF , AF, AF,
ByteO AF, AF, AF, AF, AF, AF, AF, AF,

f: Frame range. This value determines which 16 frames correspond to the 16 AF bitsin the packet
according to the following table. At least one of these bits must be set when the FLEX™ decoder
Il isturned on by setting the ON bit in the control packet. (value after reset=0)
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AF AF,

00O Frame 127 Frame 112
0 01 Frame 111 Frame 96
010 Frame 95 Frame 80
011 Frame 79 Frame 64
100 Frame 63 Frame 48
101 Frame 47 Frame 32
110 Frame 31 Frame 16
111 Frame 15 Frame O

AF: Assigned Frame. If abit is set, the FLEX™ decoder Il will consider the corresponding frame
to be assigned via an address' s home frame and pager collapse. (value after reset=0)

14.3.11 User Address Enable Packet

The User Address Enable Packet is used to enable and disable the 16 user address words.
Although the host is allowed to change the user address words while the FLEX™ decoder |1 is
decoding FLEX signals, the host must disable a user address word before changing it. The ID of
the User Address Enable Packet is 120 (decimal).

Table14.17 User Address Enable Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 1 1 1 1 0 0 0
Byte2 O 0 0 0 0 0 0 0

Bytel UAE, UAE, UAE,, UAE,, UAE, UAE,, UAE, UAE,

ByttO UAE, UAE,  UAE, UAE, UAE, UAE, UAE, UAE,

UAE: User Address Enable. When a bit is set, the corresponding user address word is enabled.
When it is cleared, the corresponding user address word is disabled. UAE, corresponds to the user
address word configured using a packet ID of 128, and UAE15 corresponds to the user address
word configured using a packet ID of 143. (value after reset=0)
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14.3.12 User Address Assignment Packets

The FLEX™ decoder Il has 16 user address words. Each word can be programmed to be a short
address, part of along address, or thefirst part of a network ID. The addresses are configured
using the Address Assignment Packets. Each user address can be configured as long or short and
tone-only or regular (network ID’s are short and regular). Although the host is allowed to send
these packets while the FLEX™ decoder 11 is on, the host must disable the user address word by
clearing the corresponding UAE bit in the User Address Enable Packet before changing any of the
bitsin the corresponding User Address Assignment Packet. This method allows for easy
reprogramming of user addresses without disrupting normal operation. The IDs for these packets
range from 128 to 143 (decimal).

Table 14.18 User Address Assignment Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 1 0 0 0 a, a, a, a,
Byte2 0 LA TOA A, AL A, AL A
Bytel A, A, A, A, A, Ay A, A,
Byte0 A, A, A, A, A, A, A, A,

a: User Address Word Number. This specifies which address word is being configured. A zeroin
thisfield corresponds to address index zero (Al = 0) in the Address Packet received from the
FLEX™ decoder I when an address is detected. See 14.4.2, Address Packet for a description of
the addressindex field.

LA: Long address. When this hit is set, the address is considered along address. Both words of a
long address must have this bit set. The first word of along address must have an even address
index and the second word must be in the address index immediately following the first word.

TOA: Tone-Only Address. When this bit is set, the FLEX™ decoder Il will consider this address
atone-only address and will not decode a vector word when the address is received. If the TOA bit
of along address word is set, the TOA bit of the other word of the long address must also be set.

A: Addressword. Thisisthe 21 bit value of the address word. Valid FLEX messaging addresses
or Network 1D’ smay be used.
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144  Decoder-to-Host Packet Descriptions

The following sections describe the packets of information that will be sent from the FLEX™
decoder 11 to the host. In all cases the packets are sent MSB first (bit 7 of byte 3 = bit 31 of the
packet = MSB). The FLEX™ decoder |1 decides what data should be sent to the host. If the
FLEX™ decoder |l is disabled through the checksum feature (see 14.3.1, Checksum Packet for a
description of the checksum feature) the Part ID Packet will be sent. Data Packets relating to data
received over the air are buffered in the 32 packet transmit buffer. The Data packets include Block
Information Word Packets, Address Packets, Vector Packets, and Message Packets.

If the FLEX™ decoder |1 is enabled and areceiver shutdown packet is pending, the receiver
shutdown packet will be sent. If thereis no receiver shutdown packet pending, but thereisa
roaming status packet pending, the roaming status packet will be sent. If neither the receiver
shutdown packet nor the roaming status packet is pending and there is data in the transmit buffer, a
packet from the transmit buffer will be sent. Otherwise, the FLEX™ decoder |1 will send the
Status Packet (which is not buffered). In the event of a buffer overflow, the FLEX™ decoder |1

will automatically stop decoding and clear the buffer.

It is recommended that the Host be designed to empty the FIFO buffer every block with enough
time | eft over to read a status packet. This would ensure that any applicable Status Packet would
be received within 1 block of the new status being available.

Part ID Register

32
Receiver Shutdown Register 32
Roaming Status Register 372//
>
32/ »
4>

X
§ 32// V

SPI Transmit Register |——p»
MISO

32x32 Data Packet
FIFO Transmit Buffer

Status Register

32/
/

Figure14.8 FLEX™ decoder Il SPI Transmit Functional Block Diagram

462
RENESAS




1441 Block Information Word Packet

The Block Information Field is the first field following the synchronization codes of the FLEX
protocol. Thisfield contains information about the frame such as number of addresses and
messages, information about current time, the channel 1D, channel attributes, etc. The first block
information word of each phase is used internally to the FLEX™ decoder |1 and is never
transmitted to the host with the exception of the system collapse which is sent to the host when the

FLEX™ decoder Il isin manual collapse mode.

Time block information words 2-4 can be optionally sent to the host by setting the SBI bit in the
control packet (see 14.3.3, Control Packet). All block information words 2-4 can be optionally
sent to the host by setting the ABI bit in the roaming control packet. When the SBI or ABI bitis
set and any block information word 2-4 is received with an uncorrectable number of biterrors, the
FLEX™ decoder Il will send the block information word to the host with the e bit setregardless of
the value of the f field in the block information word. The FLEX™ decoder |1 does not support
decoding of the vector and message words associated with the Data/System Message block info
word (f=101). The ID of aBlock Information Word Packet is 0 (decimal).

Table 14.19 Block Information Word Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 0 0 1 0 0 0 0 0
Byte2 e p, P, X X f, f, fo
Bytel x X Sis S, S S 10 Sg Sg
Byte0 s, Se S, S, S, S, S, S,

e Setif morethan 2 bit errors are detected in the word or if the check character calculation fails
after error correction has been performed.

p: Phase on which the block information word was found (0=a, 1=b, 2=c, 3=d)
x: Unused bits. The value of these bitsis not guaranteed.

f: Word Format Type. The value of these bits modify the meaning of the s bitsin this packet as
described in the BIW word descriptions in the s bit definition below.

s: These are the information bits of the block information word. The definition of these bits
depend on thef bitsin this packet. The following table describes the block information words.
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f, f, f, Si3 S, S Sio S¢ Sg S; S¢ Ss S, S; S, S; S, Description

o
o

o**ig i, iy iy i, iy i, i, i, C, C; C, C, C, LocallD, Coverage
Zone

**mym, m m, d, d; d, d, d, Y, Y, Y, Y, Y, Month, Day, Year

0**S, S, S, M, M, M; M, M; M, H, H, H, H, H, Second, Minute, Hour

1** Reserved by FLEX protocol for future use

0*' Reserved by FLEX protocol for future use

%22y 24 2, 24 Zs Z, Z5 Z, Z, Z, A, A, A, A, System Message

0*' Reserved by FLEX protocol for future use

N == =]
Rrlkr|lo|lOo|rRr|FL|O

1*'c¢, €5 €, C C C, C C, C, ¢, T, T, T, T, Country Code, Traffic
Management Flags

Notes: *1 Will be decoded only if the ABI bit is set.
*2 Will be decoded only if the SBI or ABI bit is set.

14.4.2  Address Packet

The Address Field follows the Block Information Field in the FLEX protocol. It contains all of the
addressesin the frame.

If less than three bit errors are detected in areceived address word and it matches an enabled
address assigned to the FLEX™ decoder 11, an Address Packet will be sent to the host processor.
The Address Packet contains assorted data about the address and its associated vector and
message. The ID of an Address Packet is 1 (decimal).

Table 14.20 Address Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 0 0 0 0 0 0 1
Byte2 PA P, Po LA X X X X
Bytel Al, Al, Al Al, Al, Al, Al, Al,
Byte0 TOA WN, WN, WN, WN, WN, WN, WN,

PA: Priority Address. Set if the address was received as a priority address.
p: Phase on which the address was detected (0=a, 1=b, 2=c, 3=d)

LA: Long Addresstype. Set if the address was programmed in the FLEX™ decoder Il asalong
address.

Al: Address Index (valid values are O through 15 and 128 through 159). The index identifies
which of the addresses was detected. Values 0 through 15 correspond to the 16 programmable
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address words. Vaues 128 through 143 correspond to the 16 temporary addresses. Values 144
through 159 correspond to the 16 operator messaging addresses. For long addresses, the address
detect packet will only be sent once and the index will refer to the second word of the address.

TOA: Tone Only Address. Set if the address was programmed in the FLEX™ decoder Il asa
tone-only address. This bit will never be set for temporary or gperator messaging addresses. No
vector word will be sent for tone-only addresses.

WN: Word number of vector (2 - 87). Describes the location in the frame of the vector word for
the detected address. Thisvalueisinvalid for this packet if the TOA bit is set.

x: Unused bits. The value of these bitsis not guaranteed.

14.4.3 Vector Packet

The Vector Field follows the Address Field in the FLEX protocol. Each Vector Packet must be
matched to its corresponding Address Packet. The ID of the vector packet is the word number
where the vector word was received in the frame. This value corresponds to the WN bits sent in
the associated address packet. The phase information in both the Address Packet and the Vector
Packet must also match. It isimportant to note for long addresses, the first message word will be
transmitted in the word |ocation immediately following the associated vector. Seel4.5.2, Message
Building for a message building example. In this case, the word number (identified by b to b, ) in
the Vector Packet will indicate the message start of the second message word if the messageis
longer than 1 word.

There are several types of vectors - 3 types of Numeric Vectors, a Short Message / Tone Only
Vector, aHex / Binary Vector, an Alphanumeric Vector, a Secure Message Vector, and a Short
Instruction Vector. Each is described in the following pages. Two of the modes of the Short
Instruction Vector is used for assigning temporary addresses that may be associated with a group
cal.

The Numeric, Hex / Binary, Alphanumeric, and Secure Message Vector Packets have associated
Message Word Packets in the message field. The host must use the n and b bits of the vector word
to calculate what message word locations are associated with the vector. The message word
locations and the phase must match.

Four of the vectors (Hex / Binary, Alphanumeric, Secure Message, and the temporary address
assignment modes of the Short Instruction) enable the FLEX™ decoder |1 to begin the all frame
mode. This mode is required to allow for the decoding of temporary addresses and / or fragmented
messages. The host disables the All Frame Mode after the proper time by writing to the decoder
viathe All Frame Mode Packet. See 14.5.3, Building a Fragmented Message and 14.5.4,
Operation of a Temporary Address for more information. For any Address Packet sent to the host
(except tone-only addresses), a corresponding Vector Packet will always be sent. If more than two
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bit errors are detected (via BCH calculations, parity calculations, check character calculations, or
value validation) in the vector word the e bit will be set and the message words will not be sent.

1. Numeric Vector Packet

Table14.21 Numeric Vector Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 0 WN, WN, WN, WN, WN, WN, WN,
Byte2 e p, [ X X Vv, V, V,
Bytel x X K, K, K, K, n, n,
Byte0 n, be b, b, b, b, b, b,

V: Vector type identifier.

V, V, V, Name Description

0 1 1 Standard NumericVector No special formatting of characters is specified

1 0 0 Special Format Numeric Vector Formatting of the received characters is predetermined
by special rules in the host.

1 1 1 Numbered Numeric Vector The received information has been numbered by the
service provider to indicate all messages have been
properly received

WN: Word number of vector (2 - 87 decimal). Describes the location of the vector word in the
frame.

e: Set if more than 2 bit errors are detected in the word, if the check character calculation fails
after error correction has been performed, or if the vector value is determined to be invalid.

p: Phase on which the vector was found (0O=a, 1=b, 2=c, 3=d)
K: Beginning check bits of the message.

n: Number of message wordsin the message including the second vector word for long addresses
(000 = 1 word message, 001 = 2 word message, etc.). For long addresses, the first message word is
located in the word location that immediately follows the associated vector.

b: Word number of message start in the message field (3-87 decimal). For long addresses, the
word number indicates the location of the second message word.

x: Unused bits. The value of these bitsis not guaranteed.
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2. Short Message/ Tone Only Vector

Table14.22 Short Message/ Tone Only Vector Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 0 WN, WN, WN, WN, WN, WN, WN,
Byte2 e p. P, X X vV, V, V,
Byte1 x X d,, d; d, dg d, de
Byte0 d, d, d, d, d, d, t, t,

V: 010 for a Short Message / Tone Only Vector

WN: Word number of vector (2 - 87 decimal). Describes the location of the vector word in the
frame.

e Setif more than 2 bit errors are detected in the word or, if after error correction, the check
character calculation fails.

p: Phase on which the vector was found (0=a, 1=b, 2=c, 3=d)

d: Data hits whose definition depend on the value of t in this packet according to the following
table. Note that if this vector is received on along address and the e bit in this packet is not set, the
decoder will send a Message Packet from the word location immediately following the Vector
Packet. Except for the short message on a non-network address (t=0), all message bitsin the
Message Packet are unused and should be ignored.

t, t, d,,d, dy dg d, d¢ d; d, d, d, d, d, Description

0 0 c,g ¢, C, C, by b, b, b, a, a, a, a, Short Numeric: 3 numeric chars** when on a
messaging address

00 T, T, T, T, M, M; My A, A; A, A, A, Part of NID when on a Network Address

0 1 s; S, S S5 S, S; S, S; So S, S, S, Tone Only: 8 sources (S) and 9 unused bits
(s)

1 0 s; s, Ry Ny N, N; N, N; N, S, S; S, Tone Only: 8 sources (S), message number
(N), message retrieval flag (R), and 2 unused
bits (s)

11 spare message type

Note: For long addresses, an extra 5 characters are sent in the Message Packet immediately
following the Vector Packet.

t: Message type. These bits define the meaning of the d bitsin this packet.
x: Unused bits. The value of these bitsis not guaranteed.
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3. HEX/ Binary, Alphanumeric, and Secure Message V ector

Table 14.23 HEX / Binary, Alphanumeric, and Secure M essage Vector Packet Bit

Assignments
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 0 WN, WN, WN, WN, WN, WN, WN,
Byte2 e P, Po X X v, V, V,
Bytel X X Ng ng n, n, n, n,
Byte0 n, b, b, b, b, b, b, b,

V: Vector type identifier.

V, V, V, Type
00O Secure
101 Alphanumeric
110 Hex / Binary

WN: Word number of vector (2 - 87 decimal). Describes the location of the vector word in the
frame.

e: Set if more than 2 bit errors are detected in the word, if the check character calculation fails
after error correction has been performed, or if the vector value is determined to be invalid.

p: Phase on which the vector was found (0=a, 1=b, 2=c, 3=d)

n: Number of message wordsin this frame including the first Message word that immediately
follows along address vector. Valid values are 1 through 85 decimal .

b: Word number of message start in the message field. Valid values are 3 through 87 decimal.
x: Unused bits. The value of these bitsis not guaranteed.

Note: For long addresses, the first Message Packet is sent from the word location immediately
following the word location of the Vector Packet. The b bits indicate the second message
word in the message field if one exists.
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4. Short Instruction Vector

Table 14.24 Short Instruction Vector Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 0 WN, WN, WN, WN, WN, WN, WN,
Byte2 e p. P, X X vV, V, V,
Bytel x X dy d, dg d, dg dg
Byte0 d, d, d, d, d, i, iy i

V: 001 for a Short Instruction V ector

WN: Word number of vector (2 - 87 decimal). Describes the location of the vector word in the

frame.

e Setif more than 2 bit errors are detected in the word or, if after error correction, the check
character calculation fails.

p: Phase on which the vector was found (0=a, 1=b, 2=c, 3=d)

d: Data hits whose definition depend on the i bitsin this packet according to the following table.
Note that if this vector isreceived on along address and the e bit in this packet is not set, the
decoder will send a Message Packet immediately following the VVector Packet. All message bitsin
the message packet are unused and should be ignored for all modes except the Temporary address
assignment with MSN (i, i, i, =010).

i, i, Iy dgdy dg d, d4 d; d, d; d, d; d, Description

0 00 a a a, a, f, f, f, f, f, f, f, Temporary address assignment**

0 01 dy,dy dg d; dg d; d, d, d, d; d, 11 EventFlags for System Event

0 1 0 a a, a, a, f; Ny N, N, N, N, N, Temporary address assignment with MSN**
0 1 1 Reserved

1 00 Reserved

1 0 1 Reserved

1 10 Reserved

11 1 Reserved for test

Notes: *1 Assigned temporary address (a) and assigned frame (f). See 14.5.4, Operation of a

Temporary Address for a description of the use of these fields.

*2 Assigned temporary address (a), MSb of assigned frame (fs ), and message sequence
number (N). The message packet sent with this instruction on long addresses contains
extra frame information, see 14.5.4, Operation of a Temporary Address for a description

and for details on the use of the other fields.
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i: Instruction type. These bits define the meaning of the d bitsin this packet.

x: Unused bits. The value of these bitsis not guaranteed.

1444  Message Packet

The Message Field follows the Vector Field in the FLEX protocol. It contains the message data,
checksum information, and may contain fragment numbers and message numbers.

If the error bit of avector word is not set and the vector word indicates that there are message
words associated with the page, the message words are sent in Message Packets.

The ID of the Message Packet is the word number where the message word was received in the
frame.

Table14.25 Message Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 0 WN, WN, WN, WN, WN, WN, WN,
Byte2 e p. P, i i1 i1g i i16
Bytel i, i1 i1 i i i 10 i ig
ByteO i, i i i, i i, iy i

WN: Word number of message word (3 - 87 decimal). Describes the location of the message word
in the frame.

e Set if more than 2 bit errors are detected in the word.
p: Phase on which the message word was found (0=a, 1=b, 2=c, 3=d)

i: These are the information bits of the message word. The definitions of these bits depend on the
vector type and which word of the message is being received.

1445 Roaming Status Packet

The contents of this section apply to the FLEX Roaming Decoder. They are not applicable to the
FLEX Non-Roaming Decoder.

The FLEX™ decoder Il will automatically prompt the host to read a Roaming Status Packet if
RSR, MS1, MFI, MS2, MBI, MAW, NBU, NDR, , NDR,,, or SCU is set.
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Table 14.26 Roaming Status Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 1 1 0 0 0 0 0
Byte2 RSR MS1 MFI MS2 MBI MAW NBU n
Bytel x X X X X X NDR, NDR,
Byte0 X X X X Scu RSC, RSC, RSC,

RSR: Re-synchronization Signal Received. Set when the FLEX™ decoder |1 detected are-
synchronization signal and the host configured the FLEX ™ decoder |1 to ignore it viathe IRS bit
in the roaming control packet. This bit is cleared when read.

M S1: Missed Synchronization 1. Set when the FLEX™ decoder |1 failed to detect the first
synchronization pattern (A / A) of aFLEX frame and the FLEX ™ decoder 11 was configured to
report missed frame information viathe MFC bit in the roaming control packet. Thisbit is cleared
when read.

MFI: Missed Frame Information word. Set when the frame information word is received with an
uncorrectable number of errors and the FLEX™ decoder |1 was configured to report missed frame
information viathe MFC bit in the roaming control packet. This bit is cleared when read.

M S2: Missed Synchronization 2. Set when the FLEX™ decoder 11 failed to detect the second
synchronization pattern (C / C) of aframe and FLEX™ decoder 11 was configured to report
missed frame information viathe MFC bit in the roaming control packet. This bit is cleared when
read.

MBI: Missed Block Information word 1. Set when at least one of the block information word ones
is received with an uncorrectable number of errors and FLEX™ decoder |1 was configured to
report missed frame information viathe MFC bit in the roaming control packet. Thisbit is set no
more than once per frame regardless of the number of missed block information word 1's in the
frame. This bit is cleared when read.

MAW: Missed Address Word. Set when any address words in the address field is received with
an uncorrectable number of errors and FLEX™ decoder |1 was configured to report missed frame
information viathe MFC bit in the roaming control packet. This bit is set no more than once per
frame regardless of the number of missed address words in the frame. This bit is cleared when
read.

NBU: Network Bit Update. Set when the NBC bit in the roaming control packet is set and aframe
information word is received with a correctable number of errors. This bit will not be set when the
frame information word is not received due to missing the first synchronization pattern (A / A).
Thisbit is cleared when read.
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n: Network bit value. When NBU is sgt, thisisthe value of the n bit in the last received frame
information word.

NDR: Noise Detect Result. These bitsindicate the result of a noise detect. The results of noise
detectsinitiated by setting the SND bit in the roaming control packet will always be reported. The
results of the automatic noise detects performed in asynchronous mode will only be reported if the
RND bit is set in the roaming control packet. When continuous noise detects during block data are
enabled by setting the CND bit in the roaming control packet, only the “No FLEX signal detected”
result will be reported. These hits are cleared when read.

NDR Noise Detect Result

00 No Information

01 Noise Detect was abandoned
10 FLEX signal detected

11 FLEX signal not detected

SCU: System Collapse Update. Set when the FLEX™ decoder 11 is configured for manual
collapse mode by setting the MCM bit in the roaming control packet and the system collapse of a
frame isreceived. This bit is set no more than once per frame regardless of the number of phases
in the frame. This bit will not be set in frames in which no block information word onesis
received properly. This it is cleared when read.

RSC: Received System Collapse. When SCU is set, this value represents the system collapse
value that was received in the frame.
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1446 Receiver Shutdown Packet

The contents of this section apply to the FLEX Roaming Decoder. They are not applicable to the
FLEX Non-Roaming Decoder.

The Shutdown Packet is sent in both synchronous and asynchronous mode. It is designed to
indicate to the host that the receiver is turned off and how much time there is until the FLEX™
decoder |1 will automatically turn it back on.

Table 14.27 Receiver Shut Down Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 1 1 1 1 1 1 1
Byte2 FNV CF, CF. CF, CF, CF, CF, CF,
Bytel TNF, TNF, TNF, TNF, TNF, TNF, TNF, TNF,
Byte0 FCO NAF, NAF, NAF, NAF, NAF, NAF, NAF,

FNV: Frame Number Valid. Thisbit is set if the last decoded frame info word was correctable and
the frame number was the expected value. When in asynchronous mode, this value will be 0.

CF: Current Frame. When in synchronous mode, thisis the current frame number. Thisvalueis
latched on the negative edge of the READY line when this packet is sent to the host. The value of
thisfield isvalid only if the FLEX™ decoder Il isin synchronous mode and the FIV bit in the
status packet is set. When in asynchronous mode, this value will be 0.

TNF: Timeto Next Frame. When in synchronous mode TNF indicates the time to the start of the
A-word check if the FLEX™ decoder Il were to warm up for the next frame. When in
asynchronous mode TNF indicates the time to the start of the next automatic noise detect. See
“Using the Receiver Shutdown Packet” on page 66 for an explanation on how to use this value.
Thisvalueislatched on the negative edge of the READY line when this packet is sent to the host.

FCO: Frame Carried On. Set if the FLEX™ decoder 1 is decoding the next frame due to the
reception of anon-zero carry-on value in the current or a previous frame. When in asynchronous
mode, this value will be 0.

NAF: Next Assigned Frame. Thisisthe frame number of the next frame the FLEX™ decoder |1
was scheduled to decode when the receiver shut down. The value of thisfield isvalid only if the
FLEX™ decoder Il isin synchronous mode and the FIV bit in the status packet is set. When in
asynchronous mode this value will be 0.
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14.4.7  Status Packet

The Status Packet contains various types of information that the host may require. The Status
Packet will be sent to the host whenever the FLEX™ decoder 11 is polled and has no other datato
send. The FLEX™ decoder 11 can also prompt the host to read the Status Packet due to events for
which the FLEX™ decoder 11 was configured to send it (see 14.3.2, Configuration Packet and
14.3.3, Control Packet for a detailed description of the bits). The FLEX™ decoder |1 will prompt
the host to read a Status Packet if the...

... SMU hit in the Status Packet and the SME bhit in the Configuration Packet are set.
... MT bit in the Status Packet and the MTE bit in the Configuration Packet are set.
.. EOF hit in the Status Packet is set.

.. LBU hit in the Status Packet is set.

.. EA bit in the Status Packet is set.

.. BOE hit in the Status Packet is set.

S O o

The ID of the Status Packet is 127 (decimal).

Table 14.28 Status Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 O 1 1 1 1 1 1 1
Byte 2 FIV fs fq f, f, f, f, fo
Bytel SM LB X X C, c, c, Co
Byte0 SMU LBU X MT X EOF EA BOE

FIV: Frame Info Valid. Set when avalid frame info word has been received since becoming
synchronous to the system and the f and ¢ fields contain valid values. If thisbit is clear, no valid
frame info words have been received since the FLEX™ decoder 1| became synchronous to the
system. This value will change from 0 to 1 at the end of block 0 of the frame in which the 1st
frame info word was properly received. It will be cleared when the FLEX™ decoder |1 goes into
asynchronous mode. This bit isinitialized to 0 when the FLEX™ decoder 11 isreset and when the
FLEX™ decoder | isturned off by clearing the ON bit in the Control Packet.

f: Current frame number. Thisvalue is updated every frame regardless of whether the FLEX™
decoder |1 needs to decode the frame. This value will change to its proper value for aframe at the
end of block 0 of the frame. The value of these bitsis not guaranteed when FIV isO.

SM: Synchronous Mode. This bit is set when the FLEX™ decoder 11 is synchronous to the
system. The FLEX™ decoder |1 will set this bit when the first synchronization words are received.
It will clear this bit when the FLEX™ decoder |1 has not properly received both synchronization
wordsin any frame for 8, 16, or 32 minutes (depending on the number of assigned frames and the
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system collapse). This bit isinitialized to 0 when the FLEX™ decoder Il isreset and when it is
turned off by clearing the ON hit in the Control Packet.

LB: Low Battery. Set to the value last read from the LOBAT pin. The host controls when the
LOBAT pinisread viathe Receiver Control Packets. Thishit isinitialized to O at reset. Itisalso
initialized to the inverse of the LBP bit in the Configuration Packet when the FLEX™ decoder |1
isturned on by setting the ON bit in the Control Packet.

c: Current system cycle number. Thisvalue is updated every frame regardless of whether the
FLEX™ decoder Il needs to decode the frame.This value will change to its proper value for a
frame at the end of block O of the frame. The value of these bits is not guaranteed when FIV is 0.

SMU: Synchronous Mode Update. Set if the SM bit has been updated in this packet. When the
FLEX™ decoder Il isturned on, this bit will be set when the first synchronization words are found
(SM changesto 1) or when the first synchronization search window after the FLEX™ decoder ||
isturned on expires (SM stays 0). The latter condition gives the host the option of assuming the
paging device isin range when it is turned on, and displaying out-of-range only after the initial A
search window expires. After theinitial synchronous mode update, the SMU bit will be set
whenever the FLEX™ decoder |1 transitions from/to synchronous mode. Cleared when read.
Changesin the SM hit due to turning off the FLEX™ decoder |1 will not cause the SMU bit to be
set. Thishit isinitialized to 0 when the FLEX™ decoder |1 isreset.

LBU: Low Battery Update. Set if the value on two consecutive reads of the LOBAT pin yielded
different results. Cleared when read. The host controls when the LOBAT pinisread viathe
Receiver Control Packets. Changesin the LB bit due to turning on the FLEX™ decoder |1 will not
cause the LBU bit to be set. This bit isinitialized to 0 when the FLEX™ decoder |1 is reset.

MT: Minute Time-out. Set if one minute has elapsed. Cleared when read. Thisbit isinitialized to
0 when the FLEX™ decoder Il isreset.

EOF: End Of Frame. Set when the FLEX™ decoder Il isin all frames mode and the end of frame
has been reached. The FLEX™ decoder 1l isin all frames mode if the all frames mode enable
counter is non-zero, if any temporary address enabled counter is non-zero, or if the FAF bit in the
All Frame Mode Packet is set. Cleared when read. This bit isinitialized to O when the FLEX™
decoder |1 isreset.

EA: End of Addresses. If EAE of the control packet is set and an address is detected in aframe,
EA will be set after the FLEX™ decoder |1 processes the last address in the frame. Since data
packets take priority over the status packet, the status packet with the EA bit set is guaranteed to
come after all address packets for the frame. Cleared when read. This bit isinitialized to O when
the FLEX™ decoder |l is reset.

BOE: Buffer Overflow Error. Set when information has been lost due to slow host response time.
When the data packet FIFO transmit buffer on the FLEX™ decoder 11 overflows, the FLEX™
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decoder |1 clears the buffer, turns off decoding by clearing the ON bit in the Control Packet, and
setsthisbit. Cleared when read. This bit isinitialized to 0 when the FLEX™ decoder |1 is reset.

X: Unused hits. The value of these bitsis not guaranteed.

14.4.8 Part ID Packet

The Part ID Packet is sent by the FLEX™ decoder 11 whenever the FLEX™ decoder |1 is disabled
due to the checksum feature. See 14.3.1, Checksum Packet for a description of the checksum
feature. Since the FLEX™ decoder 11 is disabled after reset, thisisthe first packet that will be
received by the host after reset. The ID of the Part ID Packet is 255 (decimal).

Table14.29 Part ID Packet Bit Assignments

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte3 1 1 1 1 1 1 1 1
Byte2 MDL,  MDL, CID,, CiD,, CID,, CID,, CID, CID,
Bytel CID, CID, CID, CID, CID, CciD, CID, CID,

ByteO REV, REV, REV, REV, REV, REV, REV, REV,

MDL: Model. Thisidentifiesthe FLEX™ decoder || model. Current valueisO.

CID: Compatibility ID. This value describes the FLEX™ decoders to which this part is
backwards compatible. See table below for meaning and current value.

Bit Indicates this IC can be used in place of Value for FLEX Roaming Decoder |l
CID, FLEX Alphanumeric Decoder I** 1 (TRUE)

CID, FLEX Roaming Decoder 1*? 1 (TRUE)

CID, FLEX Numeric Decoder 0 (FALSE)

Notes: *1 Compatibility to FLEX Alphanumeric Decoder Il is indicated by MDL set to 0, CID 0O set
to 1, and REV greater than or equal to 7.

*2 Compatibility to FLEX Roaming Decoder Il is indicated by MDL setto 0, CID 1 setto 1,
and REV greater than or equal to 8.

REV: Revision. Thisidentifies the revision and manufacturer of the FLEX™ decoder 1. The
following table lists the currently available part ID’s of the FLEX™ decoder |1 family.
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Part ID Packet
(Hex)

Revision

Manufacturer

000103 FLEX Alphanumeric Decoder | Texas Instruments

0001 04 FLEX Alphanumeric Decoder | Motorola Semiconductor Products Sector
00 01 06 FLEX Alphanumeric Decoder | Philips

00 01 07 FLEX Alphanumeric Decoder Il Motorola Semiconductor Products Sector
000108 FLEX Alphanumeric Decoder Il Texas Instruments

000303 FLEX Roaming Decoder | Motorola Semiconductor Products Sector
00 03 05 FLEX Roaming Decoder | Texas Instruments

000309 FLEX Roaming Decoder Il Motorola Semiconductor Products Sector
00 03 OA FLEX Roaming Decoder Il Texas Instruments

00 04 01 FLEX Numeric Decoder Texas Instruments

0001 15 FLEX Alphanumeric Decoder Il HITACHI H8/3937 Series

0001 16 FLEX Alphanumeric Decoder Il HITACHI H8S/2276 Series

00 03 15 FLEX Roaming Decoder Il HITACHI H8/3937 Series

0003 16 FLEX Roaming Decoder Il HITACHI H8S/2276 Series

RENESAS
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145 Application Notes

1451 Receiver Control

Introduction: The FLEX™ decoder |1 has 8 programmable receiver control lines (S0-S7). The
host has control of the receiver warm up and shut down timing as well as all of the various settings
on the control lines through configuration registers on the FLEX™ decoder 1. The configuration
registers for most settings allow the host to configure what setting is applied to the control lines,
how long to apply the setting, and if the LOBAT input pin is polled before changing from the
setting. With this programmability, the FLEX™ decoder |1 should be able to interface with many
off-the-shelf receiver ICs. When using the internal demodulator (i.e. when the IDE bit of the
configuration packet is set), the SO pin becomes the input for the demodul ator and the SO register
setting in the receiver control configuration packets controls the tracking mode of the peak and
valley detectors for theinternal data slicer. When the SO bit is set in areceiver setting, the internal
data dlicer will bein fast track mode. When the SO bit is cleared in areceiver setting, the internal
data dlicer will bein slow track mode. For details on the configuration of the receiver control
settings, see 14.3.9, Receiver Control Configuration Packets.

1. Receiver Settings at Reset

The receiver control ports are three-state outputs which are set to the high-impedance state when
the FLEX™ decoder 1 isreset and until the corresponding FRS bit in the Receiver Line Control
Packet is set or until the FLEX™ decoder |1 isturned on by setting the ON bit in the Control
Packet. This alows the designer to force the receiver control lines to the receiver off setting with
external pull-up or pull-down resistors before the host can configure these settings in the FLEX™
decoder I1. When the FLEX™ decoder 11 isturned on, the receiver control ports are driven to the
settings configured by the “14.3.9 Receiver Control Configuration Packets” until the FLEX™
decoder Il isreset again.

2. Automatic Receiver Warm Up Sequence

The FLEX™ decoder I allows for up to 6 steps associated with warming up the receiver. When
the FLEX™ decoder 11 automatically turns on the receiver, it starts the warm up sequence 160 ms
before it requires valid signals at the EXTS0 and EXTSL input pins (or the equivaent internal
signals when using the internal demodulator/data dlicer). The first step of the warm up sequence
involves leaving the receiver control linesin the “ Off” state for the amount of time programmed
for “Warm Up Off Time”. At the end of the “Warm Up Off Time”, the first warm up setting, if
enabled, is applied to the receiver control lines for the amount of time programmed for that setting.
Each subsequent warm up setting is applied to the receiver control lines for their corresponding
time until a disabled warm up setting is found. At the end of the last used warm up setting, the
“1600sps Sync Setting” or the “3200sps Sync Setting” is applied to the receiver control lines
depending on the current state of the FLEX™ decoder |1. The sum total of al of the used warm up
times and the “Warm Up Off Time” must not exceed 160ms. If it exceeds 160ms, the FLEX™
decoder |1 will execute the receiver shut down sequence at the end of the 160ms warm up period.
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The receiver warm up sequence while decoding when all warm up settings are enabled is shown in
figure 14.9.

\ 160 ms [
[ |
| Warm Up ! Warm Up ! Warm Up ! Warm Up ! Warm Up ! Warm Up ! |
| OffTime | Time1 | Tme2 | Time3s | Time4 |  Times |
T B e e e B o .
|
E%(,:\El\?/gﬁ ! Warm Up ! Warm Up ! Warm Up ! Warm Up ! Warm Up ! 1600sps or 3200sps
LINE SETTING Off Setting 1 Setting 2 Setting 3 Setting 4 Setting 5 Sync Setting
Possible Possible Possible Possible Possible Possible EXTS1 & EXTSO
LOBAT LOBAT LOBAT LOBAT LOBAT LOBAT signals are
Check Check Check Check Check Check expected to be
valid here.

Figure14.9 Automatic Receiver Warm Up Sequence
3. Host Initiated Receiver Warm Up Sequence

The host can cause the FLEX™ decoder |1 to warm-up the receiver in three ways: (1) by turning
on the FLEX™ decoder |1 by setting the ON bit in the control packet; (2) by requesting a noise
detect by setting the SND bit in the roaming control packet; or (3) by requesting an A-word search
by setting the SAS hit in the roaming control packet. When the FLEX™ decoder 11 warms up the
receiver in response to a host request, the first warm up setting, if enabled, is applied to the
receiver control lines for the amount of time programmed for that setting. Each subsequent warm
up setting is applied to the receiver control lines for their corresponding time until a disabled warm
up setting is found. Once a disabled warm up setting is found, the “ 3200sps Sync Setting” (for
ON and SND warm ups) or the “1600sps Sync Setting” (for SAS warm ups) is applied to the
receiver control lines and the decoder does not expect valid signal until after the “3200sps Sync
Warm Up Time” (for ON, SND, and SAS warm ups) has expired. In figure 14.10 the receiver
warm up sequence when the host initiates a warm-up sequence and when all warm up settings are
enabled is shown.

Warm Up !
| | | | | | Jime |
Warm Up Warm Up Warm Up Warm Up Warm Up Sync |
' Time1 | Time2 | Time3 | Time4 | Times | 3200sps
‘<—N<—N<—N<—>M—>J<—>
|
EI(E)?\FIJ\R/E)E off XWarm Up >‘<Warm Up ><Warm Up ><Warm Up Warm Up 3200sps
LINE SETTING T Setting 1 Setting 2 Setting 3 Setting 4 Setting 5 Sync Setting
Possible Possible Possible Possible Possible Possible EXTS1 & EXTSO
LOBAT LOBAT LOBAT LOBAT LOBAT LOBAT signals are
Check Check Check Check Check Check expected to be
valid here.

Figure14.10 Host Initiated Receiver Warm Up Sequence
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4. Receiver Shut Down Sequence

The FLEX™ decoder Il alows for up to 3 steps associated with shutting down the receiver. When
the FLEX™ decoder |1 decides to turn off the receiver, the first shut down setting, if enabled, is
applied to the receiver control lines for the corresponding shut down time. At the end of the last
used shut down time, the “ Off” setting is applied to the receiver control lines. If the first shut down
setting is not enabled, the FLEX™ decoder |1 will transition directly from the current on setting to
the “Off” setting. The receiver turn off sequence when all shut down settings are enabled is shown
infigure 14.11.

If the receiver is on or being warmed up when the decoder is turned off (by clearing the ON bit in
the Control Packet), the FLEX™ decoder |1 will execute the receiver shutdown sequence. If the
FLEX™ decoder Il is executing the shut down sequence when the FLEX™ decoder |1 isturned on
(by setting the ON hit in the Control Packet), the FLEX ™ decoder 11 will complete the shut down
sequence before starting the warm up sequence.

I
Shut Down Shut Down

I I
! Time 1 ! Time 2 !
| |
| | |
RECEIVER 1600sps or 3200sps >< Shut Down Shut Down
CONTROL - Setting 1 Setting 2 off
LINE SETTING Sync or Data Setting T [¢] T I¢] T
Possible Possible Possible
LOBAT LOBAT LOBAT
Check Check Check

Figure14.11 Receiver Shut Down Sequence

5. Miscellaneous Receiver States

In addition to the warm up and shut down states, the FLEX™ decoder 11 has four other receiver
states. When these settings are applied to the receiver control lines, the FLEX™ decoder 11 will be
decoding the EXTS1 and EXTS0 input signals (or the equivaent internal signals when using the
internal demodulator/data slicer). The timing of these signals and their duration depends on the
datathe FLEX™ decoder |1 decodes. The four settings are as follows:

» 1600sps Sync Setting: This setting is applied when the FLEX™ decoder 11 is searching for a
1600 symbols per second signal.

e 3200sps Sync Setting: This setting is applied when the FLEX™ decoder 11 is searching for a
3200 symbols per second signal.

+ 1600sps Data Setting: This setting is applied after the FLEX ™ decoder |1 has found the C or C
sync word in a 1600 symbols per second frame.
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« 3200sps Data Setting: This setting is applied after the FLEX™ decoder |1 has found the C or C
sync word in a 3200 symbols per second frame.

Some exampl es of how these settings will be used in the FLEX™ decoder Il are shown in figure
14.12.

FLEX SIGNAL Block 10 | Sync 1 | Flrr"’]‘{ge Sync 2 | Block 0
e 1600 Dat: 3200 Dat:
CONTROL sps Data or sps Data : 3200sps 3200sps Data
LINE SETTING  or Last Used Warm Up Setting >< 1600 sps Sync Setting >< Sync Setting Setting
EXAMPLE #1 ?
Possible Possible Possible
LOBAT LOBAT LOBAT
Check Check Check
RECEIVER
CONTROL 1600 sps Data or 3200 sps Data i :
LINE SETTING or Last Used warm Up Setting >< 1600sps Sync Setting >< 1600 sps Data Setting
EXAMPLE #2 ?
Possible Possible
LOBAT LOBAT
Check Check

Figure14.12 Examples of Receiver Control Transitions
6. Low Battery Detection

The FLEX™ decoder Il can be configured to poll the LOBAT input pin at the end of every
receiver control setting. This check can be enabled or disabled for each receiver control setting. If
the poll is enabled for a setting, the pin will be read just before the FLEX™ decoder |1 changes the
receiver control lines from that setting to another setting. The FLEX™ decoder 11 will send a
Status Packet whenever the value on two consecutive reads of the LOBAT pin yields different
results.

1452 Message Building

A simple message consists of an Address Packet followed by a Vector Packet indicating the word
numbers of associated Message Packets.The tables below show a more complex example of
receiving three Messages and two Block Information Word Packets in the first two blocks of a2
phase 3200 bps, FLEX frame. Note that the messages shown may be portions of fragmented or
group messages. Note further that in the case of a 6400 bps FLEX signal, there would be four
phases: A, B, C and D, and in the case of a 1600 bps signal there would be only a single phase A.

Table 14.30 shows the block number, word number (WN) and word content of both phases A and
C. Note contents of words not meant to be received by the host are left blank. Each phase begins
with ablock information word (WN 0), thisis not sent to the host. The first message isin phase A
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and has an address (WN 3), vector (WN 7) and three message words (WN9 - 11). The second
message is also in phase A and has an address (WN 4), avector (WN 8) and four message words
(WN 12 - 15). The third message is in phase C and has a 2 word long address (WN 5 - 6)
followed by avector (WN 10) and three message words. Since the third message is sent on along
address, the first message word (WN 11) beginsimmediately after the vector. The vector indicates
the location of the second and third message words (WN 14 - 15).

Table14.30 FLEX SIGNAL

BLOCK Word Number PHASE A PHASE C
0 0 BIW1 BIW1
1 BIW
3 ADDRESS 1 BIW
4 ADDRESS 2
5 LONG ADDRESS 3
WORD 1
6 LONG ADDRESS 3
WORD 2
VECTOR 1
1 8 VECTOR 2
MESSAGE 1,1
10 MESSAGE 1,2 VECTOR 3
11 MESSAGE 1,3 MESSAGE 3,1
12 MESSAGE 2,1
13 MESSAGE 2,2
14 MESSAGE 2,3 MESSAGE 3,2
15 MESSAGE 2,4 MESSAGE 3,3

Table 14.31 shows the sequence of packets received by the host. The FLEX™ decoder |1
processes the FLEX signal one block at atime, and one phase at atime. Thus, the address and
vector information in block 0 phase A is sent to the host in packets 1-3. Then information in block
0 phase C, two block information words and one long address, is sent to the host in packets 4-6.
Packets 7 - 18 correspond to information in block 1, processed in phase A first and phase C
second.
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Table14.31 FLEX™ DECODER Il PACKET SEQUENCE

PACKET WORD

PACKET TYPE PHASE NUMBER COMMENT

1st ADDRESS A N.A. (7) Address 1 has a vector located at WN 7

2nd ADDRESS A N.A. (8) Address 2 has a vector located at WN 8

3rd VECTOR A 7 Vector for Address 1: Message Words
located at WN =9 to 11, phase A

4th BIW C N.A. If BIWs enabled, then BIW packet sent

5th BIW C N.A. If BIWs enabled, then BIW packet sent

6th LONG C N.A. (10) Long Address 3 has a vector beginning in

ADDRESS word 10 of phase C

7th VECTOR A 8 Vector for Address 2: Message Words
located at WN = 12 to 15, phase A

8th MESSAGE A 9 Message information for Address 1

9th MESSAGE A 10 Message information for Address 1

10th MESSAGE A 11 Message information for Address 1

11th MESSAGE A 12 Message information for Address 2

12th MESSAGE A 13 Message information for Address 2

13th MESSAGE A 14 Message information for Address 2

14th MESSAGE A 15 Message information for Address 2

15th VECTOR C 10 Vector for Long Address 3: Message

Words located at WN = 14 - 15, phase C

16th MESSAGE C 11 Second word of Long Vector is first
message information word of Address 3

17th MESSAGE C 14 Message information for Address 3

18th MESSAGE C 15 Message information for Address 3

Thefirst message is built by relating packets 1, 3, and 8-10. The second message is built by
relating packets 2, 7 and 11 - 14. The third message is built by relating packets 6 and 15 - 18.
Additionally, the host may process block information in packets 4 and 5 for time setting
information.

145.3 Building a Fragmented M essage

The longest message which will fit into aframe is 84 code words total of message data. Three
alpha characters per word yields a maximum message of 252 characters in aframe assuming no
other traffic. Messages longer than this value must be sent as several fragments.
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Additional fragments can be expected when the “ continue bit” in the 1st Message Word is set.
This causes the pager to examine every following frame for an additional fragment until the last
fragment with the continue bit reset is found. The only requirement relating to the placement in
time of the remaining fragments is that no more than 32 frames (1 minute) or 128 frames (4
minutes) as indicated by the service provider may pass between fragment receptions.

Each fragment contains a check sum character to detect errors in the fragment, a fragment number
0, 1, or 2 to detect missing fragments, a message humber to identify which message the fragment
isapart, and the continue bit which either indicates that more fragments are in queue or that the
last fragment has been received.

The following describes the sequence of events between the Host and the FLEX ™ decoder 1
required to handle a fragmented message:

« The host will receive a vector indicating one of the following types:

V, V, V, Type
00O Secure

101 Alphanumeric
110 Hex / Binary

e The FLEX™ decoder Il will increment the all frame mode counter inside the FLEX™ decoder
I and begin to decode al of the following frames.

« The host will receive the Message Packet(s) contained within that frame followed by a Status
Packet. The host must decide based on the M essage Packet to return to normal decoding
operation. If the message isindicated as fragmented by the Message Continued Flag “C” being
set in the Message Packet then the host does not decrement the all frame mode counter at this
time. The host decrements the counter if the Message Continued Flag “C” is clear by writing
the All Frame Mode Packet to the FLEX™ decoder || with the “DAF” bit = 1. If no other
fragments, temporary addresses are pending and the FAF bit is clear in the All Frame Mode
Register, then the FLEX™ decoder 11 returns to normal operation.

e The FLEX™ decoder |1 continues to decode all of the frames and passes any address infor-
mation, vector information and message information to the host followed by a status packet
indicating the end of the frame. If the message is indicated as fragmented by the Message
Continued Flag “ C” in the Message Packet then the host remainsin the receive mode expecting
more information from the FLEX™ decoder I1.

« After the host receives the second and subseguent fragment with the Message Continued Flag
“C" =1, it should decrement the all frame mode counter by sending an All Frame Maode Packet
to the FLEX™ decoder 11 with the “DAF” bit = 1. Alternatively, the host may choose to
decrement the counter at the end of the entire message by decrementing the counter once for
each fragment received.

« When the host receives a Message Packet with the Message Continued Flag “C” = 0, it will
send two All Frame Mode Packets to the FLEX™ decoder |1 with the “DAF” bit = 1. Thetwo
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packets decrement the count for the first fragment and the last fragment. This dec-rements the
al frame counter to zero, if no other fragmented messages, temporary addresses are pending
and the FAF bit is clear in the All Frame Mode Register, the FLEX™ decoder 11 returnsto
normal operation.

» The above process must be repeated for each occurrence of afragmented message. The host
must keep track of the number of fragmented messages being decoded and insure the all frame
mode counter decrements after each fragment or after each fragmented message.

Table 14.32 Alphanumeric M essage without fragmentation

All Frame

PACKET PACKET TYPE PHASE Counter COMMENT

1st ADDRESS 1 A 0 Address 1 is received

2nd VECTOR 1 A 1 Vector = Alphanumeric Type

3rd MESSAGE A 1 Message Word received “C” bit = 0, No
more fragments are expected.

4th Variable* 0 Host writes All Frame Mode Packet to the
FLEX™ decoder Il with the “DAF” bit = 1

Note: * Host Initiated Packet. The FLEX™ decoder Il returns a packet according to 14.4,

Decoder-to-Host Packet Descriptions.
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Table 14.33 Alphanumeric M essage with fragmentation

All Frame

PACKET PACKET TYPE PHASE Counter COMMENT

1st ADDRESS 1 A 0 Address 1 is received

2nd VECTOR 1 A 1 Vector = Alphanumeric Type

3rd MESSAGE A 1 Message Word received “C” bit = 1,
Message is fragmented, more expected

4th STATUS 1 End of Frame Indication (EOF = 1)

5th ADDRESS 1 B 1 Address 1 is received

6th VECTOR 1 2 Vector = Alphanumeric Type

7th MESSAGE 2 Message Word received “C” bit = 1,
Message is fragmented, more expected.

8th Variable* 1 Host writes All Frame Mode Packet to the
FLEX™ decoder Il with the “DAF” bit= 1

9th STATUS 1 End of Frame Indication (EOF = 1)

10th ADDRESS 1 A 1 Address 1 is received

11th VECTOR 1 A 2 Vector = Alphanumeric type

12th MESSAGE A 2 Message Word received “C” bit = 0, No
more fragments are expected.

13th Variable* 1 Host writes All Frame Mode Packet to the
FLEX™ decoder Il with the “DAF” bit =1

14th Variable* 0 Host writes All Frame Mode Packet to the

FLEX™ decoder Il with the “DAF” bit = 1

Note: * Host Initiated Packet. The FLEX™ decoder Il returns a packet according to 14.4,
Decoder-to-Host Packet Descriptions.

1454 Operation of a Temporary Address

1. Group Messaging

The FLEX protocol allows for adynamic group call for the purpose of sending a common
message to a group of paging devices. The dynamic group call approach assigns a“Temporary
Address’ using the personal address and the short instruction vector.

The FLEX protocol specifies sixteen addresses for the dynamic group call which may be
temporarily activated in afuture frame (If the frame or one of the frames designated is equal to the
present frame the host isto interpret this as the next occurrence of this frame 4 minutesin the
future.) The temporary addressis valid for one message starting in the specified frame(s) and
remaining valid throughout the following frames to the completion of the message. If the message
is not found in the specified frame(s) the host must disable the assigned temporary address.
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The following describes the sequence of events between the Host and the FLEX™ decoder |1
required to handle atemporary address:

Following an Address Packet, the host will receive aVector Packet withV,V,;V,=001andi,
i, i, =000 or 010 (a Short Instruction Vector indicating atemporary address has been assigned
to this pager). The system may send either and i, i, i, =000 or and i, i, i, = 010 or both when
assigning a temporary address. The vector packet with and i, i, i, = 000 will indicate which
temporary addressis assigned and the frame in which the temporary address is expected. The
vector packet with and i, i, i, = 010 will indicate which temporary addressis assigned, the MSb
of the expected frame (essentially indicating 64 frames in which to look for the temporary
address), and a message sequence number. When the vector packet withand i, i, i,=010is
received on along address, the specific assign frame is included in the mes-sage word sent
after the vector.

The FLEX™ decoder Il will increment the corresponding temporary address counter for each
temporary address assignment vector received and begin to decode all of the follow-ing
frames. Note that thisimplies a single dynamic group assignment that isimplemented by
sending two short instructions (one for each temporary address assignment mode of the short
instruction vector) will cause the corresponding temporary address counter to incre-ment
twice.

The FLEX™ decoder Il continuesto decode all of the frames and passes any address infor-
mation, vector information and message information to the host followed by a status packet
indicating the end of each frame and the current frame number.

There are several scenarios which may occur with temporary addresses.

1. Thetemporary addressis not found in the any of the assigned frames and therefore the
host must terminate the temporary address mode by sending an All Frame Mode Packet
to the FLEX™ decoder 11 with the “DTA” bit of the particular temporary address set (if
both temporary address assignment packets were used to assign the temporary address,
the“DTA” bit must be set twice to disable the temporary address).

2. Thetemporary addressis found in the frame it was assigned and was not a fragmented
message. Again, the host must terminate the temporary address mode by sending an All
Frame Mode Packet to the FLEX™ decoder Il with the “DTA” bit of the particular
temporary address set (if both temporary address assignment packets were used to
assign the temporary address, the “DTA” bit must be set twice to disable the temporary
address).

3. Thetemporary addressisfound in the assigned frame and it is a fragmented message.
In this case, the host must follow the rules for Operation of a Fragmented Message and
determine the proper time to stop the all frame mode operation. In this case, the host
must write to the “DAF” bit with a“1” and the appropriate “DTA” bit witha“1” inthe
All Frame Mode Register in order to terminate both the fragmented message and the
temporary address (if both temporary address assignment packets were used to assign
the temporary address, the “DTA” bit must be set twice to disable the temporary
address).
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The above operation is repeated for every temporary address.

1455 Usingthe Receiver Shutdown Packet

The contents of this section apply to the FLEX Roaming Decoder. They are not applicable to the
FLEX Non-Roaming Decoder.

1. Calculating Time Left

The receiver shutdown packet gives timing information to the host. Two times are of particular
interest when implementing a roaming algorithm.

TimeToWarmUpStart. Defined as the amount of time there is before the receiver will start to
warm up (i.e. transition from the off state to the first warm up state).

TimeToTasksDisabled. Defined as the amount of time the host has to complete any host
initiated tasks (e.g. by setting SND or SAS in the roaming control packet).

The formula s for calculating these times depend on whether the FLEX™ decoder Il isin
synchronous mode or asynchronous mode.

SYNCHRONOUS MODE:

TimeToWarmUpStart = (TNF « 80ms) + (SkippedFrames « 1874.375ms) +
ReceiverOffTime —167.5ms

TimeToTasksDisabled = (TNF « 80ms) + (SkippedFrames ¢ 1874.375ms) — 247.5ms

ASYNCHRONOUS MODE:

TimeToWarmUpStart = ((TNF —2) « 80ms) + ReceiverOffTime

TimeToTasksDisabled = ((TNF —3) « 80 ms)

Where,

TNF: Time to Next Frame. Value from the receiver shutdown packet.

SkippedFrames: The number of frames that won't be decoded. This can be calculated
from the Current Frame (CF) and Next Needed Frame (NAF) fieldsin
the receiver shutdown packet (e.g. If CFis 10 and NAF is 12, then
SkippedFramesis 1)

ReceiverOffTime:  The time programmed in the receiver off setting packet.
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2. Cdlculating How Long Tasks Take

Since the TimeToTaskDisabled discussed in the previous section limits how much the host can do
while the FLEX™ decoder |1 is battery saving, it is necessary for the host to know how long it can
take the FLEX™ decoder |1 to perform atask.

The formulas below calculate how long the two types of host initiated tasks take to complete as
measured from the last SPI clock of the packet that initiates the task to the time the receiver
shutdown sequence starts. Note that the receiver shutdown sequence must start before tasks are
disabled.

The following formula cal culates how long it will take to complete a Noise Detect started by
setting the SND bit in the roaming control packet. This formula assumes that (1) the noise detect
was performed while in synchronous mode or (2) the noise detect was performed in asynchronous
mode and did not find FLEX signal or (3) the noise detect found FLEX signal but the DAS bit of
the roaming control packet was set.

TimeToPerformNoiseDetect < TotalWarmUpTime + 82ms
Where,

TotalWarmUpTime: The sum of the times programmed for the used warm up steps plus the
time programmed for the 3200sps Sync Setting in the receiver control
configuration packets.

The following formula cal culates how long it will take to complete an A-word search initiated by
setting the SAS bit in the roaming control packet. This formula assumes that the A-word search
failed to find roaming FLEX channel.

TimeToPerformAwordSearch < TotalWarmUpTime + AST + 47ms
Where,

TotalWarmUpTime: The sum of the times programmed for the used warm up steps plus the
time programmed for the 3200sps Sync Setting in the receiver control
configuration packets.

AST: The value configured using the timing control packet.

The following formula calculates how long it will take to complete a Noise Detect/A-word search
combination. This can occur when the noise detect is performed while in asynchronous mode, the
noise detect finds FLEX signal, and the DAS bit of the roaming control packet is not set.

TimeToPerformBoth < TotalWarmUpTime + AST +127ms

Where,
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TotalWarmUpTime: The sum of the times programmed for the used warm up steps plus the
time programmed for the 3200sps Sync Setting in the receiver control
configuration packets.

AST: The value configured using the timing control packet.
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14.6  Timing Diagrams (Reference Data)

The following diagrams show the timing in a standalone FLEX ™ Decoder |1 IC. They do not
apply to thisLSI, and should be used only for reference.

146.1 SPI Timing

The following diagram and table describe the timing specifications of the SPI interface.
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Figure14.13 SPI Timing
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Table14.34 SPI Timing (V¢ =27V t03.6V, TA =-20°C to 75°C)

Characteristic Conditions Symbol  Min*' Max*' Unit
Operating Frequency fop dc 1 MHz
Cycle Time teve 1000 ns
Select Lead Time tieap: 200 ns
De-select Lag Time tiact 200 ns
Select-to-Ready Time  previous packet did not program an troy 80 us
address word** C, =50pf
Select-to-Ready Time  previous packet programmed an address tgg, 420 ps
word*> C, =50pf
Re-select Time previous packet was a checksum/special tgg 30 us
packet*® C, =50pf
Ready High Time trn 50 ps
Ready Lead Time tLeap2 200 ns
Not Ready Lag Time C, =50pf tinco 200 ns
MOSI Data Setup Time tsy 200 ns
MOSI Data Hold Time th 200 ns
MISO Access Time C, =50pf tac 0 200 ns
MISO Disable Time tos 300 ns
MISO Data Valid Time C, =50pf ty 200 ns
MISO Data Hold Time tho 0 ns
SS High Time tson 200 ns
SCK High Time tsckn 300 ns
SCK Low Time tsene 300 ns
SCK Rise Time 20% to 70% Vpp ty 1 ps
SCK Fall Time 20% to 70% Vpp te 1 Hs

Notes: *1 The specifications given in this data sheet indicate the minimum performance level of
all FLEX™ decoders regardless of manufacturer. Individual manufacturers may have
better performance than indicated.

*2 When the host re-programs an address word with a Host-to-Decoder packet ID > 127
(decimal), there may be an added delay before the FLEX™ decoder Il is ready for
another packet.

*3 When the host sends a checksum packet (ID is 00) or a special packet (ID is 1C
through 1F hex) the t.¢ specification applies, otherwise the timing specifications for t .,
and tg,, govern the re-select timing.
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146.2 Start-up Timing

The following diagram and table describe the timing specifications of the FLEX™ decoder 11
when power is applied.
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- tsTART .
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RESET /
tRESET

tRHRL

Figure14.14 Start-up Timing

Table14.35 Start-up Timing (V¢ =27V t03.6V, T, =-20°C to 75°C)

Characteristic Conditions  Symbol Min** Max ** Unit
Oscillator Start-up Time tsrart 5 sec
RESET Hold Time | — 200 ns
RESET High to READY tome 76,800 76,800 T2

Low

Notes: *1 The specifications given in this data sheet indicate the minimum performance level of all
manufacturers of the FLEX™ decoder Il. Individual manufacturers may have better
performance than indicated.

*2 T is one period of the @, clock source. Note that from power-up, the oscillator start-up

time can impact the availability and period of clock strobes. This can affect the actual
RESET high to READY low timing.
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14.6.3 Reset Timing

The following diagram and table describe the timing specifications of the FLEX™ decoder 11
when it isreset.
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Figure14.15 Reset Timing

Table14.36 Reset Timing (Ve =27V t03.6V, T, =-20°C to 75°C)

Characteristic Conditions Symbol  Min** Max** Unit
RESET Pulse Width teL 200 - ns
RESET Low to READY High - - 200 ns
RESET High to READY Low trume 76,800 76,800 T*?

Notes: *1 The specifications given in this data sheet indicate the minimum performance level of all
manufacturers of the FLEX™ decoder Il. Individual manufacturers may have better

performance than indicated.
*2 T is one period of the g, clock source.
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Section 15 A/D Converter

151 Oveview

The LSl incorporates a successive approximation type 10-bit A/D converter that allows up to eight
analog input channels to be selected.

15.1.1 Features

A/D converter features are listed below

10-bit resolution
Eight input channels

Settable analog conversion voltage range

0 Conversion of analog voltages with the reference voltage pin (V,«) asthe analog reference
voltage

High-speed conversion
O Minimum conversiontime: 9.9 s per channel (at 13 MHz operation)

Choice of single mode or scan mode
0 Singlemode: Single-channel A/D conversion
O Scanmode:  Continuous A/D conversion on 1 to 4 channels

Four dataregisters
0 Conversion results are held in a 16-bit data register for each channel

Sample and hold function

Three kinds of conversion start
O Choice of software or timer conversion start trigger (TPU or 8-bit timer), or ADTRG pin

A/D conversion end interrupt generation
O A/D conversion end interrupt (ADI) request can be generated at the end of A/D conversion

Module stop mode can be set

O Astheinitia setting, A/D converter operation is halted. Register accessis enabled by
exiting module stop mode.
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151.2

Block Diagram

Figure 15.1 shows a block diagram of the A/D converter.
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15.1.3 Pin Configuration
Table 15.1 summarizes the input pins used by the A/D converter.

The AVcc and AVss pins are the power supply pins for the analog block in the A/D converter. The
Vref pinisthe A/D conversion reference voltage pin.

The eight analog input pins are divided into two groups: group 0 (ANO to AN3), and group 1
(AN4 to AN7).

Table15.1 A/D Converter Pins

Pin Name Symbol I/0 Function

Analog power supply pin AVcc Input Analog block power supply

Analog ground pin AVss Input Analog block ground and reference
voltage

Reference voltage pin Vref Input A/D conversion reference voltage

Analog input pin 0 ANO Input Group 0 analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Group 1 analog inputs

Analog input pin 5 AN5 Input

Analog input pin 6 AN6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin ADTRG Input External trigger input for starting A/D
conversion
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15.1.4 Register Configuration

Table 15.2 summarizes the registers of the A/D converter.

Table15.2 A/D Converter Registers

Name Abbreviation R/W Initial Value Address**
A/D data register AH ADDRAH R H'00 H'FF90
A/D data register AL ADDRAL R H'00 H'FF91
A/D data register BH ADDRBH R H'00 H'FF92
A/D data register BL ADDRBL R H'00 H'FF93
A/D data register CH ADDRCH R H'00 H'FF94
A/D data register CL ADDRCL R H'00 H'FF95
A/D data register DH ADDRDH R H'00 H'FF96
A/D data register DL ADDRDL H'00 H'FF97
A/D control/status register ADCSR R/(W)**  H'00 H'FF98
A/D control register ADCR R/W H'33 H'FF99
Module stop control register A MSTPCRA R/W H'3F H'FDES8

Notes: *1 Lower 16 bits of the address.
*2 Bit 7 can only be written with O for flag clearing.
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15.2 Register Descriptions

1521 A/D Data RegistersA to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO|—— |——| ——| ——| ——| ——|

Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W : R R R R R R R R R R R R R R R R

There are four 16-bit read-only ADDR registers, ADDRA to ADDRD, used to store the results of
A/D conversion.

The 10-bit data resulting from A/D conversion istransferred to the ADDR register for the selected
channel and stored there. The upper 8 hits of the converted data are transferred to the upper byte
(bits 15 to 8) of ADDR, and the lower 2 bits are transferred to the lower byte (bits 7 and 6) and
stored. Bits 5to 0 are always read as 0.

The correspondence between the anal og input channels and ADDR registersis shown in
table 15.3.

ADDR can aways be read by the CPU. The upper byte can be read directly, but for the lower
byte, datatransfer is performed via atemporary register (TEMP). For details, see section 15.3,
Interface to Bus Master.

The ADDR registers areinitialized to H'0000 by areset, and in standby mode or module stop
mode.

Table15.3 Analog Input Channels and Corresponding ADDR Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 AN5 ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD

499
RENESAS



15.22 A/D Control/Status Register (ADCSR)

Bit : 7 6 5 4 3 2 1 0
ADF ADIE ADST | SCAN — CH2 CH1 CHO

Initial value : 0 0 0 0 0 0 0 0

R/W : RI(W)* R/W R/W R/W R/W R/W R/W R/W

Note: * Only O can be written to bit 7, to clear this flag.

ADCSR is an 8-bit readable/writable register that controls A/D conversion operations.
ADCSR isinitialized to H'00 by areset, and in hardware standby mode or modul e stop mode.

Bit 7—A/D End Flag (ADF): Status flag that indicates the end of A/D conversion.

Bit 7

WDescription

0 [Clearing conditions] (Initial value)
* When 0 is written to the ADF flag after reading ADF = 1
*  When the DTC is activated by an ADI interrupt and ADDR is read

1 [Setting conditions]

« Single mode: When A/D conversion ends
e Scan mode: When A/D conversion ends on all specified channels

Bit 6—A/D Interrupt Enable (ADIE): Selects enabling or disabling of interrupt (ADI) requests
at the end of A/D conversion.

Bit 6

ADIE Description

0 A/D conversion end interrupt (ADI) request disabled (Initial value)
1 A/D conversion end interrupt (ADI) request enabled
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Bit 5—A/D Start (ADST): Selects starting or stopping on A/D conversion. Holds avalue of 1
during A/D conversion.

The ADST bhit can be set to 1 by software, atimer conversion start trigger, or the A/D external
trigger input pin (ADTRG).

Bit 5

ADST Description

0 * A/D conversion stopped (Initial value)
1 < Single mode: A/D conversion is started. Cleared to 0 automatically when

conversion on the specified channel ends

e Scan mode: A/D conversion is started. Conversion continues sequentially on the
selected channels until ADST is cleared to 0 by software, a reset, or
a transition to standby mode or module stop mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode as the A/D conversion operating
mode. See section 15.4, Operation, for single mode and scan mode operation. Only set the SCAN
bit while conversion is stopped.

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Reserved: 0 should be written to this bit.

Bits 2 to 0—Channel Select 2to 0 (CH2 to CHO): Together with the SCAN bit, these bits select
the analog input channels.

Only set the input channel while conversion is stopped (ADST = 0).
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Group

Selection Channel Selection Description
Single Mode Scan Mode
CH2 CH1 CHO (SCAN =0) (SCAN =1)
0 0 0 ANO (Initial value) ANO
1 AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 AN3 ANO to AN3
1 0 0 AN4 AN4
1 ANS5S AN4, AN5
1 0 ANG6 AN4 to AN6
1 AN7 AN4 to AN7
15.23 A/D Control Register (ADCR)
Bit 7 6 4 3 2 1 0
TRGS1 | TRGSO — CKS1 CKSO —_ —
Initial value : 0 0 1 0 0 1 1
R/W R/W R/W — R/W R/W — —

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D
conversion operations and sets the A/D conversion time.

ADCRisinitialized to H'33 by areset, and in standby mode or module stop mode.

Bits 7 and 6—Timer Trigger Select 1 and 0 (TRGSL, TRGS0): Select enabling or disabling of
the start of A/D conversion by atrigger signal. Only set bits TRGS1 and TRGS0 while conversion
is stopped (ADST =0).

Bit 7 Bit 6

TRGS1 TRGSO Description

0 0 A/D conversion start by software is enabled (Initial value)
1 A/D conversion start by TPU conversion start trigger is enabled

1 0 A/D conversion start by 8-bit timer conversion start trigger is enabled
1 A/D conversion start by external trigger pin (ADTRG) is enabled

Bits 5, 4, 1, and 0—Reserved: These bits cannot be modified and are always read as 1.
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Bits 3 and 2—Clock Select 1 and 0 (CK S1, CK S0): These hits select the A/D conversion time.
The conversion time should be changed only when ADST = 0. The conversion time setting should
be less than or equal to the conversion times shown in section 20.2.4, A/D Conversion
Characterigtics.

Bit 3 Bit 2

CKs1 CKSO0 Description

0 0 Conversion time = 530 states (max.) (Initial value)
1 Conversion time = 260 states (max.)

1 0 Conversion time = 134 states (max.)
1 Conversion time = 68 states (max.)

15.24 Module Stop Control Register A (MSTPCRA)

Bit : 7 6 5 4 3 2 1 0
MSTPA7| MSTPAG| MSTPAS5| MSTPA4|MSTPA3|MSTPA2 | MSTPAL1|MSTPAO

Initial value : 0 0 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

MSTPCRA isan 8-bit readable/writable register that performs module stop mode control.

When the MSTPA1 bit in MSTPCR is set to 1, A/D converter operation stops at the end of the bus
cycle and atransition is made to module stop mode. Registers cannot be read or written to in
module stop mode. For details, see section 19.5, Module Stop Mode.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 1—Module Stop (M STPAL): Specifiesthe A/D converter module stop mode.

Bit 1

MSTPA1 Description

0 A/D converter module stop mode cleared

1 A/D converter module stop mode set (Initial value)
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15.3 Interfaceto BusMaster

ADDRA to ADDRD are 16-hit registers, and the data bus to the bus master is 8 bits wide.
Therefore, in accesses by the bus master, the upper byte is accessed directly, but the lower byteis
accessed via atemporary register (TEMP).

A dataread from ADDR is performed as follows. When the upper byte is read, the upper byte
value istransferred to the CPU and the lower byte value is transferred to TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading ADDR, always read the upper byte before the lower byte. It is possible to read only
the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 15.2 shows the data flow for ADDR access.

Upper byte read

Module data bus
Bus master ) Bus interface

(H'AA)
TEMP
(H'40)
ADDRNH ADDRnNL
H'AA H'4
( ) (H40) (n=Ato D)

Lower byte read

Bus master ) Module data bus
<4=mmm) Bus interface

(H'40)
TEMP
(H40)
ADDRnH ADDRnL
(HAA) (H'40)
(n=AtoD)

Figure15.2 ADDR Access Operation (Reading H' AA40)
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154  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes: single mode and scan mode.

154.1 SingleMode (SCAN = 0)

Single mode is selected when A/D conversion isto be performed on asingle channel only. A/D
conversion is started when the ADST bit is set to 1, according to the software or external trigger
input. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to 0
when conversion ends.

On completion of conversion, the ADF flag is set to 1. If the ADIE bit is set to 1 at thistime, an
ADI interrupt request is generated. The ADF flag is cleared by writing O after reading ADCSR.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bitto 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST hit
can be set at the same time as the operating mode or input channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described next. Figure
15.3 shows atiming diagram for this example.

[1] Single modeis selected (SCAN = 0), input channel AN1 is selected (CH2 =0, CH1=0,
CHO =1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

[2] When A/D conversion is completed, the result is transferred to ADDRB. At the same time the
ADFflagissetto 1, the ADST hit iscleared to 0, and the A/D converter becomesidle.

[3] Since ADF =1 and ADIE =1, an ADI interrupt is requested.

[4] The A/D interrupt handling routine starts.

[5] The routine reads ADCSR, then writes 0 to the ADF flag.

[6] The routine reads and processes the connection result (ADDRB).

[7] Execution of the A/D interrupt handling routine ends. After that, if the ADST bitissetto 1,
A/D conversion starts again and steps[2] to [7] are repeated.
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| Set

E—
ADIE AD L
conversion | Set f Setr
ADST starts X
\/‘1 | Clear* | Clear*
ADF / ‘> /
State of channel 0 (ANO) | Idle / ]
State of channel 1 (AN1) [ Idle [ AID conversion T~ Idle [ AID conversion 28, Idle
State of channel 2 (AN2) [ Idle ] \\
State of channel 3 (AN3) | Idle / /
ADDRA [ l
\ | Read conversion result \ | Read conversion result
ADDRB X A/D conversionresult 1~ X A/D conversion result 2
ADDRC
ADDRD

Note: * Vertical arrows ( | ) indicate instructions executed by software.

Figure 15.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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154.2  Scan Mode (SCAN = 1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST hit isset to 1 by a software, timer or external trigger input, A/D conversion starts on the
first channel in the group (ANQ). When two or more channels are selected, after conversion of the
first channel ends, conversion of the second channel (AN1) startsimmediately. A/D conversion
continues cyclically on the selected channels until the ADST bit is cleared to 0. The conversion
results are transferred for storage into the ADDR registers corresponding to the channels.

When the operating mode or analog input channel must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bitto 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST hit to 1 to start A/D conversion again from the first
channel (ANO). The ADST bit can be set at the same time as the operating mode or input channel
is changed.

Typical operations when three channels (ANO to AN2) are selected in scan mode are described
next. Figure 15.4 shows atiming diagram for this example.

[1] Scan modeis selected (SCAN = 1), scan group O is selected (CH2 = 0), analog input channels
ANOto AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

[2] When A/D conversion of the first channel (ANO) is completed, the result is transferred to
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

[3] Conversion proceeds in the same way through the third channel (AN2).

[4] When conversion of all the selected channels (ANO to AN2) is completed, the ADF flag is set
to 1 and conversion of the first channel (ANO) starts again. If the ADIE bitissetto 1 at this
time, an ADI interrupt is requested after A/D conversion ends.

[5] Steps[2] to [4] are repeated aslong as the ADST bit remains set to 1. When the ADST bit is
cleared to O, A/D conversion stops. After that, if the ADST bit isset to 1, A/D conversion
starts again from the first channel (ANO).
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| Continuous A/D conversion execution |
1

fSe‘” | Clear*
ADST
| Clear*!
ADF L
A/D conversion time
it
State of channel 0 (ANO) [_idie [ A/D conversion 1§, Idle [ AID conversion 43 [ Idle ]
State of channel 1 (AN1) | Idle YA/D conversion 2§, Idle YAID conversion 52 Idle ]
State of channel 2 (AN2) | Idie JAID conversion 3 Idle ]
State of channel 3 (AN3) | I 1dle \\ ( ]
\ Transfer ( / \
ADDRA X A/D conversion result 1 X__AID conversion result 4
ADDRB X l\ A/D conversion result 2
ADDRC X A/D conversion result 3
ADDRD

Notes: *1 Vertical arrows ( ‘) indicate instructions executed by software.
*2 Data currently being converted is ignored.

Figure 15.4 Example of A/D Converter Operation
(Scan Mode, Channels ANO to AN2 Selected)
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15.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 15.5 showsthe A/D
conversion timing. Table 15.4 indicates the A/D conversion time.

Asindicated in figure 15.5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write accessto ADCSR. Thetotal conversion
time therefore varies within the ranges indicated in table 15.4.

In scan mode, the values given in table 15.4 apply to the first conversion time. The values given
in table 15.5 apply to the second and subsequent conversions.

o |

Address bus

Write signal

—_ )
%3%5

Input sampling
timing 0
ADF
()()
tp tspL
tcony
Legend
(2) : ADCSR write cycle
(2) : ADCSR address
tp : A/D conversion start delay
tsp. : Input sampling time

tcony : A/D conversion time

Figure155 A/D Conversion Timing
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Table15.4 A/D Conversion Time (Single Mode)

CKS1=0 CKkSs1=1
CKS0=0 CKS0=1 CKS0=0 CKS0=1
Item Symbol Min Typ Max Min Typ Max Min Typ Max Min Typ Max
A/D conversion start delay t, 18 — 33 10 — 17 6 — 9 4 — 5
Input sampling time tepL - 127 - - 63 — — 31 — — 15 —
A/D conversion time teony 515 — 530 259 — 266 131 — 134 67 — 68

Note: Values in the table are the number of states.

Table15.5 A/D Conversion Time (Scan M ode)

CKs1 CKSO0 Conversion Time (State)
0 0 512 (Fixed)

1 256 (Fixed)
1 0 128 (Fixed)

1 64 (Fixed)

15.4.4 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO hits are respectively
setto 1in ADCR, external trigger input is enabled at the ADTRG pin. A falling edge at the
ADTRG pin setsthe ADST bit to 1in ADCSR, starting A/D conversion. Other operations, in
both single and scan modes, are the same asif the ADST bit has been set to 1 by software. Figure
15.6 shows the timing.

ADTRG

N

Internal trigger signal

ADST

A/D conversion

S

Figure15.6 External Trigger Input Timing
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155 Interrupts

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D conversion.
ADI interrupt requests can be enabled or disabled by means of the ADIE bit in ADCSR.

The DTC can be activated by an ADI interrupt. Having the converted dataread by the DTC in
response to an ADI interrupt enables continuous conversion to be achieved without imposing a
load on software.

The A/D converter interrupt source is shown in table 15.6.

Table15.6 A/D Converter Interrupt Source

Interrupt Source Description DTC Activation

ADI Interrupt due to end of conversion Possible

156  Usage Notes
The following points should be noted when using the A/D converter.
Setting Range of Analog Power Supply and Other Pins:

(1) Analog input voltage range
The voltage applied to analog input pin ANn during A/D conversion should be in the range
AVss< ANn < Vref.

(2) Relation between AVcc, AVssand Ve, Vss

Asthe relationship between AVcec, AVssand Vg, Vss, set AVss=Vss. If the A/D converter
is not used, the AVCC and AV SS pins must on no account be left open.

(3) Vref input range
The analog reference voltage input at the Vref pin set in the range Vref < AVcc.

If conditions (1), (2), and (3) above are not met, the reliability of the device may be adversely
affected.

Notes on Board Design: In board design, digital circuitry and analog circuitry should be as
mutually isolated as possible, and layout in which digital circuit signal lines and analog circuit
signal lines cross or arein close proximity should be avoided as far as possible. Failure to do so
may result in incorrect operation of the analog circuitry due to inductance, adversely affecting A/D
conversion values.

511
RENESAS



Also, digita circuitry must be isolated from the analog input signals (ANO to AN7), analog
reference power supply (Vref), and analog power supply (AVcc) by the analog ground (AVss).
Also, the analog ground (AV ss) should be connected at one point to a stable digital ground (Vss)
on the board.

Notes on Noise Countermeasures: A protection circuit connected to prevent damage due to an
abnormal voltage such as an excessive surge at the analog input pins (ANO to AN7) and analog
reference power supply (Vref) should be connected between AV cc and AV ss as shown in figure
15.7.

Also, the bypass capacitors connected to AVcc and Vref and the filter capacitor connected to ANO
to AN7 must be connected to AV ss.

If afilter capacitor is connected as shown in figure 15.7, the input currents at the analog input pins
(ANOto AN7) are averaged, and so an error may arise. Also, when A/D conversion is performed
frequently, asin scan mode, if the current charged and discharged by the capacitance of the
sample-and-hold circuit in the A/D converter exceeds the current input via the input impedance
(R,), an error will arise in the analog input pin voltage. Careful consideration istherefore required
when deciding the circuit constants.

/\/

AVce

Vref

ANO to AN7

AVsg

/\/

Notes: Values are reference values.
*1

10 pF 0.01 pF

*2 Rj,: Input impedance

Figure15.7 Example of Analog Input Protection Circuit
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Table15.7 Analog Pin Specifications

Item Min Max Unit
Analog input capacitance — 20 pF
Permissible signal source impedance — 5* kQ

Note: * WhenV,=2.7Vt0 3.6V

10 kQ
ANO to To A/D
AN7 vy converter
I 20 pF

Note: Values are reference values.

Figure15.8 Analog Input Pin Equivalent Cir cuit

A/D Conversion Precision Definitions: LSI A/D conversion precision definitions are given
below.

* Resolution
The number of A/D converter digital output codes

o Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 15.10).

* Full-scae error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 15.10).

e Quantization error
The deviation inherent in the A/D converter, given by 1/2 L SB (seefigure 15.9).

e Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scale voltage. Does not include the offset error, full-scale error, or quantization error.

» Absolute precision
The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —
111 — characteristic

110

101 —

100 —

010 |~ L

Quantization error

001 [~

| | | | |
1 2 1022 1023

000

NN
=

1024 1024 1024 1024
Analog
input voltage

Figure 159 A/D Conversion Precision Definitions (1)

Full-scale error

l

Digital output

Ideal A/D conversion /
characteristic

/" L— Nonlinearity
g error

-—— Actual A/D conversion
/" characteristic

FS

Analog

Offset error input voltage

Figure15.10 A/D Conversion Precision Definitions (2)
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Permissible Signal Source Impedance: LS| analog input is designed so that conversion precision
is guaranteed for an input signal for which the signal source impedanceis5 kQ or less. This
specification is provided to enable the A/D converter’s sample-and-hold circuit input capacitance
to be charged within the sampling time; if the sensor output impedance exceeds 5 kQ, charging
may be insufficient and it may not be possible to guarantee the A/D conversion precision.

However, if alarge capacitance is provided externally, the input load will essentially comprise
only the internal input resistance of 10 kQ, and the signal source impedance isignored.

However, since alow-pass filter effect is obtained in this case, it may not be possible to follow an
analog signal with alarge differential coefficient (e.g., 5 mV/usor greater).

When converting a high-speed analog signal, alow-impedance buffer should be inserted.

Influences on Absolute Precision: Adding capacitance results in coupling with GND, and
therefore noisein GND may adversely affect absolute precision. Be sure to make the connection
to an electrically stable GND such as AV.

Careisalso required to insure that filter circuits do not communicate with digital signals on the
mounting board, so acting as antennas.

LSI
A/D converter
Sensor output equivalent circuit
impedance
up to 5 kQ 10 kQ

Sensor input ——/\\! l ?
iLow-pass 15 pF
Hilter J: : ; ;

‘Cupto0.1pF

.......................

20 pF

Note: Values are reference values.

Figure15.11 Example of Analog Input Circuit
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Section 16 RAM

16.1 Overview

The LSl has 16 kbytes of on-chip high-speed static RAM. The RAM is connected to the CPU by a
16-hit data bus, enabling one-state access by the CPU to both byte data and word data. This makes
it possible to perform fast word data transfer.

The on-chip RAM can be enabled or disabled by means of the RAM enable bit (RAME) in the
system control register (SY SCR).

16.1.1 Block Diagram

Figure 16.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'FFB00O H'FFB001
H'FFB002 H'FFB003
H'FFB004 H'FFBO005
HFFEFBE HFFEFBF
HFFFFCO HFFFFCL
HFFFFFE HFFFFFF

Figure16.1 Block Diagram of RAM
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16.1.2 Register Configuration

The on-chip RAM is controlled by SY SCR. Table 16.1 shows the address and initial value of
SYSCR.

Table16.1 RAM Register

Name Abbreviation R/W Initial Value Address*

System control register SYSCR R/W H'01 H'FDES

Note: * Lower 16 bits of the address.

16.2 Register Descriptions

16.21 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0
— — INTM1 | INTMO | NMIEG | MRESE — RAME

Initial value : 0 0 0 0 0 0 0 1

R/W : R/W — R/W R/W R/W R/W — R/W

The on-chip RAM is enabled or disabled by the RAME bit in SY SCR. For details of other bitsin
SY SCR, see section 3.2.2, System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized when the reset state is released. It is not initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

Note: When the DTC is used, the RAME bit must be set to 1.
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16.3 Operation

When the RAME bit is set to 1, accesses to addresses H'FFB000 to H'FFEFBF and H'FFFFCO to
H'FFFFFF in the LSl is directed to the on-chip RAM. When the RAME hit is cleared to O, the off-
chip address space is accessed.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written to
and read in byte or word units. Each type of access can be performed in one state.

Even addresses use the upper 8 bits, and odd addresses use the lower 8 bits. Word data must start
at an even address.

16.4  Usage Note

DTC register information can be located in addresses H'FFEBCO to H'FFEFBF. Whenthe DTC is
used, the RAME bit must not be cleared to O.
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Section 17 ROM

171 Oveview

The LS has 128 kbytes of on-chip ROM (flash memory). The ROM is connected to the CPU by a
16-hit data bus. The CPU accesses both byte data and word data in one state, making possible
rapid instruction fetches and high-speed processing.

The on-chip ROM is enabled or disabled by setting the mode pins (MD2, MD1, and MDQ).

The flash memory versions can be erased and programmed on-board as well as with a PROM
programmer.

17.1.1 Block Diagram

Figure 17.1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003
H'O1FFFE H'O1FFFF

Figure17.1 Block Diagram of ROM

521
RENESAS




17.1.2 Register Configuration

This LSI’s on-chip ROM is controlled by the mode pins. The register configuration is shown in
table 17.1.

Table17.1 ROM Register

Name Abbreviation R/W Initial Value Address*
Mode control register MDCR R/W Undefined H'FDE7
Note: * Lower 16 bits of the address.

17.2  Register Descriptions

17.21 Mode Control Register (MDCR)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | — | MDS2| MDS1 | MDSO |
Initial value 1 0 0 0 0 —* —* —*
RIW S _ _ _ _ R R R

Note: * Determined by pins MD2 to MDO.

MDCR is an 8-bit read-only register that indicates the current operating mode of the LS.
Bit 7—Reserved: Thisbit cannot be modified and is alwaysread as 1.
Bits 6 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the input levels at pins
MD2 to MDO (the current operating mode). Bits MDS2 to MDSO0 correspond to pins MD2 to
MDO. MDS2 to MDSO are read-only bits, and cannot be written to. The mode pin (MD2 to MDOQ)
input levels are latched into these bits when MDCR is read. These latches are canceled by a
power-on reset.

17.3  Operation

The on-chip ROM is connected to the CPU by a 16-bit data bus, and both byte and word data can
be accessed in one state. Even addresses are connected to the upper 8 bits, and odd addresses to
the lower 8 bits. Word data must start at an even address.

The on-chip ROM is enabled and disabled by setting the mode pins (MD2, MD1, and MDO).
These settings are shown in table 17.2.
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Table17.2 Operating Modesand ROM Area (F-ZTAT version)

Mode Pin

Operating Mode FWE MD2 MD1 MDO On-Chip ROM

Mode 0 — 0 0 0 0 —

Mode 1 1

Mode 2 1 0

Mode 3 1

Mode 4  Advanced expanded mode with 1 0 0 Disabled
on-chip ROM disabled

Mode 5  Advanced expanded mode with 1
on-chip ROM disabled

Mode 6  Advanced expanded mode with 1 0 Enabled (128 kbytes)**
on-chip ROM enabled

Mode 7  Advanced single-chip mode 1 Enabled (128 kbytes)**

Mode 8 — 1 0 0 0 —

Mode 9

Mode 10 Boot mode (advanced expanded 1 0 Enabled (128 kbytes)*?
mode with on-chip ROM enabled)**

Mode 11 Boot mode (advanced single-chip 1 Enabled (128 kbytes)*?
mode)*?

Mode 12 — 1 0 0 —

Mode 13 1

Mode 14 User program mode (advanced 1 0 Enabled (128 kbytes)**
expanded mode with on-chip ROM
enabled)**

Mode 15 User program mode (advanced 1 Enabled (128 kbytes)**

single-chip mode)**?

Notes: *1 Apart from the fact that flash memory can be erased and programmed, operation is the

same as in advanced expanded mode with on-chip ROM enabled.

*2 Apart from the fact that flash memory can be erased and programmed, operation is the

same as in advanced single-chip mode.
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174  Overview of Flash Memory

17.4.1 Features

The LS| has 128 kbytes of on-chip flash memory. The features of the flash memory are
summarized below.

Four flash memory operating modes

O Program mode

O Erase mode

O Program-verify mode

O Erase-verify mode

Programming/erase methods

The flash memory is programmed 128 bytes at atime. Block erase (in single-block units) can
be performed. To erase multiple blocks, each block must be erased in turn. Block erasing can
be performed as required on 1 kbyte, 8 kbytes, 16 kbytes, 28 kbytes, and 32 kbytes blocks.
Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 128-byte programming,
equivalent approximately to 80 us (typ.) per byte, and the erase time is 100 ms (typ.).

Reprogramming capability

The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:
O Boot mode

0 User program mode

Automatic bit rate adjustment

With datatransfer in boot mode, the LSI’ s bit rate can be automatically adjusted to match the
transfer bit rate of the host.

Flash memory emulation in RAM

Flash memory programming can be emulated in real time by overlapping a part of RAM onto
flash memory.

Protect modes

There are three protect modes, hardware, software, and error protection, which allow protected
status to be designated for flash memory program/erase/verify operations.

Programmer mode

Flash memory can be programmed/erased in programmer mode, using a PROM programmer,
aswell asin on-board programming mode.
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17.4.2 Block Diagram

A

Internal address bus

Internal data bus (16 bits)

(2]
3<_ >[FLMCR1L O
Q
5(<___[FLMCR2 . Operating| . FWE pin
S Bus interface/controller - -~ .
2 Q EBR1 mode Mode pin
< [esre ] O O
< >[RAMER
< >[FLPwcR
Flash memory
(128 kbytes)
Legend
FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1
EBR2: Erase block register 2
RAMER: RAM emulation register
FLPWCR: Flash memory power control register
Figure17.2 Block Diagram of Flash Memory
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17.4.3 Mode Transitions

When the mode pins and the FWE pin are set in the reset state and a reset-start is executed, the
microcomputer enters an operating mode as shown in figure 17.3. In user mode, flash memory can
be read but not programmed or erased. Transitions between user mode and user program mode
should only be made when the CPU is not accessing the flash memory.

The boot, user program and programmer modes are provided as modes to write and erase the flash
memory.

MD2 =1, Reset state

User mode
(on-chip ROM
enabled)

FWE =1 FWE =0
Programmer
mode

User
program mode

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is
not accessing the flash memory.

*1 RAM emulation possible
*2 MDO=0,MD1=0,MD2=0,P14=0,P16=0,PFO=1,PF3=1

Figure17.3 Flash Memory State Transitions
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1744 On-Board Programming Modes

Boot Mode

1. Initial state
The old program version or data remains written

in the flash memory. The user should prepare the

programming control program and new
application program beforehand in the host.

Host

Programming control
program
New application
program

LSI

SCI

k Boot program N

Flash memory RAM

Application program
(old version)

3. Flash memory initialization
The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, total flash
memory erasure is performed, without regard to

blocks.
Host

New application )
program
LSI
Flash memory RAM

Boot program area
N\

Programming control
program

Flash memory
preprogramming
erase

. Programming control program transfer

When boot mode is entered, the boot program in
the LSI (originally incorporated in the chip) is
started and the programming control program in
the host is transferred to RAM via SCI
communication. The boot program required for
flash memory erasing is automatically transferred
to the RAM boot program area.

New application
program
LSI
N SCI
& Boot program \ 1
Flash memory RAM

Boot program area

Programming control
program

Application program
(old version)

. Writing new application program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into the
flash memory.

Host

LSI

RAM

Flash memory

Boot program area

Programming control ]
A program

New application
program

& Program execution state

Figure17.4 Boot Mode
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User Program Mode

1. Initial state 2. Programming/erase control program transfer
The FWE assessment program that confirms that When user program mode is entered, user
user program mode has been entered, and the software confirms this fact, executes transfer
program that will transfer the programming/erase program in the flash memory, and transfers the
control program from flash memory to on-chip programming/erase control program to RAM.
RAM should be written into the flash memory by
the user beforehand. The programming/erase
control program should be prepared in the host or
in the flash memory.

Host Host
—Programming/ T
erase control program L |
New application ) New application
program program
LSI LSI
> >
Flash memory RAM Flash memory RAM
FWE assessment FWE assessment
,,,,, program ___ _ R\ program SN
Transfer program Transfer program
erase control program
Application program Application program
(old version) (old version)
3. Flash memory initialization 4. Writing new application program

The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,
but not in byte units.

Host

New application
program

LS|

SCI
Boot program

Flash memory RAM

FWE assessment
program

Transfer program

Programming/ \
K\erase control program

Flash memory
erase

Next, the new application program in the host is
written into the erased flash memory blocks. Do

not write to unerased blocks.

Host

LSI

SCI
Boot program /
RAM

Flash memory

FWE assessment

Transfer program

Programming/ ‘
[\erase control program

New application
program

N Program execution state

Figure17.5 User Program Mode
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1745 Flash Memory Emulation in RAM

Emulation should be performed in user mode or user program mode. When the emulation block
set in RAMER is accessed while the emulation function is being executed, data written in the
overlap RAM isread.

SCI

Flash memory RAM

Emulation block

Overlap RAM
(emulation is performed
on data written in RAM)

Application program

Execution state

Figure17.6 Reading Overlap RAM Datain User Mode or User Program M ode

When overlap RAM datais confirmed, the RAMS bit is cleared, RAM overlap isreleased, and
writes should actually be performed to the flash memory.

When the programming control program is transferred to RAM, ensure that the transfer
destination and the overlap RAM do not overlap, as thiswill cause datain the overlap RAM to
be rewritten.

529
RENESAS




Flash memory

Programming data

Application program

SCI

RAM

Overlap RAM
(programming data)

Programming control
program execution state

Figure17.7 Writing Overlap RAM Datain User Program Mode

17.4.6 Differencesbetween Boot M ode and User Program Mode

Table17.3 Differences between Boot Mode and User Program Mode

Boot Mode User Program Mode
Total erase Yes Yes
Block erase No Yes
Programming control program* 2) 1) 2) (3

(1) Erase/erase-verify

(2) Program/program-verify
(3) Emulation

Note: * To be provided by the user, in accordance with the recommended algorithm.
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17.4.7 Block Configuration

The flash memory is divided into four 1 kbyte blocks, one 28 kbytes block, one 16 kbytes block,
two 8 kbytes blocks, and two 32 kbytes blocks. Erasure is performed in this unit.

Address H'00000 y 1 kbyte x4 ———

28 kbytes

16 kbytes

8 kbytes
128 kbytes 8 kbytes

32 kbytes

32 kbytes

Address H'1FFFF y

Figure17.8 Flash Memory Block Configuration
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175 Pin Configuration
The flash memory is controlled by means of the pins shown in table 17.4.

Table17.4 Pin Configuration

Pin Name Abbreviation /0 Function

Reset RES Input  Reset

Flash write enable FWE Input Flash memory program/erase protection by hardware
Mode 2 MD2 Input Sets LS| operating mode

Mode 1 MD1 Input Sets LS| operating mode

Mode 0 MDO Input Sets LS| operating mode

Port F3 PF3 Input Sets LS| operating mode when MD2 = MD1 = MDO =0
Port FO PFO Input Sets LS| operating mode when MD2 = MD1 = MDO =0
Port 16 P16 Input Sets LS| operating mode when MD2 = MD1 = MDO =0
Port 14 P14 Input Sets LSI operating mode when MD2 = MD1 = MDO =0
Transmit data TxDO Output  Serial transmit data output

Receive data RxDO Input Serial receive data input
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17.6  Register Configuration

The registers used to control the on-chip flash memory when enabled are shown in table 17.5.
In order to access these registers, the FLSHE bit in SCRX must be set to 1 (except for RAMER,

SCRX).

Table17.5 Register Configuration

Register Name Abbreviation  R/W Initial Value  Address**
Flash memory control register 1 FLMCR1*® R/W*? H'00™? H'FFA8
Flash memory control register 2 FLMCR2*® R*2 H'00 H'FFA9
Erase block register 1 EBR1*® RIW*2 H'00** H'FFAA
Erase block register 2 EBR2*® R/W*? H'00™* H'FFAB
RAM emulation register RAMER*® R/W H'00 H'FEDB
Flash memory power control register FLPWCR™*® R/W H'00 H'FFAC
Serial control register X SCRX R/W H'00 H'FDB4

Notes: *1 Lower 16 bits of the address.

*2 To access these registers, set the FLSHE bit to 1 in serial control register X. Even if
FLSHE is set to 1, if the chip is in a mode in which the on-chip flash memory is
disabled, a read will return H'00 and writes are invalid. Writes are also invalid when the

FWE bit in FLMCR1 is not set to 1.

*3 When a high level is input to the FWE pin, the initial value is H'80.

*4 When a low level is input to the FWE pin, or if a high level is input and the SWEL1 bit in
FLMCRL1 is not set, these registers are initialized to H'00.

*5 FLMCR1, FLMCR2, EBR1, EBR2, RAMER, and FLPWCR are 8-hit registers.
Only byte access can be used on these registers, with the access requiring two states.
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17.7 Register Descriptions

17.71  Flash Memory Control Register 1 (FLMCR1)

Bit L7 6 5 4 3 2 1 0

| FWE | SWE1| Esu1 | Psui | Evi | Pvi | E1 | P1 |
Initial value : —* 0 0 0 0 0 0 0
RIW . R RW RW RW RW RW RW RW

Note: * Determined by the state of the FWE pin.

FLMCRL1 isan 8-bit register used for flash memory operating mode control. Program-verify mode
or erase-verify mode for addresses H'00000 to H'1FFFF is entered by setting SWE1 bit to 1 when
FWE = 1, then setting the PV1 or EV 1 bit. Program mode for addresses H'00000 to H'1FFFF is
entered by setting SWEL bit to 1 when FWE = 1, then setting the PSU1 bit, and finally setting the
P1 bit. Erase mode for addresses H'00000 to H'1FFFF is entered by setting SWEL bit to 1 when
FWE = 1, then setting the ESU1 bit, and finally setting the E1 bit. FLMCRL1 isinitialized by a
power-on reset, and in hardware standby mode and software standby mode. Itsinitial valueis H'80
when a high level isinput to the FWE pin, and H'00 when alow level isinput. When on-chip flash
memory is disabled, aread will return H'00, and writes are invalid.

Writes are enabled only in the following cases: Writes to bit SWE1 of FLMCR1 enabled when
FWE = 1, to bits ESU1, PSU1, EV1, and PV1 when FWE = 1 and SWEL1 = 1, to bit E1 when
FWE =1, SWE1=1and ESU1 = 1, and to bit PL when FWE =1, SWE1 =1, and PSU1 = 1.

Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash memory
programming/erasing.

Bit 7

FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin
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Bit 6—Software Write Enable Bit 1 (SWEL): Enables or disables flash memory programming
and erasing. Set this bit when setting bits 5 to 0, bits 7 to 0 of EBR1, and bits 3to 0 of EBR2.

Bit 6
SWE1 Description
0 Writes disabled (Initial value)
1 Writes enabled
[Setting condition]
When FWE =1

Bit 5—Erase Setup Bit 1 (ESUL): Preparesfor atransition to erase mode. Set this bit to 1 before
setting the E1 bit in FLMCR1 to 1. Do not set the SWE1, PSU1, EV1, PV1, E1, or P1 hit at the
sametime.

Bit 5

ESU1 Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1and SWE1 =1

Bit 4—Program Setup Bit 1 (PSU1): Prepares for atransition to program mode. Set this bit to 1
before setting the P1 bitin FLMCR1 to 1. Do not set the SWE1, ESU1, EV1, PV1, E1, or P1 bit
at the same time.

Bit 4

PSU1 Description

0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE =1 and SWE1=1
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Bit 3—Erase-Verify 1 (EV1): Selects erase-verify mode transition or clearing. Do not set the
SWEL1, ESU1, PSU1, PV1, E1, or P1 bit at the sametime.

Bit 3

EV1 Description

0 Erase-verify mode cleared (Initial value)
1 Transition to erase-verify mode

[Setting condition]
When FWE =1 and SWE1 =1

Bit 2—Program-Verify 1 (PV1): Selects program-verify mode transition or clearing. Do not set
the SWEL1, ESU1, PSU1, EV1, E1, or P1 hit at the same time.

Bit 2

P\/l—Description

0 Program-verify mode cleared (Initial value)
1 Transition to program-verify mode

[Setting condition]
When FWE =1 and SWE1 =1

Bit 1—Erase 1 (E1): Selects erase mode transition or clearing. Do not set the SWE1, ESU1,
PSU1, EV1, PV1, or P1 bit at the sametime.

Bit 1

El—Description

0 Erase mode cleared (Initial value)
Transition to erase mode
[Setting condition]
When FWE =1, SWE1=1,and ESU1 =1
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Bit 0—Program 1 (P1): Selects program mode transition or clearing. Do not set the SWEL,
PSU1, ESUL, EV1, PV1, or E1 bit a the sametime.

Bit 0
P1 Description
0 Program mode cleared (Initial value)

Transition to program mode
[Setting condition]
When FWE =1,SWE1=1,and PSU1 =1

17.7.2  Flash Memory Control Register 2 (FLMCR2)

Bit : 7 6 5 4 3 2 1 0

T T T T e R R R
Initial value : 0 0 0 0 0 0 0 0
R/W : R R R R R R R

Note: FLMCR2 is a read-only register, and should not be written to.

FLMCR2 is an 8-bit register used for flash memory operating mode control. FLMCR2 is
initialized to H'00 by a power-on reset, and in hardware standby mode and software standby mode.
When on-chip flash memory is disabled, aread will return H'00.

Bit 7—Flash Memory Error (FLER): Indicates that an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goes to the error-
protection state.

Bit 7

FLER Description

0 Flash memory is operating normally (Initial value)
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Power-on reset or hardware standby mode

1 An error has occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled
[Setting condition]
See 17.10.3 Error Protection

Bits 6 to 0—Reserved: These bits awaysread 0.
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17.7.3 EraseBlock Register 1 (EBR1)

Bit : 7 6 5 4 3 2 1 0

| EB7 | EB6 | EB5 | EB4 | EB3 | EB2 | EBL | EBO
Initial value : 0 0 0 0 0 0 0 0
RIW © RW RW RW RW RW RW RW RW

EBRL1 isan 8-hit register that specifies the flash memory erase area block by block. EBR1 is
initialized to H'00 by a power-on reset, in hardware standby mode and software standby mode,
when alow level isinput to the FWE pin, and when a high level isinput to the FWE pin and the
SWEL bitin FLMCRL1 is not set. When ahit in EBR1 is set to 1, the corresponding block can be
erased. Other blocks are erase-protected. Only one of the bits of EBR1 and EBR2 combined can
be set. Do not set more than one bit, asthiswill cause al the bitsin both EBR1 and EBR2 to be
automatically cleared to 0. When on-chip flash memory is disabled, a read will return H'00, and
writes areinvalid.

The flash memory block configuration is shown in table 17.6.

17.74  EraseBlock Register 2 (EBR2)

Bit : 7 6 5 4 3 2 1 0

e e e e e =
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

EBR2 is an 8-bit register that specifies the flash memory erase area block by block. EBR2 is
initialized to H'00 by a power-on reset, in hardware standby mode and software standby mode,
when alow level isinput to the FWE pin, and when a high level isinput to the FWE pin and the
SWEL1 bitin FLMCRL1 is not set. When abit in EBR2 is set to 1, the corresponding block can be
erased. Other blocks are erase-protected. Only one of the bits of EBR1 and EBR2 combined can
be set. Do not set more than one bit, asthiswill cause al the bitsin both EBR1 and EBR2 to be
automatically cleared to 0. Bits 7 to 2 are reserved and must only be written with 0. When on-chip
flash memory is disabled, aread will return H'00, and writes are invalid.
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The flash memory block configuration is shown in table 17.6.

Table17.6 Flash Memory Erase Blocks

Block (Size) Addresses

EBO (1 kbyte) H'000000-H'0003FF
EB1 (1 kbyte) H'000400-H'0007FF
EB2 (1 kbyte) H'000800-H'000BFF
EB3 (1 kbyte) H'000C00—H'000FFF
EB4 (28 kbytes) H'001000-H'007FFF
EB5 (16 kbytes) H'008000-H'00BFFF
EBG6 (8 kbytes) H'00C000-H'00DFFF
EB7 (8 kbytes) H'00E000-H'00FFFF
EB8 (32 kbytes) H'010000-H'017FFF
EB9 (32 kbytes) H'018000-H'01FFFF

1775 RAM Emulation Register (RAMER)

Bit L7 6 5 4 3 2 1 0

. — | — | — | — | RrRaws| — | RAML| RAMO |
Initial value : 0 0 0 0 0 0 0 0
RIW . R R R RW RW RW RW RW

RAMER specifies the area of flash memory to be overlapped with part of RAM when emulating
real-time flash memory programming. RAMER initialized to H'00 by a power-on reset and in
hardware standby mode. It is not initialized in software standby mode. RAMER settings should be
made in user mode or user program mode.

Flash memory areadivisions are shown in table 17.7. To ensure correct operation of the emulation
function, the ROM for which RAM emulation is performed should not be accessed immediately
after this register has been modified. Normal execution of an accessimmediately after register
modification is not guaranteed.

Bits 7 to 5—Reserved: These bits always read 0.

Bits 4 and 2—Reserved: Only 0 may be written to these bits.
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Bit 3—RAM Select (RAMYS): Specifies selection or non-selection of flash memory emulation in
RAM. When RAMS = 1, dl flash memory block are program/erase-protected.

Bit 3

RAMS Description

0 Emulation not selected (Initial value)
Program/erase-protection of all flash memory blocks is disabled

1 Emulation selected

Program/erase-protection of all flash memory blocks is enabled

Bits 1 and 0—Flash Memory Area Selection: These bits are used together with bit 3 to select the
flash memory areato be overlapped with RAM. (Seetable 17.7.)

Table17.7 Flash Memory Area Divisions

Addresses Block Name RAMS RAM1 RAMO
H'FFDOOO-H'FFD3FF RAM area 1 kbyte 0O * *
H'000000-H'0003FF EBO (1 kbyte) 1 0 0
H'000400-H'0007FF EB1 (1 kbyte) 1 0 1
H'000800-H'000BFF EB2 (1 kbyte) 1 1 0
H'000C00—H'000FFF EB3 (1 kbyte) 1 1 1

*: Don’t care

17.76  Flash Memory Power Control Register (FLPWCR)

Bit: 7 6 5 4 3 2 1 0
PownD| — | — | — | — [ — | — | — |
Initial value: 0 0 0 0 0 0 0 0
R/W: R/W

FLPWCR enables or disables atransition to the flash memory power-down mode when the LSI
switches to subactive mode.

FLPWCR isinitialized to H'00 by a power-on reset, and in hardware standby mode and software
standby mode.
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Bit 7—Power-Down Disable (PDWND): Enables or disables atransition to the flash memory
power-down mode when the LS| switches to subactive mode.

Bit 7

PDWND Description

0 Transition to flash memory power-down mode enabled (Initial value)
1 Transition to flash memory power-down mode disabled

Note: PDWND is valid only when the LSl is in subactive mode or subsleep mode, and is invalid in
other modes.

Bits 6 to 0—Reserved: These bits always read 0.

17.7.7  Serial Control Register X (SCRX)

Bit : 7 6 5 4 3 2 1 0
== = = fmse] = | = | — |

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCRX is an 8-hit readable/writable register that performs on-chip flash memory control.
SCRX isinitialized to H'00 by areset and in hardware standby mode.
Bits 7 to 4, 2to 0—Reserved: Only 0 may be written to these bits.

Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU accessto the flash
memory control registers (FLMCR1, FLMCR2, EBR1, and EBR2). Setting the FLSHE hit to 1
enables read/write access to the flash memory control registers. If FLSHE is cleared to O, the flash
memory control registers are deselected. In this case, the flash memory control register contents
are retained.

Bit 3

FLSHE Description

0 Flash control registers deselected in area H'FFFFA8 to H'FFFFAC (Initial value)
1 Flash control registers selected in area H'FFFFA8 to H'FFFFAC
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17.8  On-Board Programming Modes

When pins are set to on-board programming mode and a reset-start is executed, atransition is
made to the on-board programming state in which program/erase/verify operations can be
performed on the on-chip flash memory. There are two on-board programming modes: boot mode
and user program mode. The pin settings for transition to each of these modes are shown in table
17.8. For adiagram of the transitions to the various flash memory modes, see figure 17.3.

Table17.8 Setting On-Board Programming M odes

Mode FWE MD2 MD1 MDO

Boot mode Expanded mode 1 0 1 0
Single-chip mode 0 1 1

User program mode Expanded mode 1 1 1 0
Single-chip mode 1 1 1

17.8.1 Boot Mode

When boot mode is used, the flash memory programming control program must be prepared in the
host beforehand. The SCI channel to be used is set to asynchronous mode.

When areset-start is executed after the LS|’ s pins have been set to boot mode, the boot program
built into the LS is started and the programming control program prepared in the host is serialy
transmitted to the LS| viathe SCI. In the LS, the programming control program received viathe
SCI iswritten into the programming control program areain on-chip RAM. After the transfer is
completed, control branches to the start address of the programming control program area and the
programming control program execution state is entered (flash memory programming is
performed).

The transferred programming control program must therefore include coding that follows the
programming algorithm given later.

The system configuration in boot mode is shown in figure 17.9, and the boot mode execution
procedure in figure 17.10.

542
RENESAS



LSl

Flash memory

Host Write data reception

RxDO

Verify data transmission SCIo > On-chip RAM
- TxDO

Figure17.9 System Configuration in Boot Mode

If amemory cell does not operate normally and cannot be erased, one H'FF byte is transmitted as
an erase error indication, and the erase operation and subsegquent operations are halted. When a
transition is made to boot mode, or from boot mode to another mode, mode switching must be
carried out by means of RES input. The states of ports with multiplexed address functions and bus
control output signals (AS, RD, WR) change during the switchover period (while alow level is
being input at the RES pin), and therefore these pins should not be used for output signals during
this period.
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Set pins to boot mode
and execute reset-start

Host transfers data (H'00)
continuously at prescribed bit rate

LSI measures low period
of H'00 data transmitted by host

LSI calculates bit rate and
sets value in bit rate register

Host transmits number
of programming control program
bytes (N), upper byte followed
by lower byte
I

After bit rate adjustment, LSI
transmits one H'00 data byte to
host to indicate end of adjustment

LSI transmits received
number of bytes to host as verify
data (echo-back)

Host confirms normal reception
of bit rate adjustment end
indication (H'00), and transmits
one H'55 data byte
\

n=1

[

|-

Host transmits programming control
program sequentially in byte units

After receiving H'55,
LSI transmits one H'AA
data byte to host

LSI transmits received
programming control program to
host as verify data (echo-back)

Transfer received programming
control program to on-chip RAM

EXery

End of transmission

Check flash memory data, and
if data has already been written,
erase all blocks

After confirming that all flash
memory data has been erased,
LSI transmits one H'AA data
byte to host

Execute programming control

program transferred to on-chip RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is
transmitted as an erase error, and the erase operation and subsequent operations

are halted.

Figure17.10 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment

Sl no | p1 | b2 | D3 | D4 | D5 | D6 | D7 | StP
bit bit
- Low period (9 bits) measured (H'00 data) - T—|igh periord

(1 or more bits)

Figure17.11 Automatic SCI Bit Rate Adjustment

When boot mode isinitiated, the LSl measures the low period of the asynchronous SCI
communication data (H'00) transmitted continuously from the host. The SCI transmit/receive
format should be set as follows: 8-hit data, 1 stop bit, no parity. The LSI calculates the bit rate of
the transmission from the host from the measured low period, and transmits one H'00 byte to the
host to indicate the end of bit rate adjustment. The host should confirm that this adjustment end
indication (H'00) has been received normally, and transmit one H'55 byte to the LSI. If reception
cannot be performed normally, initiate boot mode again (reset), and repeat the above operations.
Depending on the host’ s transmission bit rate and the LS|’ s system clock frequency, there will be
adiscrepancy between the bit rates of the host and the LS. Set the host transfer bit rate at 4,800,
9,600, or 19,200 bps to operate the SCI properly.

Table 17.9 shows host transfer bit rates and system clock frequencies for which automatic
adjustment of the LS| bit rate is possible. The boot program should be executed within this system
clock range.

Table17.9 System Clock Frequenciesfor which Automatic Adjustment of L SI Bit Rateis

Possible
System Clock Frequency for Which Automatic Adjustment
Host Bit Rate of LSI Bit Rate is Possible
4,800 bps 2 MHz to 13.5 MHz
9,600 bps 4 MHz to 13.5 MHz
19,200 bps 8 MHz to 13.5 MHz
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On-Chip RAM Area Divisionsin Boot Mode: In boot mode, the RAM areais divided into an
area used by the boot program and an area to which the programming control programis
transferred via the SCI, as shown in figure 17.12. The boot program area cannot be used until the
execution state in boot mode switches to the programming control program transferred from the
host.

Programming HFFC000
control program area
(8 kbytes)
H'FFDFFF
H'FFE000
Boot program area
(4 kbytes)
H'FFEFBF

Note: The boot program area cannot be used until a transition is made to the execution state for
the programming control program transferred to RAM. Note also that the boot program
remains in this area of the on-chip RAM even after control branches to the programming
control program.

Figure17.12 RAM Areasin Boot Mode
Notes on Use of Boot Mode:

* When the chip comes out of reset in boot mode, it measures the low-level period of the input at
the SCI’s RxDO pin. The reset should end with RxDO high. After the reset ends, it takes
approximately 100 states before the chip is ready to measure the low-level period of the RxDO

pin.

« Inboot mode, if any data has been programmed into the flash memory (if all dataisnot 1), all
flash memory blocks are erased. Boot mode is for use when user program mode is unavailable,
such asthe first time on-board programming is performed, or if the program activated in user
program mode is accidentally erased.

* Interrupts cannot be used while the flash memory is being programmed or erased.
* The RxDO0 and TxDO pins should be pulled up on the board.

« Before branching to the programming control program (RAM area H'FFC000), the chip
terminates transmit and receive operations by the on-chip SCI (channel 0) (by clearing the RE
and TE bitsin SCR to 0), but the adjusted bit rate value remains set in BRR. The transmit data
output pin, TxDO, goes to the high-level output state (P30DDR = 1, P30DR = 1).
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The contents of the CPU’sinternal general registers are undefined at thistime, so these
registers must be initialized immediately after branching to the programming control program.
In particular, since the stack pointer (SP) is used implicitly in subroutine calls, etc., a stack area
must be specified for use by the programming control program.

Initial settings must also be made for all other on-chip registers.

» Boot mode can be entered by making the pin settings shown in table 17.8 and executing a
reset-start.
Boot mode can be cleared by driving the reset pin low, waiting at least 20 states, then setting
the FWE pin and mode pins, and executing reset release* . Boot mode can also be cleared by a
WDT overflow reset.
Do not change the mode pin input levelsin boot mode, and do not drive the FWE pin low
while the boot program is being executed or while flash memory is being programmed or
erased* 2

» If the mode pin input levels are changed (for example, from low to high) during areset, the
state of ports with multiplexed address functions and bus control output pins (AS, RD, HWR)
will change according to the change in the microcomputer’ s operating mode*°.

Therefore, care must be taken to make pin settings to prevent these pins from becoming output
signal pins during areset, or to prevent collision with signals outside the microcomputer.

Notes: *1 Mode pin and FWE pin input must satisfy the mode programming setup time (t,ps =
200 ns) with respect to the reset release timing.
*2 For further information on FWE application and disconnection, see section 17.15,
Flash Memory Programming and Erasing Precautions.

*3 See appendix D, Pin States.

17.8.2  User Program Mode

When set to user program mode, the chip can program and erase its flash memory by executing a
user program/erase control program. Therefore, on-board reprogramming of the on-chip flash
memory can be carried out by providing on-board means of FWE control and supply of
programming data, and storing a program/erase control program in part of the program area as
necessary.

To select user program mode, select a mode that enables the on-chip flash memory (mode 6 or 7),
and apply a high level to the FWE pin. In this mode, on-chip supporting modules other than flash
memory operate as they normally would in modes 6 and 7.

The flash memory itself cannot be read while the SWE1 bit is set to 1 to perform programming or
erasing, so the control program that performs programming and erasing should be run in on-chip
RAM or external memory.
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Figure 17.13 shows the procedure for executing the program/erase control program when
transferred to on-chip RAM.

Write the FWE assessment program and
transfer program (and the program/erase
control program if necessary) beforehand

MD2, MD1, MDO = 110, 111
Reset-start

!

Transfer program/erase control
program to RAM

!

Branch to program/erase control
program in RAM area

!

FWE = high*

!

Execute program/erase control
program (flash memory rewriting)

!

Clear FWE*

!

Branch to flash memory application
program

Notes: Do not apply a constant high level to the FWE pin. Apply a high level to the FWE pin
only when the flash memory is programmed or erased. Also, while a high level is
applied to the FWE pin, the watchdog timer should be activated to prevent
overprogramming or overerasing due to program runaway, etc.

* For further information on FWE application and disconnection, see section 17.15,
Flash Memory Programming and Erasing Precautions.

Figure17.13 User Program Mode Execution Procedure
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17.9  Programming/Erasing Flash Memory

A software method, using the CPU, is employed to program and erase flash memory in the on-
board programming modes. There are four flash memory operating modes. program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes are made by
setting the PSU1, ESU1, P1, E1, PV1, and EV1 bitsin FLMCR1 for addresses H'000000 to
H'O1FFFF.

The flash memory cannot be read while it is being written or erased. Install the program to control
flash memory programming and erasing (programming control program) in the on-chip RAM, in
external memory, and execute the program from there.

Notes: 1. Operationisnot guaranteed if bits SWEL, ESU1, PSU1, EV1, PV1, E1, and P1 of
FLMCRL are set/reset by a program in flash memory in the corresponding address
areas.

2. When programming or erasing, set FWE to 1 (programming/erasing will not be
executed if FWE = 0).

3. Programming should be performed in the erased state. Do not perform additional
programming on previously programmed addresses.

1791 Program Mode

Follow the procedure shown in the program/program-verify flowchart in figure 17.14 to write data
or programs to flash memory. Performing program operations according to this flowchart will
enable data or programs to be written to flash memory without subjecting the device to voltage
stress or sacrificing program data reliability. Programming should be carried out 128 bytes at a
time.

For the wait times (tsye, tspsu Lspior tspzon Lp200r Lopr Lepsur tspur tspurr tepwr teswe) EftEr bits are set or cleared
in flash memory control register 1 (FLMCR1) and the maximum number of programming
operations (N), see 20.2.5, Flash Memory Characteristics.

Following the elapse of (t,.) HSor more after the SWEL bit is set to 1 in flash memory control
register 1 (FLMCR1), 128-byte datais stored in the program data area and reprogram data area,
and the 128-byte datain the program data areain RAM is written consecutively to the write
addresses. The lower 8 bits of the first address written to must be H'00 or H'80. 128 consecutive
byte data transfers are performed. The program address and program data are latched in the flash
memory. A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this
case, H'FF data must be written to the extra addresses.

Next, the watchdog timer is set to prevent overprogramming in the event of program runaway, etc.
Set avalue greater than (g, + tyom + te + tope) HSaSthe WDT overflow period. After this,
preparation for program mode (program setup) is carried out by setting the PSU1 bit in FLMCR1,
and after the elapse of (t4.,) Hs or more, the operating mode is switched to program mode by
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setting the P1 bit in FLMCR1. The time during which the P1 bit is set is the flash memory
programming time. Set the programming time according to the table in the programming
flowchart.

17.9.2 Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of a given programming time, the programming mode is exited (the P1 bit in
FLMCRL1 iscleared, then the PSU1 hit is cleared at least (t;,) pslater). The watchdog timer is
cleared after the elapse of (t,,) s or more, and the operating mode is switched to program-verify
mode by setting the PV 1 bit in FLMCR1. Before reading in program-verify mode, adummy write
of H'FF data should be made to the addresses to be read. The dummy write should be executed
after the elapse of (tg,) ps or more. When the flash memory isread in this state (verify datais
read in 16-bit units), the data at the latched address isread. Wait at least (t,,) us after the dummy
write before performing this read operation. Next, the originally written datais compared with the
verify data, and reprogram data is computed (see figure 17.14) and transferred to the reprogram
dataarea. After 128 bytes of data have been verified, exit program-verify mode, wait for at |east
(to) Hs, then clear the SWEL bit in FLMCR1to O. If reprogramming is necessary, set program
mode again, and repeat the program/program-verify sequence as before. However, ensure that the
program/program-verify sequence is not repeated more than (N) times on the same bits.
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Subroutine: Write Pulse
Start of subroutine

[ Enable WDT |
¥

[ Set PSUL bit in FLMCR1 |

[ tspsu: Wait 50 ps |

¥
[ Set P1 bitin FLMCRL |

¥
Wait: tsp10, tsp30, O tsp200 *5

[ Clear P1 bit in FLMCR1 ]

]
[ tep: Wait 5 is |
¥

[____Clear PSUL bit in FLMCR1, |
¥

[ tepsu: Wait 5 s |
¥
[ Disable WDT |

Set SWEL bit in FLMCR1 |
¥

in the memory-erased
Do not write additional

already written.

Data writes must be performed

state.
data to

an address to which data is

Store 128 bytes program data in program

data area and reprogram data area

[ toswe: Wait 1 pis |
¥
| g

[ n

[ m

Successively write 128-byte data from
reprogram data area in RAM to flash memory

[ Set PV1 bit in FLMCR1 ]
)

*1

ine call
| | See Note *6 for pulse width

Write Pulse (tsp3o or iseggg)

I tspy: Wait 4 ps I
T

Note: *6 Write Pulse Width ‘

| Perform H'FF dummy-write to verify address |

Numberc;fwmes n__| Write Time (tsp30/tsp200) S address
tsp30
2 tsp30
3 tsp30
4 tsp30
S tsp30
6 tsp30
4 tsp200
8 tsp200
9 tsp200
10 tsp200
11 tsp200
12 tsp200
13 tsp200
998 tsp200
999 tsp200
1000 tsp200
Note: Use a tsp1o write pulse for additional programming.
RAM
Program data storage area
(128 bytes)

Reprogram data storage area
(128 bytes)

Additional program data
storage area (128 bytes)

Notes: *1 Transfer data in byte units. The lower eight bits of the start
address to which data is written must be H'00 or H'80.
Transfer 128-byte data even when writing fewer than 128 bytes.
In this case, Set H'FF in unused addresses.

*2 Read verify data in word form (16 bits).

*3 Even for bits to which data is already written, an additional write
should be performed if their verify result is NG.

*4 A 128-byte area for storing program data, a 128-byte area for
storing reprogram data, and a 128-byte area for storing i

¥
[ tspur: Wait 2 s |
¥

I Read verify data

Write data =
verify data?

| Compute additional-programming data |
¥

Transfer additional-programming data
to additional-programming data area
———— |

I Compute reprogram data

Transfer reprogram data to reprogram
data area

128 byte data
verify complete?

[ Clear PV1 bit in FLMCR1L |

I tCJJ_V: Wait 2 ps I

Yes

Successively write 128-byte data
from additional-programming data area
in RAM to flash memory

Subroutine call
Write Pulse (tsp10)

program data must be provided in RAM. The reprogram and
additional program data contents are modified as programming
proceeds.

*5 A write pulse of tspzo OF tspooo is applied according to the
progress of the programming operation. See Note 6 for the pulse
widths. When writing of the additional program data is executed,
atsp1o write pulse should be applied. Reprogram data X' means
reprogram data when the pulse is applied.

Reprogram Data Computation Table

I Clear SWE1 bit in FLMCR1 Clear SWE1 bit in FLMCR1 I

[ toswe: Wait 100 ps teowe Wait 100 s ]

Programming end Programming failure

Additional-Programming Data Computation Table

Original Data [ Verify Data | Reprogram Data [Reprogram Data[ Verify Data |Additional-Programmin,
g ) ?\//) P g(x) Comments P %x,) P\’/) Data (g) 9 Comments
0 0 1 Programming complete. 0 0 0 Additional programming executed
0 1 0 Programming is incomplete; 0 1 1 Additional prc not executed
reprogramming should be performed. 1 0 1 ‘Additional prc ot executed
1 0 1 — 1 1 1 ‘Additional prc not executed
1 1 1 Left in the erased state.

Figure17.14 Program/Program-Verify Flowchart
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17.9.3 Erase Mode

Flash memory erasing should be performed block by block following the procedure shown in the
erase/erase-verify flowchart (single-block erase) shown in figure 17.15.

For the wait times (tyer teean teer Teer teesur Lsar Lsarr toar teane) EftEr bits are set or cleared in flash
memory control register 1 (FLMCR1) and the maximum number of erase operations (N), see
20.2.5, Flash Memory Characteristics.

To perform data or program erasure, make a 1-bit setting for the flash memory areato be erased in
erase block register 1 or 2 (EBR1 or EBR?) at least (t,.) HS after setting the SWE1 bitto 1in
flash memory control register 1 (FLMCR1). Next, set up the watchdog timer to prevent
overerasing in the event of program runaway, etc. Set avalue greater than (teg, + te+ te + teg) MS
asthe WDT overflow period. After this, preparation for erase mode (erase setup) is carried out by
setting the ESU1 bit in FLMCRL1, and after the elapse of (t.,) 1S or more, the operating mode is
switched to erase mode by setting the E1 bit in FLMCR1. The time during which the E1 bit is set
isthe flash memory erasetime. Ensure that the erase time does not exceed (t) ms.

Note:  With flash memory erasing, prewriting (setting all datain the memory to be erased to 0) is
not necessary before starting the erase procedure.

1794 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the erase time, erase mode is exited (the E1 bit in FLMCR1 is cleared to O, then
the ESU1 bit iscleared to O at least (t.,) s later), the watchdog timer is cleared after the elapse of
(t.es) S Or more, and the operating mode is switched to erase-verify mode by setting the EV 1 bit
in FLMCRL1. Beforereading in erase-verify mode, adummy write of H'FF data should be made to
the addresses to be read. The dummy write should be executed after the elapse of (t.,,) LS or more.
When the flash memory isread in this state (verify datais read in 16-bit units), the data at the
latched addressisread. Wait at least (t,,) Hs after the dummy write before performing this read
operation. If the read data has been erased (all 1), execute adummy write to the next address, and
perform an erase-verify. If the read data has not been erased, set erase mode again and repeat the
erase/erase-verify sequence as before. However, ensure that the erase/erase-verify sequenceis not
repeated more than (N) times. When verification is completed, exit erase-verify mode, and wait
for at least (t,) Ms. If erasure has been completed on all the erase blocks, clear the SWE1 bit in
FLMCRL1. If there are any unerased blocks, make a 1-bit setting for the flash memory block to be
erased, and repeat the erase/erase-verify sequence as before.
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(s O

[ Set SWEL bit in FLMCR1 |
¥

| tsswe: Wait 1 s |
[}

n=1
—‘

[ Set EBR1 (2)

\

Erasing must be performed in
block units.

[ Enablz WDT |
[ Set ESUL bi: in FLMCR1 |
| toesu! Wa:t 100 us |
| |
| |

¥
Set E1 bit in FLMCR1
¥
tse: Wait 10 ms
¥

Start erase

| Clear E1 bit in FLMCRL | Halterase

¥
[ tee: Wait 10 s |
¥

[ clear ESU1 bitin FLMCR1 |
¥

| teesu: Walt 10 ps |
;

[ Disable WDT |
¥

[ Set EV1 bit in FLMCR1 |
¥

[ toe: Wait 20 pis |

| Set block start address to verify addressl

]
]

| H'FF dummy write to verify address |
¥

| tseur: anit 2 ps |

Increment | Read verify data
address

[ Clear EV1 bit in FLMCR1 |

[ Clear EV1bit in FLMCR1

[

!

| teev: Wait 4 us |

| teev: Wait 4 ps

End of

Notes:

erasing of all erase
blocks?

Yes

No

[ Clear SWEL bit in FLMCR1 |

[ Clear SWEL bit in FLMCR1

1

| teswe: Wait 100 ps |

[ Toone: Wait 100 s

End of erasing

*1 Preprogramming (setting erase block data to all "0") is not necessary.

*2 Verify data is read in 16-bit (word) units.
*3 Set only one bit in EBR1 (2). More than one bit cannot be set.

*4 Erasing is performed in block units. To erase a number of blocks, each block must be erased in turn.

Figure17.15 Erase/Erase-Verify Flowchart
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17.10 Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

17.10.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. Hardware protection is reset by settings in flash memory control register 1
(FLMCRY), flash memory control register 2 (FLMCR2), erase block register 1 (EBR1), and erase
block register 2 (EBR2). The FLMCR1, FLMCR2, EBR1, and EBR2 settings are retained in the
error-protected state. (See table 17.10.)

Table 17.10 Hardware Protection

Item Description

Functions

Program Erase

FWE pin protection  *

When a low level is input to the FWE pin,
FLMCR1, FLMCR?2, (except bit FLER)
EBR1, and EBR?2 are initialized, and the
program/erase-protected state is entered.

Yes Yes

Reset/standby .
protection

In a power-on reset (including a WDT
power-on reset) and in standby mode,
FLMCR1, FLMCR2, EBR1, and EBR2 are
initialized, and the program/erase-
protected state is entered.

In a reset via the RES pin, the reset state
is not entered unless the RES pin is held
low until oscillation stabilizes after
powering on. In the case of a reset during
operation, hold the RES pin low for the
RES pulse width specified in the AC
Characteristics section.

Yes Yes
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17.10.2 Software Protection

Software protection can be implemented by setting the SWEL bit in FLMCRL, erase block register
1 (EBR1), erase block register 2 (EBR2), and the RAMS hit in the RAM emulation register
(RAMER). When software protection isin effect, setting the P1 or E1 bit in flash memory control
register 1 (FLMCR1), does not cause atransition to program mode or erase mode. (See table
17.11)

Table 17.11 Software Protection

Functions

Item Description Program Erase
SWE bit protection » Setting bit SWE1 in FLMCR1 to 0 will Yes Yes

place area H'000000 to H'01FFFF in the

program/erase-protected state. (Execute

the program in the on-chip RAM, external

memory)
Block specification » Erase protection can be set for individual — Yes
protection blocks by settings in erase block register 1

(EBR1) and erase block register 2 (EBR2).

» Setting EBR1 and EBR2 to H'00 places all
blocks in the erase-protected state.

Emulation protection < Setting the RAMS bit to 1 in the RAM Yes Yes
emulation register (RAMER) places all
blocks in the program/erase-protected
state.
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17.10.3 Error Protection

In error protection, an error is detected when LS| runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the LSI malfunctions during flash memory programming/erasing, the FLER bitissetto 1 in
FLMCR2 and the error protection stateis entered. The FLMCR1, FLMCR2, EBR1, and EBR2
settings are retained, but program mode or erase mode is aborted at the point at which the error
occurred. Program mode or erase mode cannot be re-entered by re-setting the P1 or E1 bit.
However, PV1 and EV 1 bit setting is enabled, and a transition can be made to verify mode.

FLER bit setting conditions are as follows:

1. When the flash memory of the relevant address areais read during programming/erasing
(including vector read and instruction fetch)

2. Immediately after exception handling (excluding areset) during programming/erasing

3. When a SLEEP instruction (including software standby) is executed during
programming/erasing

4. When the CPU releases the bus to the DTC during programming/erasing.

Error protection is released only by a power-on reset and in hardware standby mode.
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Figure 17.16 shows the flash memory state transition diagram.

Program mode Reset or standby

Erase mode RES=00rHSTBY =0 _ \_(hardware protection)
RD VF PRERFLER =0
N RES=0
Error occurrence HSTBY = 0 FLMCR1, FLMCR2,
(software standby) EBR1, EBR2
Error RES =0 or initialization state
occurrence
) Software Error protection mode
Error protection mode standby mode (software standby)

" =
-

Software standby
mode release
FLMCR1, FLMCR2, (except bit FLER)

EBR1, EBR?2 initialization state

Legend

RD: Memory read possible
VF: Verify-read possible
PR: Programming possible
ER: Erasing possible

Memory read not possible
Verify-read not possible
Programming not possible
Erasing not possible

m| | <| 3
D3

Figure17.16 Flash Memory State Transitions
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17.11 Flash Memory Emulation in RAM

Making a setting in the RAM emulation register (RAMER) enables part of RAM to be overlapped
onto the flash memory area so that data to be written to flash memory can be emulated in RAM in
real time. After the RAMER setting has been made, accesses can be made from the flash memory
area or the RAM area overlapping flash memory. Emulation can be performed in user mode and

user program mode. Figure 17.17 shows an example of emulation of real-time flash memory
programming.

( Start of emulation program >

4
Set RAMER

-

4

Write tuning data to overlap
RAM

A
Execute application program

—

Yes

Clear RAMER

4

Write to flash memory emulation
block

y
< End of emulation program >

Figure17.17 Flowchart for Flash Memory Emulation in RAM
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This area can be accessed
from both the RAM area
and flash memory area

H'000000 ———— .
EBO

Hooo400 | - |
EB1

H'000800
EB2

H'000C00
EB3

H'001000

Flash memory

EB4 to EB9

H'FFDO00
H'FFD3FF

On-chip RAM

H'O1FFFF

Figure17.18 Example of RAM Overlap Operation
Examplein which Flash Memory Block Area EBO is Overlapped

1. SetbitsRAMS, RAM1, and RAMOin RAMER to 1, 0, O, to overlap part of RAM onto the
area (EBO) for which real-time programming is required.

2. Real-time programming is performed using the overlapping RAM.

3. After the program data has been confirmed, the RAMS bit is cleared, releasing RAM overlap.

4. The datawritten in the overlapping RAM iswritten into the flash memory space (EBO).

Notes: 1. Whenthe RAMShit isset to 1, program/erase protection is enabled for all blocks
regardless of the value of RAM1 and RAMO (emulation protection). In this state,
setting the P1 or E1 bit in flash memory control register 1 (FLMCR1), will not cause a
transition to program mode or erase mode. When actually programming or erasing a
flash memory area, the RAMS bit should be cleared to O.
2. A RAM area cannot be erased by execution of software in accordance with the erase
agorithm while flash memory emulation in RAM is being used.

3. Block area EBO contains the vector table. When performing RAM emulation, the
vector table is needed in the overlap RAM.
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17.12 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including NMI interrupt is disabled when flash memory is being programmed or
erased (when the P1 or E1 bit is set in FLMCRZ1), and while the boot program is executing in boot
mode*?, to give priority to the program or erase operation. There are three reasons for this:

1. Interrupt during programming or erasing might cause aviolation of the programming or
erasing algorithm, with the result that normal operation could not be assured.

2. Intheinterrupt exception handling sequence during programming or erasing, the vector would
not be read correctly*?, possibly resulting in MCU runaway.

3. If interrupt occurred during boot program execution, it would not be possible to execute the
normal boot mode sequence.

For these reasons, in on-board programming mode al one there are conditions for disabling
interrupt, as an exception to the general rule. However, this provision does not guarantee normal
erasing and programming or MCU operation. All requests, including NMI interrupt, must
therefore be restricted inside and outside the MCU when programming or erasing flash memory.
NMI interrupt is also disabled in the error-protection state while the P1 or E1 bit remains set in
FLMCRL.

Notes: *1 Interrupt requests must be disabled inside and outside the MCU until the programming
control program has completed programming.
*2 The vector may not be read correctly in this case for the following two reasons:

» If flash memory is read while being programmed or erased (while the P1 or E1 bit
issetin FLMCR1Y), correct read datawill not be obtained (undetermined values will
be returned).

» If theinterrupt entry in the vector table has not been programmed yet, interrupt
exception handling will not be executed correctly.

17.13 Flash Memory Programmer Mode

Programs and data can be written and erased in programmer mode as well asin the on-board
programming modes. In programmer mode, flash memory read mode, auto-program mode, auto-
erase mode, and status read mode are supported. In auto-program mode, auto-erase mode, and
status read mode, a status polling procedure is used, and in status read mode, detailed internal
signals are output after execution of an auto-program or auto-erase operation.

In programmer mode, set the mode pins to programmer mode (see table 17.12) and input a
12 MHz input clock.

Table 17.12 shows the pin settings for programmer mode. For the pin names in programmer mode,

see section 1.3.2, Pin Functions in Each Operating Mode.
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Table 17.12 Programmer Mode Pin Settings

Pin Names Settings

Mode pins: MD2, MD1, MDO Low level input to MD2, MD1, and MDO.

Mode setting pins: PF3, PFO, P16, P14  High level input to PF3 and PFO, low level input to P16
and P14

FWE pin High level input (in auto-program and auto-erase
modes)

RES pin Power-on reset circuit

XTAL, EXTAL pins Oscillator circuit

17.13.1 Socket Adapter Pin Correspondence Diagram

Connect the socket adapter to the chip as shown in figure 17.20. Thiswill enable conversion to a
40-pin arrangement. The on-chip ROM memory map is shown in figure 17.19, and the socket
adapter pin correspondence diagram in figure 17.20.

Addresses in Addresses in
MCU mode programmer mode
H'000000 H'00000

On-chip ROM space
128 kbytes

H'O1FFFF H'1FFFF

Figure17.19 On-Chip ROM Memory Map
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LsI o ! [ HN27C4096HG (40 Pins)
Pin No. | Socket Adapter
f ' (Conversion to 40-Pin | : .
$EE_1882 Pin Name 3 Arrangement) 3 Pin No. Pin Name
- I I
| |
13 A0 : : 21 A0
15 Al 22 AL
16 A2 : : 23 A2
‘ ‘
17 A3 . . 24 A3
‘ ‘
18 A4 ! ! 25 A4
| |
19 A5 : : 26 A5
20 A6 : : 27 AG
21 A7 1 1 28 A7
22 A8 ! ! 29 A8
23 A9 ; ; 31 A9
24 A10 : : 32 A10
25 All : : 33 ALl
‘ ‘
26 A12 ; ; 34 A12
‘ ‘
27 A13 : : 35 A13
28 AL4 : : 36 Al4
29 Al5 : : 37 A15
30 Al6 : : 38 Al6
‘ ‘
31 A17 ! ! 39 AL7
| |
32 A18 ; ; 10 A18
4 DO : : 19 1100
5 D1 : : 18 /01
6 D2 1 1 17 1102
7 D3 ! ! 16 /03
8 D4 ‘ ‘ 15 1104
9 D5 : : 14 /05
‘ ‘
10 D6 ; ; 13 1106
‘ ‘
11 D7 : : 12 1107
3 CE } } 2 CE
1 OE 20 OE
2 WE 1 1 3 WE
‘ ‘
66 FWE ! ! 4 FWE
‘ ‘
12, 53, 54, 58, 60, Vee | 140 Vee
61, 62, 72, 75, 99 ! ‘ 11,30 Vss
| |
14, 38, 40, 42, 55, 56, Ves ! ! 56,7 NC
64, 67, 100 ! ! 8 A20
— ! Power-on !
59 RES I reset circuit | 9 Al19
63 XTAL ‘ | Legend
65 EXTAL I  FWE: Flash write enable
i | 1/07-1/00: Data input/output
Other than the above | NC (OPEN) | + | | A18-A0: Address input
CE: Chip enable
OE: Output enable
WE: Write enable

Figure17.20 Socket Adapter Pin Correspondence Diagram
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17.13.2 Programmer Mode Operation

Table 17.13 shows how the different operating modes are set when using programmer mode, and
table 17.14 lists the commands used in programmer mode. Details of each mode are given below.

e Memory Read Mode
Memory read mode supports byte reads.
e Auto-Program Mode
Auto-program mode supports programming of 128 bytes at atime. Status polling is used to
confirm the end of auto-programming.
* Auto-Erase Mode
Auto-erase mode supports automatic erasing of the entire flash memory. Status polling is used
to confirm the end of auto-programming.
» Status Read Mode
Status polling is used for auto-programming and auto-erasing, and normal termination can be

confirmed by reading the 1/06 signal. In status read mode, error information is output if an
€rror occurs.

Table 17.13 Settingsfor Various Operating Modes In Programmer Mode

Pin Names

Mode FWE CE OE WE I/O7-1/00  A18-A0
Read HorlL L L H Data output  Ain
Output disable HorlL L H H Hi-z X
Command write HorlL L H L Data input *Ain
Chip disable HorlL H X X Hi-z X
Notes: 1. Chip disable is not a standby state; internally, it is an operation state.

2. *Ain indicates that there is also address input in auto-program mode.

3. For command writes in auto-program and auto-erase modes, input a high level to the

FWE pin.
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Table 17.14 Programmer Mode Commands

Number 1st Cycle 2nd Cycle
Command Name of Cycles Mode Address Data Mode Address Data
Memory read mode 1+n Write X H'00 Read RA Dout
Auto-program mode 129 Write X H'40 Write WA Din
Auto-erase mode 2 Write X H'20 Write X H'20
Status read mode 2 Write X H'71 Write X H'71

Notes: 1. In auto-program mode, 129 cycles are required for command writing by a simultaneous

128-byte write.

2. In memory read mode, the number of cycles depends on the number of address write

cycles (n).

17.13.3 Memory Read Mode

1. After completion of auto-program/auto-erase/status read operations, atransition is made to the
command wait state. When reading memory contents, a transition to memory read mode must

first be made with a command write, after which the memory contents are read.

2. In memory read mode, command writes can be performed in the same way as in the command

wait state.

3. Once memory read mode has been entered, consecutive reads can be performed.

4. After powering on, memory read mode is entered.

Table17.15 AC Characteristicsin Transition to Memory Read Mode

(Conditions: Ve = 3.3V 0.3V, V=0V, T, = 25°C +5°C)

Item Symbol Min Max Unit
Command write cycle totc 20 — ps
CE hold time teen 0 — ns
CE setup time teoe 0 — ns
Data hold time tan 50 — ns
Data setup time tys 50 — ns
Write pulse width toep 70 — ns
WE rise time t, — 30 ns
WE fall time t, — 30 ns
564
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Command write

Memory read mode

A18-A0

X

Address stable ><

tees tcen thxtc
CE SL /
ﬁ twep \
i L
WE A /
tys |« an
1/07-1/00 \<<< >>>> M

Note: Data is latched on the rising edge of WE.

Figure17.21 Timing Waveformsfor Memory Read after Memory Write

Table17.16 AC Characteristicsin Transition from Memory Read Mode to Another Mode

(Conditions: Vo =3.3V £0.3V, V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit
Command write cycle toec 20 — us
CE hold time teon 0 — ns
CE setup time tooe 0 — ns
Data hold time tan 50 — ns
Data setup time tas 50 — ns
Write pulse width tyep 70 — ns
WE rise time t, — 30 ns
WE fall time t; — 30 ns
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Memory read mode Other mode command write

A18-A0 >< Address stable ><
) txtc . tees teeh
OE .
wep
tf tr
WE \ /

o700 ——————{_ ) & D—

Note: Do not enable WE and OE at the same time.

Figure17.22 Timing Waveformsin Transition from Memory Read Mode to Another Mode

Table17.17 AC Characteristicsin Memory Read M ode (Conditions: V. =3.3V £0.3V,
V=0V, T,=25°C £5°C)

Iltem Symbol Min Max Unit
Access time e — 20 ps
CE output delay time t. — 150 ns
OE output delay time t,. — 150 ns
Output disable delay time ty — 100 ns
Data output hold time ton 5 — ns
A N7 \
A18-A0 ><( Address stable 7X7 Address stable 7§<
CE VvV,
OE v,
W VlH tacc tacc
tohle—» ton

1/07-1/00 —«i }>>>>>v<<<<<@i »—

Figure17.23 CE and OE Enable State Read Timing Waveforms
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/ N/ \
A18-A0 X( Address stable 7X, Address stable 7}<

tce tce
~E - £
CE \ / \ /
toe toe
oF —\F F S— f—
WE ViH tacc tace tqf
tOh l— tdf tOh

/107-1/00 « ) { »>>>>§§7

Figure17.24 CE and OE Clock System Read Timing Waveforms

17.13.4 Auto-Program Mode

1.

In auto-program mode, 128 bytes are programmed simultaneously. This should be carried out
by executing 128 consecutive byte transfers.

A 128-byte data transfer is necessary even when programming fewer than 128 bytes. In this
case, H'FF data must be written to the extra addresses.

The lower 7 bits of the transfer address must be low. If avalue other than an effective address
isinput, processing will switch to a memory write operation but awrite error will be flagged.
Memory address transfer is performed in the second cycle (figure 17.25). Do not perform
transfer after the third cycle.

Do not perform a command write during a programming operation.

Perform one auto-program operation for a 128-byte block for each address. Two or more
additional programming operations cannot be performed on a previously programmed address
block.

Confirm normal end of auto-programming by checking 1/06. Alternatively, status read mode
can also be used for this purpose (1/07 status polling uses the auto-program operation end
decision pin).

Status polling 1/06 and 1/O7 pin information is retained until the next command write. Aslong
as the next command write has not been performed, reading is possible by enabling CE and
OE.
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Table 17.18 AC Characteristicsin Auto-Program Mode (Conditions: V. =3.3V +0.3V,
V=0V, T,=25°C £5°C)

Iltem Symbol Min Max Unit
Command write cycle toc 20 — ps
CE hold time teen 0 — ns
CE setup time teoe 0 — ns
Data hold time tan 50 — ns
Data setup time tys 50 — ns
Write pulse width toep 70 — ns
Status polling start time tousts 1 — ms
Status polling access time topa — 150 ns
Address setup time ts 0 — ns
Address hold time tan 60 — ns
Memory write time E it 1 3000 ms
Write setup time tons 100 — ns
Write end setup time tomn 100 — ns
WE rise time t, — 30 ns
WE fall time t, — 30 ns
FWE _/l

tpns Lces fceh
CE JF

txte

/ N\

I Sl Lt

[
-

OE twep
(A hand il s, oy
W \ / \ 7(
/| Data transfer tori

tds|+—»{ —r(tdn 1 to 128 bytes write

Y N
107 « ) - - L

Y/ \ /<Z »\ /<Z §>\
1106 <<‘ } \ /

Write operation end decision signal

Write normal end decision signal

1/05-1/00 '% H'40 23‘ 'ég E;‘ 'ég 23‘ 'ég H'00 23‘

Figure17.25 Auto-Program Mode Timing Waveforms
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17.13.5 Auto-Erase Mode

1. Auto-erase mode supports only entire memory erasing.
2. Do not perform a command write during auto-erasing.

3. Confirm normal end of auto-erasing by checking 1/06. Alternatively, status read mode can also
be used for this purpose (1/07 status polling uses the auto-erase operation end decision pin).
4. Status polling 1/06 and 1/O7 pin information is retained until the next command write. Aslong

as the next command write has not been performed, reading is possible by enabling CE and
OE.

Table 17.19 AC Characteristicsin Auto-Erase Mode (Conditions: V. =3.3V £3.0V,
V=0V, T,=25°C £5°C)

Item Symbol Min Max Unit
Command write cycle toc 20 — us
CE hold time teen 0 — ns
CE setup time teoe 0 — ns
Data hold time tan 50 — ns
Data setup time tys 50 — ns
Write pulse width toep 70 — ns
Status polling start time tosts 1 — ms
Status polling access time topa — 150 ns
Memory erase time torase 100 40000 ms
Erase setup time tons 100 — ns
Erase end setup time tenn 100 — ns
WE rise time t, — 30 ns
WE fall time t, — 30 ns
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decision signal
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Figure17.26 Auto-Erase Mode Timing Waveforms
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17.13.6 Status Read Mode

1. Statusread modeis provided to identify the kind of abnormal end. Use this mode when an
abnormal end occurs in auto-program mode or auto-erase mode.

2. Thereturn codeis retained until a command write other than a status read mode command

write is executed.

Table17.20 AC Characteristicsin Status Read Mode (Conditions: V. =3.3V 0.3V,

V=0V, T,=25°C +5°C)
Item Symbol Min Max Unit
Read time after command write toec 20 — us
CE hold time teon — ns
CE setup time tooe — ns
Data hold time tan 50 — ns
Data setup time tas 50 — ns
Write pulse width tyep 70 — ns
OE output delay time toe — 150 ns
Disable delay time ty — 100 ns
CE output delay time t. — 150 ns
WE rise time t, — 30 ns
WE fall time t; — 30 ns
A18-A0

!

fces {ceh nxtc, (Lces teeh, | tnxtc
[ [ [
tee

1/07-1/00 4<<§ H71 f}

\ / \

[« |t tf

tnxlc

N N Y

tds p—— tds le—» tdn

Note: 1/02 and I/03 are undefined.

taf
—

Figure17.27 Status Read Mode Timing Waveforms
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Table 17.21 Status Read Mode Return Commands

Pin Name /07 1/06 1/05 /04 1/03 /02 /01 1/100
Attribute Normal Command Program- Erase — — Program- Effective
end error ming error  error ming or address error
decision erase count
exceeded
Initial value 0 0 0 0 0 0 0 0
Indications Normal Command Program-  Erasing — — Count Effective
end: 0 error: 1 ming error: 1 exceeded: 1 address
Abnormal  Otherwise: 0 &M 1 Otherwise: 0 Otherwise: 0 &M" 1
end: 1 Otherwise: 0 Otherwise: 0

Note: 1/02 and I/0O3 are undefined.

17.13.7 StatusPoalling

1. Thel/O7 status polling flag indicates the operating status in auto-program/auto-erase mode.
2. Thel/O6 status polling flag indicates a normal or abnormal end in auto-program/auto-erase
mode.

Table 17.22 Status Polling Output Truth Table

During Internal

Pin Name Operation Abnormal End — Normal End
/07 0 1 0 1
1106 0 0 1 1
I/00-1/05 0 0 0 0

17.13.8 Programmer Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the programmer mode
setup period. After the programmer mode setup time, atransition is made to memory read mode.

Table 17.23 Stipulated Transition Timesto Command Wait State

Item Symbol Min Max Unit
Standby release (oscillation stabilization time) tosct 30 — ms
Programmer mode setup time Lomy 10 — ms
V. hold time L gun 0 — ms
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Memory read

mode Command wait state
Command Auto-program mode  Normal/abnormal
wait state Auto-erase mode end decision
tosc1 tomv tawn
r \
Vee 7
== /
RES /
FWE 7 N
1 N

Note: Except in auto-erase or auto-program mode, the FWE input pin should be driven low.

Figure17.28 Oscillation Stabilization Time, Boot Program Transfer Time, and
Power-Down Sequence

17.13.9 Noteson Memory Programming

1. When programming addresses which have previously been programmed, carry out auto-
erasing before auto-programming.

2. When performing programming using programmer mode on a chip that has been
programmed/erased in an on-board programming mode, auto-erasing is recommended before
carrying out auto-programming.

Notes: 1. Theflash memory isinitidly in the erased state when the device is shipped by Hitachi.
For other chips for which the erasure history is unknown, it is recommended that auto-
erasing be executed to check and supplement the initialization (erase) level.

2. Auto-programming should be performed once only on the same address block.
Additional programming cannot be performed on previously programmed address
blocks.
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17.14 Flash Memory and Power-Down States

In addition to its normal operating state, the flash memory has power-down states in which power
consumption is reduced by halting part or all of the internal power supply circuitry.

There are three flash memory operating states:

(1) Normal operating mode: The flash memory can be read and written to.

(2) Power-down mode: Part of the power supply circuitry is halted, and the flash memory can be
read only when the LSl is operating on the subclock.

(3) Standby mode: All flash memory circuits are halted, and the flash memory cannot be read or
written to.

States (2) and (3) are flash memory power-down states. Table 17.24 shows the correspondence
between the operating states of the LSI and the flash memory.

Table 17.24 Flash Memory Operating States

LS| Operating State Flash Memory Operating State

High-speed mode Normal mode (read/write)

Medium-speed mode

Sleep mode

Subactive mode When PDWND = 0: Power-down mode (read-only)
Subsleep mode When PDWND = 1: Normal mode (read-only)
Watch mode Standby mode

Software standby mode
Hardware standby mode

Note: PDWND is valid only when the LSl is in subactive mode or subsleep mode, and is invalid in
other modes.

17.14.1 Note on Power-Down States

When the flash memory isin a power-down state, part or al of the internal power supply circuitry
is halted. Therefore, a power supply circuit stabilization period must be provided when returning
to normal operation. When the flash memory returns to its normal operating state from a power-
down state, bits STS2 to STS0 in SBY CR must be set to provide await time of at least 100 ps
(power supply stabilization time), even if an oscillation stabilization period is not necessary.
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17.15 Flash Memory Programming and Erasing Precautions

Precautions concerning the use of on-board programming mode, the RAM emulation function, and
PROM mode are summarized below.

Use the specified voltages and timing for programming and erasing

Applied voltages in excess of the rating can permanently damage the device. Use a PROM
programmer that supports the Hitachi microcomputer device type with 128-kbyte on-chip flash
memory (FZTAT128V3A).

Do not select the HN27C101 or the HN28F101 setting for the PROM programmer, and only use
the specified socket adapter. Failure to observe these points may result in damage to the device.

Powering on and off (Seefigures 17.29 to 17.31)

Do not apply ahigh level to the FWE pin until V o has stabilized. Also, drive the FWE pin low
before turning off V .

When applying or disconnecting V.. power, fix the FWE pin low and place the flash memory in
the hardware protection state.

The power-on and power-off timing requirements should also be satisfied in the event of a power
failure and subsequent recovery.

FWE application/disconnection (Seefigures 17.29to 17.31)

FWE application should be carried out when MCU operation isin a stable condition. If MCU
operation is not stable, fix the FWE pin low and set the protection state.

The following points must be observed concerning FWE application and disconnection to prevent
unintentional programming or erasing of flash memory:

* Apply FWE when the V o voltage has stabilized within its rated voltage range.

* Inboot mode, apply and disconnect FWE during areset.

* Inuser program mode, FWE can be switched between high and low level regardless of the
reset state. FWE input can also be switched during execution of a program in flash memory.

» Do not apply FWE if program runaway has occurred.

» Disconnect FWE only when the SWE1, ESU1, PSU1, EV1, PV1, P, and E1 bitsin FLMCR1
are cleared.

Make sure that the SWEL, ESU1, PSU1, EV1, PV1, P1, and E1 bits are not set by mistake
when applying or disconnecting FWE.
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Do not apply a constant high level to the FWE pin

Apply ahigh level to the FWE pin only when programming or erasing flash memory. A system
configuration in which ahigh level is constantly applied to the FWE pin should be avoided. Also,
while ahigh level is applied to the FWE pin, the watchdog timer should be activated to prevent
overprogramming or overerasing due to program runaway, etc.

Use therecommended algorithm when programming and erasing flash memory

The recommended algorithm enables programming and erasing to be carried out without
subjecting the device to voltage stress or sacrificing program data reliability. When setting the P1
or E1 bit in FLMCRZ1, the watchdog timer should be set beforehand as a precaution against
program runaway, €etc.

Do not set or clear the SWE1 bit during execution of a program in flash memory

Wait for at least 100 s after clearing the SWEL hit before executing a program or reading datain
flash memory. When the SWEL bit is set, data in flash memory can be rewritten, but access flash
memory only for verify operations (verification during programming/erasing). Also, do not clear
the SWEL bit during programming, erasing, or verifying.

Similarly, when using emulation by RAM with a high level applied to the FWE pin, the SWE1 hit
should be cleared before executing a program or reading data in flash memory. However,
read/write accesses can be performed in the RAM area overlapping the flash memory space
regardless of whether the SWEL bit is set or cleared.

Do not useinterrupts while flash memory isbeing programmed or erased

All interrupt requests, including NMI, should be disabled during FWE application to give priority
to program/erase operations.

Do not perform additional programming. Erase the memory before repr ogramming

In on-board programming, perform only one programming operation on a 128-byte programming
unit block. In programmer mode, too, perform only one programming operation on a 128-byte
programming unit block. Programming should be carried out with the entire programming unit
block erased.

Befor e programming, check that the chip is correctly mounted in the PROM programmer

Overcurrent damage to the device can result if the index marks on the PROM programmer socket,
socket adapter, and chip are not correctly aigned.

Do not touch the socket adapter or chip during programming

Touching either of these can cause contact faults and write errors.
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Thereset state must be entered after powering on
Apply thereset signal for at least 100 ps during the oscillation setting period.
When areset isapplied during operation, this should be done while the SWEL1 pin islow.

Wait at least 100 ps after clearing the SWEL bit before applying the reset.

Programming/

erasing

Wait time: tgg,e  POSSible Wait time: 100 ps

’ i N
_ fosc1 Min. O pus
-
Vee
|
FWE twos ® Min. O us
-
MD2 to MDO"! ml
_ twps™ |
RES
B N

SWE set N

SWE1 bit . SWE cleared

[_] Period during which flash memory access is prohibited
(tsswe: Wait time after setting SWE1 bit)*?

[ Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations
prohibited)

Notes: *1 Except when switching modes, the level of the mode pins (MD2 to MD0) must be fixed until
power-off by pulling the pins up or down.
*2 See Flash Memory Characteristics (section 20.2.5).
*3 Mode programming setup time typs (min) = 200 ns

Figure17.29 Power-On/Off Timing (Boot M ode)
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Programming/
erasing
Wait time: tgge possible Wait time: 100 ps

tosc1 Min. O us

FWE /

MD2 to MDO"! m

ES

twps ™3

I
SWE set

SWEL1 bit L SWE cleared

[] Period during which flash memory access is prohibited
(tsswe: Wait time after setting SWE1 bit)*?

[ Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations
prohibited)

Notes: *1 Except when switching modes, the level of the mode pins (MD2 to MDO) must be fixed until
power-off by pulling the pins up or down.
*2 See Flash Memory Characteristics (section 20.2.5).
*3 Mode programming setup time tups (min) = 200 ns

Figure17.30 Power-On/Off Timing (User Program M ode)
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tosc1
&
Vee
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FWE /1 N /]
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- Lwos
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MD2 to MDO m i
tvmps I
trESW
]
RES Y \ ]
SWE SWE
SWET1 bit set , Cleared
pzzzzzzzip|+>
Mode Boot Mode  User  User program mode User User program
change™ mode change™ mode mode  mode

[[_] Period during which flash memory access is prohibited
(tswe: Wait time after setting SWEL bit)™

[ Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations prohibited)

Notes: *1 When entering boot mode or making a transition from boot mode to another mode, mode switching must be
carried out by means of RES input. The state of ports with multiplexed address functions and bus control output
pins (AS, RD, WR) will change during this switchover interval (the interval during which the RES pin input is
low), and therefore these pins should not be used as output signals during this time.

*2 When making a transition from boot mode to another mode, a mode programming setup time typs (min) of 200
ns is necessary with respect to RES clearance timing.
*3 See Flash Memory Characteristics (section 20.2.5).

*4 Wait time: 100 ps

Figure17.31 Mode Transition Timing
(Example: Boot Mode - User Mode « User Program Mode)
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18.1

The LSl hasabuilt-in clock pulse generator (CPG) that generates the system clock (@), the bus

Section 18 Clock Pulse Generator

Overview

master clock, and internal clocks.

The clock pulse generator consists of a system clock oscillator, duty adjustment circuit, clock
selection circuit, medium-speed clock divider, bus master clock selection circuit, subclock
oscillator, and waveform shaping circuit.

18.1.1

Figure 18.1 shows a block diagram of the clock pulse generator.

Block Diagram

LPWRCR

' RFCUT

SCKCR

SCK2 to SCKO

EXTAL—1  system Duty Medium-
clock adjustment 1 speed o2 t0= 5
oscillator circuit clock divider us
XTAL ] Clock 2132 master
selection clock
circuit selection
circuit
2SUB -
]
0sC1 — Waveform
SUb_dOCk +— shaping 1/2 '
oscillator circuit \
osc2 — System clock Internal clock Bus master
to @ pin to supporting clock to CPU
modules and DTC
FLEX™ WDT1
decoder Il count clock
clock
Legend:

LPWRCR: Low-power control register

SCKCR:

System clock control register

Figure18.1 Block Diagram of Clock Pulse Generator
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18.1.2 Register Configuration

The clock pulse generator is controlled by SCKCR and LPWRCR. Table 18.1 shows the register
configuration.

Table18.1 Clock Pulse Generator Register

Name Abbreviation R/W Initial Value Address*
System clock control register SCKCR R/W H'00 H'FDEG6
Low-power control register LPWRCR R/W H'00 H'FDEC

Note:* Lower 16 bits of the address.

18.2 Register Descriptions

18.21 System Clock Control Register (SCKCR)

Bit : 7 6 5 4 3 2 1 0
PSTOP — — — — SCK2 SCK1 | SCKO

Initial value: 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCKCR is an 8-hit readable/writable register that performs @ clock output control and medium-
speed mode control.

SCKCRisinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—a Clock Output Disable (PSTOP): Controls @ output.

Bit 7 Description

High-Speed Mode, Software Standby

Medium-Speed Mode, Sleep Mode Mode, Watch Mode, Hardware
PSTOP Subactive Mode Subsleep Mode Direct Transition Standby Mode
0 @ output (initial value) @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance

Bits 6 to 3—Reserved: Only 0 should be written to these bits.
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Bits 2 to 0—System Clock Select 2to 0 (SCK 2 to SCKO0): These bits select the bus master clock
used in high-speed mode and medium-speed mode. In the case of transition to subactive mode or
watch mode, bits SCK2 to SCKO should all be cleared to O.

Bit 2 Bit 1 Bit 0
SCK2 SCK1 SCKO  Description

0 0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is @/2
1 0 Medium-speed clock is a/4
1 Medium-speed clock is 2/8
1 0 0 Medium-speed clock is g/16
1 Medium-speed clock is /32
1 J— J—

18.2.2 Low-Power Control Register (LPWRCR)

Bit : 7 6 5 4 3 2 1 0
DTON LSON | NESEL |SUBSTP| RFCUT — STC1 STCO

Initial value : 0 0 0 0 0 0 0 0

R/W . RIW R/W R/W R/W R/W R/W R/W R/W

LPWRCR is an 8-bit readable/writable register that performs power-down mode control.
LPWRCR isinitialized to H'00 by a power-on reset and in hardware standby mode. It is not
initialized in software standby mode.

Bit 7—Direct-Transfer On Flag (DTON): Specifies whether a direct transition is made between
high-speed mode or medium-speed mode and subactive mode when making a power-down
transition by executing a SLEEP instruction. The operating mode to which the transition is made
after SLEEP instruction execution is determined by a combination of other control bits.
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Bit 7

DTON Description
0 e When a SLEEP instruction is executed in high-speed mode or medium-speed
mode, a transition is made to sleep mode, software standby mode, or watch mode
¢ When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode or watch mode (Initial value)
1 * When a SLEEP instruction is executed in high-speed mode or medium-speed

mode, a transition is made directly to subactive mode*, or a transition is made to
sleep mode or sofware standby mode

When a SLEEP instruction is executed in subactive mode, a transition is made
directly to high-speed mode, or a transition is made to subsleep mode

Note: * In the case of a transition to watch mode or subactive mode, high-speed mode must be set.

Bit 6—L ow-Speed On Flag (L SON): Determines the operating mode in combination with other
control bits when making a power-down transition by executing a SLEEP instruction. Also
controls whether atransition is made to high-speed mode or medium-speed mode, or to subactive
mode, when watch modeis cleared.

Bit 6
LSON Description
0 ¢ When a SLEEP instruction is executed in high-speed mode or medium-speed
mode, a transition is made to sleep mode, software standby mode, or watch mode
« When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode*, or directly to high-speed mode
« After watch mode is cleared, a transition is made to high-speed mode
(Initial value)
1 « When a SLEEP instruction is executed in high-speed mode, a transition is made to

watch mode or subactive mode

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode or watch mode

After watch mode is cleared, a transition is made to subactive mode

Note: * In the case of a transition to watch mode or subactive mode, high-speed mode must be set.
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Bit 5—Noise Elimination Sampling Frequency Select (NESEL ): Selects the frequency at which
the subclock (8SUB) generated by the subclock oscillator is sampled with the clock (@) generated
by the system clock oscillator. When g =5 MHz or higher, this bit should be cleared to 0.

Bit 5

WDescription

0 Sampling at g divided by 8 (Initial value)
1 Sampling at @ divided by 4

Bit 4—Subclock Oscillator Control (SUBSTP): Controls operation and stopping of the subclock
oscillator.

Bit 4

SUBSTP  Description

0 Subclock oscillator operates (Initial value)
1 Subclock oscillator is stopped

Note: When the subclock is not used, this bit should be set to 1.

Bit 3—Built-in Feedback Resistor Control (RFCUT): Selects whether the oscillator’ s built-in
feedback resistor and duty adjustment circuit are used with external clock input. Do not access this
bit when acrystal oscillator is used.

After thisbit is set when using external clock input, atransition should intially be made to
software standby mode, watch mode, or subactive mode. Switching between use and non-use of
the oscillator’ s built-in feedback resistor and duty adjustment circuit is performed when the
transition is made to software standby mode, watch mode, or subactive mode.

Bit 3
RFCUT Description
0 System clock oscillator’s built-in feedback resistor and duty adjustment
circuit are used (Initial value)
1 System clock oscillator’s built-in feedback resistor and duty adjustment circuit are not
used

Bit 2—Reserved: Thisbit can be read or written to, but should only be written with 0.
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Bits 1 and 0—Frequency Multiplication Factor (STC1, STCO0): The STC bits specify the
frequency multiplication factor of the PLL circuit incorporated into the evaluation chip. The
specified frequency multiplication factor is valid after atransition to software standby mode,
watch mode, or subactive mode.

With the LSl, STC1 and STCO must both be set to 1. After areset, STC1 and STCO are both
cleared to 0, and so must be set to 1.

Bit 1 Bit 0

STC1 STCO Description

0 0 x1 (Initial value)
1 X2 (Setting prohibited)

1 0 x4 (Setting prohibited)
1 PLL is bypassed
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18.3  System Clock Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

18.3.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in the examplein figure

18.2. Select the damping resistance R, according to table 18.2. An AT-cut parallel-resonance

crystal should be used.

CLl
EXTAL T [ i

—
XTAL —W\,L| W
Rq CL

C1=C»,=10t0 22 pF

Figure18.2 Connection of Crystal Resonator (Example)
Table 18.2 Damping Resistance Value

Frequency (MHz) 2 4 6 8 10

12

R, (Q) 1k 500 300 200 100

Crystal Resonator: Figure 18.3 shows the equivalent circuit of the crystal resonator. Use a crystal
resonator that has the characteristics shown in table 18.3 and the same resonance frequency as the

system clock (2).

L R
XTAL EXTAL

o0—
S —

AT-cut parallel-resonance type

Figure18.3 Crystal Resonator Equivalent Circuit

Table18.3 Crystal Resonator Parameters

Frequency (MHz) 2 4 6 8 10 12
Rs max (Q) 500 120 100 80 60 60
C, max (pF) 7 7 7 7 7 7
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Note on Board Design: When acrystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 18.4.

When designing the board, place the crystal resonator and its |oad capacitors as close as possible
tothe XTAL and EXTAL pins.

Avoid Signal A Signal B
Cl | | LS|
[ : ‘
[ |
[ T j j EXTAL
Cuu ! !

Figure 18.4 Exampleof Incorrect Board Design

18.3.2 External Clock Input

Circuit Configuration: An externa clock signal can be input as shown in the examplesin figure
18.5. If the XTAL pinisleft open, make sure that stray capacitance is no more than 10 pF.

In example (b), make sure that the external clock isheld high in standby mode, subactive mode,
subsleep mode, and watch mode.

EXTAL J_LH_H_ External clock input

XTAL Open

(a) XTAL pin left open

J_LH_H_ External clock input

EXTAL ;
XTAL

(b) Complementary clock input at XTAL pin

Figure18.5 External Clock Input (Examples)
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External Clock: The external clock signal should have the same frequency as the system clock

(2).

Table 18.4 and figure 18.6 show the input conditions for the external clock.

Table18.4 External Clock Input Conditions

F-ZTAT Version

Vee=27V1036V

Item Symbol  Min Max Unit Conditions

External clock input low pulse texe 30 — ns Figure 18.6

width

External clock input high pulse tex 30 — ns

width

External clock rise time tex — 7 ns

External clock fall time texs — 7 ns

Clock low pulse width level te 0.4 0.6 teye g =5 MHz Figure 20.3
80 — ns 2 <5 MHz

Clock high pulse width level ten 0.4 0.6 toye g>5MHz
80 — ns 2 <5 MHz

The external clock input conditions when the duty adjustment circuit is not used are shown in table
18.5 and figure 18.6. When the duty adjustment circuit is not used, the g output waveform
depends on the external clock input waveform, and so no restrictions apply.

Table18.5 External Clock Input Conditions when the Duty Adjustment Circuit isnot Used

F-ZTAT Version

Vee=27V103.6V

Item Symbol  Min Max Unit  Conditions
External clock input low pulse texe 37 — ns Figure 18.6
width

External clock input high pulse texn 37 — ns

width

External clock rise time tex, — 7 ns

External clock fall time texs — 7 ns

Note: When duty adjustment circuit is not used, the maximum frequency decreases according to
the input waveform. (Example: When t,, = t,, = 50 ns, and t.,, = t.,, = 10 ns, clock cycle
time = 120 ns; therefore, maximum operating frequency = 8.3 MHz)
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EXTAL

Figure18.6 External Clock Input Timing

(3) Note on Switchover of External Clock

When two or more external clocks (e.g. 10 MHz and 2 MHZz) are used as the system clock,
switchover of the input clock should be carried out in software standby mode.

An example of an external clock switching circuit is shown in figure 18.7, and an example of the

external clock switchover timingin figure 18.8.

External clock

Control
circuit

switchover request

External interrupt signal

External clock
switchover signal

External clock 1

External clock 2

Selector

LSl

Port output

» External

interrupt

EXTAL

Figure 18.7 Example of External Clock Switching Circuit
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External

T
clock 1
s | [ s S 4 U e Y s Y Y B
clock 2
Operation X Clocfezvﬂgt‘over XSLEeEfeg‘j}g‘;c""" X Xlnterrupt exception handling

(1)\ ) /o

Port output / 7 /

External clock

)

switchover
signal

« /
(3)\

EXTAL |

Internal |
clock @

Wait time '

| i
R

External
interrupt

I
I

L h

1 200 ns or more (4) 1\

Active (external clock 2) Software standby mode Active (external clock 1)

(1) Port output (clock switchover)

(2) Software standby mode transition

(3) External clock switchover

(4) External interrupt generation

(Input interrupt at least 200 ns after transition to software standby mode.)
Interrupt exception handling

[

Figure 18.8 Example of External Clock Switchover Timing
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184  Duty Adjustment Circuit

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the system clock (2).

185 Medium-Speed Clock Divider

The medium-speed clock divider divides the system clock to generate &/2, @/4, &/8, @/16, and &/32.

18.6 Bus Master Clock Selection Circuit

The bus master clock selection circuit selects the system clock () or one of the medium-speed
clocks (212, g4, or /8, @/16, and @/32) to be supplied to the bus master, according to the settings
of the SCK2 to SCKO bitsin SCKCR.

18.7  Subclock Oscillator
(1) Method of Connecting 76.8 kHz/160 kHz Crystal Resonator

To supply aclock to the subclock oscillator, a 76.8 kHz/160 kHz crystal resonator should be
connected as shown in figure 18.9. Cautions concerning the connection are as noted in section
18.3 (3), Notes on Board Design.

0scC1 | }_AL
Il

millls

0osc2

|
| | C1, C2: refer to table 18.6
I

Figure18.9 Example of Connection of 76.8 kHz/160 kHz Crystal Resonator
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Figure 18.10 shows an equivalent circuit for the 76.8 kHz/160 kHz crystal resonator.

Ls Cs R

OSC1 OSC2
Co
| ]
I

Co, Rg: refer to table 18.6
fw = 76.8 kHz/160 kHz

Figure18.10 76.8 kHz/160 kHz Crystal Resonator Equivalent Cir cuit
Table18.6 Reference of Subclock Oscillator

Equivalent Circuit

Oscillation Load Shunt Series
Frequency Capacitance C1, Capacitance Resistance
[kHZ] Type Code Manufacturer C2[pF] [pF] [kQ]

76.8 T26-76.8 MEC 11 0.8 12

160.0 TF26-160 ILSI 11 1.0 20

(2) Pin Handling When Subclock Is Not Needed

When the subclock is not heeded, connect the OSC1 pin to GND (Vss) and leave the OSC2 pin
open as shown in figure 18.11, and the SUBSTP bit of LPWRCR should be set to 1.

osc1
7

0SC2 ———Open

Figure18.11 Pin Handling When Subclock Is Not Needed
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18.8  Subclock Waveform Shaping Circuit

To eliminate noise in the subclock input from the OSCL1 pin, the signal is sampled using a clock
scaled from the @ clock. The sampling frequency is set with the NESEL bit in LPWRCR. For
details, see section 18.2.2, Low-Power Control Register (LPWRCR).

Sampling is not performed in subactive mode, subsleep mode, or watch mode.

189 Noteon Crystal Resonator

Since various characteristics related to the crystal resonator are closely linked to the user’ s board
design, thorough evaluation is necessary on the user’s part, using the resonator connection
examples shown in this section as aguide. As the resonator circuit ratings will depend on the
floating capacitance of the resonator and the mounting circuit, the ratings should be determined in
consultation with the resonator manufacturer. The design must ensure that a voltage exceeding the
maximum rating is not applied to the oscillator pin.

594
RENESAS



Section 19 Power-Down Modes

19.1 Oveview

In addition to the normal program execution state, the LS| has power-down modes in which
operation of the CPU and oscillator is halted and power dissipation is reduced. L ow-power
operation can be achieved by individually controlling the CPU, on-chip supporting modules, and
SO on.

The LS| operating modes are as follows:

(1) High-speed mode

(2) Medium-speed mode
(3) Subactive mode

(4) Sleep mode

(5) Subsleep mode

(6) Watch mode

(7) Module stop mode

(8) Software standby mode
(9) Hardware standby mode

Of these, (2) to (9) are power-down modes. Sleep mode and subsleep mode are CPU modes,
medium-speed mode is a CPU and bus master mode, subactive mode is a CPU, bus master, and
on-chip supporting module mode, and module stop mode is an on-chip supporting module mode
(including bus masters other than the CPU). Certain combinations of these modes can be set.

After areset, the MCU isin high-speed mode.

Table 19.1 shows the internal chip states in each mode, and table 19.2 shows the conditions for
transition to the various modes. Figure 19.1 shows a mode transition diagram.
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Table19.1 HB8S2276 Series|Internal Statesin Each Mode

High- Medium- Module Subactive Software Hardware
Function Speed Speed Sleep Stop Watch Subsleep Standby Standby
System clock Function- Function- Function- Function- Halted Halted Halted Halted Halted
oscillator ing ing ing ing
Subclock oscillator ~ Function-  Function- Function- Function- Function- Function- Function- Function- Halted
ing/Halted ing/Halted ing/Halted ing/Halted ing ing ing ing/Halted
CPU Instruc-  Function- Medium- Halted Function- Halted Subclock Halted Halted Halted
operation tions ing speed ing operation
Registers Retained Retained Retained Retained Undefined
RAM Function- Function- Function- Function- Retained Function- Retained Retained Retained
ing ing ing (DTC) ing ing
110 Function- Function- Function- Function- Retained Function- Retained Retained High
ing ing ing ing ing impedance
External Function- Function- Function- Function- Function- Function- Function- Function- Halted
interrupts ing ing ing ing ing ing ing ing
On-chip  PBC Function- Medium- Function- Function- Halted Subclock Halted Halted Halted
supporting ing speed ing ing/halted (retained) operation (retained) (retained) (reset)
module (retained)
operation e Halted
(retained)
WDT1 Function- Function- Subclock Subclock Subclock
ing ing operation operation operation
WDTO Halted
TMR Functio- (retained)
ing/halted
TPU (rEEnee) Halted  Halted
sCl (retained) (retained)
A/ID Function- Halted Halted Halted Halted
ing/halted (reset) (reset) (reset) (reset)
(reset)
Note: “Halted (retained)” means that internal register values are retained. The internal state is
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operation suspended.
“Halted (reset)” means that internal register values and internal states are initialized.
In module stop mode, only modules for which a stop setting has been made are halted

(reset or retained).

Subclock oscillation is halted when the SUBSTP bit is set to 1 and a stop setting is made.
[ ]: Operating state
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Program
execution state

Notes:

after oscillation
stabilization time
(STS2 to STSO0)

Program-halted state
Reset state

Hardware
standby mode

Power-on

reset state STBY pin = high
RES pin = low

Sleep mode
High-speed (main clock)
mode
(main clock)

SCK2 to SCK2 to SSBY =1

 SLEEP

SCKO=0| |SCKO#0 . \%’\‘PSSZO, LSON=0
E \\ Software

' External

! interrupt'® standby mode

Medium-speed
mode

(main clock)

ion

SSBY =1

SLEEP instruction SLEEP instruction 1 Interrupt g PSS=1,DTON=0
SSBY =1, PSS =1, SSBY =1,PSs=1, 'LSONDit=0
DTON=1,LSON=0| | DTON=1,LSON=1 Watch mode
Clock switching Clock switching | SLEEP (subclock)
exception handling exception handling .

'instruction

Interrupt”?, SSBY =0

; LSON bit =1
Subactive mode SLEEP instruction

- Subsleep mode
(subclock) - (subclock)
! Interrupt”™2
= : Transition after exception handling [j : Power-down mode

*1 NMI, IRQO to IRQ7, and WDT1 interrupts

*2 NMI, IRQO to IRQ7, WDTO interrupts, WDT1 interrupt, TMRO and TMR1 interrupt
*3 Allinterrupts

*4 NMI, IRQO to IRQ7

« When a transition is made between modes by means of an interrupt, transition cannot be made
on interrupt source generation alone. Ensure that interrupt handling is performed after accepting

the interrupt request.

» From any state except hardware standby mode, a transition to the power-on reset state occurs

whenever RES goes low.
« From any state, a transition to hardware standby mode occurs when STBY goes low.

* When a transition is made to watch mode or subactive mode, high-speed mode must be set.

SSBY =0,LSON =0

PSS=1,LSON=1

Figure19.1 Mode Transitions
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Table19.2 Power-Down Mode Transition Conditions

Control Bit States
at Time of Transition

State before State after Transition State after Return

Transition SSBY PSS LSON DTON by SLEEP Instruction by Interrupt
High-speed/ 0 * 0 * Sleep High-speed/
medium-speed medium-speed

0 * * _ —

1 0 0 * Software standby High-speed/

medium-speed

1 0 1 * — —

1 1 0 0 Watch High-speed

1 1 1 0 Watch Subactive

1 1 0 1 — —

1 1 1 1 Subactive —
Subactive 0 0 * * — —

0 1 0 * — —

0 1 1 * Subsleep Subactive

1 0 * * _ _

1 1 0 0 Watch High-speed

1 1 1 0 Watch Subactive

1 1 0 1 High-speed —

1 1 1 1 — —

*. Don't care
—: Don't set.
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19.1.1 Register Configuration

The power-down modes are controlled by the SBY CR, SCKCR, LPWRCR, TCSR (WDT1), and

MSTPCR registers. Table 19.3 summarizes these registers.

Table19.3 Power-Down Mode Registers

Name Abbreviation R/W Initial Value Address*

Standby control register SBYCR R/W H'08 H'FDE4

System clock control register SCKCR R/W H'00 H'FDE6

Low-power control register LPWRCR R/W H'00 H'FDEC

Timer control/status register TCSR R/W H'00 H'FFA2

(WDT1)

Module stop control register MSTPCRA R/W H'3F H'FDES8
MSTPCRB R/W H'FF H'FDE9
MSTPCRC R/W H'FF H'FDEA

Note: * Lower 16 bits of the address.

19.2 Register Descriptions

19.21 Standby Control Register (SBYCR)

Bit : 7 6 5 4 2 0

| ssBY | sTs2 | sTs1 | stso | oPE | — | — | — |
Initial value : 0 0 0 0 0 0
R/W : R/W R/W R/W R/W — —

SBYCR is an 8-hit readable/writable register that performs power-down mode control.

SBYCRisinitialized to H'08 by areset and in hardware standby mode. It isnot initialized in

software standby mode.

Bit 7—Softwar e Standby (SSBY): Determines the operating mode, in combination with other
control bits, when a power-down mode transition is made by executing a SLEEP instruction. The
SSBY setting is not changed by a mode transition due to an interrupt, etc.
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Bit 7
SSBY Description

0 Transition to sleep mode after execution of SLEEP instruction in (Initial value)
high-speed mode or medium-speed mode

Transition to subsleep mode after execution of SLEEP instruction
in subactive mode

1 Transition to software standby mode, subactive mode, or watch mode after execution
of SLEEP instruction in high-speed mode or medium-speed mode

Transition to watch mode or high-speed mode after execution of SLEEP instruction in
subactive mode

Bits 6 to 4—Standby Timer Select 2to 0 (STS2 to STS0): These bits select the time the MCU
waits for the clock to stabilize when software standby mode, watch mode, or subactive mode is
cleared and atransition is made to high-speed mode or medium-speed mode by means of a
specific interrupt or instruction. With crystal oscillation, refer to table 19.5 and make a selection
according to the operating frequency so that the standby time is at least 8 ms (the oscillation
stabilization time). With an external clock, any selection* can be made.

Note: * Inthe F-ZTAT version, a 16-state wait time cannot be used with an external clock. Use
8192 states or more.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Standby time = 8192 states (Initial value)
1 Standby time = 16384 states
1 0 Standby time = 32768 states
1 Standby time = 65536 states
1 0 0 Standby time = 131072 states
1 Standby time = 262144 states
1 0 Reserved
1 Standby time = 16 states*

Note: * Not used on the F-ZTAT version.

Bit 2 to 0—Reserved: These bits cannot be modified and is always read as 0.

Bit 3—Output Port Enable (OPE): Specifies whether the address bus and bus control signals
(CSO to CS3, AS, RD, HWR, and LWR) retain their output state or go to the high-impedance state
in software standby mode and watch mode, and in adirect transition.
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Bit 3

OPE Description

0 In software standby mode, watch mode, and in a direct transition, address bus and
bus control signals are high-impedance

1 In software standby mode, watch mode, and in a direct transition, address bus and
bus control signals retain their output state (Initial value)

19.2.2  System Clock Control Register (SCKCR)

Bit L7 6 5 4 3 2 1 0
psToP| — | — | — | — | sCK2| SCKL | SCKO |

Initial value 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

SCKCR is an 8-hit readable/writable register that performs @ clock output control and medium-
speed mode control.

SCKCRisinitialized to H’ 00 by areset and in hardware standby mode. Itisnot initialized in
software standby mode.

Bit 7—a Clock Output Disable (PSTOP): Controls g output.

Bit 7 Description

High-Speed Mode, Software Standby

Medium-Speed Mode, Sleep Mode, Mode, Watch Mode, Hardware
PSTOP Subactive Mode Subsleep Mode Direct Transition Standby Mode
0 @ output (Initial value) @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance

Bits 6 to 3—Reserved: These bits should aways be written with 0, and are always read as 0.
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Bits 2to 0—System Clock Select 2to 0 (SCK 2 to SCKO0): These bits select the clock for the bus
master in high-speed mode and medium-speed mode. When operating the device after atransition
to subactive mode or watch mode, bits SCK2 to SCK0 should all be cleared to 0.

Bit 2 Bit 1 Bit 0
SCK2 SCK1 SCKO  Description

0 0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is /2
1 0 Medium-speed clock is /4
1 Medium-speed clock is 2/8
1 0 0 Medium-speed clock is g/16
1 Medium-speed clock is g/32
1 — J—

19.23 Low-Power Control Register (LPWRCR)

Bit L7 6 5 4 3 2 1 0

| DTON | LSON | NESEL |SUBSTP| RFCUT | — | STC1 | STCO |
Initial value 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

LPWRCR is an 8-bit readable/writable register that performs power-down mode control.

LPWRCR isinitialized to H'00 by a power-on reset and in hardware standby mode. It is not
initialized in software standby mode. Only bits 7 to 4 are described here; for details of the other
bits, see section 18.2.2, Low-Power Control Register (LPWRCR).

Bit 7—Direct-Transfer On Flag (DTON): Specifies whether a direct transition is made between
high-speed mode, medium-speed mode, and subactive mode when making a power-down
transition by executing a SLEEP instruction. The operating mode to which the transition is made
after SLEEP instruction execution is determined by a combination of other control hits.
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Bit 7
DTON Description

0 When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode, software standby mode, or watch mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode or watch mode (Initial value)

1 When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made directly to subactive mode*, or a transition is made to sleep mode
or software standby mode

When a SLEEP instruction is executed in subactive mode, a transition is made directly
to high-speed mode, or a transition is made to subsleep mode

Note: * When a transition is made to watch mode or subactive mode, high-speed mode must be
set.

Bit 6—L ow-Speed On Flag (L SON): Determines the operating mode in combination with other
control bits when making a power-down transition by executing a SLEEP instruction. Also
controls whether a transition is made to high-speed mode or medium-speed mode, or to subactive
mode when watch mode is cleared.

Bit 6
LSON Description
0 When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode, software standby mode, or watch mode*
When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode, or directly to high-speed mode
After watch mode is cleared, a transition is made to high-speed mode (Initial value)
1 When a SLEEP instruction is executed in high-speed mode a transition is made to

watch mode or subactive mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode or watch mode

After watch mode is cleared, a transition is made to subactive mode

Note: * When a transition is made to watch mode or subactive mode, high-speed mode must be
set.
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Bit 5—Noise Elimination Sampling Frequency Select (NESEL ): Selects the frequency at which
the subclock (2SUB) generated by the subclock oscillator is sampled with the clock (@) generated
by the system clock oscillator. When @ =5 MHz or higher, clear this bit to O.

Bit 5
W Description

0 Sampling at @ divided by 8 (Initial value)
1 Sampling at g divided by 4

Bit 4—Subclock Oscillator Control (SUBSTP): Controls operation and stopping of the subclock
oscillator.

Bit 4

SUBSTP  Description

0 Subclock oscillator operates (Initial value)
1 Subclock oscillator is stopped

Note: When the subclock is not used, this bit should be set to 1.

19.24 Timer Control/Status Register (TCSR)

WDT1TCSR
Bit : 7 6 5 4 3 2 1 0

\ OVF \ WT/W‘ T™ME \ PSS ‘RST/NMI‘ CKS2 \ CKS1 \ CKSO ]
Initial value 0 0 0 0 0 0 0 0
RIW . RIW)* RW  RW RW  RW RW  RW RIW

Note: * Only O can be written in bit 7, to clear the flag.

TCSR is an 8-bit readable/writable register that performs selection of the WDT1 TCNT input
clock, mode, etc.

Only bit 4 is described here. For details of the other bits, see section 12.2.2, Timer Control/Status
Register (TCSR).

TCSRisinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 4—Prescaler Select (PSS): Selectsthe WDT1 TCNT input clock.

Thisbit also controls the operation in a power-down mode transition. The operating mode to
which atransition is made after execution of a SLEEP instruction is determined in combination
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with other control bits.

For details, see the description of Clock Select 2to 0 in section 12.2.2, Timer Control/Status
Register (TCSR).

Bit 4
PSS Description
0 TCNT counts g-based prescaler (PSM) divided clock pulses
When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode or software standby mode (Initial value)
1 TCNT counts gSUB-based prescaler (PSS) divided clock pulses

When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode, watch mode*, or subactive mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode, watch mode, or high-speed mode

Note: * When a transition is made to watch mode or subactive mode, high-speed mode must be
set.

19.25 Module Stop Control Register (MSTPCR)

MSTPCRA
Bit L7 6 5 4 3 2 1 0

| MSTPA7| MSTPAG| MSTPAS| MSTPA4 MSTPA3| MSTPA2| MSTPAL| MSTPAQ
Initial value 0 0 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW
MSTPCRB
Bit .7 6 5 4 3 2 1 0

\ MSTPB?‘ MSTPB6‘ MSTPBS‘ MSTPBA‘ MSTPBB‘ MSTPBZ’ MSTPBl’ MSTPBO‘
Initial value 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW
MSTPCRC
Bit L7 6 5 4 3 2 1 0

\ MSTPC?‘ MSTPCG‘ MSTPCS‘ MSTPC4‘ MSTPC3‘ MSTPCZ’ MSTPCl’ MSTPCO‘
Initial value 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

MSTPCRA, MSTPCRB, and MSTPCRC are 8-hit readable/writable registers that perform module
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stop mode control.

MSTPCRA isinitialized to H'3F by areset and in hardware standby mode. MSTPCRB and
MSTPCRC are initialized to H'FF. They are not initialized in software standby mode.

MSTPCRA, MSTPCRB, and MSTPCRC Bits 7 to 0—M odule Stop (M STPA7 to MSTPAO,
MSTPB7 to MSTPBO, and MSTPC7 to M STPCO): These hits specify module stop mode. See
table 19.4 for the method of selecting on-chip supporting modules.

MSTPCRA, MSTPCRB, and MSTPCRC

Bits 7to 0

MSTPA7 to MSTPAO, MSTPB7 to Description

MSTPBO, and MSTPC7 to MSTPCO

0 Module stop mode is cleared
(Initial value of MSTPA7, MSTPAB)

1 Module stop mode is set

(Initial value of except MSTPA7 to MSTPAG)

19.3 Medium-Speed Mode

When the SCK2 to SCKO hitsin SCKCR are set to 1 in high-speed mode, the operating mode
changes to medium-speed mode at the end of the bus cycle. In medium-speed mode, the CPU
operates on the operating clock (a/2, a/4, a/8, @16, or @/32) specified by the SCK2 to SCKO hits.
The bus master other than the CPU (the DTC) also operates in medium-speed mode. On-chip
supporting modules other than the bus masters always operate on the high-speed clock (2).

In medium-speed mode, a bus access is executed in the specified number of states with respect to
the bus master operating clock. For example, if @/4 is selected as the operating clock, on-chip
memory is accessed in 4 states, and internal 1/O registersin 8 states.

Medium-speed modeis cleared by clearing all of bits SCK2 to SCK0 to 0. A transition is made to
high-speed mode and medium-speed mode is cleared at the end of the current bus cycle.

If a SLEEP instruction is executed when the SSBY bit in SBY CR and the LSON bit in LPWRCR
are cleared to 0, atransition is made to sleep mode. When sleep mode is cleared by an interrupt,
medium-speed mode is restored.

If aSLEEP instruction is executed when the SSBY bit in SBY CR is set to 1, and the LSON bit in
LPWRCR and the PSS bitin TCSR (WDT1) are both cleared to 0, atransition is made to software
standby mode. When software standby mode is cleared by an external interrupt, medium-speed
modeis restored.

When the RES pin is driven low, atransition is made to the reset state, and medium-speed modeis
cleared. The same appliesin the case of areset caused by overflow of the watchdog timer.
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When the STBY pin is driven low, atransition is made to hardware standby mode.

Figure 19.2 shows the timing for transition to and clearance of medium-speed mode.

Medium-speed mode

a

supporting module —L
clock
Bus master clock

Internal address < SBYCR >< >< >< SBYCR >< >< >
bus

Internal write signal

Figure19.2 Medium-Speed Mode Transition and Clearance Timing
194  Sleep Mode

1941 Sleep Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR and the LSON bit in LPWRCR
are both cleared to 0, the CPU enters sleep mode. In sleep mode, CPU operation stops but the
contents of the CPU’ sinternal registers are retained. Other supporting modules do not stop.

19.4.2 Clearing Sleep Mode

Sleep modeis cleared by al interrupts, or with the RES pin or STBY pin.

Clearing with an Interrupt: When an interrupt request signal isinput, sleep modeis cleared and
interrupt exception handling is started. Sleep mode will not be cleared if interrupts are disabled, or
if interrupts other than NMI have been masked by the CPU.

Clearing with the RES Pin: When the RES pinisdriven low, the reset state is entered. When the
RES pin isdriven high after the prescribed reset input period, the CPU begins reset exception
handling.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware

standby mode.
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195 Module Stop Mode

1951 Module Stop Mode
Module stop mode can be set for individual on-chip supporting modules.

When the corresponding MSTP hit in MSTPCR is set to 1, module operation stops at the end of
the bus cycle and atransition is made to module stop mode. The CPU continues operating
independently.

Table 19.4 shows MSTP bits and the corresponding on-chip supporting modules.

When the corresponding MSTP hit is cleared to 0, module stop mode is cleared and the module
starts operating again at the end of the bus cycle. In module stop mode, the internal states of
modules other than the A/D converter are retained.

After reset release, all modules other than the DTC are in module stop mode.

When an on-chip supporting module isin module stop mode, read/write access to itsregistersis
disabled.

When atransition is made to sleep mode with all modules stopped (MSTPCR = H'FFFFFF), the
bus controller and /O ports also stop operating, enabling current dissipation to be further reduced.
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Table19.4 MSTP Bitsand Corresponding On-Chip Supporting Modules

Register Bit

Module

MSTPCRA  MSTPA7

*

MSTPAG6

Data transfer controller (DTC)

MSTPAS5

16-bit timer pulse unit (TPU)

MSTPA4

8-bit timers (TMRO, TMR1)

MSTPA3

*

MSTPA2

*

MSTPA1

A/D converter

MSTPAO

*

MSTPCRB  MSTPB7

Serial communication interface 0 (SCI0)

MSTPB6

Serial communication interface 1 (SCI1)

MSTPB5

MSTPB4

MSTPB3

MSTPB2

MSTPB1

MSTPBO

MSTPCRC  MSTPC7

Serial communication interface 3 (SCI3)

MSTPC6

*

MSTPC5

*

MSTPC4

PC break controller (PBC)

MSTPC3

MSTPC2

MSTPC1

MSTPCO

Note: * Reserved.

1952 Usage Note

DTC Module Stop Mode: Depending on the operating status of the DTC, the MSTPAG6 hit may
not be set to 1. Setting of the DTC module stop mode should be carried out only whenthe DTC is

not activated.

For details, see section 8, Data Transfer Controller (DTC).

On-Chip Supporting Module I nterrupts. Relevant interrupt operations cannot be performed in

modul e stop mode. Consequently, if module stop mode is entered when an interrupt has been
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requested, it will not be possible to clear the CPU interrupt source or DTC activation source.
Interrupts should therefore be disabled before setting module stop mode.

Writing to MSTPCR: MSTPCR should be written to only by the CPU.
19.6  Software Standby Mode

19.6.1 Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR is set to 1, the LSON bit in
LPWRCR iscleared to 0, and the PSS bit in TCSR (WDT1) is cleared to 0, software standby
mode is entered. In this mode, the CPU, on-chip supporting modules, and system clock oscillator
all stop. However, the contents of the CPU’ sinternal registers, RAM data, and the states of on-
chip supporting module other than the A/D converter, and of the 1/O ports, are retained. The
address bus and bus control signals are placed in the high-impedance state.

In this mode the oscillator stops, and therefore power dissipation is significantly reduced.

19.6.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRQ7), or by
means of the RES pin or STBY pin.

Clearing with an Interrupt: When an NMI or IRQO to IRQ7 interrupt request signal isinput,
clock oscillation starts, and after the elapse of the time set in bits STS2 to STS0 in SY SCR, stable
clocks are supplied to the entire chip, software standby mode is cleared, and interrupt exception
handling is started.

When software standby mode is cleared with an IRQO to IRQ7 interrupt, set the corresponding
enable bit to 1 and ensure that an interrupt of higher priority than interrupts IRQO to IRQ7 is not
generated. Software standby mode cannot be cleared if the interrupt has been masked by the CPU
side or has been designated asa DTC activation source.

Clearing with the RES Pin: When the RES pin is driven low, clock oscillation is started. At the
same time as clock oscillation starts, clocks are supplied to the entire chip. Note that the RES pin
must be held low until clock oscillation stabilizes. When the RES pin goes high, the CPU begins
reset exception handling.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode.
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19.6.3  Setting Oscillation Stabilization Time after Clearing Softwar e Standby M ode
Bits STS2 to STS0 in SBY CR should be set as described below.

Using a Crystal Oscillator: Set bits STS2 to STSO0 so that the standby timeis at least 8 ms (the
oscillation stabilization time).

Table 19.5 shows the standby times for different operating frequencies and settings of bits STS2 to
STS0.

Table19.5 Oscillation Stabilization Time Settings

13 10 8 6 4 2
STS2 STS1 STSO Standby Time MHz MHz MHz MHz MHz MHz Unit

0 0 0 8192 states 0.6 0.8 1.0 13 2.0 4.1 ms

1 16384 states 1.3 1.6 20 27 41
1 0 32768 states 25 33 41 55 16.4
1 65536 states 5.0 6.6 164 328
1 0 0 131072 states 16.4 218 328 655
1 262144 states 202 262 328 436 656  131.2
1 0 Reserved — — — — — — —
1 16 states 12 16 20 17 40 80 s

I:l: Recommended time setting

Using an External Clock: Any value can be set. Normally, use of the minimum time is
recommended.

Note A 16-state standby time cannot be used in the F-ZTAT version; a standby time of 8192
states or longer should be used.

19.64  Software Standby Mode Application Example

Figure 19.3 shows an example in which atransition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI

pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in SY SCR cleared to O (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY hit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.
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osaittor [ | | [ || [ ][ ]]] AT

- [UUUUUU HIUUUL
NMI —* +

NMIEG
SSBY

NMI Software standby mode = te———» NMI exception
exception (power-down mode) Oscillation handling
handling stabilization

NMIEG =1 time togco

SSBY =1

SLEEP instruction

Figure19.3 Software Standby Mode Application Example

19.6.5 Usage Notes

I/0 Port States: In software standby mode, 1/O port states are retained. |f the OPE bitissetto 1,
the address bus and bus control signal output is also retained. Therefore, thereis no reduction in
current dissipation for the output current when a high-level signal is output.

Current Dissipation During the Oscillation Stabilization Wait Period: Current dissipation
increases during the oscillation stabilization wait period.

19.7 Hardware Standby Mode

19.7.1 Hardware Standby Mode
When the STBY pinisdriven low, atransition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power dissipation. Aslong as the prescribed voltage is supplied, on-chip
RAM dataisretained. 1/O ports are set to the high-impedance state.
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In order to retain on-chip RAM data, the RAME hit in SY SCR should be cleared to 0 before
driving the STBY pin low.

Do not change the state of the mode pins (MD2 to MDQ) while the LSl isin hardware standby
mode.

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is set and clock oscillation is started.
Ensure that the RES pin is held low until the clock oscillation stabilizes (at least tog.—the
oscillation stabilization time—when using a crystal oscillator). When the RES pin is subsequently
driven high, atransition is made to the program execution state via the reset exception handling
State.

19.7.2 Hardware Standby Mode Timing
Figure 19.4 shows an example of hardware standby mode timing.

When the STBY pinisdriven low after the RES pin has been driven low, atransition is made to
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin high,
waiting for the oscillation stabilization time, then changing the RES pin from low to high.

osaitaror | | || [ [|[]]]]] il
))
RES l

STBY * +
- -
Oscillation Reset exception
stabilization handling
time togc

Figure19.4 Hardware Standby Mode Timing (Example€)
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19.8 Watch Mode

19.8.1 Watch Mode

If a SLEEP instruction is executed in high-speed mode or subactive mode when the SSBY in
SBYCRissetto 1, the DTON bit in LPWRCR is cleared to 0, and the PSS bit in TCSR (WDT1)
isset to 1, the CPU makes a transition to watch mode.

In this mode, the CPU, all on-chip supporting modules except WDT1 and system clock oscillator
stop. The contents of CPU internal registers and on-chip RAM, and the states of the on-chip
supporting functions (except the A/D converter) and I/O ports, are retained. The address bus and
bus control signals go to the high-impedance state. When atransition is made to watch mode, bits
SCK2 to SCK0 in SCKCR must all be cleared to 0.

19.8.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (WOVI1 interrupt, NMI pin, or pinsIRQO to IRQ7), or by
means of the RES pin or STBY pin.

Clearing with an Interrupt: When an interrupt request signal isinput, watch mode is cleared and
atransition is made to high-speed mode or medium-speed mode if the LSON bit in LPWRCR is
cleared to O, or to subactive mode if the LSON bit is set to 1. When making a transition to high-
speed mode, after the elapse of the time set in bits STS2 to STS0in SBYCR, stable clocks are
supplied to the entire chip, and interrupt exception handling is started.

Watch mode cannot be cleared with an IRQO to IRQ7 interrupt if the corresponding enable bit has
been cleared to 0, or with an on-chip supporting module interrupt if acceptance of the relevant
interrupt has been disabled by the interrupt enable register or masked by the CPU.

See section 19.6.3, Setting Oscillation Stabilization Time after Clearing Software Standby Mode,
for the oscillation stabilization time setting when making a transition from watch mode to high-
speed mode.

Clearing with the RES Pin: See*“Clearing with the RES Pin” in section 19.6.2, Clearing
Software Standby Mode.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode.
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19.8.3 Usage Notes

I/0 Port States: In watch mode, /O port states are retained. |f the OPE bit is set to 1, address bus
and bus control signal output is also retained. Therefore, there is no reduction in current
dissipation for the output current when a high-level signal is output.

Current Dissipation during the Oscillation Stabilization Wait Period: Current dissipation
increases during the oscillation stabilization wait period.

19.9 Subdeep Mode

1991 Subsleep Mode

If a SLEEP instruction is executed in subactive mode when the SSBY in SBY CR iscleared to O,
the LSON hit in LPWRCR is set to 1, and the PSS bit in TCSR (WDT1) is set to 1, the CPU
makes a transition to subsleep mode.

In this mode, the CPU, all on-chip supporting modules except TMRO, TMR1, WDTO, and WDT1
and system clock oscillator stop. The contents of CPU internal registers and on-chip RAM, and the
states of the on-chip supporting functions (except the A/D converter) and 1/O ports, are retained.

19.9.2 Clearing Subsleep Mode

Subsleep modeis cleared by an interrupt (on-chip supporting module interrupt, NMI pin, or pin
IRQO to IRQ7), or by means of the RES pin or STBY pin.

Clearing with an Interrupt: When an interrupt request signal isinput, subsleep mode is cleared
and interrupt exception handling is started. Subsleep mode cannot be cleared with an IRQO to
IRQY interrupt if the corresponding enable bit has been cleared to 0, or with an on-chip supporting
module interrupt if acceptance of the relevant interrupt has been disabled by the interrupt enable
register or masked by the CPU.

Clearing with the RES Pin: See* Clearing with the RES Pin” in section 19.6.2, Clearing
Software Standby Mode.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode.
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19.10 Subactive Mode

19.10.1 Subactive Mode

If a SLEEP instruction is executed in high-speed mode when the SSBY hit in SBYCR, the DTON
bit in LPWRCR, and the PSS bit in TCSR (WDT1) are all set to 1, the CPU makes atransition to
subactive mode. When an interrupt is generated in watch mode, if the LSON bit in LPWRCR is
set to 1, atransition is made to subactive mode. When an interrupt is generated in subsleep mode,
atransition is made to subactive mode.

In subactive mode, the CPU performs sequential program execution at low speed on the subclock.
In this mode, all on-chip supporting modules except PBC, TMRO, TMR1, WDTO, and WDT1, and
system clock oscillator stop.

When operating the device in subactive mode, bits SCK2 to SCK0 in SBY CR must all be cleared
to 0.

19.10.2 Clearing Subactive Mode

Subactive mode is cleared by a SLEEP instruction, or by means of the RES pin or STBY pin.

Clearing with a SLEEP Instruction: When a SLEEP instruction is executed while the SSBY bit
in SBYCRissetto 1, the DTON bit in LPWRCR is cleared to 0, and the PSS bit in TCSR
(WDT1) isset to 1, subactive mode is cleared and a transition is made to watch mode. When a
SLEEP ingtruction is executed while the SSBY bit in SBY CR is cleared to 0, the LSON bit in
LPWRCR isset to 1, and the PSS bit in TCSR (WDT1) isset to 1, atransition is made to subsleep
mode. When a SLEEP instruction is executed while the SSBY bit in SBYCR isset to 1, the
DTON bit isset to 1 and the LSON bit iscleared to 0 in LPWRCR, and the PSS bit in TCSR
(WDTL) isset to 1, atransition is made directly to high-speed mode (SCKO to SCK2 all 0).

Fort details of direct transition, see section 19.11, Direct Transition.

Clearing with the RES Pin: See"Clearing with the RES Pin" in section 19.6.2, Clearing
Software Standby Mode.

Clearing with the STBY Pin: When the STBY pinisdriven low, atransition is made to hardware
standby mode
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19.11 Direct Transition

19.11.1 Overview of Direct Transition

There are three operating modes in which the CPU executes programs:. high-speed mode, medium-
speed mode, and subactive mode. A transition between high-speed mode and subactive mode
without halting the program is called adirect transition. A direct transition can be carried out by
setting the DTON bit in LPWRCR to 1 and executing a SLEEP instruction. After the transition,
direct transition interrupt exception handling is started.

Direct Transition from High-Speed M odeto Subactive Mode: If a SLEEP instruction is
executed in high-speed mode while the SSBY bit in SBY CR, the LSON bit and DTON bit in
LPWRCR, and the PSS hitin TSCR (WDT1) are all set to 1, atransition is made to subactive
mode.

Direct Transition from Subactive Modeto High-Speed Mode: If aSLEEP instructionis
executed in subactive mode while the SSBY bit in SBYCR is set to 1, the LSON bit is cleared to O
and the DTON bit isset to 1 in LPWRCR, and the PSS bit in TSCR (WDT1) is set to 1, after the
elapse of the time set in bits STS2 to STS0 in SBY CR, atransition is made to directly to high-
speed mode.

19.12 @ Clock Output Disabling Function

Output of the @ clock can be controlled by means of the PSTOP bit in SCKCR and the
corresponding DDR bit. When the PSTOP bit is set to 1, the @ clock is stopped at the end of the
bus cycle, and @ output goes high. @ clock output is enabled when PSTOP bit is cleared to 0.
When DDR for the corresponding port is cleared to 0, @ clock output is disabled and input port
modeisset. Table 19.6 shows the state of the g pin in each processing mode.

Table19.6 g Pin Statein Each Processing Mode

DDR 0 1 1

PSTOP — 0 1

Hardware standby mode High Impedance High Impedance High Impedance
Software standby mode, watch mode, High Impedance Fixed high Fixed high
direct transition

Sleep mode, subsleep mode High Impedance g output Fixed high
High-speed mode, medium-speed mode, High Impedance g output Fixed high

subactive mode
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19.13 Usage Notes

19.13.1 /O Port Status

In software standby mode and watch mode, 1/O port states are retained. Therefore, thereis no
reduction in current dissipation for the output current when a high-level signal is outpuit.

19.13.2 Current Dissipation during Oscillation Stabilization Wait Period

Current dissipation increases during the oscillation stabilization wait period.

19.13.3 DTC Module Stop

Depending on the operating status of the DTC, the MSTPAG bit may not be set to 1. Setting of the
DTC module stop mode should be carried out only when the respective module is not activated.

For details, refer to section 8, Data Transfer Controller (DTC).

19.13.4 On-Chip Supporting Module Interrupt

e Module stop mode
Relevant interrupt operations cannot be performed in module stop mode. Consequently, if
module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC activation source. Interrupts should therefore be
disabled before entering modul e stop mode.

»  Subactive mode/Watch mode
On-chip peripheral modules (DTC, TPU) that stop operation in subactive mode cannot clear
interrupts in subactive mode. Therefore, if subactive mode is entered when an interrupt is
reguested, CPU interrupt factors cannot be cleared.
Interrupts should therefore be disabled before executing the SLEEP instruction and entering
subactive or watch mode.

19.135 Writingto MSTPCR

MSTPCR should only be written to by the CPU.
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19.13.6 Entering Subactive/Watch Mode and DTC Module Stop

To enter subactive or watch mode, set DTC to module stop (write 1 to the MSTPAG bit) and
reading the MSTPAG hit as 1 before transiting mode. After transiting from subactive mode to
active mode, clear module stop.

When DTC activation factor occurs in subactive mode, DTC is activated when module stop is
cleared after active mode is entered.
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Section 20 Electrical Characteristics

20.1  Power Supply Voltage and Operating Frequency Range

Power supply voltage and operating frequency ranges (shaded areas) are shown in figure 20.1.

— Preliminary —
(1) Power Supply Voltage and Oscillation Frequency Range (F-ZTAT version)
f (MHz) System clock f(kHz) Subclock
135f--------- 160 f---------
! I
s
768 —
: :
20f--------- ! ! |
L ! L !
0 2.7 3.6 Avce (V) 0 2.7 3.6 Vee (V)
« Active (high-speed/medium-speed) mode « All operating modes
« Sleep mode
(2) Power Supply Voltage and Instruction Execution Time Range (F-ZTAT version)
t(ns) System clock t(us) Subclock
Th4f-—-—m- = 13.0f---------
! I
s
625~ —
: :
500 --------- ‘ ! |
. ! L !
0 2.7 3.6 vee (V) 0 2.7 3.6 Vee (V)
« Active (high-speed/medium-speed) mode * Subactive mode
Figure20.1 Power Supply Voltage and Operating Ranges
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20.2 Electrical Characteristics

20.2.1 Absolute Maximum Ratings

Table 20.1 lists the absolute maximum ratings.

Table20.1 Absolute Maximum Ratings — Préiminary —
Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +4.3 \%
Input voltage (except port 4, V., —0.3to V. +0.3 \Y,
TESTD, LOBAT)

Input voltage (port 4, TESTD, Vi, -0.3to AV, +0.3 \Y
LOBAT)

Reference power supply voltage V., —0.3to AV, +0.3 \Y,
Analog power supply voltage AV -0.3to +4.3 \Y,
Analog input voltage Vo —0.3to AV +0.3 \%
Operating temperature Toor —-20to +75 °C
Storage temperature Ty -55to0 +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
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20.2.2

DC Characteristics

DC characteristics are shown in table 20.2 and permissible output currentsin table 20.3.

Table20.2 DC Characteristics (1) — Préiminary —
Conditions (F-ZTAT version):
Vee=27V103.6V,AV,=27V1036V,V =27V 10AV,
Vs =AVg =0V, T,=-20°Cto +75°C*
Test
Item Symbol  Min Typ Max Unit Conditions
Schmitt IRQO to IRQ7 VT~ Veex02 — — \Y
trigger input VT . — V%08 V
voltage
VT'=VT™ V,x005 — — \Y
Input high RES, STBY, NMI,  V,, Ve X09 — V,+03 V
voltage MD2 to MDO, FWE,
IFIN
EXTAL, Ve x08 —  V,+03 V
ports 1, 3, Ato G,
EXTSO0, EXTS1
Port 4, TESTD, Ve 08 — AV, +03 V
LOBAT
Input low RES, STBY, vV, -0.3 — Ve x01 V
voltage MD2 to MDO, FWE,
IFIN
NMI, EXTAL, -0.3 —  Vex02 V
ports 1, 3, 4, Ato G,
EXTSO0, EXTS1,
TESTD, LOBAT
Output high All output pins Vou Vee=05 — — \Y, loy =—200 pA
I —
voltage Vee—10 — — Vo ol =-1mA
Output low All output pins Voo — — 04 \Y, lo. = 0.4 mA
voltage — — 04 V1, =08mA
Input leakage RES | 1in | — — 10 MHA V,,=0.2t0
current STBY, NMI, _ — 10 HA V—02V
MD2 to MDO, FWE,
IFIN, EXTSO0, EXTS1
Port 4, TESTD, — — 10 MA  V,=0.2to
LOBAT AV, -0.2V
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Test

Item Symbol  Min Typ Max Unit Conditions
Three-state Ports 1, 3, Ato G [ 1 | — — 10 HA V,=0.2t0

leakage current Ve—02V
(off state)

Input pull-up  Ports Ato E -Ip 10 — 300 MA V. =0V

MOS current

Note: * If the A/D converter is not used, do not leave the AV, V, , and AV pins open.
Apply a voltage between 2.0 V and 3.6 V to the AV and V,, pins by connecting them to
V¢, for instance. SetV, < AV ..

ref =
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Table20.2 DC Characteristics (2) — Préiminary —

Conditions (F-ZTAT version):
Vee=27V1036V,AV,=27V1t036V,V =27V 10AV,
Vg =AVg =0V, T,=-20°C to +75°C**

Item Symbol Min Typ Max Unit Test Conditions
Input RES C. — — 30 pF  V,=0V
capacitance — — 30 pF  f=1MHz
All input pins — — 15 pF T,=25°C
except the
above
Current Normal It — 13 26 mA  f=13.5 MHz
dissipation*? operation Vee=3.0V V., =36V
Sleep mode — 9 20 mA f=13.5MHz
V=30V V=36V
All modules — 12 — mA =135 MHz,
stopped V=30V
(reference values)
Medium-speed — 9 — mA f=13.5 MHz,
mode (2/32) V=30V
(reference values)
Subactive mode — 150 280 HA Using 160 kHz
crystal resonator
V=30V
Subsleep mode — 120 230 A Using 160 kHz
crystal resonator
Vee=3.0V
Watch mode — 50 20 LA Using 160 kHz
crystal resonator
Vee=3.0V
Standby mode*? — 0.01 10 HA T, <50°C not
V=30V V. =36V using subclock
— — 50 50°C < T, not
V=36V using subclock
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Item Symbol Min Typ Max Unit Test Conditions

Analog During A/D Al — 0.2 1.0 mA  AV.,.=3.0V
power conversion

supply Idle — 0.01 5.0 LA

current

Reference  During A/D Al — 0.2 1.0 mA V=30V
power conversion

supply Idle — 0.01 5.0 LA

current

RAM standby voltage Ve 2.0 — — \%

Notes: *1 If the A/D converters is not used, do not leave the AV, V., and AV pins open.
Apply a voltage between 2.0 V and 3.6 V to the AV and V, pins by connecting them
to V., for instance. SetV, < AV ..

*2 Current dissipation values are for V., = Vec — 0.2 Vand V, .., = 0.2 V with all output
pins unloaded and all MOS input pull-ups in the off state.

*3 The values are for Vg, <V < 2.7V, V,,min=V_-0.2,and V, max=0.2 V.
*4 |.. depends on V.. and f as follows:

lec max = 1.0 (mA) + 0.51 (mA/(MHz-V)) x V. x f (normal operation)

lcc max = 1.0 (mA) + 0.39 (mA/(MHz-V)) x V. x f (sleep mode)
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Table20.3 Permissible Output Currents — Préiminary —

Conditions (F-ZTAT version):
Vee=27V1036V,AV,=27V1t036V,V =27V 10AV,
Vg =AVg =0V, T,=-20°Cto +75°C

Item Symbol Min Typ Max Unit
Permissible output low current  All output pins lou — — 1.0 mA

(per pin)

Permissible output low current  Total of all output pins o, — — 60 mA

(total)

Permissible outputhigh current  All output pins —lon — — 1.0 mA

(per pin)

Permissible outputhigh current  Total of all output pins oy — — 30 mA

(total)

Note: To protect chip reliability, do not exceed the output current values in table 20.3.

20.2.3 AC Characteristics

Figure 20.2 shows the AC test conditions.

3V

Chip output pin

C =30 pF:
R.: 2.4 kQ
Ry: 12 kQ

Input/output timing measurement level:

Low: 0.8V
High: 2.0V

Figure20.2 Output Load Circuit
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Clock Timing
Table 20.4 shows the clock timing.
Table20.4 Clock Timing — Preliminary —

Conditions (F-ZTAT version):
Vec=27V1036V, AV =27V1036V,V 4 =27V1I0AV, Vis=AVg=0V,
@ =160kHz, 76.8 kHz, 2 MHz to 13.5 MHz, T, =-20°C to +75°C

Test

Item Symbol  Min Typ Max Unit  Conditions
Clock cycle time toe 74 — 500 ns Figure 20.3
Clock pulse high width ten 25 — — ns
Clock pulse low width teL 25 — — ns
Clock rise time te — — 10 ns
Clock fall time ter — — 10 ns
Reset oscillation stabilization tosct 20 — — ms Figure 20.4
time (crystal)
Software standby oscillation toscs 8 — — ms Figure 19.3
stabilization time (crystal)
External clock output stabilization  t,.,, 500 — — us Figure 20.4
delay time
Subclock oscillation stabilization — togc, — — 2 s
time
Subclock oscillator frequency fsus — 160, — kHz

76.8
Subclock (g4,) cycle time tsus — 6.25, — us

13.0
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Control Signal Timing

Table 20.5 shows the control signal timing.

Table20.5 Control Signal Timing

Conditions (F-ZTAT version):

—Preliminary—

Vee=27V1t03.6V, AV =27V1036V,V,4=27V10AV,Vss=AV =0V,
g =160kHz, 76.8 kHz, 2 MHz to 13.5 MHz, T, =-20°C to +75°C

Test
Item Symbol Min Max Unit Conditions
RES setup time tress 250 — ns Figure 20.5
RES pulse width tresw 20 — tee
NMI setup time tuwis 250 — ns Figure 20.6
NMI hold time Eann 10 —
NMI pulse width (in recovery from T 200 —
software standby mode)
IRQ setup time tiros 250 — ns
IRQ hold time timon 10 —
IRQ pulse width (in recovery from tirow 200 —

software standby mode)

RENESAS
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Bus Timing
Table 20.6 shows the bus timing.
Table20.6 BusTiming — Preliminary —

Conditions (F-ZTAT version):
Vec=27V1036V, AV =27V1036V,V 4 =27V1I0AV, Vis=AVg=0V,
g=2MHzto 13.5MHz, T,=-20°C to +75°C

Test
Item Symbol  Min Max Unit Conditions
Address delay time tao — 50 ns Figure 20.7 to
Address setup time tas 05xt,,—-30 — ns Figure 20.11
Address hold time tan 05xt,,—-15 — ns
CS delay time teso — 50 ns
AS delay time thso — 50 ns
RD delay time 1 treoy — 50 ns
RD delay time 2 trso — 50 ns
Read data setup time tros 30 — ns
Read data hold time tron 0 — ns
Read data access time 1 tacer — 10xt,—-65 ns
Read data access time 2 taces — 15xt,-65 ns
Read data access time 3 taces — 20xt,.—65 ns
Read data access time 4 tacca — 25xt,.—65 ns
Read data access time 5 taces — 3.0xt,.—65 ns
WR delay time 1 twros — 50 ns Figure 20.7
WR delay time 2 tumos — 50 ns Figure 20.8
WR pulse width 1 tywswr 1.0xt,—30 — ns
WR pulse width 2 tuswa 15xt,-30 — ns
Write data delay time twoo — 70 ns
Write data setup time twos 05xt,,—37 — ns
Write data hold time twon 05xt,,—-15 — ns
WAIT setup time ture 50 — ns Figure 20.9
WAIT hold time twm 10 — ns
BREQ setup time taros 50 — ns Figure 20.12
BACK delay time tanco — 50 ns
Bus floating time tezn — 80 ns
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Timing of On-Chip Supporting Modules

Table 20.7 shows the timing of the on-chip supporting modules.

Table20.7 Timing of On-Chip Supporting Modules

Conditions (F-ZTAT version):
Vee=27V1036V,AV =27V1036V,V4=27V1I0AV, Vss=AVg =0V,
g =160kHz, 76.8 kHz, 2 MHz to 13.5 MHz, T, =-20°C to +75°C

— Preliminary —

Test
Item Symbol  Min Max Unit Conditions
I/O ports  Output data delay time town — 100 ns Figure 20.13
Input data setup time tors 50 —
Input data hold time torn 50 —
TPU Timer output delay time troco — 100 ns Figure 20.14
Timer input setup time tres 40 —
Timer clock input setup time trcks 40 — ns Figure 20.15
Timer clock Single-edge trciw 15 — toye
pulse width Both-edge trexwt 25 —
WDT1 BUZZ output delay time teuzo — 100 ns Figure 20.16
SCI Input clock Asynchronous  tg,. 4 — toye Figure 20.17
cycle W _
Input clock pulse width tsciw 0.4 0.6 teeye
Input clock rise time tscur — 15 tee
Input clock fall time tsckr — 15
Transmit data delay time trvo — 100 ns Figure 20.18
Receive data setup time taxs 75 — ns
(synchronous)
Receive data hold time taxn 75 — ns
(synchronous)
A/D Trigger input setup time tires 40 — ns Figure 20.19
converter

RENESAS
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20.2.4 A/D Conversion Characteristics
Table 20.8 shows the A/D conversion characteristics.
Table20.8 A/D Conversion Characteristics — Préiminary —

Conditions (F-ZTAT version):
Vee=27V1036V,AV,=27V1036V,V 4 =27VI0AV, Ves=AVg =0V,
g=2MHzto 13.5 MHz, T,=-20°C to +75°C

Item Min Typ Max Unit
Resolution 10 10 10 Bit
Conversion time 9.9 — — us
Analog input capacitance — — 20 pF
Permissible signal source impedance — — 5 kQ
Nonlinearity error — — 6.0 LSB
Offset error — — 4.0 LSB
Full-scale error — — 4.0 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
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2025 F

lash Memory Characteristics

Table 20.9 shows the flash memory characteristics.

Table 20.9

Conditions:

Flash Memory Characteristics

— Préiminary —

Vee=27V103.6V,AVc=27V1036V,V,y =27V t0AV, Vs = AV =
0V,V, =30V to3.6V (program/erase operating voltage range), T, = —20°C to
+75°C (program/erase operating temperature range)

Test
Item Symbol  Min Typ Max  Unit Conditions
Programming time*t *2 *4 to — 10 200 ms/
128 bytes

Erase time** *3 %5 te — 100 1200 ms/block
Rewrite times Nwec — — 100 Times
Programming Wait time after SWE1 bit setting** swe 1 1 — ps

Wait time after PSU1 bit setting** tpeu 50 50 — us

Wait time after P1 bit setting** ** tp10 8 10 12 Us

s 28 30 32 us 1<n<6
tp200 198 200 202 s 7 <n <1000

Wait time after P1 bit clearing*?® teo 5 5 — us

Wait time after PSU1 bit clearing**  t, 5 5 — ps

Wait time after PV1 bit setting** too 4 4 — us

Wait time after H'FF dummy write**  t,,, 2 2 — ps

Wait time after PV1 bit clearing** top 2 2 — ps

Wait time after SWEL bit clearing**  t.,, 100 100 — us

Maximum number of programming N1 — — 6*4 Times

operations *1 *4 N2 — — 994*4
Erasing Wait time after SWEL bit setting**  t.,, 1 1 — us

Wait time after ESUL1 bit setting** toesy 100 100 — us

Wait time after E1 bit setting*® *® tee 10 10 100 ms

Wait time after E1 bit clearing** tee 10 10 — us

Wait time after ESU1 bit clearing*®  t_, 10 10 — ps

Wait time after EV1 bit setting** teey 20 20 — us

Wait time after H'FF dummy write**  t,, 2 2 — us

Wait time after EV1 bit clearing** teev 4 4 — ps

Wait time after SWE1 bit clearing teswe 100 100 — ps

Maximum number of erases** *5 N — — 100  Times

Notes: *1 Follow the program/erase algorithms when making the time settings.

*2 Programming time per 128 bytes. (Indicates the total time during which the P1 bit is set
in flash memory control register 1 (FLMCR1). Does not include the program-verify time.)
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*3 Time to erase one block. (Indicates the time during which the E1 bit is set in FLMCR1.
Does not include the erase-verify time.)

*4 Maximum programming time
(t(max) = Wait time after P1 bit setting (t,,) x maximum number of writes (N))
(tsp30 + tsplO) X6+ (tspZOO) x 994
*5 For the maximum erase time (t.(max)), the following relationship applies between the
wait time after E1 bit setting (t,.) and the maximum number of erases (N):
te(max) = Wait time after E1 bit setting (t,,) X maximum number of erases (N)
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20.3 Operational Timing

This section shows timing diagrams.

20.3.1 Clock Timing
Clock timing diagrams are shown below.
System Clock Timing

Figure 20.3 shows the system clock timing.

Figure20.3 System Clock Timing
Oscillation Stabilization Timing

Figure 20.4 shows the oscillation stabilization timing.

Figure20.4 Oscillation Stabilization Timing
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20.3.2 Control Signal Timing
Control signal timing diagrams are shown below.
Reset Input Timing

Figure 20.5 shows the reset input timing.

trESS trESS

oyl
m
(/2]

e

tRESW

Figure20.5 Reset Input Timing
Interrupt Input Timing

Figure 20.6 shows the timing of NMI and IRQ interrupt input.

3
<

= —
Edge input ‘ ‘ /
RQ —\
Level input

Figure20.6 Interrupt Input Timing
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Bus Timing

20.3.3

The following bus timing diagrams are shown here.

Basic Bus Timing: Two-State Access

Figure 20.7 shows the timing of external two-state access.
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Figure20.7 Basic Bus Timing (Two-State Access)
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Figure 20.8 shows the timing of external three-state access.

Basic Bus Timing: Three-State Access
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Figure20.8 Basic Bus Timing (Three-State Access)
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Basic Bus Timing: Three-State Access with One Wait

Figure 20.9 shows the timing of external three-state access with one wait inserted.

A23to AO >< ¥
CS3t0 CS0 >< ¥ X ><

AS

RD
(read)

D15 to DO
(read)

HWR, LWR
(write)

D15 to DO D
(write) V!

i
[
‘
twrs: twrh twrs
I :4—» -

wa SV AV

Figure20.9 Basic BusTiming (Three-State Access with One Wait State)
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Burst ROM Access Timing: Two-State

Figure 20.10 shows the timing of burst ROM two-state access.
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Figure20.10 Burst ROM Access Timing (Two-State Access)
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Burst ROM Access Timing: One-State

Figure 20.11 shows the timing of burst ROM one-state access.
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Figure20.11 Burst ROM Access Timing (One-State Access)
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External Bus Release Timing

Figure 20.12 shows the timing of external bus release.

BACK
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¥ h i ss {
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Figure20.12 External BusRelease Timing

20.3.4  Timing of On-Chip Supporting Modules

Figures 20.13 to 20.19 show the timing of the on-chip supporting modules.

Port 1, 3, 4, f :
Ato G (read) >< ><

trwp
Port 1, 3, ‘
Ato G (write) \
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Figure20.13 /O Port Input/Output Timing
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Output compare )
output® ><

Input capture

input* X

Note: * TIOCAO to TIOCA2, TIOCBO, TIOCCO, TIOCDO

Figure20.14 TPU Input/Output Timing

trekwe trekwH

Figure20.15 TPU Clock Input Timing

el e el g
BUZZ \ /

Figure20.16 WDT1 Output Timing

tsckw tsckr tsckr

SCKO, SCK1 | ! |

tS(:yc

Figure20.17 SCK Clock Input Timing
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R
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TXDO, TxD1 / m
(transit data) >< >< B ><

focene ot X XX X

Figure20.18 SCI Input/Output Timing (Clock Synchronous M ode)

Figure20.19 A/D Converter External Trigger Input Timing
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Appendix A Instruction Set

A.1 Instruction List

Operand Notation

Rd General register (destination)**

Rs General register (source)**

Rn General register**

ERn General register (32-bit register)

MAC Multiply-and-accumulate register (32-bit register)*?

(EAd) Destination operand

(EAS) Source operand

EXR Extended control register

CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

Cc C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Add

- Subtract

X Multiply

- Divide

O Logical AND

O Logical OR

O Logical exclusive OR

S Transfer from the operand on the left to the operand on the right, or
transition from the state on the left to the state on the right

- Logical NOT (logical complement)

() <> Contents of operand

:8/:16/:24/:32

8-, 16-, 24-, or 32-bit length

Notes: *1 General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO

to R7, EO to E7), and 32-bit registers (ERO to ER7).
*2 The MAC register cannot be used in the LSI.
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Condition Code Notation

Symbol
? Changes according to the result of instruction
* Undetermined (no guaranteed value)
0 Always cleared to 0
Always set to 1
— Not affected by execution of the instruction
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Instruction Codes

A.2

Table A.2 shows the instruction codes.

dsip 0 i1 8 s | — (91:p 49) 9T:p Nug
_ dsip Ty | — (8:p 48) :p Nug
dsip 00 8 s | — (91:p 1) 9T:P Vg
_ dsip 0o v |— (8P L8) 8:p vug 20g
0 WWEo[ 9 i 2 sqe 0 € v 9 | 8 zeee®@ e XX ANVE
0 iwwio| 9 i L sqe 0 T v 9 | g 9Tee@ e XX# ANVE
0 NWEO| 9 L sqe 3 L | 9 8'ee® 'eXX# ANVE
0 NWEO| 9 L 0 ipiof O L | 9 pPY3I® €:Xx# ANVE
p1 INNEO| 9 L | 9 py'exx# ANVE| ANV
NI _ 9 i 0 T ¥ T 0 | g UX3'8:Xx# DANY
NI 9 0 |8 YOO'8:Xx# OANV |  OANV
9 i 9 0 E| T 0 |1 py3'sya TANY
pRioi 9 v L1 pY3'ZEXX# TANY
p1r i oS 9 9 | m py'sd M'ANY
NI p1 9 6 LM PY'9T:XX# M ANY
p1 i sl 9 T |9 py'sy 9'ANY
NI pi 3|4 py‘g:xx# 9'ANY anvy
pi i s 3 o |8 py'sy xaav
NI pi 6 | 9 py'gxXx# Xaav|  xaav
p1Rioi 6 a 0o |1 py3‘v# SAav
peioi 8 a 0o |1 py3‘z# saav
p1Rioi 0 a 0o |1 py3‘T#SAAV| saav
pi2ioisIeiT| Vv 0o |1 py3'sy3 1Taav
NI pRi0i T v L1 py3'zeXX# T'aav
p1r oS 6 0 | m py'sd M'aav
NI p1 T 6 LM PY'9T:XX# M'AAY
p1 i sl 8 0 |8 py'sy g'aav
NI pi 8 | g py‘g:xx# 9'aav aav
81Aq y10T | @14Aq Y6 a1k uig a1hd yi a14q y19 a1kg uyig a1ka uw a1hq pig a1hq pug a1hq st uon
Jewso4 UonaNAsy| xS OluowWwsu -onnsu
S9pOD uoIpNnIsU| ¢-valqel
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dsip 0o i 4 8 s | — 9T:p 314
_ %,_u E| v | — 8:p 314
dsip 0o i 13 8 s | — 9T:p 199
_ dsip 3y |- g 1og
dsip 0 i a 8 s | — 9T:p 119
_ %,_u a v | — 8:p 11d
dsip 0 {o0| 8§ |— 9T:p 399
_ dsip 5 v |— g:p 399
dsip 0 i g 8 s | — 9T:P ING
_ %,_n g v | — 8:p INg
dsip 0 | Vv 8 s | — 9T:p 1dd
_ %,_n v v | — 8:p 1dg
dsip 0o i6 |8 s |— 9T:p SAd
_ dsip 6 | v | — 8:p SAd
dsip 0o i8 | 8§ |— 9T:P OAE
_ dsip 8 | v | — 8 OAg
dsip 0 {2 | 8§ |— 9T:p 034
_ dsip Ly | — g:pO3g
dsip 0 {9 |8 5§ |— 9T:p INg
_ dsip 9 i v |— g:p ang
dsip 0 i s |8 s |— (91:p 078) 9T:P SO8
_ dsip S v | — (8:p 079) 8:p S04
dsip o i v | 8§ |— (9T:p SH4) 9T:p 001
_ dsip 14 v | — (8:p SHa) 8:p 004
dsip 0 i¢| 8§ |— 9T:p S719
_ dsip € v |— gpsIg
dsip 0 ic |8 s |— 9T:P IHg
dsip 4 v | — 8:p IHg 20g
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Operation Code Map

A.3

Table A.3 shows the operation code map.
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A.4 Number of States Required for Instruction Execution

The tables in this section can be used to calculate the number of states required for instruction
execution by the H8S/2000 CPU. Table A.5 indicates the number of instruction fetch, data
read/write, and other cycles occurring in each instruction. Table A.4 indicates the number of
states required for each cycle, depending on itssize. The number of states required for execution
of an instruction can be calculated from these two tables as follows:

Execution states=1 x S+ JIx S;+ K xS +L x5 +M x G, + N x §

Examples: Advanced mode, program code and stack located in external memory, on-chip
supporting modules accessed in two states with 8-bit bus width, external devices accessed in three
states with one wait state and 16-bit bus width.

1. BSET #0, @QFFFFB3:8
From table A.5:

I=L=2, J=K=M=N=0

From table A.4:

S =4, S =2

Number of states required for execution=2 x4 +2x2=12

2. JSR @@30
From table A.5:

|=J=K=2, L=M=N=0
From table A .4:
5=5=5=4

Number of states required for execution=2x4+2x4+2x4=24
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TableA.4 Number of Statesper Cycle

Access Conditions

On-Chip Supporting External Device
Module 8-Bit Bus 16-Bit Bus
On-Chip 8-Bit 16-Bit 2-State 3-State 2-State 3-State

Cycle Memory Bus Bus Access Access Access Access
Instruction fetch S 1 4 2 4 6+2m 2 3+m
Branch address read S,
Stack operation S
Byte data access S, 2 2 3+m
Word data access Sy 4 4 6 +2m
Internal operation Sy 1 1 1 1 1 1 1

m: Number of wait states inserted into external device access

688
RENESAS



TableA.5 Number of Cyclesin Instruction Execution

Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Byte
Data
Operation Access

Access

Word

Data Internal
Operation

J

K L

M N

ADD

ADD.B #xx:8,Rd
ADD.B Rs,Rd
ADD.W #xx:16,Rd
ADD.W Rs,Rd
ADD.L #xx:32,ERd
ADD.L ERs,ERd

ADDS

ADDS #1/2/4,ERd

ADDX

ADDX #xx:8,Rd
ADDX Rs,Rd

AND

AND.B #xx:8,Rd
AND.B Rs,Rd
AND.W #xx:16,Rd
AND.W Rs,Rd
AND.L #xx:32,ERd
AND.L ERs,ERd

ANDC

ANDC #xx:8,CCR
ANDC #xx:8,EXR

BAND

BAND #xx:3,Rd
BAND #xx:3,@ERd
BAND #xx:3,@aa:8
BAND #xx:3,@aa:16
BAND #xx:3,@aa:32

N

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

N N N N DN N DN DNDNMNDNDNDDNDE ODNMDNDEPEIDN PN OFRPDNPRP PP PP ®FP NP PP
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Instruction Mnemonic

Instruction Address Stack

Branch

Fetch Read

Operation Access

Byte
Data

Word
Data
Access

Internal
Operation

J

K

L

M

N

Bcc BMI d:8
BGE d:8
BLT d:8
BGT d:8
BLE d:8
BRA d:16 (BT d:16)
BRN d:16 (BF d:16)
BHI d:16
BLS d:16
BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

P R R R R R R R R R R P R R PR

BCLR BCLR #xx:3,Rd
BCLR #xx:3,@ERd
BCLR #xx:3,@aa:8
BCLR #xx:3,@aa:16
BCLR #xx:3,@aa:32
BCLR Rn,Rd
BCLR Rn,@ERd
BCLR Rn,@aa:8
BCLR Rn,@aa:16
BCLR Rn,@aa:32

AW N N FP B WODNDNPEPINDNDNDDNDDNDDNDDNDDNDDNDNDDNDDNDDNDDNDDNDDNDDNDNDDNDDNDDNDDNDNDN

N N NN

N NN
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Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Operation

Byte Word
Data Data
Access Access

Internal
Operation

J

K

L M N

BIAND

BIAND #xx:3,Rd
BIAND #xx:3,@ERd
BIAND #xx:3,@aa:8
BIAND #xx:3,@aa:16
BIAND #xx:3,@aa:32

N

BILD

BILD #xx:3,Rd
BILD #xx:3,@ERd
BILD #xx:3,@aa:8
BILD #xx:3,@aa:16
BILD #xx:3,@aa:32

N N

BIOR

BIOR #xx:8,Rd
BIOR #xx:8,@ERd
BIOR #xx:8,@aa:8
BIOR #xx:8,@aa:16
BIOR #xx:8,@aa:32

N

BIST

BIST #xx:3,Rd
BIST #xx:3,@ERd
BIST #xx:3,@aa:8
BIST #xx:3,@aa:16
BIST #xx:3,@aa:32

N N NN

BIXOR

BIXOR #xx:3,Rd
BIXOR #xx:3,@ERd
BIXOR #xx:3,@aa:8
BIXOR #xx:3,@aa:16
BIXOR #xx:3,@aa:32

N

BLD

BLD #xx:3,Rd

BLD #xx:3,@ERd
BLD #xx:3,@aa:8
BLD #xx:3,@aa:16
BLD #xx:3,@aa:32

A W NN PRFRPIA O DNMDNDNPEPA2A ODNMNDNDP A ODNMDNDPEP[AAR ODNMDNDPIAAODNMDNDEPRE

N
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Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Operation

Byte Word
Data Data Internal
Access Access Operation

J

K

L M N

BNOT

BNOT #xx:3,Rd
BNOT #xx:3,@ERd
BNOT #xx:3,@aa:8

BNOT #xx:3,@aa:16
BNOT #xx:3,@aa:32

BNOT Rn,Rd
BNOT Rn,@ERd
BNOT Rn,@aa:8
BNOT Rn,@aa:16
BNOT Rn,@aa:32

N NN

N NN

BOR

BOR #xx:3,Rd
BOR #xx:3,@ERd
BOR #xx:3,@aa:8
BOR #xx:3,@aa:16
BOR #xx:3,@aa:32

R R R e

BSET

BSET #xx:3,Rd
BSET #xx:3,@ERd
BSET #xx:3,@aa:8

BSET #xx:3,@aa:16
BSET #xx:3,@aa:32

BSET Rn,Rd
BSET Rn,@ERd
BSET Rn,@aa:8
BSET Rn,@aa:16
BSET Rn,@aa:32

N N NN

N NN

BSR

BSR d:8

BSR d:16

BST

BST #xx:3,Rd
BST #xx:3,@ERd
BST #xx:3,@aa:8
BST #xx:3,@aa:16
BST #xx:3,@aa:32

AW N DN RPN A ODNMDNDE B ODNMNDNDPRPPAMODODMDDNDEP[DDR ODNMNDNEPEP D ODNDDND PR

N NN
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Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Operation

Byte Word
Data Data
Access Access

Internal
Operation

J

K

L M

N

BTST

BTST #xx:3,Rd
BTST #xx:3,@ERd
BTST #xx:3,@aa:8
BTST #xx:3,@aa:16
BTST #xx:3,@aa:32
BTST Rn,Rd

BTST Rn,@ERd
BTST Rn,@aa:8
BTST Rn,@aa:16
BTST Rn,@aa:32

N

N N

BXOR

BXOR #xx:3,Rd
BXOR #xx:3,@ERd
BXOR #xx:3,@aa:8
BXOR #xx:3,@aa:16
BXOR #xx:3,@aa:32

A W NN P ODNMDNDPEP B ODNMDNPRP

N

CLRMAC

CLRMAC

Cannot be used in the LSI

CMP

CMP.B #xx:8,Rd
CMP.B Rs,Rd
CMP.W #xx:16,Rd
CMP.W Rs,Rd
CMP.L #xx:32,ERd
CMP.L ERs,ERd

DAA

DAA Rd

DAS

DAS Rd

DEC

DEC.B Rd
DEC.W #1/2,Rd
DEC.L #1/2,ERd

DIVXS

DIVXS.B Rs,Rd
DIVXS.W Rs,ERd

11
19

DIVXU

DIVXU.B Rs,Rd
DIVXU.W Rs,ERd

P RN NP R RPR[RPR[RPR[P O RPN R P

11
19
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Instruction

Mnemonic

Fetch

Branch
Instruction Address Stack

Read Operation

Byte Word
Data Data Internal
Access Access Operation

J

K

L M N

EEPMOV

EEPMOV.B
EEPMOV.W

2n+2*2

2n+2%2

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

INC

INC.B Rd
INC.W #1/2,Rd
INC.L #1/2,ERd

JMP

JMP @ERnN
JMP @aa:24

JMP @@aa:8

JSR

JSR @ERnN

JSR @aa:24

JSR @@aa:8

LDC

LDC #xx:8,CCR

LDC #xx:8,EXR

LDC Rs,CCR

LDC Rs,EXR

LDC @ERs,CCR

LDC @ERs,EXR

LDC @(d:16,ERs),CCR
LDC @(d:16,ERs),EXR
LDC @(d:32,ERs),CCR
LDC @(d:32,ERs),EXR
LDC @ERs+,CCR
LDC @ERs+,EXR

LDC @aa:16,CCR
LDC @aa:16,EXR

LDC @aa:32,CCR
LDC @aa:32,EXR

A A W W DN DN OO W WDNDNDEPRPDNDNPRP[INDNMNDNDMDNDMDNDDNDEPEPRPRPPRPIP PP P[INMDMNDN

R R R R R R R R R R R R
[
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Instruction

Mnemonic

Branch

Instruction Address Stack
Operation

Fetch Read

Byte
Data
Access

Word
Data
Access

Internal
Operation

| J K

L

M

LDM

LDM.L @SP+,
(ERn-ERN+1)

LDM.L @SP+,
(ERn-ERN+2)

LDM.L @SP+,
(ERn-ERN+3)

2 4

LDMAC

LDMAC ERs,MACH
LDMAC ERs,MACL

Cannot be used in the LSI

MAC

MAC @ERn+ @ERmM+

Cannot be used in the LSI

MOV

MOV.B #xx:8,Rd
MOV.B Rs,Rd

MOV.B @ERs,Rd
MOV.B @(d:16,ERs),Rd
MOV.B @(d:32,ERs),Rd
MOV.B @ERs+,Rd
MOV.B @aa:8,Rd
MOV.B @aa:16,Rd
MOV.B @aa:32,Rd
MOV.B Rs,@ERd
MOV.B Rs,@(d:16,ERd)
MOV.B Rs,@(d:32,ERd)
MOV.B Rs,@-ERd
MOV.B Rs,@aa:8
MOV.B Rs,@aa:16
MOV.B Rs,@aa:32
MOV.W #xx:16,Rd
MOV.W Rs,Rd

MOV.W @ERs,Rd
MOV.W @(d:16,ERs),Rd
MOV.W @(d:32,ERs),Rd
MOV.W @ERs+,Rd
MOV.W @aa:16,Rd
MOV.W @aa:32,Rd
MOV.W Rs,@ERd

P W N PP DN PEFEP PN ODNPRFRP P BMMDNDNPEP ODNPPFPDMMDNDPRER PP

B R R R R R R R R R R R R R

L e =
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Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Operation Access

Byte
Data

Word
Data
Access

Internal
Operation

J

K

L

N

MOV

MOV.W Rs,@(d:16,ERd)
MOV.W Rs,@(d:32,ERd)
MOV.W Rs,@-ERd
MOV.W Rs,@aa:16
MOV.W Rs,@aa:32
MOV.L #xx:32,ERd
MOV.L ERs,ERd

MOV.L @ERs,ERd
MOV.L @(d:16,ERs),ERd
MOV.L @(d:32,ERs),ERd
MOV.L @ERs+,ERd
MOV.L @aa:16,ERd
MOV.L @aa:32,ERd
MOV.L ERs,@ERd
MOV.L ERs,@(d:16,ERd)
MOV.L ERs,@(d:32,ERd)
MOV.L ERs,@-ERd
MOV.L ERs,@aa:16
MOV.L ERs,@aa:32

2
4
1
2
3
3
1
2
3
5
2
3
4
2
3
5
2
3
4

s <

N N DN N DN DN DN DD DN NN

MOVFPE

MOVFPE @:aa:16,Rd

MOVTPE

MOVTPE Rs,@:aa:16

Can not be used in the LSI

MULXS

MULXS.B Rs,Rd

11

MULXS.W Rs,ERd

19

MULXU

MULXU.B Rs,Rd

11

MULXU.W Rs,ERd

19

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

R N = T S T =N SN B B I SR N}
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Instruction

Mnemonic

Instruction Address Stack

Branch

Fetch Read

Operation Access

Byte
Data

Word
Data
Access

Internal
Operation

J

K

L

M

N

OR

OR.B #xx:8,Rd
OR.B Rs,Rd
OR.W #xx:16,Rd
OR.W Rs,Rd
OR.L #xx:32,ERd
OR.L ERs,ERd

ORC

ORC #xx:8,CCR
ORC #xx:8,EXR

POP

POP.W Rn
POP.L ERNn

PUSH

PUSH.W Rn
PUSH.L ERn

N DN P

[ N B

ROTL

ROTL.B Rd
ROTL.B #2,Rd
ROTL.W Rd
ROTL.W #2,Rd
ROTL.L ERd
ROTL.L #2,ERd

ROTR

ROTR.B Rd
ROTR.B #2,Rd
ROTR.W Rd
ROTR.W #2,Rd
ROTR.L ERd
ROTR.L #2,ERd

ROTXL

ROTXL.B Rd
ROTXL.B #2,Rd
ROTXL.W Rd
ROTXL.W #2,Rd
ROTXL.L ERd
ROTXL.L #2,ERd

B R R R R R[RPR R R R R R[RP P R R R RPRINRPINEPINRPRIN®WERNER PR
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Instruction

Mnemonic

Instruction Address Stack Data Data

Branch

Fetch Read

Byte Word
Internal
Operation

Operation Access Access

J

K L M N

ROTXR

ROTXR.B Rd
ROTXR.B #2,Rd
ROTXR.W Rd
ROTXR.W #2,Rd
ROTXR.L ERd

ROTXR.L #2,ERd

RTE

RTE

2/3*1 1

RTS

RTS

SHAL

SHAL.B Rd
SHAL.B #2,Rd
SHAL.W Rd
SHAL.W #2,Rd
SHAL.L ERd
SHAL.L #2,ERd

SHAR

SHAR.B Rd
SHAR.B #2,Rd
SHAR.W Rd
SHAR.W #2,Rd
SHAR.L ERd
SHAR.L #2,ERd

SHLL

SHLL.B Rd
SHLL.B #2,Rd
SHLL.W Rd
SHLL.W #2,Rd
SHLL.L ERd
SHLL.L #2,ERd

SHLR

SHLR.B Rd
SHLR.B #2,Rd
SHLR.W Rd
SHLR.W #2,Rd
SHLR.L ERd
SHLR.L #2,ERd

SLEEP

SLEEP

RPlRPr P P P R RPR[(P PR P PR RPRR R R R R R[(RP PR R R P RPRINNPRP PP R R R
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Branch Byte Word
Instruction Address Stack Data Data Internal
Fetch Read Operation Access Access Operation

Instruction Mnemonic | J K L M N

STC STC.B CCR,Rd
STC.B EXR,Rd
STC.W CCR,@ERd
STC.W EXR,@ERd
STC.W CCR,@(d:16,ERd)
STC.W EXR,@(d:16,ERd)
STC.W CCR,@(d:32,ERd)
STC.W EXR,@(d:32,ERd)
STC.W CCR,@-ERd
STC.W EXR,@-ERd
STC.W CCR,@aa:16
STC.W EXR,@aa:16
STC.W CCR,@aa:32
STC.W EXR,@aa:32

R R R R R R R R R R R R
[EEN

N[ B WO W NN O OO W W NN P PP

ST™ STM.L (ERn-ERn+1),
@-SP

STM.L (ERn-ERnN+2), 2 6 1
@-SP

STM.L (ERn-ERn+3), 2 8 1
@-SP

STMAC STMAC MACH,ERd Cannot be used in the LSI
STMAC MACL,ERd

SuUB SUB.B Rs,Rd
SUB.W #xx:16,Rd
SUB.W Rs,Rd
SUB.L #xx:32,ERd
SUB.L ERs,ERd

SUBS SUBS #1/2/4,ERd

SUBX SUBX #xx:8,Rd
SUBX Rs,Rd

TAS TAS @ERd *3

N[N RP[R|[FP W RPN PR

TRAPA TRAPA #x:2 2 2/3*1 2
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Instruction Mnemonic

Instruction Address Stack Data Data
Fetch Read

Branch Byte Word
Internal
Operation Access Access Operation

J K L M N

XOR XOR.B #xx:8,Rd
XOR.B Rs,Rd
XOR.W #xx:16,Rd
XOR.W Rs,Rd
XOR.L #xx:32,ERd
XOR.L ERs,ERd

XORC XORC #xx:8,CCR
XORC #xx:8,EXR

N PN W P N P

Notes: *1 2 when EXR is invalid, 3 when EXR is valid.
*2 When n bytes of data are transferred.
*3 Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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A.5 Bus States During Instruction Execution

Table A.6 indicates the types of cycles that occur during instruction execution by the CPU. See
table A.4 for the number of states per cycle.

How to Read the Table:

Order of execution

\ \ \
Instruction 1 2 3 4 5 6
MP@aa24  |RW 2nd | emd PR Ry A
A A A L

End of instruction
Read effective address (word-size read)
No read or write
Read 2nd word of current instruction
(word-size read)

Legend

R:B Byte-size read

R:wW Word-size read

wW:B Byte-size write

W:wW Word-size write

‘M Transfer of the bus is not performed immediately after this cycle

2nd Address of 2nd word (3rd and 4th bytes)

3rd Address of 3rd word (5th and 6th bytes)

4th Address of 4th word (7th and 8th bytes)

5th Address of 5th word (9th and 10th bytes)

NEXT Address of next instruction

EA Effective address

VEC Vector address

RENESAS
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Figure A.1 shows timing waveforms for the address bus and the RD, HWR, and LWR signals
during execution of the above instruction with an 8-hit bus, using three-state access with no wait
states.

z igigingigigigigigigigigiginigh
Address bus :>< >< : >< >< ><

I R T n -

HWR, LWR i i High level i i
| i - 1 |
R:W 2nd Internal R:W EA |
| | operation | |
- - -
Fetching Fetching Fetching Fetching
3rd byte 4th byte 1nd byte of 2nd byte of
of instruction of instruction instruction at instruction at
jump address jump address
Figure A.1 AddressBus, RD, HWR, and LWR Timing
(8-Bit Bus, Three-State Access, No Wait States)
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va M|  LXaINm 8:p 1949
vamd|  IXanmd 8:p 179
vamd|  LIXanmy 8:p 399
vaMmd|  IXaNnmy 8:p INg
vamd|  IXanmy 8:p 1dg
vaMmd|  IXanmy 8:p SAY
vaMmd|  IXanmy 8:p OAd
vaMmd| IXanmy 8:p O3g
vaMmd|  LIXanmy 8:p INg
vamd|  1X3aN M (8:p 019) 8:p SO
vamd|  LXaNmH (8:p SHA) 8:p 004
vaMmd|  LIXanmy 8:p S1d
vaMmd|  IXaNnmy 8:p IHg
vamd|  IX3IN MY (8:p 49) 8:p Nug
vamd| LIXaNmd (8:p 19) 8:p Vg
1X3aN WM v3 g Wy Mo pie M:H puz m:o Zeee® e:xXx# ANV
LIX3N WA v3 a:d pige Mo puz m:o 9T:ER®'C:XX# ANVY
INENERS v3 ga:d puz m:d 8'ee®@ 'e:Xx# ANVS
1X3N AN v3 gy puz m:o PYID E:XX# ANV
1X3aAN M py‘eXx# ANV
IX3aN M puz m:d dXT 8 Xx# DANY
1X3N M HOD'8:Xx# DANY
IX3aN M puz m:d py3‘sy3 TANV
LX3IN M pIE MY puz m:d Py ZEXX# T ANY
1X3N M py'sd M ANV
IX3aN M puz m:d PH'OT:XX# M ANY
1X3aN M py'sy 9'ANY
1X3N M pPY‘8:Xx# 9" ANV
1X3aN M pd'sy Xaav
1X3aN M py'g:xXx# Xaav
1X3N M py3'v/2/T# SAAY
1X3aAN M py3'sy3 1aav
LX3IN M pIE MY puz m:d py3‘ZeXX# 1'Aav
1X3N M pd'sy M'aav
IX3aN M puz m:d PH'OT:XX# M'AQVY
1X3aN M py'sy g'aav
1X3N M py‘8:Xxx# 9-aay
[+ v I Z T uononAisu|

S90AD UOIINDSXT UOIPNJSU| 9'Va|qeL
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V3 @M | LX3IN N:N™E V3 N:g:d pIE M puz M\ 9T'eR@ CIXX# 4109
v3 g:M| LX3N WM v3 N g puz M 8'ee® e:Xx# 4109
V3 9:M | LXIN WM v3 N9 puz Mo pPHA@ exXx# Y1049

1X3N M py‘exx# Y104
ajels T

V3 M:d | ‘uoiesado feussiy| puz M:d 9T:p 319
alels T

V3 M:d | ‘uonesado feussiul puz m:d 9T'p 199
alels T

V3 M:d | ‘uorrelado feussuj puz \:d 9T:p 171d
ajels 1

V3 M:d | ‘uonesado [eussiul puz m:d 9T:p 399
Sels T

V3 M:d | ‘uorelado feussuj puz M\:d 9T-pP INg
ajels T

V3 M:d | ‘uonesado feussiul puz m:d 9T:P 1d4
oIS T

V3 M:d | ‘uorrelado feussuj puz \:d 9T:pP SAd
alels T

V3 M:d | ‘uonesado feussiul puz m:d 9T:P OAd
oIS T

V3 M:d | ‘uonesado feussyul puz m:d 9T:p O34
ajels T

V3 M:d | ‘uonesado feussiu puz m:d 9T:P 3Nd
alels T

V3 MY | ‘uonesado jeusel puz m:y (9T:p O19) 9T:p S04
ajels T

w3 M:d | ‘uonesado [eusa puz m:yd (9T:p SHA) 9T:p D09
alels T

V3 M:d | ‘uonesado feussiul puz m:d 9T:p S1d
alels T

V3 M:d | ‘uoiesado feusaiy| puz M:d 97:p IHE
ajels T

V3 M:Y | ‘uonesado feusalul puz m:y (9T:p 49) 9T:p NHg
Qs T

V3 M:H | ‘uonesado [eusaiul puz My (9T:p 19) 9T:p vdd

v3 M 1X3IN M\ 8:p 319

S . e z I uononasu|

704

RENESAS



IX3IN M py‘exx# LONG

LX3IN W:MH v3 g™ uww Mo pIE M puz My zeree®@ 'eixXx4# A1d

AIX3IN WM v3 g pIE M puz My 9T'eR® 'EXX# 19

IX3IN WM\ v3 gy puc m:d 8'eR® 'ciXx# d1d

IX3IN WM v3 g puc My pPHIA@ 'eXx# A9

LX3IN M py‘exx# a1g

LX3IN WM™ v3a g U Mo PIE MY puz My ZEeR® 'EIXX# HOXIg

LIX3IN WM v3 a:d pIE MH puz My 9T:BR®) '€ XX# YOXI9

IX3IN WMWY v3 g puc m:d 8eR®) 'EXX# HOXId

IX3IN WMWY v3a gy puz My PHA@ e:Xx# HOXI4

LX3IN M py‘exXx# HOXId

V3 @M | IXIN N\ V3 N:g ™ uw m:d pIE M:H puz M-y zeee®@'exxy 1S9

V3 M| LXIN WM V3 N g pIE M puc My 9T:ER®) 'EXX# 1SI9

V3 aM| LX3IN NN V3 N g puz My 8'ee® 'EXX# 1519

V3 M| LX3IN N:\YH V3 N:g:d puz My pPHIA@'eXx# 1SI9

1X3IN M py‘exx# 1S19

LX3IN WM\ v3 g uw Mo PIE M puc My zeee® 'exXx# ¥old

IX3IN WM v3 g PIE M puz My 9T:ee® 'E:XX# YOI

LX3IN NN \EL:R:] puz My 8'ee® '€:XX# HOIg

1IX3IN WM\ v3a g puz M-y PHID@'eXX# HOId

1IX3IN M\ py‘exXx# HOIg

LX3IN WM\ v3 gy Uiy Mo PIE M:H puc My zeee@ 'exXx# @l

LX3IN WM v3 g PIE MY puz My 9T'ER®'E:XX# A1l9

1IX3IN WM\ v3a g puz M-y g'ee®@'e:Xx# Q1lg

IX3IN NN v3 gy puc m:d pPHIA@ 'eXx# ATl

IX3IN M\ py‘exx# alig

1X3IN W:MH v3 g™ U Mo PIE M puz My Zeree® 'exXx¢ ANVIE

1IX3IN WM v3 g pIE M puz My 9T'ee® 'e:XX# ANVIE

1IX3IN WM\ v3 g pugc m:d 8:ee® 'e:Xx# ANVI4

IX3IN WMWY v3 g puz My PHI@ €:XX# ANVIF

LX3IN M py'eXX# ANVIE

V3 a'M | IXIN NN V3 N:g uww Mo PIE MY puz My zeee®@ Uy ¥109

V3 M| LXIN NN V3 N:g PIE MY puz M-y 9T:ER®'UY Y104

V3 M| LXIN WM V3 N g pugc m:d 8'ER® Uy Y109

V3 d'M| LX3IN WM V3 N:g:d puz My py3a®‘uy ¥104d

LX3IN M py‘uy ¥10d

V3 M | LXIN NN V3 N:g:d Uiy M\-d pIE M:H puz \-d ZEeR® 'eXXH# 4109
9 S 14 € 4 T uononisuj
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LX3IN WM v gy puz Mo PHA@‘EXX# 1S19
LX3IN M py'exx# 1S14d
v3 €M | LXaN W:M:H v3 N:a:d uy Mo pIE M puz m:o Zeee@exXx# 1S9
v3 g:M| LX3N W:Mm:d v3 N:g:d piE M puz Mo gTeR@ EXX# 1S9
v3 9:M| LX3N WM CEK:RS] puz Mo 8'ee®@ eXX# 1S9
V3 M| LXIN WM v3 Ng puz Mo pYI@ eXx# 1S9
LIX3aN Mo py'E:xXx# 1S9
aeIs T

(7) %0rIS MM | (H) 8IS MM V3 MY | ‘uoieiado [euss puz m:d 9T:p ¥sd
(1) or1s MM | (H) X0BIS MM vaimd| 1X3aN M 8:p ¥sd
V3 €M | LX3N W:M:H v3 N:a:d Uy M pig M puz Mo Zeee®@'uy 1359
v3 9:M| LXaN W:M:A v3 N:g:d pIE M puz m:o gTeRe® Uy 13S9
v3 9:M| LX3N WA v3 N:g:d puz Mo gree®@‘uy 13S9
v3 g:M| LX3N WA v3 N puz Mo pdI®@ Uy 1359
LX3IN M py‘ud 1359
v3 €M | LXaN W:M:H v3 N:a:d uy Mo pig M puz m:o zeer@'exx¢ 1359
v3 9:M| LX3N W:Mm:A v3 N:g:d piE M puz Mo 9T eR®‘e:Xx# 1359
v3 g:M| LX3N WM v3 N:g:d puz Mo gree®@'c:xx# 1359
v3 9:M| LX3N WM v3 Na puz Mo pHIA@'eXX# 1359
LX3IN M py‘e:xx# 1359
1X3N W:M:H v3 a:d uy Mo pig M puz m:o Zerer@ exXx# 4o4g
LIX3aN WM v3 ga:d pIE M puz Mo 9TER® 'E:XX# Y04
LX3IN WM va gy puz m:o 8'ee® C:XX# HOd
LX3IN WM NEERY puz m:o pPHA@‘eXx# HO4g
LIX3aN MmN pd'e:xx# HOg
v3 €M | LXaN W:M:d v3 N:g:d uy Mo pie M puz m:d Zeee® Uy 1ONg
v3 g:M| LX3N W:M:d v3 N:g:d pie M puz Mo 9T'ee®@‘uy LONd
V3 M| LXIN WM v3 N:g puz m:o g'ee®'uy 1ONg
v3 9:M| LX3N WA FER:RS puz m:o pY3I®‘ud LONd
LIX3aN Mo pd‘ud LONg
v3 €M | LXaN WM v3 N:a:d uy M pie M puz Mo zeee®@'exXx# LONgG
v3 g:M| LX3N W:M:H v3 N:g:d pie M puz m:o 9TeR®'C:XX# LONg
v3 9:M| LX3N WA FER:RS puz m:o 8:ee® e:xx# LONd
v3 9:M| LX3N WA v3 N:g:d puz Mo PHIAD ‘e Xx# LONG

9 [« 4 I Z 1 uononJIsu|
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7 LX3N MY Py 9'ONI
| LX3IN MA pd3 TNLXI
7 LXaN m pd M'NLX3
| LX3IN MA py3 T'SLX3
< ¢,Sown u pajeaday — LX3IN MA Pd M'S1X3
IXINMHE | pvIaM]| . svaad| [ pvigd| o Svaad puz M M AOWdIZ
IXINMHE]| L pvaam]| . svagd| [ pvigyd] . Svaad puz M g'AOWd33
sajess 6T ‘uopesado feusajul | LXIN MH py3'sd M NXAIQ
7 sajels TT ‘uofielado feusdiul | IXIN M pd'sd 8 NXAIQ
sajels 6T ‘uonesado feusajul | LXIN M puz M pH3'sd M'SXAIQ
sajels TT ‘uopesado feusajul | LXIN M puz M p'sd g@'SXAId
LX3IN MA py3'e/T# 1°03d
LXaN m pd'e/T# MO3A
LX3IN MY pd 8030
LX3IN MA pd Svd
LX3IN MA pd vvd
LXaN m py3'sy3 TdND
LX3IN M pIE MY puz M PUIZEXX# TdND
LX3IN MA pd'sd M'dND
1X3IN M puz M PH'9TXX# M dIND
LX3IN MA pd'sy 8'dWD
LX3IN M PA'8Xx# 8'dND
IS 8u} ut pasn aq Jouuen OVINYTO
1X3N WM va gy Ui Mo pIE MY puz M| zEreR@'EXx# HOXE
LX3IN WM vaay pIE MY pUZ MM | 9T:ER®'EXX# HOXE
LX3IN WM vaad puz M 8'ee® ‘e:Xx# HOXE
LX3IN WM vaad puz M PHUI® ‘EXx# HOXE
LX3IN MA PY'EXx# HOXE
LX3aN WM v3 gy Wy M pIE MY puz My zeee®@'ud 1S1d
LX3IN WM vaay pIE M puz M 9TEE®'UY 1S1d
LX3IN WM vaay puz M g'ee®@ Uy 1S1d
LX3IN WM va gy puz M pPY3@'uY 1S1d
LXaN M py‘ud 1519
LX3aN WM v3a gy Wiy M pIE MY puz My zeeR@ eXx# 15149
LX3IN WM vaay pIE MY puz M 9TERD EXX# 1518
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A6 Condition Code M odification

This section indicates the effect of each CPU instruction on the condition code. The notation used
in the table is defined bel ow.

m= 31 for longword operands
15 for word operands

7 for byte operands

S Thei-th bit of the source operand
Di Thei-th bit of the destination operand
Ri Thei-th bit of the result

Dn The specified bit in the destination operand

— Not affected

I Modified according to the result of the instruction (see definition)
0 Always clearedto 0

1 Alwayssetto 1

* Undetermined (no guaranteed value)

VA Z flag before instruction execution

c C flag before instruction execution
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TableA.7 Condition Code Modification

Instruction H N Z V C Definition

ADD Tt H=Sm-4 - Dm—-4 + Dm—4 - Rm—4 + Sm—4 - Rm—4
N =Rm
Z=Bm-Bm=1 - - - RO
V=Sm-Dm-Rm+Sm . Dm:Rm
C=Sm-Dm+Dm-Rm+Sm:Rm

ADDS @ — — — — —

ADDX It H = Sm-4 - Dm—4 + Dm—4 - Rm—4 + Sm—4 - Rm—4
N =Rm
Z=7-Bm: - -R0O
V=Sm-Dm-Rm+Sm -Dm-Rm
C=Sm-Dm+Dm-Rm+ Sm-Rm

AND — 7 7 0 — N =Rm
Z=Bm-Bm=1 - - - RO

ANDC T 771 10 ¢ Stores the corresponding bits of the result.
No flags change when the operand is EXR.

BAND —_ — — — 7 C=C'-Dn

Bce @ - — — —

BCLR @ @ — — — — —

BIAND — — — —1 c=cC:Dn

BILD - — — =1 C=Dn

BIOR — — — — !t C=C+Dn

BisT @ - - - — —

BIXOR - — — =1 cC=C-.Dn+C'-Dn

BLD - — — — 1 C=Dn

BNOT — — — — —

BOR — — — — 7 C=C'+Dn

BSET @ — — — — —

BSR == - = — — —

BstT @0 = — — —

BTST — — 1! — — Z=Dn

BXOR - — — =1 C=C'-Dn+C'-Dn

CLRMAC Cannot be used in the LSI
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Instruction H N Zz VvV C Definition

CMP KO R H=Sm-4 .- Dm—4 + Dm—4 - Rm-4 + Sm—4 - Rm-4
N =Rm

V=Sm-Dm-Rm+ Sm-Dm - Rm
C=Sm-Dm+Dm:-Rm+ Sm - Rm

DAA * 71 7 N =Rm
Z=Bm-Bm=1 - - - RO
C: decimal arithmetic carry

DAS * 71 7 N =Rm
Z=Bm - -Bm=1 - - -RO
C: decimal arithmetic borrow

DEC -7 7 7 — N =Rm
Z=Bm - -Bm=1 - - -RO
V=Dm-Rm

DIVXS — 1 $ — — N=Sm-Dm+Sm-Dm
Z=Sm-Sm-1. ... . S0

DIVXU -7 7 — — N =3Sm
Z=5m-Sm=1 - - - 30

EEPMOV ~ — — — — —

EXTS — 7 71 0 — N =Rm
=BRm-Bm=1 - - -RO

EXTU — 0 7 0 — ZzZ=Bm-Bm-1-----R0O

INC -1 !t 1 — N =Rm
Z=Bm-Bm=1 - - -RO
V =Dm - Rm

wp = = - — —

JSR = = - — —

LDC K A Stores the corresponding bits of the result.
No flags change when the operand is EXR.

LbM - — — — —

LDMAC Cannnot be used in the LSI

MAC
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Instruction H N Z VvV C Definition
MOV — 7 7 0 — N =Rm
Z=Bm-Bm=1 - - -RO
MOVFPE Can not be used in the LSI
MOVTPE
MULXS -1 ! — — N =R2m
Z=R%m-RPm=1 - - - RO
MuLxXv - - — — — —
NEG T Tt H = Dm—4 + Rm—4
N =Rm
Z=Bm-Bm=1 - - - RO
V=Dm-Rm
C=Dm+Rm
NOP 0 — — — — —
NOT — 7 7 0 — N =Rm
Z=Bm-Bm=1 - - - RO
OR — 7 7 0 — N =Rm
Z=Bm-Bm=1 - - - RO
ORC ! 771 10 ¢ Stores the corresponding bits of the result.
No flags change when the operand is EXR.
POP — 1 7 0 — N=Rm
Z=Rm.Bm=1 - - - RO
PUSH — 1 7 0 — N=Rm
Z=Bm-Bm=1- - - RO
ROTL — 1 1t o0 7 N =Rm
Z=Bm-Bm=1 - - -RO
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTR — 1t o ¢ N =Rm
Z=Rm.BRm=1 - - - RO
C = DO (1-bit shift) or C = D1 (2-bit shift)
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Instruction H N Zz VvV C Definition

ROTXL — 1 7 0 1 N =Rm

Z=Bm.Bm=1 . - - RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
ROTXR — 17 7 0 7 N =Rm

Z=Bm.Bm=1 . - - RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
RTE RO R Stores the corresponding bits of the result.
RTS — — — — —
SHAL — 1 7 17 7 N =Rm

Z=Bm.Bm=1 . - - RO

V =Dm - Dm-1 + Dm - Dm—1 (1-bit shift)
V=Dm :Dm-1:Dm-2 - Dm - Dm—1 - Dm—2 (2-bit shift)
C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)

SHAR — 7 7 0 ¢ N =Rm

Z=Rm-Bm=1 - - -RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
SHLL — 1 1t o0 ¢ N =Rm

Z=BRm . -Bm=1 - - -RO

C = Dm (1-bit shift) or C = Dm-1 (2-bit shift)
SHLR — 0 7 0 ¢ N =Rm

Z=BRm . -Bm=1 - - -RO

C = DO (1-bit shift) or C = D1 (2-bit shift)
SLEEP = @ — — — — —
stTc 00 - — — — —
st M = — — — —
STMAC Cannot be used in the LSI
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Instruction H N Z VvV C Definition

SUB 111 1 ¢ H=Sm-4 - Dm-4 + Dm—4 - Rm-4 + Sm—4 - Rm—4
N =Rm

V=Sm-Dm-Rm+Sm-Dm - Rm
C=Sm-Dm+Dm:-Rm+Sm - Rm

suBs @0 — — — —

SUBX A H = Sm—4 - Dm—4 + Dm—4 - Rm—4 + Sm—4 - Rm—4
N =Rm
Z=7-Bm: - -R0O
V=Sm-Dm-BRm+Sm Dm-Rm
C=Sm:-Dm+Dm-Rm+Sm-Rm

TAS* — 7 7 0 — N =Dm
Z=Dm.Dm=1 . - - DO

TRAPA  — — — — —

XOR — 3% 7 0 — N=Rm
Z=Rm-RBm=1 - ------ - RO

XORC ! 771 10 ¢ Stores the corresponding bits of the result.

No flags change when the operand is EXR.

Note: * Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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Appendix B Internal I/O Register

RENESAS

B.1 Addresses
Data
Register Module Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
HEBCO MRA SM1 SMO DM1 DMO MD1 MDO DTS Sz DTC 16/32*
tl—(ij'EFBF SAR e
MRB CHNE DISEL — — — — — —
DAR
CRA
CRB
HFDB4 SCRX — — — — FLSHE — — — FLASH 8 bits
HFDDO SMR3 C/IA CHR PE O/E STOP  MP CKS1 CKSO  SCI3 8 bits
HFDD1 BRR3
HFDD2 SCR3 TIE RIE TE RE MPIE  TEIE CKE1  CKEO
HFDD3 TDR3
HFDD4 SSR3 TDRE RDRF ORER FER PER TEND  MPB MPBT
HFDD5 RDR3
HFDD6 SCMR3  — — — — SDIR  — — —
HFDE4 SBYCR SSBY STS2 STS1  STSO  OPE — — — Power-down 8 bits
state
HFDE5 SYSCR  — — INTM1 INTMO NMIEG — — RAME  MCU 8 bits
HFDE6 SCKCR  PSTOP — — — — SCK2  SCK1  SCKO  Clock pulse 8 bits
generator
HFDE7 MDCR — — — — — MDS2 MDS1 MSDO  MCU 8 bits
HFDE8 MSTPCRA MSTPA7 MSTPA6 MSTPA5 MSTPA4 MSTPA3 MSTPA2 MSTPAl MSTPAO Power-down 8 bits
HFDE9 MSTPCRB MSTPB7 MSTPB6 MSTPB5 MSTPB4 MSTPB3 MSTPB2 MSTPB1 MSTPBO S
HFDEA MSTPCRC MSTPC7 MSTPC6 MSTPC5 MSTPC4 MSTPC3 MSTPC2 MSTPC1 MSTPCO
HFDEB PFCR — — BUZZE — AE3 AE2 AE1 AEO Bus controller 8 bits
HFDEC LPWRCR DTON LSON NESEL SUBSTP RFCUT — STC1  STCO Power-down 8 bits
state
HFEOO BARA — — — — — — — — PBC 16 bits
H'FEO1 BAA23 BAA22 BAA21 BAA20 BAAl9 BAAl18 BAAl7 BAAl6
H'FEO2 BAA15 BAAl4 BAA13 BAA12 BAAll BAAIO0 BAA9  BAAS
H'FEO3 BAA7 BAA6 BAA5 BAA4 BAA3  BAA2 BAAl  BAAO
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FEO4 BARB — — — — — — — — PBC 16 bits
H'FEO5 BAB23 BAB22 BAB21 BAB20 BAB19 BAB18 BAB17 BABI16
H'FE06 BAB15 BAB14 BAB13 BAB12 BAB11 BABI10O BAB9  BABS8
H'FEO7 BAB7 BAB6 BAB5 BAB4 BAB3 BAB2 BAB1  BABO
H'FEO8 BCRA CMFA  CDA BAMRA2 BAMRA1 BAMRAO CSELA1 CSELAO BIEA 8 bits
H'FEO9 BCRB CMFB  CDB BAMRB2 BAMRB1 BAMRBO CSELB1 CSELBO BIEB
H'FE12 ISCRH  IRQ7SCBIRQ7SCAIRQ6SCBIRQ6SCAIRQ5SCBIRQ5SCAIRQASCBIRQASCA Interrupt 8 bits
H'FE13 ISCRL IRQ3SCB IRQ3SCA IRQ2SCB IRQ2SCA IRQ1SCB IRQ1SCA IRQOSCB IRQOSCA controller
H'FE14 IER IRQ7E  IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQIE IRQOE
H'FE15 ISR IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQIF  IRQOF
HFE16 DTCER DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCE1 DTCEO DTC 8 bits
:-‘IJ'FElA,

H'FE1E

HFELF DTVECR SWDTE DTVEC6 DTVEC5 DTVEC4 DTVEC3 DTVEC2 DTVEC1 DTVECO

HFE30 P1DDR  — P16DDR — P14DDR P13DDR P12DDR P11DDR P10DDR Port 8 bits
H'FE32 P3DDR  — P36DDR P35DDR P34DDR P33DDR P32DDR P31DDR P30DDR

HFE36 P7DDR  P77DDR — P75DDR P74DDR — — — —

HFE39 PADDR — — — — PA3DDR PA2DDR PA1DDR PAODDR

H'FE3A PBDDR  PB7DDR PB6DDR PBSDDR PB4DDR PB3DDR PB2DDR PB1DDR PBODDR

H'FE3B PCDDR PC7DDR PC6DDR PC5DDR PC4DDR PC3DDR PC2DDR PC1DDR PCODDR

H'FE3C PDDDR  PD7DDR PD6DDR PD5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR

H'FE3D PEDDR PE7DDR PESDDR PESDDR PE4DDR PE3DDR PE2DDR PE1DDR PEODDR

HFE3E PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR

HFE3F PGDDR — — — PG4DDR PG3DDR PG2DDR PGIDDR —

H'FE40 PAPCR — — — — PA3PCR PA2PCR PAIPCR PAOPCR

HFE41 PBPCR  PB7PCR PB6PCR PBSPCR PB4PCR PB3PCR PB2PCR PB1PCR PBOPCR

H'FE42 PCPCR  PC7PCR PC6PCR PC5PCR PC4PCR PC3PCR PC2PCR PC1PCR PCOPCR

H'FE43 PDPCR  PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR

H'FE44 PEPCR  PE7PCR PEGPCR PESPCR PE4PCR PE3PCR PE2PCR PE1PCR PEOPCR

H'FE46 P30DR  — — P350DR P340DR P330DR P320DR P310DR P300DR

H'FE47 PAODR — — — — PA30ODR PA20DR PA1ODR PAOODR

H'FEBO TSTR — — — — — CST2 CST1 CSTO  TPU 8 bits
HFEB1 TSYR — — — — — SYNC2 SYNC1 SYNCO

H'FECO IPRA — IPR6E IPR5  IPR4  — IPR2  IPR1 IPRO Interrupt 8 bits
H'FEC1 IPRB — IPR6 IPR5 IPR4  — IPR2 IPR1 IPRO controller

H'FEC2 IPRC — IPR6E IPR5S  IPR4  — IPR2  IPR1 IPRO

H'FEC3 IPRD — IPR6E IPR5  IPR4  — — — —
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Register Module Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FEC4 IPRE — IPR6 IPR5 IPR4  — IPR2 IPR1 IPRO Interrupt 8 bits
H'FEC5 IPRF — IPR6 IPR5 IPR4  — IPR2 IPR1 IPRO controller
H'FEC6 IPRG — IPR6 IPR5 IPR4  — — — —

H'FEC8 IPRI — IPR6 IPR5 IPR4  — IPR2 IPR1 IPRO
H'FEC9 IPRJ — — — — — IPR2 IPR1 IPRO
H'FECA IPRK — IPR6 IPR5 IPR4  — — — —
H'FECE IPRO — IPR6 IPR5 IPR4  — — — —
HFEDO ABWCR ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABW1 ABWO  Bus controller 8 bits
H'FED1 ASTCR  AST7 AST6 AST5S AST4 AST3  AST2 AST1  ASTO
HFED2 WCRH W71 w70 W61 W60 W51 W50 w41 W40
H'FED3 WCRL w31 w30 w21 W20 w11 w10 wo1 W00
H'FED4 BCRH ICISI  ICISO  BRSTRM BRSTS1 BRSTSO — — —
H'FED5 BCRL BRLE — — — — — — WAITE
HFEDB RAMER — — — — RAMS — RAM1 RAMO  FLASH 8 bits
H'FFO0  P1DR — P16DR — P14DR PI13DR P12DR P11DR PIODR Port 8 bits
H'FF02 P3DR — P36DR P35DR P34DR P33DR P32DR P31DR P30DR
H'FF06 P7DR P77DR — P75DR P74DR — — — —
H'FFO9 PADR — — — — PA3DR PA2DR PAIDR PAODR
H'FFOA PBDR PB7DR PB6DR PB5DR PB4DR PB3DR PB2DR PBI1DR PBODR
H'FFOB PCDR PC7TDR PC6DR PC5DR PC4DR PC3DR PC2DR PCIDR PCODR
H'FFOC PDDR PD7DR PD6DR PD5DR PD4DR PD3DR PD2DR PDIDR PDODR
H'FFOD PEDR PE7DR PE6DR PE5DR PE4DR PE3DR PE2DR PEIDR PEODR
H'FFOE PFDR PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PFIDR PFODR
H'FFOF PGDR — — — PG4DR PG3DR PG2DR PGIDR —
HFF10 TCRO CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCO TPUO 8 bits
HFF11 TMDRO — — BFB BFA MD3 MD2 MD1 MDO
HFF12 TIOROH 10B3 IOB2 I0B1  IOBO  IOA3  I0A2  IOA1  IOAO
HFF13 TIOROL 10D3 IOD2 I0D1  IODO  IOC3  10C2  IOCl  10CO
H'FF14 TIERO TIGE — — TCIEV TGIED TGIEC TGIEB TGIEA
H'FF15 TSRO — — — TCFV  TGFD TGFC TGFB  TGFA
H'FF16 TCNTO 16 bits
H'FF17
H'FF18 TGROA
H'FF19
HFF1A TGROB
H'FF1B
HFF1C TGROC
H'FF1D
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Address Name

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Module
Name

Data
Bus
Width

HFF1E

HFF1F

TGROD

TPUO

16 bits

H'FF20

TCR1

CCLR1

CCLRO

CKEG1

CKEGO

TPSC2

TPSC1

TPSCO

H'FF21

TMDR1

MD3

MD2

MD1

MDO

HFF22

TIOR1

10B3

10B2

10B1

10B0O

I0A3

I0A2

I0A1

I0A0

HFF24

TIER1

TTGE

TCIEU

TCIEV

TGIEB

TGIEA

HFF25

TSR1

TCFD

TCFU

TCFV

TGFB

TGFA

H'FF26

H'FF27

TCNT1

H'FF28

HFF29

TGRI1A

HFF2A

HFF2B

TGR1B

TPU1

8 bits

16 bits

H'FF30

TCR2

CCLR1

CCLRO

CKEG1

CKEGO

TPSC2

TPSC1

TPSCO

H'FF31

TMDR2

MD3

MD2

MD1

MDO

H'FF32

TIOR2

10B3

10B2

10B1

10BO

I0A3

I0A2

I0A1

I0A0

HFF34

TIER2

TTGE

TCIEU

TCIEV

TGIEB

TGIEA

HFF35

TSR2

TCFD

TCFU

TCFV

TGFB

TGFA

H'FF36

H'FF37

TCNT2

H'FF38

H'FF39

TGR2A

HFF3A

H'FF3B

TGR2B

TPU2

8 bits

16 bits

H'FF68

TCRO

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKS1

CKSO0

H'FF69

TCR1

CMIEB

CMIEA

OVIE

CCLR1

CCLRO

CKS2

CKsS1

CKSO0

H'FF6A

TCSRO

CMFB

CMFA

OVF

ADTE

H'FF6B

TCSR1

CMFB

CMFA

OVF

HFF6C

TCORAO

H'FF6D

TCORA1

H'FF6E

TCORBO

H'FF6F

TCORB1

H'FF70

TCNTO

H'FF71

TCNT1

TMRO,TMR1 8 bits

8/16

bits

HFF74

TCSRO

OVF

WT/T

TME

CKS2

CKsS1

CKSO

HFF75
(read)

TCNTO

H'FF77
(read)

RSTCSR

WOVF

RSTE

Watchdog
timer O

16 bits
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Register Module Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FF78 SMRO C/A CHR PE O/E STOP MP CKS1 CKSO SCIO 8 bits
H'FF79 BRRO
H'FF7A SCRO TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FF7B TDRO
H'FF7C SSRO TDRE RDRF ORER FER PER TEND MPB MPBT
H'FF7D RDRO
H'FF7E SCMRO — — — — SDIR — — —

H'FF80 SMR1 C/A CHR PE O/E STOP MP CKsS1 CKSO0 SCI1 8 bits
H'FF81 BRR1
H'FF82 SCR1 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'FF83 TDR1
H'FF84 SSR1 TDRE RDRF ORER FER PER TEND MPB MPBT
H'FF85 RDR1
H'FF86 SCMR1 — — — — SDIR — — —
H'FF90 ADDRAH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 A/D converter 8 bits
H'FF91 ADDRAL AD1 ADO — — — — — —
H'FF92 ADDRBH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FF93 ADDRBL AD1 ADO — — — — — —
H'FF94 ADDRCH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FF95 ADDRCL AD1 ADO — — — — — —
H'FF96 ADDRDH AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'FF97 ADDRDL AD1 ADO — — — — — —
H'FF98 ADCSR ADF ADIE ADST SCAN — CH2 CH1 CHO
H'FF99 ADCR TRGS1 TRGSO — — CKS1 CKSO0 — —
H'FFA2 TCSR1 OVF WT/T TME PSS RST/NMI CKS2 CKS1 CKSO Watchdog 16 bits
HFFA3 TCNTL timer 1
(read)
H'FFA8 FLMCR1 FWE SWE1 ESU1 PSU1 EV1 PV1 E1 P1 FLASH 8 bits
H'FFA9 FLMCR2 FLER — — — — — — —
H'FFAA EBR1 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
H'FFAB EBR2 — — — — — — EB9 EB8
HFFAC FLPWCR PDWND — — — — — — —
HFFBO PORT1  — P16 — P14 P13 P12 P11 P10 Port 8 bits
H'FFB2 PORT3 — — P35 P34 P33 P32 P31 P30
H'FFB3 PORT4 P47 P46 P45 P44 P43 P42 P41 P40
HFFB6 PORT7  — P76 — — — — — —
HFFB9 PORTA  — — — — PA3 PA2 PA1 PAO
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Data

Register Module Bus
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name Width
H'FFBA PORTB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO Port 8 bits
H'FFBB PORTC PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
H'FFBC PORTD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
H'FFBD PORTE PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
H'FFBE PORTF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
H'FFBF PORTG — — — PG4 PG3 PG2 PG1 PGO

Note: * Located in on-chip RAM. The bus width is 32 bits when the DTC accesses this area as
register information, and 16 bits otherwise.
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B.2 Functions

MRA—DTC Mode Register A H'EBCOto H'EFBF DTC
Bit : 7 6 5 4 3 2 1 0
SM1 SMO DM1 DMO MD1 MDO DTS Sz
Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined
R/W : — — — — — — — —

—_—

DTC Data Transfer Size

0

Byte-size transfer

1

Word-size transfer

DTC Transfer Mode Select

0 | Destination side is repeat area or block area

1 | Source side is repeat area or block area

DTC Mode

0| 0 | Normal mode
1 | Repeat mode

1| 0| Block transfer mode
1 J—

Destination Address Mode

0

— | DAR s fixed

1

0 | DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

1 | DAR is decremented after a transfer
(by —1 when Sz = 0; by —2 when Sz = 1)

Source Address Mode

0

SAR is fixed

1

0 | SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)

1| SARis decremented after a transfer
(by -1 when Sz = 0; by =2 when Sz = 1)
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MRB—DTC Mode Register B H'EBCOto H'EFBF DTC

Bit : I 6 5 4 3 2 1 0
CHNE | DISEL — — — — — —

Initial value: Unde- Unde- Unde- Unde- Unde-  Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

R/W : — — — — — — — —
|
Reserved
Only 0 should be written to these bits
DTC Interrupt Select
0 | After a data transfer ends, the CPU interrupt is disabled
unless the transfer counter is 0
1 | After a data transfer ends, the CPU interrupt is enabled
DTC Chain Transfer Enable
0 | End of DTC data transfer
1 | DTC chain transfer
SAR—DTC Source Address Register H'EBCOto H'EFBF DTC
Bit : 23 22 21 20 19 --- 4 3 2 1 0
Initial value:  Unde- Unde-Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined
rRW - = - - — --- _ = = = -
\
Specifies transfer data source address
DAR—DTC Destination Address Register H'EBCOto H'EFBF DTC
Bit : 23 22 21 20 19 --- 4 3 2 1 0
Initial value : Unde- Unde-Unde-Unde- Unde- --- Unde- Unde-Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined
R/W N --- _ —_- = = -
\
Specifies transfer data destination address
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CRA—DTC Transfer Count Register A H'EBCOto H'EFBF DTC

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value:  Unde- Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

R/W - - = = = = = = = = = = = - - —
-« CRAH —» -« CRAL —MM»
|
Specifies the number of DTC data transfers
CRB—DTC Transfer Count Register B H'EBCOto H'EFBF DTC
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value:  Unde-Unde-Unde-Unde-Unde- Unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

R/W : _— = = = = = = = = = = = = = —
|
Specifies the number of DTC block data transfers

SCRX—Serial Control Register X H'FDB4 FLASH
Bit : 7 6 5 4 3 2 1 0

I e e L e e
Initial value : 0 0 0 0 0 0 0 0
R/IW : R/W R/W R/W R/W R/W R/W R/W R/W

Lo

Flash memory control register enable
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SMR3—Serial Mode Register 3 H'FDDO SCI3
Bit : 7 6 5 4 3 2 1 0
C/A CHR PE O/E STOP MP CKS1 | CKSO
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
| | | | Clock S‘elect
0 | 0 | @ clock
1 | g/4 clock
1| 0 |@/16 clock
1 | @/64 clock

Multiprocessor Mode

Multiprocessor function disabled

Multiprocessor format selected

0
1
Stop Bit Length
0 |1 stop bit
) 1 |2 stop bits
Parity Mode
0 | Even parity*1

1

Odd parity*2

Parity Enable

Notes: *1 When even parity is set, parity bit addition is performed in

transmission so that the total number of 1-bits in the
transmit character plus the parity bit is even. In reception,
a check is performed to see if the total number of 1-bits in
the receive character plus the parity bit is even.

*2 When odd parity is set, parity bit addition is performed in
transmission so that the total number of 1-bits in the
transmit character plus the parity bit is odd. In reception,
a check is performed to see if the total number of 1-bits in
the receive character plus the parity bit is odd.

0 | Parity bit addition and checking disabled

1 | Parity bit addition and checking enabled*

Character Length

0 | 8-bit data

1 | 7-bit data*

Selects Asynchronous Mode or Clocked Synchronous Mode

0 | Asynchronous mode

1 | Clocked synchro

nous mode
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Note: * When the PE bit is set to 1, an even or odd parity bit is added to
transmit data according to the even or odd parity mode selection by the
OJE bit, and the parity bit in receive data is checked to see if it matches
the even or odd mode selected by the O/E bit.

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not
possible to choose between LSB-first or MSB-first transfer.



BRR3—Bit Rate Register 3 H'FDD1 SCI3
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: For details, see section 13.2.8, Bit Rate Register (BRR).
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SCR3—Serial Control Register 3 H'FDD2 SCI3
Bit 7 6 5 4 3 2 1 0
| TIE | RIE | TE | RE | MPIE | TEIE | CKE1 | CKEO |
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
A
\
Clock Enable
0 | 0 | Asynchronous mode Internal clock/SCK pin
functions as 1/0O port
Clocked synchronous mode | Internal clock/SCK pin
functions as serial clock output
1 | Asynchronous mode Internal clock/SCK pin .
functions as clock output 1
Clocked synchronous mode | Internal clock/SCK pin
functions as serial clock output
1 | * | Setting prohibited*2
Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled™3
1 | Transmit end interrupt (TEI) request enabled™3
Multiprocessor Interrupt Enable
0 | Multiprocessor interrupts disabled
[Clearing conditions]
* When the MPIE bit is cleared to 0
* When MPB= 1 data is received
1 | Multiprocessor interrupts enabled*4
Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in SSR
are disabled until data with the multiprocessor bit set to 1 is received.
Receive Enable
0 | Reception disabled*5
1 | Reception enabled*6
Transmit Enable
0 | Transmission disabled””
1 | Transmission enabled*8
Receive Interrupt Enable
0 | Receive data full interrupt (RXI) request and receive error
interrupt (ERI) request disabled”®
1 | Receive data full interrupt (RXI) request and receive error
interrupt (ERI) request enabled
Transmit Interrupt Enable
0 | Transmit data empty interrupt (TXI) requests disabled
1 | Transmit data empty interrupt (TXI) requests enabled
Note: TXI cancellation can be performed by reading 1 from the TDRE
flag, then clearing it to 0, or by clearing the TIE bit to 0.
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Notes:

*1 Outputs a clock of the same frequency as the bit rate.
*2 The CKEL1 bit of SCR3 should be cleared to 0.

*3 TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then
clearing it to 0 and clearing the TEND flag to O, or by clearing the TEIE bit to 0.

*4 When receive data including MPB = 0 is received, receive data transfer from RSR to
RDR, receive error detection, and setting of the RDRF, FER, and ORER flags in SSR,
is not performed. When receive data including MPB = 1 is received, the MPB bit in SSR
is set to 1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI
interrupts (when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag
setting is enabled.

*5 Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

*6 Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in clocked synchronous mode. SMR setting must
be performed to decide the receive format before setting the RE bit to 1.

*7 The TDRE flag in SSR is fixed at 1.

*8 In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0. SMR setting must be performed to decide the
transmit format before setting the TE bit to 1.

*9 RXI and ERI cancellation can be performed by reading 1 from the RDRF flag, or the
FER, PER, or ORER flag, then clearing the flag to O, or by clearing the RIE bit to 0.

TDR3—Transmit Data Register 3 H'FDD3 SCI3

Bit

Initial value : 1 1 1 1 1 1 1 1

R/W

R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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SSR3—Serial Status Register 3 H'FDDA4

734

Bit

Initial value :

R/IW

T ]

: 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
1 0 0 0 0 1 0 0
RIW)'T RI(W)'T RI(W)'L R/(W)'T RI(W)'L R R

R/W

Multiprocessor Bit Transfer

‘ 0 ‘ Data with a 0 multiprocessor bit is transmitted

‘ 1 ‘ Data with a 1 multiprocessor bit is transmitted

Multiprocessor Bit

o

[Clearing condition]
When data with a 0 multiprocessor bit is received

N

[Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

o

[Clearing conditions]
* When 0 is written to TDRE after reading TDRE =1

* When the DTC is activated by a TXI interrupt and writes data to TDR

[Setting conditions]
* When the TE bitin SCR is 0

iN

transmit character

* When TDRE = 1 at transmission of the last bit of a 1-byte serial

Parity Error

0 | [Clearing condition]
When 0 is written to PER after reading PER = 1
1 |[Setting condition]

the parity bit does not match the parity setting (even or odd)
specified by the O/E bit in SMR*2

When, in reception, the number of 1 bits in the receive data plus

Framing Error

o

[Clearing condition]

* When 0 is written to FER after reading FER = 1

[Setting condition]

When the SCI checks whether the stop bit at the end of the
receive data when reception ends, and the stop bit is 0*3

N

Overrun Error

[Clearing condition]

When 0 is written to ORER after reading ORER =1

[Setting condition]

When the next serial reception is completed while RDRF = 14

o

[N

Receive Data Register Full

o

[Clearing conditions]
« When 0 is written to RDRF after reading RDRF = 1

* When the DTC is activated by an RXI interrupt and reads data from RDR

[Setting condition]

[N

RSR to RDR

When serial reception ends normally and receive data is transferred from

Transmit Data Register Empty

o

[Clearing conditions]
* When 0 is written to TDRE after reading TDRE =1
* When the DTC is activated by a TXI interrupt and writes data to TDR

N

[Setting conditions]
« When the TE bitin SCR is 0
+ When data is transferred from TDR to TSR and data can be written to TDR
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Note: RDR and the RDRF flag are not affected and retain their previous values when an error is detected
during reception or when the RE bit in SCR is cleared to 0. If reception of the next data is completed
while the RDRF flag is still set to 1, an overrun error will occur and the receive data will be lost.
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Notes: *1 Only O can be written, to clear the flag.

*2 If a parity error occurs, the receive data is transferred to RDR but the RDRF flags is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

*3 In 2-stop-bit mode, only the first stop bit is checked for a value of 1; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Serial reception cannot be continued while the FER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

*4 The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Serial reception cannot be continued while the ORER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued either.

RDR3—Receive Data Register 3 H'FDD5 SCI3
Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W

Stores received serial data

SCMR3—Smart Card Mode Register 3 H'FDD6 SCI3
Bit : 7 6 5 4 3 2 1 0
— — — — SDIR — — —
Initial value : 1 1 1 1 0 0 1 0
R/W : — — — R/W — R/W

Reserved
Only 0 should be written to these bits

Selects the Serial/Parallel Conversion Format

0 | TDR contents are transmitted LSB-first

Receive data is stored in RDR LSB-first
1 | TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
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SBY CR—Standby Control Register H'FDE4 Power-Down M odes
Bit 7 6 5 4 3 2 1 0
SSBY STS2 STS1 STSO OPE — — —
Initial value : 0 0 0 0 1 0 0 0
R/W R/W R/W R/W R/W R/W — — —

736

Output Port Enable

0

In software standby mode and watch mode, and in a direct transition,
address bus and bus control signals are high-impedance

In software standby mode and watch mode, and in a direct transition,
address bus and bus control signals retain their output state

Standby Timer Select

0| 0|0 | Standby time = 8192 states
1| Standby time = 16384 states
1|0| Standby time = 32768 states
1| Standby time = 65536 states
1|0 |0| Standby time = 131072 states
1| Standby time = 262144 states
1|0 | Reserved
1| Standby time = 16 states®

Note: * Not used on the F-ZTAT version.

Software Standby

0

Transition to sleep mode after execution of SLEEP instruction in high-speed mode or
medium-speed mode
Transition to subsleep mode after execution of SLEEP instruction in subactive mode

Transition to software standby mode, subactive mode, or watch mode after execution
of SLEEP instruction in high-speed mode or medium-speed mode

Transition to watch mode or high-speed mode after execution of SLEEP instruction in
subactive mode

RENESAS



SYSCR—System Control Register H'FDES MCU

Bit : 7 6 5 4 3 2 1 0

| — | — | INTM1 | INTMO | NMIEG | — | — | RAME |
Initial value: 0 0 0 0 0 0 0 1
R/W : R/W — R/W R/W R/W R/W — R/W

—
RAM Enable

0 | On-chip RAM is disabled
1 | On-chip RAM is enabled

Note: When the DTC is used,
the RAME bit must be
setto 1.

Reserved
Only 0 should be written to this bit

NMI Interrupt Input Edge Select
0 | Falling edge
1 | Rising edge

Interrupt Control Mode Select

0| 0| Interrupt control mode O
1| Setting prohibited

1|0/ Interrupt control mode 2
1| Setting prohibited

Reserved
Only 0 should be written to this bit
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SCKCR—System Clock Control Register H'FDEG6 Clock Pulse Generator
Bit : 7 6 5 4 3 2 1 0
| PSTOP | — | — | — | — | SCK2 | SCK1 | SCKO |
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
Reserved Bus Master Clock Select
Only 0 should be written 0 | 0| 0 | Bus master is in high-speed mode
to these bits 1 | Medium-speed clock is a/2
1|0 | Medium-speed clock is g/4
1 | Medium-speed clock is @/8
1| 0|0 | Medium-speed clock is g/16
1 | Medium-speed clock is g/32
1|—] —
@ Clock Output Control
PSTOP | High-Speed Sleep Mode, Software Hardware

Mode, Medium- | Subsleep Mode
Speed Mode,
Subactive Mode

Standby Mode, | Standby Mode
Watch Mode,
Direct Transition

0 @ output @ output Fixed high High impedance
1 Fixed high Fixed high Fixed high High impedance
MDCR—M ode Control Register H'FDE7 MCU
Bit : 7 6 5 4 3 2 1 0
— — — — — MDS2 MDS1 MDSO
Initial value: 1 0 0 0 0 —* —* —*
R/W : — — — — — R R R

Note: * Determined by pins MD2 to MDO.
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M STPCRA—Module Stop Control Register A H'FDES8 Power-Down State

MSTPCRB—M odule Stop Control Register B H'FDE9
MSTPCRC—M odule Stop Control Register C H'FDEA
MSTPCRA
Bit : 7 6 5 4 3 2 1 0
MSTPA7| MSTPAG6| MSTPAS5| MSTPA4{MSTPA3|MSTPA2 | MSTPA1|MSTPAO
Initial value : 0 0 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
MSTPCRB
Bit : 7 6 5 4 3 2 1 0
MSTPB7| MSTPB6| MSTPB5|MSTPB4|{MSTPB3|MSTPB2 | MSTPB1|MSTPBO
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
MSTPCRC
Bit : 7 6 5 4 3 2 1 0
MSTPC7|MSTPC6| MSTPC5|MSTPC4{MSTPC3|MSTPC2|MSTPC1|MSTPCO
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Specifies Module Stop Mode
0 | Module stop mode is cleared
1 | Module stop mode is set
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PFCR—Pin Function Control Register H'FDEB Bus Controller
Bit : 7 6 5 4 3 2 1 0
— — BUZZE — AE3 AE2 AE1 AEO
Modes 4 and 5
Initial value : 0 0 0 0 1 1 0 1
Modes 6 and 7
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Reserved Reserved
Only 0 should be written Only 0 should be written
to these bits to this bit

|
Address Output Enable
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0/0|0]|0

A8 to A23 output disabled

(Initial value)*!

A8 output enabled; A9 to A23 output disabled

A8, A9 output enabled; A10 to A23 output disabled

A8 to A10 output enabled; A1l to A23 output disabled

A8 to A1l output enabled; A12 to A23 output disabled

A8 to A12 output enabled; A13 to A23 output disabled

A8 to A13 output enabled; A14 to A23 output disabled

A8 to A14 output enabled; A15 to A23 output disabled

A8 to A15 output enabled; A16 to A23 output disabled

A8 to A16 output enabled; A17 to A23 output disabled

A8 to A17 output enabled; A18 to A23 output disabled

A8 to A18 output enabled; A19 to A23 output disabled

A8 to A19 output enabled; A20 to A23 output disabled

A8 to A20 output enabled; A21 to A23 output disabled (Initial value)*?

-
o
o
o|lr|o|lr|o|r|Oo|r|O|Rr|O|r|O|R

A8 to A21 output enabled; A22, A23 output disabled

=

A8 to A23 output enabled

BUZZ Output Enable

0 | Functions as PF1 1/O pin

1 | Functions as BUZZ output pin

RENESAS

Notes: *1 In expanded mode with ROM, bits AE3 to AEO are initialized to B'0000.
In expanded mode with ROM, address pins A0 to A7 are made address
outputs by setting the corresponding DDR bits to 1.
*2 In ROMless expanded mode, bits AE3 to AEO are initialized to B'1101.
In ROMless expanded mode, address pins A0 to A7 are always address
outputs.



L PWRCR—L ow-Power Control Register H'FDEC Power-Down M odes

Bit

Initial value :

R/W

DI

C7 6 5 4 3 2 1 0
| pTon | Lson | neseL [susstp| Rrcut | — | sTe1 | sTeo |
0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W

—

—

Frequency Multiplication Factor

0|0 | x1 (Initial value)

X2 (Setting prohibited)

1
1|0| x4 (Setting prohibited)
1| PLL is bypassed

Built-In Feedback Resistor Control

0 | System clock oscillator's built-in feedback resistor and duty
adjustment circuit are used

1 | System clock oscillator's built-in feedback resistor and duty
adjustment circuit are not used

Subclock Oscillator Control

0 | Subclock oscillator operates
Subclock oscillator is stopped
Note: When the subclock is not used, this bit should be set to 1.

[N

Noise Elimination Sampling Frequency Select

o

Sampling at @ divided by 8
Sampling at @ divided by 4

[

Low-Speed On Flag

0 | When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode, software standby mode, or watch mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode, or directly to high-speed mode

After watch mode is cleared, a transition is made to high-speed mode

1 | When a SLEEP instruction is executed in high-speed mode a transition is made to
watch mode or subactive mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode or watch mode

After watch mode is cleared, a transition is made to subactive mode

rect-Transfer On Flag

o

When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made to sleep mode, software standby mode, or watch mode*

When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode or watch mode

When a SLEEP instruction is executed in high-speed mode or medium-speed mode,
a transition is made directly to subactive mode*, or a transition is made to sleep
mode or software standby mode

When a SLEEP instruction is executed in subactive mode, a transition is made
directly to high-speed mode, or a transition is made to subsleep mode

Note: * When a transition is made to watch mode or subactive mode, high-speed

mode must be set.
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BARA—Break Address Register A H'FEOQO PBC
BARB—Break Address Register B H'FEO4
Bit 31 24 23 22 21 20 19 18 17 16 7 6 5 4 3 2 1 0
B __ |BAA|BAA|BAA|BAA|BAA|BAA|BAA [BAA BAA |[BAA| BAA|BAA|BAA|BAA| BAA| BAA
23 (2221|2019 | 18|17 | 16 7 6 5 4 3 2 1 0
Initial value: yUnde- ...Unde- 0 0 O O 0 O O O 0 0 0 0O O 0 o0 O
fined fined
RIW — — R/W RW RW RW RW RWR/W RMW ... RIW RW R/W R/W R/W RW R/W R/W
Bit 31 24 23 22 21 20 19 18 17 16 7 6 5 4 3 2 1 0
B __|BAB|BAB|BAB|BAB|BAB|BAB(BAB |BAB BAB|BAB|BAB|BAB|BAB|BAB| BAB|BAB
23| 22| 21| 20|19 18|17 | 16 716 |5|4|3[2]1f0
Initial value: Unde- ...Unde- 0 0 O O O 0 0 O 0 0 0 0 0O 0 0 O
fined fined
RIW — . — R/W RW R/W RW R/W RWR/MW RW ... RIW R/IW RW R/W R/W R/W R/W R/W
1
These bits hold the channel A or B PC break address
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BCRA—Break Control Register A H'FEO8

Bit -7 6 5 4 3 2 1 0
| cMFA | cpa [BaMRAZ|BAMRAL[BAMRAG CSELAL|CSELAO| BIEA |

Initial value : 0 0 0 0 0 0 0 0
R/W : RI(W)* RIW R/W RIW R/IW R/W RIW RIW

|

Break Interrupt Enable
0 | PC break interrupts are disabled
1 | PC break interrupts are enabled

Break Condition Select

0 | 0 | Instruction fetch
1 | Data read cycle
1 | 0 | Data write cycle
1 | Data read/write cycle

Break Address Mask Register

PBC

0 | 0| 0| All BARA bits are unmasked and included in break conditions
1 | BAAO (lowest bit) is masked, and not included in break conditions
1|0 | BAAL to O (lower 2 bits) are masked, and not included in break conditions
1| BAA2 to O (lower 3 bits) are masked, and not included in break conditions
1|0 0| BAA3to O (lower 4 bits) are masked, and not included in break conditions
1 | BAATY to O (lower 8 bits) are masked, and not included in break conditions
1|0 | BAA11 to O (lower 12 bits) are masked, and not included in break conditions
1 | BAA15 to O (lower 16 bits) are masked, and not included in break conditions

CPU Cycle/DTC Cycle Select
0 | PC break is performed when CPU is bus master
1 | PC break is performed when CPU or DTC is bus master

Condition Match Flag A

0 | [Clearing condition]

When 0 is written to CMFA after reading CMFA = 1
[Setting condition]

When a condition set for channel A is satisfied

[

Note: * Only 0 can be written, to clear the flag.

BCRB—Break Control Register B H'FEQ9

Bit : 7 6 5 4 3 2 1 0

| CMFB | CDB |BAVMRB2|BAMRB1BAMRBO|CSELB1|CSELBO| BIEB

Initial value : 0 0 0 0 0 0 0 0
R/W . RIW R/W R/W R/W R/W RIW R/W R/W

The bit configuration is the same as for BCRA
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| SCRH—IRQ Sense Control Register H H'FE12 Interrupt Controller

| SCRL—IRQ Sense Control Register L H'FE13
ISCRH
Bit : 15 14 13 12 11 10 9 8
IRQ7SCB | IRQ7SCA| IRQ6SCB | IRQ6SCA | IRQ5SCB | IRQ5SCA | IRQ4SCB | IRQ4SCA
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

IRQ7 to IRQ4 Sense Control

ISCRL
Bit : 7 6 5 4 3 2 1 0
IRQ3SCB | IRQ3SCA| IRQ2SCB | IRQ2SCA | IRQ1SCB | IRQ1SCA | IRQOSCB | IRQOSCA
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
|
IRQ3 to IRQO Sense Control
IRQNSCB | IRQNSCA Interrupt Request Generation
0 0 IRQn input low level
1 Falling edge of IRQn input
1 0 Rising edge of IRQn input
1 Both falling and rising edges of IRQn input
(n=71t00)
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|ER—IRQ Enable Register H'FE14 Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7E | IRQ6E | IRQ5E | IRQ4E | IRQ3E | IRQ2E | IRQLE | IRQOE
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
|
IRQn Enable

0 | IRQn interrupts disabled
1 | IRQn interrupts enabled

(n=71t00)
| SR—IRQ Status Register H'FE15 Interrupt Controller
Bit : 7 6 5 4 3 2 1 0
IRQ7F | IRQ6F | IRQ5F | IRQ4F | IRQ3F | IRQ2F | IRQ1F | IRQOF
Initial value: 0 0 0 0 0 0 0 0
R/W R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*
|
Indicates the status of IRQ7 to IRQO interrupt requests
Note: * Only 0 can be written, to clear the flag.
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DTCER—DTC Enable Registers H'FE16 to H'FE1A, DTC

H'FE1E
Bit : 7 6 5 4 3 2 1 0
DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCE1 | DTCEO
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

|
DTC Activation Enable
0 | DTC activation by this interrupt is disabled
[Clearing conditions]
» When the DISEL bit is 1 and the data transfer has ended
» When the specified number of transfers have ended
1 | DTC activation by this interrupt is enabled
[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended

Correspondence between Interrupt Sources and DTCER

Bit

Register 7 6 5 4 3 2 1 0
DTCERA | IRQO | IRQL | IRQ2 | IRQ3 | IRQ4 | IRQ5 | IRQ6 | IRQ7
DTCERB — ADI TGIOA | TGIOB | TGIOC | TGIOD | TGI1A | TGI1B
DTCERC | TGI2A | TGI2B — — — — — —
DTCERD — — — — CMIAO | CMIBO | CMIAL1 | CMIB1
DTCERE — — — — RXIO TXI0 RXI1 TXI1
DTCERI RXI3 TXI3 — — — — — —
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DTVECR—DTC Vector Register H'FE1F DTC

Bit : 7 6 5 4 3 2 1 0
SWDTE | DTVEC6|DTVEC5|DTVEC4|DTVEC3|DTVEC2 |DTVEC1|DTVECO

Initial value: 0 0 0 0 0 0 0 0

R/W : RI(W)T R/A(W)2 R/A(W)?2 R/(W)? R/(W)? R/(W)? R/(W)?2 RI/(W)?

Sets vector number for DTC software activation

DTC Software Activation Enable

0 | DTC software activation is disabled

[Clearing conditions]

* When the DISEL bit is 0 and the specified number of transfers have not ended

* When 0 is written to the DISEL bit after a software-activated data transfer end
interrupt (SWDTEND) request has been sent to the CPU

1 | DTC software activation is enabled

[Holding conditions]

* When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
» During data transfer due to software activation

Notes: *1 Only 1 can be written to the SWDTE bit.
*2 Bits DTVEC6 to DTVECO can be written to when SWDTE = 0.

P1DDR—Port 1 Data Direction Register H'FE30 Port 1
Bit : 7 6 5 4 3 2 1 0
— P16DDR — P14DDR|P13DDR [P12DDR |P11DDR|P10DDR
Initial value : Undefined 0 Undefined 0 0 0 0 0
R/W : w W W w W w w W
[ — \

Specify input or output for the pins of port 1
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P3DDR—Port 3 Data Direction Register H'FE32 Port 3

Bit : 7 6 5 4 3 2 1 0

— P36DDR| P35DDR| P34DDR|P33DDR |P32DDR | P31DDR [P30DDR
Initial value : Undefined 0 0 0 0 0 0 0
R/W : — W W W w W W w

Specify input or output for the pins of port 3

P7DDR—Port 7 Data Direction Register H'FE36 Port 7
Bit : 7 6 5 4 3 2 1 0
P77DDR — P75DDR |P74DDR — — — —
Initial value : 0 Undefined 0 0 Undefined Undefined Undefined Undefined
R/W : w W w W W W W w
T I

\
Specify input or output for the pins of port 7

PADDR—Port A Data Direction Register H'FE39 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3DDR|PA2DDR |PA1DDR|PAODDR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — W w w W

Specify input or output for the pins of port A

PBDDR—Port B Data Direction Register H'FE3A Port B
Bit : 7 6 5 4 3 2 1 0
PB7DDR|PB6DDR |PB5DDR |PB4DDR [PB3DDR|PB2DDR |PB1DDR|PBODDR
Initial value : 0 0 0 0 0 0 0 0
R/W : W W w W W w w W

Specify input or output for the pins of port B
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PCDDR—Port C Data Direction Register H'FE3B Port C

Bit : 7 6 5 4 3 2 1 0
PC7DDR| PC6DDR|PC5DDR|PC4DDR|PC3DDR|PC2DDR|PC1DDR|{PCODDR

Initial value : 0 0 0 0 0 0 0 0

R/W : w w W W W w w w

Specify input or output for the pins of port C

PDDDR—Port D Data Direction Register H'FE3C Port D
Bit : 7 6 5 4 3 2 1 0
PD7DDR|PD6DDR|PD5DDR|PD4DDR|PD3DDR|PD2DDR|PD1DDR|PDODDR
Initial value : 0 0 0 0 0 0 0 0
R/W : w w w w w w w w

Specify input or output for the pins of port D

PEDDR—Port E Data Direction Register H'FE3D Port E
Bit : 7 6 5 4 3 2 1 0
PE7DDR| PE6DDR|PESDDR|PE4DDR|PE3DDR|PE2DDR|PE1DDR|PEODDR
Initial value : 0 0 0 0 0 0 0 0
R/W : w w w w w w w w

Specify input or output for the pins of port E
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PFDDR—Port F Data Direction Register H'FE3E Port F
Bit 7 6 5 4 3 2 1 0
PF7DDR | PF6DDR|PF5DDR|PF4ADDR|PF3DDR |PF2DDR | PF1DDR|PFODDR
Modes 4 to 6
Initial value 1 0 0 0 0 0 0 0
R/W w w w w w w w w
Mode 7
Initial value 0 0 0 0 0 0 0 0
R/W w w w w w
|
Specify input or output for the pins of port F
PGDDR—Port G Data Direction Register H'FE3F Port G
Bit 7 6 5 4 3 2 1 0
— — — |PGADDR|PG3DDR|PG2DDR|PG1DDR| —
Modes 4 and 5
Initial value : Undefined Undefined Undefined 1 0 0 0 Undefined
R/W — — — w w w w w
Modes 6 and 7
Initial value : Undefined Undefined Undefined 0 0 0 0 Undefined
R/W — — — w w w w w
|
Specify input or output for the pins of port G
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PAPCR—Port A MOS Pull-Up Control Register H'FE40 Port A

Bit : 7 6 5 4 3 2 1 0

— — — — PA3PCR|PA2PCR|PA1PCR|PAOPCR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

Controls the MOS input pull-up function
incorporated into port A on a bit-by-bit basis

PBPCR—Port B MOS Pull-Up Control Register H'FE41 Port B
Bit : 7 6 5 4 3 2 1 0
PB7PCR| PB6PCR|PB5PCR|PB4PCR|PB3PCR |PB2PCR|PB1PCR|PBOPCR
Initial value : 0 0 0 0 0 0 0 0
R/W . RIW R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function
incorporated into port B on a bit-by-bit basis

PCPCR—Port C MOS Pull-Up Control Register H'FE42 Port C
Bit : 7 6 5 4 3 2 1 0
PC7PCR|PC6PCR|PC5PCR|PC4PCR|PC3PCR|PC2PCR|PC1PCR|PCOPCR
Initial value : 0 0 0 0 0 0 0 0
R/W . RW R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function
incorporated into port C on a bit-by-bit basis

PDPCR—Port D MOS Pull-Up Control Register H'FE43 Port D
Bit : 7 6 5 4 3 2 1 0
PD7PCR| PD6PCR|PD5PCR|PD4PCR|PD3PCR|PD2PCR |PD1PCR|PDOPCR
Initial value : 0 0 0 0 0 0 0 0
R/W . RW R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function
incorporated into port D on a bit-by-bit basis

751
RENESAS



PEPCR—Port E MOS Pull-Up Control Register H'FE44 Port E

Bit : 7 6 5 4 3 2 1 0
PE7PCR| PE6PCR| PESPCR|PE4PCR|PE3PCR|PE2PCR |PE1PCR|PEOPCR

Initial value : 0 0 0 0 0 0 0 0

R/W . RW R/W R/W R/W R/W R/W R/W R/W

Controls the MOS input pull-up function
incorporated into port E on a bit-by-bit basis

P3ODR—Port 3 Open-Drain Control Register H'FE46 Port 3
Bit : 7 6 5 4 3 2 1 0
— — P350DR|P340DR|P330DR|P320DR |P310DR|P300DR
Initial value : Undefined Undefined 0 0 0 0 0 0
R/W : — R/W R/W R/W R/W R/W R/W R/W

Controls the PMOS on/off status for each port 3 pin
(P35 to P30)

PAODR—Port A Open-Drain Control Register H'FE47 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3ODR|PA20DR|PA10ODR|PAOODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

Controls the PMOS on/off status for
each port A pin (PA3 to PAO)
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TSTR—Timer Start Register H'FEBO TPU

Bit : 7 6 5 4 3 2 1 0
— — — — — CST2 CST1 CSTO

Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — — R/W R/W R/W

Counter Start

0 | TCNTn count operation is stopped

1 | TCNTn performs count operation
(n=2t00)

Note: If 0 is written to the CST bit during operation with the TIOC pin designated for output, the
counter stops but the TIOC pin output compare output level is retained. If TIOR is written
to when the CST bit is cleared to 0, the pin output level will be changed to the set initial

output value.

TSYR—Timer Synchro Register H'FEB1 TPU
Bit : 7 6 5 4 3 2 1 0
— — — — — SYNC2 | SYNC1 | SYNCO
Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — — R/W R/W R/W

Timer Synchro

0 | TCNTn operates independently (TCNT presetting/clearing

is unrelated to other channels)

1 | TCNTn performs synchronous operation

TCNT synchronous presetting/synchronous clearing is possible
(n=2t0 0)

Notes: 1. To set synchronous operation, the SYNC bits for at least two channels must be set

to 1.
2. To set synchronous clearing, in addition to the SYNC bit , the TCNT clearing source

must also be set by means of bits CCLR2 to CCLRO in TCR.
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IPRA—Interrupt Priority Register A

H'FECO

Interrupt Controller

IPRB—Interrupt Priority Register B H'FEC1
IPRC—Interrupt Priority Register C H'FEC2
IPRD—Interrupt Priority Register D H'FEC3
IPRE—Interrupt Priority Register E H'FEC4
IPRF —Interrupt Priority Register F H'FEC5
IPRG—Interrupt Priority Register G H'FEC6
IPRI —Interrupt Priority Register | H'FEC8
IPRJ —Interrupt Priority Register J H'FEC9
IPRK—Interrupt Priority Register K H'FECA
IPRO—Interrupt Priority Register O H'FECE
Bit : 7 6 5 4 3 2 1 0
— IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
Initial value : 0 1 1 1 0 1 1 1
RIW : — RIW RIW R/W — R/W R/W RIW

Set priority (levels 7 to 0) for interrupt sources

Correspondence between Interrupt Sources and IPR Settings

Reai Bits
Y 2100
IPRA IRQO IRQ1
IPRB IRQ2, IRQ3 IRQ4, IRQ5
IPRC IRQ6, IRQ7 DTC
IPRD Watchdog timer 0 —*
IPRE PC break A/D converter, watchdog timer 1
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 —*
IPRI 8-bit timer channel 0 8-bit timer channel 1
IPRJ —* SCI channel 0
IPRK SCI channel 1 —*
IPRO SCI channel 3 —*

Note: * Reserved bits. These bits cannot be modified and are always read

as 1.
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ABWCR—BusWidth Control Register H'FEDO Bus Controller

Bit : 7 6 5 4 3 2 1 0
ABW?7 ABW6 | ABW5 | ABW4 | ABW3 | ABW2 ABW1 | ABWO
Modes 5to 7
Initial value : 1 1 1 1 1 1 1 1
RIW : R/W R/W R/W R/W R/W R/W R/W R/W
Mode 4
Initial value : 0 0 0 0 0 0 0 0
R/W . R/W R/W R/W R/W R/W R/W R/W R/W
Area7t00 Bu_L Width Control
0 | Area n is designated for 16-bit access
1| Area n is designated for 8-bit access
(n=7to00)
ASTCR—Access State Control Register H'FED1 Bus Controller
Bit : 7 6 5 4 3 2 1 0
AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

\
Area 7 to 0 Access State Control
0 | Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1| Area n is designated for 3-state access
Wait state insertion in area n external space is enabled

(n=7 1o 0)
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WCRH—Wait Control Register H H'FED2 Bus Controller

Bit : 7 6 5 4 3 2 1 0
w71 W70 w61 W60 W51 W50 w41 w40

Initial value : 1 1 1 1 1 1 1 1

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

\
Area 4 Wait Control
0 | 0 | Program wait not inserted

1 | 1 program wait state inserted
1|0 | 2 program wait states inserted
1 | 3 program wait states inserted

Area 5 Wait Control
0|0 | Program wait not inserted

1 program wait state inserted

1
1|0 | 2 program wait states inserted
1

3 program wait states inserted

Area 6 Wait Control
0 | 0 | Program wait not inserted

1 | 1 program wait state inserted
1|0 | 2 program wait states inserted
1 | 3 program wait states inserted

Area 7 Wait Control
0 |0 | Program wait not inserted

1 | 1 program wait state inserted
1 |0 | 2 program wait states inserted
1 | 3 program wait states inserted
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WCRL—Wait Control Register L

Bit

Initial value :

R/W

H'FED3 Bus Controller
7 6 5 4 3 2 1 0
W31 W30 W21 W20 W11 W10 W01 W00
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W

Area 0 Wait Control

0|0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

1
1/0
1

3 program wait states inserted

Area 1 Wait Control

0

0

Program wait not inserted

1 program wait state inserted

1

2 program wait states inserted

1
0
1

3 program wait states inserted

Area 2 Wait Control

0

0

Program wait not inserted

1 program wait state inserted

1

2 program wait states inserted

1
0
1

3 program wait states inserted

Area 3 Wait Control

0[]0

Program wait not inserted

1 program wait state inserted

2 program wait states inserted

1
10
1

3 program wait states inserted
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BCRH—Bus Control Register H

Bit

Initial value :
R/W

758

H'FED4 Bus Controller
7 6 5 4 3 2 1 0
ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO0 — — —
1 1 0 1 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
J Reserved

Only 0 should be
written to these bits

Burst Cycle Select 0

0 | Max. 4 words in burst access

1 | Max. 8 words in burst access

Burst Cycle Select 1

0 | Burst cycle comprises 1 state

1 | Burst cycle comprises 2 states

Area 0 Burst ROM Enable

0

Area 0 is basic bus interface

1

Area 0 is burst ROM interface

Idle Cycle Insert O

0 | Idle cycle not inserted in case of successive
external read and external write cycles

1 | Idle cycle inserted in case of successive external
read and external write cycles

Idle Cycle Insert 1

0

Idle cycle not inserted in case of successive
external read cycles in different areas

Idle cycle inserted in case of successive
external read cycles in different areas
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BCRL—Bus Control Register L

Bit

Initial value :

R/W

Reserved
Only 0 should be
written to this bit

Reserved
This bit cannot be
modified

Reserved
Only 0 should be
written to this bit

Bus Release Enable

0

External bus release is disabled

1

External bus release is enabled

RENESAS

H'FED5 Bus Controller
7 6 5 4 2 1 0
BRLE — — — — — — WAITE
0 0 0 0 0 0 0
R/W R/W — R/W R/W R/W R/W R/W
WAIT Pin Enable
0 | Wait input by WAIT pin disabled
1 | Wait input by WAIT pin enabled
Reserved
Only 0 should be
written to these bits
Reserved
Only 1 should be
written to this bit
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RAMER—RAM Emulation Register H'FEDB ROM

Bit : 7 6 5 4 3 2 1 0
— — — — RAMS — RAM1 | RAMO

Initial value : 0 0 0 0 0 0 0 0

R/W : R R R R/W R/W R/W R/W R/W

Flash Memory Area
Selection

Reserved

Only 0 should be written to these bits

RAM Select

0 | Emulation not selected
Program/erase-protection of all flash memory blocks is disabled

1 | Emulation selected
Program/erase-protection of all flash memory blocks is enabled

P1DR—Port 1 Data Register H'FF00 Port 1
Bit : 7 6 5 4 3 2 1 0
— P16DR — P14DR | P13DR | P12DR | P11DR | P10DR
Initial value :Undefined 0 Undefined 0 0 0 0 0
R/W . R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for the port 1 pins (P16, P14 to P10)

P3DR—Port 3 Data Register H'FFO02 Port 3
Bit : 7 6 5 4 3 2 1 0
— P36DR | P35DR | P34DR | P33DR | P32DR | P31DR | P30DR
Initial value : Undefined 0 0 0 0 0 0 0
R/W : — R/W R/W R/W R/W R/W R/W R/W

Stores output data for the port 3 pins (P36 to P30)
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P7DR—Port 7 Data Register H'FF06 Port 7

Bit : 7 6 5 4 3 2 1 0
P77DR — P75DR | P74DR — — — —

Initial value : 0 Undefined 0 0 Undefined Undefined Undefined Undefined

R/W : R/W R/W R/W R/W R/W R/W R/W R/W
L I

\
Stores output data for the port 7 pins (P77, P75, P74)

PADR—Port A Data Register H'FF09 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3DR | PA2DR | PA1DR | PAODR
Initial value : Undefined Undefined Undefined Undefined 0 0 0 0
R/W : — — — — R/W R/W R/W R/W

Stores output data for the port A
pins (PA3 to PAQ)

PBDR—Port B Data Register H'FFOA Port B
Bit : 7 6 5 4 3 2 1 0
PB7DR | PB6DR | PB5DR | PB4DR | PB3DR | PB2DR | PB1DR | PBODR
Initial value : 0 0 0 0 0 0 0 0
R/W : RW R/W R/W R/W R/W R/W R/W R/W

Stores output data for the port B pins (PB7 to PBO)

PCDR—Port C Data Register H'FFOB Port C
Bit : 7 6 5 4 3 2 1 0
PC7DR | PC6DR | PC5DR | PC4DR | PC3DR | PC2DR | PC1DR | PCODR
Initial value : 0 0 0 0 0 0 0 0
R/W . RW R/W R/W R/W R/W R/W R/W R/W

Stores output data for the port C pins (PC7 to PCO)
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PDDR—Port D Data Register H'FFOC Port D

Bit : 7 6 5 4 3 2 1 0
PD7DR | PD6DR | PD5DR | PD4DR | PD3DR | PD2DR | PD1DR | PDODR

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for the port D pins (PD7 to PDO)

PEDR—Port E Data Register H'FFOD Port E
Bit : 7 6 5 4 3 2 1 0
PE7DR | PE6DR | PE5S5DR | PE4DR | PE3DR | PE2DR | PE1DR | PEODR
Initial value : 0 0 0 0 0 0 0 0
R/W . RW R/W R/W R/W R/W R/W R/W R/W

Stores output data for the port E pins (PE7 to PEOQ)

PFDR—Port F Data Register H'FFOE Port F
Bit : 7 6 5 4 3 2 1 0
PF7DR | PF6DR | PF5DR | PFADR | PF3DR | PF2DR | PF1DR | PFODR
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Stores output data for the port F pins (PF7 to PFO0)

PGDR—Port G Data Register H'FFOF Port G
Bit : 7 6 5 4 3 2 1 0
— — — PG4DR | PG3DR | PG2DR | PG1DR —
Initial value : Undefined Undefined Undefined 0 0 0 0 Undefined
R/W : — — — R/W R/W R/W R/W R/W

Stores output data for the port G pins (PG4 to PG1)
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TCRO—Timer Control Register 0 H'FF10 TPUO

Bit : 7 6 5 4 3 2 1 0
CCLR2 | CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

]
|

Time Prescaler

0|0 |0 | Internal clock: counts on @/1
1| Internal clock: counts on g/4
1|0 | Internal clock: counts on @/16
1| Internal clock: counts on @/64
1|0|0 | External clock: counts on TCLKA pin input
1| External clock: counts on TCLKB pin input
1|0 | Setting prohibited
1| Setting prohibited

Select the Input Clock Edge
0| 0 | Count atrising edge
1 | Count at falling edge
1 |—| Count at both edges

Note: The internal clock edge selection is valid when the input clock
is @/4 or slower. This setting is ignored if the input clock is @/1,
or when overflow/underflow of another channel is selected.

Counter Clear

0|0 |0 | TCNT clearing disabled

TCNT cleared by TGRA compare match/input capture

TCNT cleared by TGRB compare match/input capture

TCNT cleared by counter clearing for another channel performing
synchronous clearing/synchronous operation *1

TCNT clearing disabled

TCNT cleared by TGRC compare match/input capture *2

TCNT cleared by TGRD compare match/input capture *2

TCNT cleared by counter clearing for another channel performing
synchronous clearing/synchronous operation *1

1

A=

P OO

Notes: *1 Synchronous operation setting is performed by setting the SYNC bit
in TSYR to 1.
*2 When TGRC or TGRD is used as a buffer register, TCNT is not
cleared because the buffer register setting has priority, and
compare match/input capture does not occur.

763
RENESAS



TMDRO—Timer Mode Register 0 H'FF11 TPUO
Bit : 7 6 5 4 3 2 1 0
— — BFB BFA MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
R/W : — — R/W R/W R/W R/W R/W R/W
Modes
0|0 |0 |0 | Normal operation
1 | Reserved
1/0| PWM mode 1
1| PWM mode 2
1/0|0 | Phase counting mode 1
1| Phase counting mode 2
1|0 | Phase counting mode 3
1 | Phase counting mode 4
1|* |* |* | Setting prohibited
*: Don'’t care
Notes: 1. MD3is a reserved bit. In a write, it
should always be written with 0.
2. Phase counting mode cannot be set
for channel 0. In this case, 0
should always be written to MD2.
Buffer Operation A
0 | TGRA operates normally
1| TGRA and TGRC used together for
buffer operation
Buffer Operation B
0 | TGRB operates normally
1| TGRB and TGRD used together for
buffer operation
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TIOROH—Timer 1/0O Control Register OH H'FF12 TPUO
Bit 7 6 5 4 3 2 1 0
I0B3 10B2 I0B1 I0BO I0A3 I0A2 IOAl I0A0
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
TGROA 1/O Control
0/0|0|0|TGROA s Output disabled
1 | output Initial output is O 0 output at compare match
1|0 | compare output 1 output at compare match
1 | register Toggle output at compare match
1100 Output disabled
1 Initial output is 1 0 output at compare match
110} output 1 output at compare match
1 Toggle output at compare match
1/0/0|0|TGROAis Capture input source Input capture at rising edge
1 | input capture | iSTIOCAO pin Input capture at falling edge
* | register Input capture at both edges
1)* |* Capture input source is | Input capture at TCNT1 count-
channel 1/count clock up/count-down
*: Don't care
TGROB /O Control
0/0|0|0 | TGROBis Output disabled
1 | output Initial output is 0 0 output at compare match
1|0 | compare output 1 output at compare match
1 | register Toggle output at compare match
1100 Output disabled
1 Initial output is 1 0 output at compare match
10| output 1 output at compare match
1 Toggle output at compare match
1/0/0|0|TGROBis Capture input source Input capture at rising edge
1 | input capture | isTIOCBO pin Input capture at falling edge
* | register Input capture at both edges
1)*|* Capture input source is | Input capture at TCNT1 count-
channel 1/count clock up/count-down*1
*: Don't care
Note: *1 When bits TPSC2 to TPSCO in TCR1 are set to B'000 and @/1 is used

as the TCNT1 count clock, this setting is invalid and input capture

is not generated.
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TIOROL—Timer 1/O Control Register OL H'FF13
Bit : 7 6 5 4 3 2 1 0
| 10D3 | 10D2 | 10D1 | 10D0 | I0C3 | 10C2 | I0C1 | 10CO |
Initial value : 0 0 0 0 0 0 0 0
R/W RIW R/W RIW R/W RIW R/W R/W RIW
TGROC I/O Control
0/0|0|0|TGROCis Output disabled
1 | output Initial output is 0 0 output at compare match
1|0 | compare output 1 output at compare match
1 | register1 Toggle output at compare match
1|/0|0] Output disabled
1 Initial output is 1 0 output at compare match
1]0] output 1 output at compare match
1 Toggle output at compare match
1/0|0|0|TGROCis Capture input source Input capture at rising edge
1 | input capture | isTIOCCO pin Input capture at falling edge
* | registerr Input capture at both edges
1|*|* Capture input source is | Input capture at TCNT1 count-
channel 1/count clock up/count-down
*: Don't care
Note: *1 When the BFA bitin TMDRO is set to 1 and TGROC is used as
a buffer register, this setting is invalid and input capture/output
compare is not generated.

TGROD I/O Control

0/0/0|0|TGRODis Output disabled
1 | output Initial output is 0 0 output at compare match
1|0 | compare output 1 output at compare match
| 1] register+2 Toggle output at compare match
1/0]|0 Output disabled
1] Initial output is 1 0 output at compare match
10| output 1 output at compare match
1 Toggle output at compare match
1/0|/0|0|TGRODis Capture input source is | Input capture at rising edge
1 | input capture | TIOCDO pin Input capture at falling edge
1 |* | register2 Input capture at both edges
1% |* Capture input source is | Input capture at TCNT1 count-
channel 1/count clock up/count-down*1
*: Don’t care
Notes: *1 When bits TPSC2 to TPSCO in TCR1 are set to B'000 and /1 is used

as the TCNT1 count clock, this setting is invalid and input capture is

not generated.

*2 When the BFB bitin TMDRO is set to 1 and TGROD is used as a
buffer register, this setting is invalid and input capture/output compare

is not generated.

Note: When TGRC or TGRD is designated for buffer operation, this setting is invalid and the
register operates as a buffer register.
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TPUO

TIERO—Timer Interrupt Enable Register 0 H'FF14
Bit : 7 6 5 4 3 2 1 0
TTGE — — TCIEV | TGIED | TGIEC | TGIEB | TGIEA
Initial value : 0 1 0 0 0 0 0 0
R/W : R/W — — R/W R/W R/W R/W R/W

TGR Interrupt Enable A
0 | Interrupt requests (TGIA)
by TGFA bit disabled
1 | Interrupt requests (TGIA)
by TGFA bit enabled

TGR Interrupt Enable B
0 | Interrupt requests (TGIB)
by TGFB bit disabled
1 | Interrupt requests (TGIB)
by TGFB bit enabled

TGR Interrupt Enable C
0 | Interrupt requests (TGIC)
by TGFC bit disabled
1 | Interrupt requests (TGIC)
by TGFC bit enabled

TGR Interrupt Enable D
0 | Interrupt requests (TGID)
by TGFD bit disabled
1 | Interrupt requests (TGID)
by TGFD bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV) by TCFV disabled
1 | Interrupt requests (TCIV) by TCFV enabled

A/D Conversion Start Request Enable
0 | A/D conversion start request generation disabled
1 | A/D conversion start request generation enabled
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TSRO—Timer Status Register 0 H'FF15

Bit : 7 6 5 4 3 2 1 0

| — | — | — | TCFV | TGFD | TGFC | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
R/IW : — — — R/(W)*  RI(W)* R/(W)* RI(W)* RI(W)*

Input Capture/Output Compare Flag A

TPUO

0 | [Clearing conditions]
+ When DTC is activated by TGIA interrupt while DISEL bit of MRB in DTC is O
* When 0 is written to TGFA after reading TGFA = 1

1 | [Setting conditions]

+ When TCNT = TGRA while TGRA is functioning as output compare register

« When TCNT value is transferred to TGRA by input capture signal while TGRA
is functioning as input capture register

Input Capture/Output Compare Flag B

0 | [Clearing conditions]

» When DTC is activated by TGIB interrupt while DISEL bit of MRB in DTC is 0

* When 0 is written to TGFB after reading TGFB = 1

[Setting conditions]

* When TCNT = TGRB while TGRB is functioning as output compare register

« When TCNT value is transferred to TGRB by input capture signal while TGRB
is functioning as input capture register

[

Input Capture/Output Compare Flag C

0 | [Clearing conditions]

+ When DTC is activated by TGIC interrupt while DISEL bit of MRB in DTC is 0

* When 0 is written to TGFC after reading TGFC = 1

1 | [Setting conditions]

* When TCNT = TGRC while TGRC is functioning as output compare register

+ When TCNT value is transferred to TGRC by input capture signal while TGRC
is functioning as input capture register

Input Capture/Output Compare Flag D

0 | [Clearing conditions]

« When DTC is activated by TGID interrupt while DISEL bit of MRB in DTC is 0

* When 0 is written to TGFD after reading TGFD = 1

1 | [Setting conditions]

* When TCNT = TGRD while TGRD is functioning as output compare register

* When TCNT value is transferred to TGRD by input capture signal while TGRD
is functioning as input capture register

Overflow Flag

0 | [Clearing condition]

When 0 is written to TCFV after reading TCFV = 1

[Setting condition]

When the TCNT value overflows (changes from H'FFFF to H'0000 )

[N

Note: * Can only be written with O for flag clearing.
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TCNTO—Timer Counter O H'FF16 TPUO

Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : o o o o o o o o o o o o o o o o

R/W : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
|
Up-counter

TGROA—Timer General Register 0A H'FF18 TPUO
TGROB—Timer General Register 0B H'FF1A
TGROC—Timer General Register 0OC H'FF1C
TGROD—Timer General Register 0D H'FF1E

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvaluoe: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/WR/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
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TCR1—Timer Control Register 1 H'FF20 TPUL

Bit : 7 6 5 4 3 2 1 0

— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
Initial value : 0 0 0 0 0 0 0 0
R/W : — R/W R/W R/W R/W R/W R/W R/W

Time Prescaler

0|0 |0| Internal clock: counts on g/1
1| Internal clock: counts on @/4
1|0 | Internal clock: counts on /16
1| Internal clock: counts on g/64
1|0 |0| External clock: counts on TCLKA pin input
1| External clock: counts on TCLKB pin input
1|0 | Internal clock: counts on @/256
1| Setting prohibited

Note: This setting is ignored when channel 1 is in phase
counting mode.

Select the Input Clock Edge

0| 0 |Count at rising edge
1 | Count at falling edge
1| — | Count at both edges

Notes: 1. This setting is ignored when channel 1 is in phase
counting mode.

2. The internal clock edge selection is valid when the input
clock is @/4 or slower. This setting is ignored if the input
clock is @/1, or when overflow/underflow of another
channel is selected.

Counter Clear
0 |0 | TCNT clearing disabled

1 | TCNT cleared by TGRA compare match/input capture
1|0 | TCNT cleared by TGRB compare match

1 | TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*

Note: * Synchronous operation setting is performed by setting
the SYNC bitin TSYR to 1.
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TMDR1—Timer Mode Register 1 H'FF21 TPU1

Bit : 7 6 5 4 3 2 1 0
— — — — MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
R/W : — — — — R/W R/W R/W R/W
——
Mode
o(o0|o0 Normal operation
Reserved
1 PWM mode 1
PWM mode 2

Phase counting mode 1
Phase counting mode 2
Phase counting mode 3
Phase counting mode 4
Setting prohibited

*: Don'’t care

H
o
* ik |o|lk|o|k|lolk|lo

Note: MD3 is a reserved bit. In a write, it
should always be written with 0.
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TIOR1—Timer I/O Control Register 1 H'FF22 TPUL
Bit 7 6 5 4 3 2 1 0
10B3 10B2 10B1 10B0O I0A3 I0A2 I0A1 IOAO0
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
TGRI1A 1/O Control
0/0|0|0]| TGR1A s | Output disabled
1| output Initial output is O 0 output at compare match
1|0 | compare | output 1 output at compare match
1| register Toggle output at compare match
1/0|0] Output disabled
1 Initial output is 1 0 output at compare match
110} output 1 output at compare match
1 Toggle output at compare match
1/0/0|0| TGR1Ais | Capture input source Input capture at rising edge
1| input isTIOCAL pin Input capture at falling edge
1|* | capture Input capture at both edges
1|* |* | register Capture input source is | Input capture at generation of
TGROA compare match/ | channel 0/TGROA compare match/
input capture input capture
*: Don't care
TGR1B I/O Control
0[(0|0|0| TGR1Bis | Output disabled
1| output Initial output is 0 0 output at compare match
1|0 | compare | output 1 output at compare match
1| register Toggle output at compare match
1/0|0] Output disabled
1 Initial output is 1 0 output at compare match
10| output 1 output at compare match
1 Toggle output at compare match
1> | *|*| — Setting prohibited
*: Don’t care
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TPU1

TIER1—Timer Interrupt Enable Register 1 H'FF24
Bit : 7 6 5 4 3 2 1 0
TTGE — TCIEU | TCIEV — — TGIEB | TGIEA
Initial value : 0 1 0 0 0 0 0 0
R/W : R/W — R/W R/W — — R/W R/W

TGR Interrupt Enable A

0 | Interrupt requests (TGIA) by
TGFA bit disabled

1 | Interrupt requests (TGIA) by
TGFA bit enabled

TGR Interrupt Enable B
0 | Interrupt requests (TGIB)
by TGFB bit disabled
1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV)
by TCFV disabled

1 | Interrupt requests (TCIV)
by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU)
by TCFU disabled
1 | Interrupt requests (TCIU)
by TCFU enabled

A/D Conversion Start Request Enable
0 | A/D conversion start request generation disabled
1 | A/D conversion start request generation enabled
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TSR1—Timer Status Register 1 H'FF25 TPUL
Bit : 7 6 5 4 3 2 1 0
| TCFD | — | TCFU | TCFV | — | — | TGFB | TGFA |
Initial value : 1 1 0 0 0 0 0 0
R/W : R — RI(W)*  RI(W)* — — RI(W)*  RI(W)*

Input Capture/Output Compare Flag A

0

[Clearing conditions]

* When DTC is activated by TGIA interrupt while DISEL bit of MRB
inDTCis 0

* When 0 is written to TGFA after reading TGFA =1

[Setting conditions]

« When TCNT = TGRA while TGRA is functioning as output compare
register

« When TCNT value is transferred to TGRA by input capture signal
while TGRA is functioning as input capture register

Input Capture/Output Compare Flag B

0 | [Clearing conditions]

« When DTC is activated by TGIB interrupt while DISEL bit of MRB
inDTCis 0

* When 0 is written to TGFB after reading TGFB = 1

reg

1 | [Setting condition]
When TCNT = TGRB while TGRB is functioning as output compare

ister

Overflow Flag

0 | [Clearing condition]
When 0 is written to TCFV after reading TCFV = 1

=

[Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0 | [Clearing condition]

When 0 is written to TCFU after reading TCFU = 1

1 | [Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag

0 | TCNT counts down
1 | TCNT counts up

Note: * Can only be written with 0 for flag clearing.
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TCNT1—Timer Counter 1 H'FF26 TPU1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : o o o o o o o o o o o o o o o o
R/W : R/W R/W R/W R/W R/W R/WR/W R/W R/IW R/W R/W R/W R/W R/IW R/W R/W

Up/down-counter*

Note : * These counters can be used as up/down-counters only in phase counting mode or
when counting overflow/underflow on another channel. In other cases they function
as up-counters.

TGR1A—Timer General Register 1A H'FF28 TPU1
TGR1B—Timer General Register 1B H'FF2A
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initalvalue: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/WR/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
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TCR2—Timer Control Register 2 H'FF30 TPU2

Bit : 7 6 5 4 3 2 1 0

— CCLR1 | CCLRO | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
Initial value : 0 0 0 0 0 0 0 0
R/W : — R/W R/W R/W R/W R/W R/W R/W

Time Prescaler

0|0 |0| Internal clock: counts on g/1
1| Internal clock: counts on @/4
1|0 | Internal clock: counts on /16
1| Internal clock: counts on g/64
1|0 |0| External clock: counts on TCLKA pin input
1| External clock: counts on TCLKB pin input
1|0 | Setting prohibited
1| Internal clock: counts on @/1024

Note: This setting is ignored when channel 2 is in phase
counting mode.

Select the Input Clock Edge

0 | 0 | Count at rising edge
1 | Count at falling edge
1 | — | Count at both edges

Note: The internal clock edge selection is valid when the input
clock is @/4 or slower. This setting is ignored if the input
clock is @/1, or when overflow/underflow of another channel
is selected.

Counter Clear
0 | 0 | TCNT clearing disabled

1 | TCNT cleared by TGRA compare match/input capture
1|0 | TCNT cleared by TGRB compare match

1 | TCNT cleared by counter clearing for another channel
performing synchronous clearing/synchronous operation*

Note: * Synchronous operation setting is performed by setting
the SYNC bitin TSYR to 1.
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TMDR2—Timer Mode Register 2 H'FF31 TPU2

Bit : 7 6 5 4 3 2 1 0
— — — — MD3 MD2 MD1 MDO
Initial value : 1 1 0 0 0 0 0 0
R/W : — — — — R/W R/W R/W R/W
—
Mode
o(o0|0 Normal operation
Reserved
1 PWM mode 1
PWM mode 2

Phase counting mode 1
Phase counting mode 2
Phase counting mode 3
Phase counting mode 4
Setting prohibited

*: Don’t care

,_.
o
* = |o|lk|o|k|lojk|lo

Note: 1. MD3 is a reserved bit. In a write,
it should always be written with 0.
2. Phase counting mode cannot be
set for channel 2. In this case,
0 should always be written to MD2.
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TIOR2—Timer 1/O Control Register 2 H'FF32 TPU2

Bit : 7 6 5 4 3 2 1 0
I0B3 10B2 I0B1 I0BO I0A3 I0A2 I0Al I0A0

Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TGR2A 1/O Control
0[{0|0|0|TGR2As Output disabled
1 | output Initial output is O 0 output at compare match
1|0 | compare output 1 output at compare match
|1 | register Toggle output at compare match
1/0|0] Output disabled
1 Initial output is 1 0 output at compare match
10| output 1 output at compare match
1 Toggle output at compare match
1/*|0|0]|TGR2As Capture input source Input capture at rising edge
1 | input capture | iISTIOCA2 pin Input capture at falling edge
1|* |register Input capture at both edges
*: Don'’t care

TGR2B 1/0O Control

0|0|0|0|TGR2Bis Output disabled
1 | output Initial output is O 0 output at compare match
1|0 | compare output 1 output at compare match
1 | register Toggle output at compare match
1|00 Output disabled
1] Initial output is 1 0 output at compare match
10| output 1 output at compare match
1 Toggle output at compare match
1*|*|* | — Setting prohibited

*: Don’t care
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TPU2

TIER2—Timer Interrupt Enable Register 2 H'FF34
Bit : 7 6 5 4 3 2 1 0
TTGE — TCIEU | TCIEV — — TGIEB | TGIEA
Initial value : 0 1 0 0 0 0 0 0
R/W : R/W — R/W R/W — — R/W R/W

TGR Interrupt Enable A

0 | Interrupt requests (TGIA) by
TGFA bit disabled

1 | Interrupt requests (TGIA) by
TGFA bit enabled

TGR Interrupt Enable B
0 | Interrupt requests (TGIB)
by TGFB bit disabled
1 | Interrupt requests (TGIB)
by TGFB bit enabled

Overflow Interrupt Enable
0 | Interrupt requests (TCIV)
by TCFV disabled

1 | Interrupt requests (TCIV)
by TCFV enabled

Underflow Interrupt Enable
0 | Interrupt requests (TCIU)
by TCFU disabled
1 | Interrupt requests (TCIU)
by TCFU enabled

A/D Conversion Start Request Enable
0 | A/D conversion start request generation disabled
1 | A/D conversion start request generation enabled

RENESAS
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TSR2—Timer Status Register 2

H'FF35 TPU2
Bit : 7 5 4 3 2 1 0
| TCFD | | TCFU | TCFV | — | — | TGFB | TGFA |
Initial value : 1 0 0 0 0 0 0
R/W R R/(W)*  RI(W)* — — RI(W)*  R/(W)*

Input Capture/Output Compare Flag A

0 | [Clearing conditions]

* When DTC is activated by TGIA interrupt while DISEL bit of MRB
inDTCis 0

* When 0 is written to TGFA after reading TGFA =1

=

[Setting conditions]

* When TCNT = TGRA while TGRA is functioning as output compare
register

* When TCNT value is transferred to TGRA by input capture signal
while TGRA is functioning as input capture register

Input Capture/Output Compare Flag B

0 | [Clearing conditions]

* When DTC is activated by TGIB interrupt while DISEL bit of MRB
inDTCis 0

* When 0 is written to TGFB after reading TGFB = 1

=

[Setting condition]
When TCNT = TGRB while TGRB is functioning as output compare
register

Overflow Flag

0 | [Clearing condition]
When 0 is written to TCFV after reading TCFV =1

[y

[Setting condition]
When the TCNT value overflows (changes from H'FFFF to H'0000 )

Underflow Flag

0 | [Clearing condition]

When 0 is written to TCFU after reading TCFU = 1

[y

[Setting condition]

When the TCNT value underflows (changes from H'0000 to H'FFFF)

Count Direction Flag

0

TCNT counts down

1

TCNT counts up

Note: * Can only be written with O for flag clearing.
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TCNT2—Timer Counter 2 H'FF36 TPU2

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value : o o o o o o o o o o o o o o o o
R/W :  R/W R/W R/W R/W R/W R/WR/W R/W R/IW R/IW R/W R/W R/W R/W R/W R/W

Up/down-counter*

Note : * These counters can be used as up/down-counters only in phase counting mode or
when counting overflow/underflow on another channel. In other cases they function
as up-counters.

TGR2A—Timer General Register 2A H'FF38 TPU2
TGR2B—Timer General Register 2B H'FF3A
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initalvalue: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/WR/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
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TCRO—Timer Control Register 0 H'FF68 TMRO
TCR1—Timer Control Register 1 H'FF69 TMR1
Bit : 7 6 5 4 3 2 1 0

CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 CKS1 CKSO0
Initial value: 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Clock Select

0|0 |0 | Clock input disabled

1| Internal clock, counted at falling edge of @/8
1|0 | Internal clock, counted at falling edge of @/64
1| Internal clock, counted at falling edge of /8192
1|0|0| Forchannel 0: count at TCNT1 overflow signal*

For channel 1: count at TCNTO compare match A*

1| Setting prohibited

1|0 | Setting prohibited

1| Setting prohibited

Counter Clear

0 |0 | Clear is disabled

Clear by compare match A

1
1 |0 | Clear by compare match B
1 | Setting prohibited

Timer Overflow Interrupt Enable

0 | OVF interrupt requests (OVI) are disabled

1 | OVF interrupt requests (OVI) are enabled

Compare Match Interrupt Enable A

0 | CMFA interrupt requests (CMIA) are disabled
1 | CMFA interrupt requests (CMIA) are enabled

Compare Match Interrupt Enable B

0 | CMFB interrupt requests (CMIB) are disabled
1 | CMFB interrupt requests (CMIB) are enabled

782
RENESAS

Note: If the count input of channel O is the TCNT1 overflow signal
and that of channel 1 is the TCNTO compare match signal,
no incrementing clock is generated. Do not use this setting.



TCSRO—Timer Control/Status Register 0 H'FFB6A TMRO

TCSR1—Timer Control/Status Register 1 H'FF6B TMR1

TCSRO
Bit : 7 6 5 4 3 2 1 0

| CMFB | CMFA | OVF | ADTE | —_ | — | — | — |
Initial value : 0 0 0 0 0 0 0 0
RIW © O RIW)*  RIW)*  RI(W)*  RIW RIW RIW RIW RIW
TCSR1
Bit : 7 6 5 4 3 2 1 0

| CMFB | CMFA | OVF | — | — | — | — | — |
Initial value : 0 0 0 1 0 0 0 0
RIW D ORIW)* RIW)* R/(W)* — RIW RIW RIW RIW

]

\
Reserved

Only 0 should be written to these bits

A/D Trigger Enable (TCSRO Only)

0 | A/D converter start requests by compare match A
are disabled
1 | A/D converter start requests by compare match A
are enabled

Timer Overflow Flag
0 | [Clearing condition]
Cleared by reading OVF when OVF = 1, then writing 0 to OVF
[Setting condition]
Set when TCNT overflows from H'FF to H'00

=

Compare Match Flag A
0 | [Clearing conditions]
« Cleared by reading CMFA when CMFA = 1, then writing 0 to CMFA
* When DTC is activated by CMIA interrupt while DISEL bit of MRB
inDTCis 0
1 | [Setting condition]
Set when TCNT matches TCORA

Compare Match Flag B
0 | [Clearing conditions]
« Cleared by reading CMFB when CMFB = 1, then writing 0 to CMFB
« When DTC is activated by CMIB interrupt while DISEL bit of MRB in
DTCis 0
1 | [Setting condition]
Set when TCNT matches TCORB

Note: * Only O can be written to bits 7 to 5, to clear these flags.
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TCORAO—Time Constant Register A0 H'FF6C TMRO

TCORA1—Time Constant Register Al H'FF6D TMR1
TCORAO TCORA1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

RIW © RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W RW RW RW RW RW R/W
TCORBO—Time Constant Register BO H'FF6E TMRO
TCORB1—Time Constant Register B1 H'FF6F TMR1

TCORBO TCORB1
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

R/W . R/W R/W R/W R/W R/W R/W R/W R/IW RIW RIW RIW RIW RIW RIW RIW R/W
TCNTO—Timer Counter O H'FF70 TMRO
TCNT1—Timer Counter 1 H'FF71 TMR1
TCNTO TCNT1
Bit : 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 O 0 0 0 0 0o 0 0 o o0 O o o o0 o
R/W : R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/W RIW R/IW
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TCSRO—Timer Control/Status Register H'FF74(W) WDTO

H'FF74(R)
Bit : 7 6 5 4 3 2 1
| OVF | WT/W| TME | — | — | CKS2 | CKS1 | CKS0 |
Initial value : 0 0 0 1 1 0 0 0
R/W D RI(W)*1  R/W R/IW — — RIW R/W R/W

—

Clock Select
CKS2 | CKS1 |CKSO | Clock Overflaw Period*2
(when g = 10 MHz)
0 0 0 @/2 (Initial value) 51.2 ps
1 /64 1.6 ms
1 0 /128 3.2ms
1 @8/512 13.2ms
1 0 0 /2048 52.4 ms
1 2/8192 209.8 ms
1 0 /32768 838.8 ms
1 2/131072 3.36s

Note: *2 The overflow period is the time from when TCNT
starts counting up from H'00 until overflow occurs.

Timer Enable

0 | TCNT is initialized to H'00 and
count operation is halted
TCNT counts

=

Timer Mode Select

0 | Interval timer mode: Interval timer interrupt (WOVI)
request is sent to CPU when TCNT overflows

1 | Watchdog timer mode: Internal reset can be
selected when TCNT overflows*

Note: * For details of case where TCNT overflows in watchdog timer mode.
See section 12.2.3, Reset Control/Status Register (RSTCSR).

Overflow Flag

0 | [Clearing conditions]

* Read TCSR when OVF = 1, then write 0 in OVF*2

1 | [Setting condition]

When TCNT overflows (changes from H'FF to H'00)

When internal reset request generation is selected in watchdog
timer mode, OVF is cleared automatically by the internal reset.

Notes: *1 Only O can be written, to clear the flag.
*2 When the OVF flag is polled with the interval timer interrupt disabled,
read the OVF bit while it is 1 at least twice.

TCSR is write-protected by a password to prevent accidental overwriting. For details
see section 12.2.5, Notes on Register Access.

RENESAS
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TCNTO—Timer Counter H'FF74(W) WDTO
H'FF75(R)
Bit : 7 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0
R/W : R/IW R/IW R/W R/IW R/W R/W R/IW R/W
RSTCSR—Reset Control/Status Register H'FF76(W) WDTO
H'FF77(R)
Bit : 7 5 4 3 2 1 0
WOVF | RSTE — — — — — —
Initial value : 0 0 1 1 1 1 1
RIW © RIW)*  RIW RIW — — — — —

Reserved
Only 0 should be written to this bit

Reset Enable

0

No internal reset when TCNT overflows*

1

Internal reset is generated when TCNT overflows

Note: * The chip is not reset internally, but TCNT and

TCSR in WDTO are reset.

Watchdog Overflow Flag

0 | [Clearing condition]
Cleared by reading RSTCSR when WOVF = 1, then writing 0 to WOVF

1 | [Setting condition]
When TCNT overflows (from H'FF to H'00) in watchdog timer mode

Note: * Only 0 can be written, to clear the flag.

RSTCSR is write-protected by a password to prevent accidental overwriting.
For details see section 12.2.5, Notes on Register Access.
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SMRO—Serial Mode Register 0 H'FF78 SCI0
Bit 7 6 5 4 3 2 1 0
C/IA CHR PE O/E STOP MP CKS1 | CKSO
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
| | | |
Clock S‘elect
0 | 0 | g clock
1 | 9/4 clock
1| 0 |@/16 clock
1 | @/64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected
Stop Bit Length
0 | 1 stop bit
. 1 | 2 stop bits
Parity Mode

0 |Even parity*1

1 | Odd parity*?

Notes: *1 When even parity is set, parity bit addition is performed in
transmission so that the total number of 1-bits in the
transmit character plus the parity bit is even. In reception,
a check is performed to see if the total number of 1-bits in
the receive character plus the parity bit is even.

When odd parity is set, parity bit addition is performed in
transmission so that the total number of 1-bits in the
transmit character plus the parity bit is odd. In reception,
a check is performed to see if the total number of 1-bits in
the receive character plus the parity bit is odd.

*2

Parity Enable

0 | Parity bit addition and checking disabled

1 | Parity bit addition and checking enabled*

Character Length

0 | 8-bit data

1 | 7-bit data*

Selects Asynchronous Mode or Clocked Synchronous Mode

0

Asynchronous mode

1

Clocked synchro

nous mode

RENESAS

Note: * When the PE bit is set to 1, an even or odd parity bit is added to
transmit data according to the even or odd parity mode selection by the
OJE bit, and the parity bit in receive data is checked to see if it matches
the even or odd mode selected by the O/E bit.

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not
possible to choose between LSB-first or MSB-first transfer.
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BRRO—BIt Rate Register 0 H'FF79 SCI0
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: For details, see section 13.2.8, Bit Rate Register (BRR)
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SCRO—Serial Control Register 0 H'FF7A SCI0

Bit : 7 6 5 4 3 2 1 0

| TIE | RIE | TE | RE | MPIE | TEIE | CKE1l | CKEO |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/IW R/W RIW R/W RIW RIW R/W

]

[
Clock Enable
0|0 Asynchronous mode Internal clock/SCK pin
functions as 1/0 port
Clocked synchronous mode Internal clock/SCK pin
functions as serial clock output

1 Asynchronous mode Internal clock/SCK pin
functions as clock output*!
Clocked synchronous mode Internal clock/SCK pin
functions as serial clock output
1/0 Asynchronous mode External clock/SCK pin

functions as clock input”2
Clocked synchronous mode External clock/SCK pin
functions as serial clock input
1 Asynchronous mode External clock/SCK pin
functions as clock input”?2
Clocked synchronous mode External clock/SCK pin
functions as serial clock input

Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled”3
1 | Transmit end interrupt (TEI) request enabled™3

Multiprocessor Interrupt Enable

0 | Multiprocessor interrupts disabled

[Clearing conditions]

* When the MPIE bit is cleared to 0

* When MPB= 1 data is received

1 | Multiprocessor interrupts enabled*4

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in SSR
are disabled until data with the multiprocessor bit set to 1 is received.

Receive Enable

o

Reception disabled™
1 | Reception enabled”®

Transmit Enable
0 | Transmission disabled*?
1 | Transmission enabled"8

Receive Interrupt Enable

Receive data full interrupt (RXI) request and receive error
interrupt (ERI) request disabled”®

Receive data full interrupt (RXI) request and receive error
interrupt (ERI) request enabled

o

[

Transmit Interrupt Enable

o

Transmit data empty interrupt (TXI) requests disabled
Transmit data empty interrupt (TXI) requests enabled

Note: TXI cancellation can be performed by reading 1 from the TDRE
flag, then clearing it to O, or by clearing the TIE bit to 0.

-
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Notes:

790

*1
*2
*3

*4

*5

*6

7
*8

*9

Outputs a clock of the same frequency as the bit rate.

Inputs a clock with a frequency 16 times the bit rate.

TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then
clearing it to 0 and clearing the TEND flag to O, or by clearing the TEIE bit to 0.

When receive data including MPB = 0 is received, receive data transfer from RSR to
RDR, receive error detection, and setting of the RDRF, FER, and ORER flags in SSR,
is not performed. When receive data including MPB = 1 is received, the MPB bit in SSR
is set to 1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI
interrupts (when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag
setting is enabled.

Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in clocked synchronous mode. SMR setting must
be performed to decide the receive format before setting the RE bit to 1.

The TDRE flag in SSR is fixed at 1.

In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0. SMR setting must be performed to decide the
transmit format before setting the TE bit to 1.

RXI and ERI cancellation can be performed by reading 1 from the RDRF flag, or the
FER, PER, or ORER flag, then clearing the flag to O, or by clearing the RIE bit to O.
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TDRO—Transmit Data Register 0 H'FF7B SCI0

Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Stores data for serial transmission
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SSRO—Serial Status Register 0 H'FF7C

Bit

Initial value :

R/W

792

SCI0

: 7 6 5 4 3 2 1 0
| TDRE | RDRFl ORER | FER | PER | TEND | MPB | MPBT |
1 0 0 0 0 1 0 0
RI(W)*L RI(W)'T RI(W)*'L R/(W)'1 R/(W)"L R R RIW

]

Multiprocessor Bit Transfer

‘ 0 ‘ Data with a 0 multiprocessor bit is transmitted ‘

1 ‘ Data with a 1 multiprocessor bit is transmitted ‘

Multiprocessor Bit

o

[Clearing condition]
When data with a 0 multiprocessor bit is received

[N

[Setting condition]
When data with a 1 multiprocessor bit is received

Transmit End

o

[Clearing conditions]
« When 0 is written to TDRE after reading TDRE =1

* When the DTC is activated by a TXI interrupt and writes data to TDR

[Setting conditions]
* When the TE bitin SCR is 0

[N

transmit character

« When TDRE = 1 at transmission of the last bit of a 1-byte serial

Parity Error

o

[Clearing condition]
When 0 is written to PER after reading PER = 1

N

[Setting condition]

the parity bit does not match the parity setting (even or odd)
specified by the O/E bit in SMR*2

When, in reception, the number of 1 bits in the receive data plus

Framing Error

[Clearing condition]

* When 0 is written to FER after reading FER = 1

[Setting condition]

When the SCI checks whether the stop bit at the end of the
receive data when reception ends, and the stop bit is 03

o

[N

Overrun Error

0 | [Clearing condition]

When 0 is written to ORER after reading ORER =1

[Setting condition]

When the next serial reception is completed while RDRF = 14

i

Receive Data Register Full

o

[Clearing conditions]
* When 0 is written to RDRF after reading RDRF = 1

* When the DTC is activated by an RXI interrupt and reads data from RDR

[Setting condition]
When serial reception ends normally and receive data is transferred from
RSR to RDR

iN

Transmit Data Register Empty

0 | [Clearing conditions]

« When 0 is written to TDRE after reading TDRE = 1

+ When the DTC is activated by a TXI interrupt and writes data to TDR
1 | [Setting conditions]

« When the TE bitin SCR is 0

« When data is transferred from TDR to TSR and data can be written to TDR
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Note: RDR and the RDRF flag are not affected and retain their previous values when an error is detected
during reception or when the RE bit in SCR is cleared to 0. If reception of the next data is completed
while the RDRF flag is still set to 1, an overrun error will occur and the receive data will be lost.



Notes: *1 Only O can be written, to clear the flag.

*2 If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

*3 In 2-stop-bit mode, only the first stop bit is checked for a value of 1; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Serial reception cannot be continued while the FER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

*4 The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Serial reception cannot be continued while the ORER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued either.
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RDRO—Receive Data Register 0 H'FF7D SCIO0

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W
Stores received serial data
SCMRO—Smart Card Mode Register 0 H'FF7E SCIO0
Bit : 7 6 5 4 3 2 1 0
— — — — SDIR — — -
Initial value : 1 1 1 1 0 0 1 0
RIW : — — — — RW  RW — RIW
\
Reserved
Only 0 should be written to these bits
Selects the Serial/Parallel Conversion Format
0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first
1 | TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
794
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SMR1—Serial Mode Register 1 H'FF80 SCil
Bit 7 6 5 4 3 2 1 0
C/IA CHR PE O/E STOP MP CKS1 | CKSO
Initial value : 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
| | | |
Clock S‘elect
0 | 0 | g clock
1 | 9/4 clock
1| 0 |@/16 clock
1 | @/64 clock
Multiprocessor Mode
0 | Multiprocessor function disabled
1 | Multiprocessor format selected
Stop Bit Length
0 | 1 stop bit
. 1 | 2 stop bits
Parity Mode

0 |Even parity*1

1 | Odd parity*?

Notes: *1 When even parity is set, parity bit addition is performed in
transmission so that the total number of 1-bits in the
transmit character plus the parity bit is even. In reception,
a check is performed to see if the total number of 1-bits in
the receive character plus the parity bit is even.

When odd parity is set, parity bit addition is performed in
transmission so that the total number of 1-bits in the
transmit character plus the parity bit is odd. In reception,
a check is performed to see if the total number of 1-bits in
the receive character plus the parity bit is odd.

*2

Parity Enable

0 | Parity bit addition and checking disabled

1 | Parity bit addition and checking enabled*

Character Length

0 | 8-bit data

1 | 7-bit data*

Selects Asynchronous Mode or Clocked Synchronous Mode

0

Asynchronous mode

1

Clocked synchro

nous mode
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Note: * When the PE bit is set to 1, an even or odd parity bit is added to
transmit data according to the even or odd parity mode selection by the
OJE bit, and the parity bit in receive data is checked to see if it matches
the even or odd mode selected by the O/E bit.

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted, and it is not
possible to choose between LSB-first or MSB-first transfer.
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BRR1—Bit Rate Register 1 H'FF81 SCll
Bit : 7 6 5 4 3 2 1 0
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Sets the serial transfer bit rate

Note: For details, see section 13.2.8, Bit Rate Register (BRR)
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SCR1—Serial Control Register 1

Bit

Initial value :
R/IW

H'FF82
7 6 5 4 3 2 1 0
| TIE | RIE | TE | RE | MPIE | TEIE | CKEL | CKEO |
0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW

]

Clock Enable

Internal clock/SCK pin
functions as 1/O port

0|0 Asynchronous mode

Clocked synchronous mode Internal clock/SCK pin

functions as serial clock output

1 Asynchronous mode Internal clock/SCK pin

functions as clock output”!

Clocked synchronous mode Internal clock/SCK pin

functions as serial clock output

1/0 Asynchronous mode External clock/SCK pin

functions as clock input”2

Clocked synchronous mode External clock/SCK pin

functions as serial clock input

1 Asynchronous mode External clock/SCK pin

functions as clock input*2

Clocked synchronous mode External clock/SCK pin

functions as serial clock input

Transmit End Interrupt Enable
0 | Transmit end interrupt (TEI) request disabled”3
1 | Transmit end interrupt (TEI) request enabled”3

Multiprocessor Interrupt Enable

o

Multiprocessor interrupts disabled
[Clearing conditions]

* When the MPIE bit is cleared to 0
* When MPB= 1 data is received

Multiprocessor interrupts enabled™#

Receive interrupt (RXI) requests, receive error interrupt (ERI)
requests, and setting of the RDRF, FER, and ORER flags in SSR
are disabled until data with the multiprocessor bit set to 1 is received.

Receive Enable

0

Reception disabled”>

[

Reception enabled*8

Transmit Enable

0 | Transmission disabled”?

i

Transmission enabled”8

Receive Interrupt Enable

0 | Receive data full interrupt (RXI) request and receive error
interrupt (ERI) request disabled”®

1 | Receive data full interrupt (RXI) request and receive error
interrupt (ERI) request enabled

Transmit Interrupt Enable

o

Transmit data empty interrupt (TXI) requests disabled

1

Transmit data empty interrupt (TXI) requests enabled

Note: TXI cancellation can be performed by reading 1 from the TDRE
flag, then clearing it to O, or by clearing the TIE bit to 0.
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Notes:

798

*1
*2
*3

*4

*5

*6

7
*8

*9

Outputs a clock of the same frequency as the bit rate.

Inputs a clock with a frequency 16 times the bit rate.

TEI cancellation can be performed by reading 1 from the TDRE flag in SSR, then
clearing it to 0 and clearing the TEND flag to O, or by clearing the TEIE bit to 0.

When receive data including MPB = 0 is received, receive data transfer from RSR to
RDR, receive error detection, and setting of the RDRF, FER, and ORER flags in SSR,
is not performed. When receive data including MPB = 1 is received, the MPB bit in SSR
is set to 1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI
interrupts (when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag
setting is enabled.

Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in clocked synchronous mode. SMR setting must
be performed to decide the receive format before setting the RE bit to 1.

The TDRE flag in SSR is fixed at 1.

In this state, serial transmission is started when transmit data is written to TDR and the
TDRE flag in SSR is cleared to 0. SMR setting must be performed to decide the
transmit format before setting the TE bit to 1.

RXI and ERI cancellation can be performed by reading 1 from the RDRF flag, or the
FER, PER, or ORER flag, then clearing the flag to O, or by clearing the RIE bit to O.
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TDR1—Transmit Data Register 1

Bit

Initial value :

R/W

H'FF83 SCIl
7 6 5 4 3 2 1 0
1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W
\
Stores data for serial transmission
799
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SSR1—Serial Status Register 1 H'FF84 SCi1

Bit : 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |

Initial value : 1 0 0 0 0 1 0 0

RIW © O R(W)T RIW)'L RI(W)'L RI(W)'L R/(W)*L R R RIW

-]

T
Multiprocessor Bit Transfer
‘ 0 ‘ Data with a 0 multiprocessor bit is transmitted ‘
‘ 1 ‘ Data with a 1 multiprocessor bit is transmitted ‘

Multiprocessor Bit

[Clearing condition]

When data with a 0 multiprocessor bit is received
[Setting condition]

When data with a 1 multiprocessor bit is received

o

[N

Transmit End

o

[Clearing conditions]

« When 0 is written to TDRE after reading TDRE = 1

* When the DTC is activated by a TXI interrupt and writes data to TDR

[Setting conditions]

« When the TE bit in SCR is 0

« When TDRE = 1 at transmission of the last bit of a 1-byte serial
transmit character

N

Parity Error

o

[Clearing condition]

When 0 is written to PER after reading PER = 1

[Setting condition]

When, in reception, the number of 1 bits in the receive data plus
the parity bit does not match the parity setting (even or odd)
specified by the O/E bit in SMR*2

iN

Framing Error

o

[Clearing condition]

* When 0 is written to FER after reading FER =1

[Setting condition]

When the SCI checks whether the stop bit at the end of the
receive data when reception ends, and the stop bit is 03

iN

Overrun Error

[Clearing condition]

When 0 is written to ORER after reading ORER = 1

[Setting condition]

When the next serial reception is completed while RDRF = 174

o

[N

Receive Data Register Full

o

[Clearing conditions]

* When 0 is written to RDRF after reading RDRF = 1

* When the DTC is activated by an RXI interrupt and reads data from RDR
[Setting condition]

When serial reception ends normally and receive data is transferred from
RSR to RDR

Note: RDR and the RDRF flag are not affected and retain their previous values when an error is detected
during reception or when the RE bit in SCR is cleared to 0. If reception of the next data is completed
while the RDREF flag is still set to 1, an overrun error will occur and the receive data will be lost.

N

Transmit Data Register Empty

o

[Clearing conditions]

* When 0 is written to TDRE after reading TDRE = 1

* When the DTC is activated by a TXI interrupt and writes data to TDR
[Setting conditions]

* When the TE bitin SCRis 0

» When data is transferred from TDR to TSR and data can be written to TDR

iy
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Notes: *1 Only O can be written, to clear the flag.

*2 If a parity error occurs, the receive data is transferred to RDR but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

*3 In 2-stop-bit mode, only the first stop bit is checked for a value of 1; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR but the
RDREF flag is not set. Serial reception cannot be continued while the FER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued, either.

*4 The receive data prior to the overrun error is retained in RDR, and the data received
subsequently is lost. Serial reception cannot be continued while the ORER flag is set to
1. In clocked synchronous mode, serial transmission cannot be continued either.
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RDR1—Receive Data Register 1 H'FF85 SCi1

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W
Stores received serial data
SCMR1—Smart Card Mode Register 1 H'FF86 SCi1
Bit : 7 6 5 4 3 2 1 0
— — — — SDIR — — —
Initial value : 1 1 1 1 0 0 1 0
R/W : — — — — R/W R/W — R/W
\
Reserved
Only 0 should be written to these bits
Selects the Serial/Parallel Conversion Format
0 | TDR contents are transmitted LSB-first
Receive data is stored in RDR LSB-first
1 | TDR contents are transmitted MSB-first
Receive data is stored in RDR MSB-first
802

RENESAS



ADDRAH—A/D Data Register AH H'FF90 A/D Converter

ADDRAL —A/D Data Register AL H'FFo1
ADDRBH —A/D Data Register BH H'FF92
ADDRBL —A/D Data Register BL H'FF93
ADDRCH —A/D Data Register CH H'FF94
ADDRCL —A/D Data Register CL H'FF95
ADDRDH—A/D Data Register DH H'FF96
ADDRDL —A/D Data Register DL H'FF97
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|AD9|AD8|AD7|AD6|AD5|AD4|AD3|AD2|AD1|ADO| — | — | — | — | — | — |
Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW : R R R R R R R R R R R R R R R R

Store the results of A/D conversion

Analog Input Channel

A/D Data Register
Group O Group 1
ANO AN4 ADDRA
AN1 AN5 ADDRB
AN2 ANG ADDRC
AN3 AN7 ADDRD
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ADCSR—A/D Control/Status Register H'FF98 A/D Converter
Bit : 7 6 5 4 3 2 1 0
| ADF | ADIE | ADST | SCAN | — | CH2 | CH1 | CHO |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/(W)* R/W R/W R/W RIW R/W R/W R/W
[
Channel Select
Group Channel -
Selection| Selection Description
CH2 CH1|CHO| Single Mode Scan Mode
0 0 0 | ANO (Initial value)| ANO
1 | AN1 ANO, AN1
1 0 AN2 ANO to AN2
1 | AN3 ANO to AN3
1 0 0 | AN4 AN4
1 | AN5 AN4, AN5
1 0 | AN6 AN4 to AN6
1 AN7 AN4 to AN7
Reserved
Only 0 should be written to
this bit
Scan Mode
0 | Single mode
1 | Scan mode

A/D Start

0 | » A/D conversion stopped

1 |« Single mode: A/D conversion is started. Cleared to 0 automatically
when conversion on the specified channel ends

* Scan mode: A/D conversion is started. Conversion continues
sequentially on the selected channels until ADST is
cleared to 0 by software, a reset, or a transition to
standby mode or module stop mode.

A/D Interrupt Enable

0 | A/D conversion end interrupt (ADI) request disabled

1 | A/D conversion end interrupt (ADI) request enabled

A/D End Flag

0 | [Clearing conditions]

* When 0 is written to the ADF flag after reading ADF = 1
» When the DTC is activated by an ADI interrupt and ADDR is read

=

[Setting conditions]

* Single mode: When A/D conversion ends
* Scan mode: When A/D conversion ends on all specified channels

Note: * Only 0 can be written, to clear this flag.
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ADCR—A/D Control Register H'FF99 A/D Converter

Bit : 7 6 5 4 3 2 1 0
TRGS1 | TRGSO — — CKS1 CKSO0 — —
Initial value : 0 0 1 1 0 0 1 1
R/W : R/W R/W — — R/W R/W — —
Clock Select
CKS1|CKS0 Description
0 0 Conversion time = 530 states (max.)
1 Conversion time = 260 states (max.)
1 0 Conversion time = 134 states (max.)
1 Conversion time = 68 states (max.)

Timer Trigger Select

0

0 | AJD conversion start by software is enabled

A/D conversion start by TPU conversion start trigger is enabled

1
0 | A/D conversion start by 8-bit timer conversion start trigger is enabled
1 | AJ/D conversion start by external trigger pin (ADTRG) is enabled

RENESAS
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TCSR1—Timer Control/Status Register 1 H'FFA2 WDT1
Bit : 7 6 5 4 3 2 1 0
| OVF | WT/T | TME | PSS |RST/W| CKS2 | CKS1 | CKso |
Initial value : 0 0 0 0 0 0 0 0
R/W o RI(W)*L R/W R/W R/W R/W R/W R/W R/W
] \ \
\
Clock Select
PSS |CKS2 |CKS1|CKS0 Clock Overflow Period
0 0 0 0 /2 51.2 us*t
1 | /64 1.6 ms*t
1 0 2/128 3.2 ms*!
1 | e/512 13.2 ms*t
1 0 0 |@/2048 52.4 ms*!
1 /8192 209.8 ms*?
1 0 |@/32768 838.8 ms**
1 | @/131072 3.36s**
1 0 0 0 oSUB/2 6.7 ms*2 3.2ms*3
1 | gSUB/4 13.3 ms*? 6.4 ms*3
1 0 2SUB/8 26.7 ms*? 12.8 ms*3
1 | gSUB/16 53.3ms*2 | 25.6 ms*®
1 0 0 |e@suB/32 106.7 ms*2 | 51.2 ms*®
1 oSUB/64 213.3ms*2 | 102.4 ms*3
1 0 |e@suB/128 426.7 ms*2 | 204.8 ms*3
1 2SUB/256 853.3ms*2 | 409.6 ms*3
Notes: *1 The time from TCNT starting to count up from H'00 until it
overflows, when g = 10 MHz.
*2 The time from TCNT starting to count up from H'00 until it
overflows, when gSUB = 76.8 kHz.
*3 The time from TCNT starting to count up from H'00 until it
overflows, when gSUB = 160 kHz.
Power-on Reset or NMI
0 | An NMl interrupt is requested
1 | A power-on reset is requested

Prescaler Select

0 | TCNT counts g-based prescaler (PSM) divided clock pulses

1 | TCNT counts gSUB-based prescaler (PSS) divided clock pulses

Timer Enable
0 | TCNT is initialized to H'00 and count operation is halted
1 | TCNT counts

Timer Mode Select

0 | Interval timer mode: Interval timer interrupt (WOVI) request is sent to CPU when TCNT overflows

1 | Watchdog timer mode: Power-on reset or NMI interrupt request is sent to CPU when TCNT overflows

Overflow Flag

0 | [Clearing conditions]
« Write 0 in the TME bit
» Read TCSR when OVF = 1, then write 0 in OVF*2

1 | [Setting condition]
When TCNT overflows (changes from H'FF to H'00)

When internal reset request generation is selected in watchdog timer mode, OVF is cleared automatically by the interval reset.

Notes: *1 Only 0 can be written to clear the flag.

*2 When the OVF flag is polled with the interval timer interrupt disabled, read the OVF bit while it is 1 at least twice.

TCSR is write-protected by a password to prevent accidental overwriting.
For details see section 12.2.5, Notes on Register Access.
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TCNT1—Timer Counter 1 H'FFA2 (Write) WDT1
H'FFA3 (Read)

Bit : 7 6 5 4 3 2 1 0
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
807
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FLMCR1—Flash Memory Control Register 1 H'FFAS8 FLASH

Bit : 7 6 5 4 3 2 1 0
| FWE | SWE1 | ESU1 | PSU1 | EV1 | PV1 | El | P1 |
Initial value : —* 0 0 0 0 0 0 0
R/W : R R/W R/W R/W R/W R/W R/W R/W
— ]
Program

0 | Exits program mode.
1 |Enters program mode.
[Setting] When FWE=1, SWE1=1, and PSU1=1.

Erase 1
0 |Exits erase mode.
1 |Enters erase mode.
[Setting] When FWE=1, SWE1=1, and ESU1=1.

Program verify 1

0 |Exits program verify mode.

1 |Enters program verify mode.
[Setting] When FWE=1 and SWE1=1.
Erase verify 1

0 |Exits erase verify mode.
1 |Enters erase verify mode.
[Setting] When FWE=1 and SWE1=1

Program setup bit 1
0 |Exits program setup.
1 |Program setup.
[Setting] When FWE=1 and SWE1=1.

Erase setup bit 1
0 |Exits erase setup.
1 |Erase setup.
[Setting] When FWE=1 and SWE1=1.

Software write enable bit 1
0 | Writing disabled.
1 |Writing enabled.
[Setting] When FWE=1.

Flash write enable bit

0 [When LOW level signal input to FWE pin (hardware protect status).
1 |When HIGH level signal input to FWE pin.

Note: * Determined by the state of pin FWE.
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FLM CR2—Flash Memory Control Register 2 H'FFA9 FLASH
Bit : 7 6 5 4 3 2 1 0
FLER — — — — — — —
Initial value : 0 0 0 0 0 0 0 0
R/W : R R
T
Flash memory error
0 [Flash memory operating normally.
Flash memory protection against writing and erasing (error protection) is ignored.
[Clearing] At a power-on reset and in hardware standby mode.
1 |Shows that an error has occurred when writing to or erasing flash memory.
Flash memory protection against writing and erasing (error protection) is enabled.
[Setting] See “17.10.3 Error Protection.”
EBR1—Erase Block Register 1 H'FFAA FLASH
Bit : 7 6 5 4 3 2 1 0
EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
EBR2—Erase Block Register 2 H'FFAB FLASH
Bit : 7 6 5 4 3 2 1 0
— — — — — — EB9 EBS
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
FLPWCR—Flash Memory Power Control Register H'FFAC FLASH
Bit : 7 6 5 4 3 2 1 0
PDWND| — — — — — — —
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R
Power down disable
0 |[Transition to flash memory power-down mode enabled
1 [Transition to flash memory power-down mode disabled
Note: PDWND is enabled in subactive mode or subsleep mode.
Itis disabled in other mode.
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PORT1—Port 1 Register H'FFBO Port 1
Bit : 7 6 5 4 3 2 1 0
— P16 — P14 P13 P12 P11 P10
Initial value : Undefined —* Undefined —* —* —* —* —*
R/W : — R — R R R R R
State of port 1 pins
Note: * Determined by the state of pins P16, P14 to P10.
PORT3—Port 3 Register H'FFB2 Port 3
Bit : 7 6 5 4 3 2 1 0
— — P35 P34 P33 P32 P31 P30
Initial value : Undefined Undefined —* —* —* —* —* —*
R/W : — R R R R R R R
|
State of port 3 pins
Note: * Determined by the state of pins P35 to P30.
PORT4—Port 4 Register H'FFB3 Port 4
Bit : 7 6 5 4 3 2 1 0
P47 P46 P45 P44 P43 P42 P41 P40
Initial value : —* —* — —* % _x _ _x
R/W : R R R R R R R R

State of port 4 pins

Note: * Determined by the state of pins P47 to P40.
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PORT7—Port 7 Register H'FFB6 Port 7

Bit : 7 6 5 4 3 2 1 0
— P76 — — — — — —
Initial value : Undefined —* Undefined Undefined Undefined Undefined Undefined Undefined
R/W : R R R R R — — —
"7

State of MISO for FLEX™ decoder Il

Note: * Determined by the state of MISO for FLEX™ decoder Il.

PORTA—Port A Register H'FFB9 Port A
Bit : 7 6 5 4 3 2 1 0
— — — — PA3 PA2 PAl1l PAO
Initial value : Undefined Undefined Undefined Undefined ——* —* —* —*
R/W : — — — — R R R R

State of port A pins

Note: * Determined by the state of pins PA3 to PAOQ.

PORTB—Port B Register H'FFBA Port B
Bit : 7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Initial value : —* — _* _* _x _ _ x — x
R/W : R R R R R R R R

State of port B pins

Note: * Determined by the state of pins PB7 to PBO.

PORTC—Port C Register H'FFBB Port C
Bit : 7 6 5 4 3 2 1 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Initial value : —* —* —* —* —* —* _* _*
R/W : R R R R R R R R

State of port C pins

Note: * Determined by the state of pins PC7 to PCO.
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PORTD—Port D Register H'FFBC Port D

Bit : 7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO

Initial value : —* —* —* —* —* _* _* _*

R/W : R R R R R R R R

State of port D pins

Note: * Determined by the state of pins PD7 to PDO.

PORTE—Port E Register H'FFBD Port E
Bit : 7 6 5 4 3 2 1 0
PE7 PEG PES PE4 PE3 PE2 PE1 PEO
Initial value : —* —* —x _* _ _ _ x — x
R/W : R R R R R R R R

State of port E pins

Note: * Determined by the state of pins PE7 to PEO.

PORTF—Port F Register H'FFBE Port F
Bit : 7 6 5 4 3 2 1 0
PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
Initial value : —* —* —* —* _* _* _x —
R/W : R R R R R R R R

State of port F pins

Note: * Determined by the state of pins PF7 to PFO.

PORTG—Port G Register H'FFBF Port G
Bit : 7 6 5 4 3 2 1 0
— — — PG4 PG3 PG2 PG1 PGO
Initial value : Undefined Undefined Undefined ——* —* —* —* —*

RIW — — — R R R R R
|

State of port G pins and READY for FLEX™ decoder ||

Note: * Determined by the state of pins PG4 to PG1 and READY for FLEX™ decoder II.

812
RENESAS



C1l

Appendix C /O Port Block Diagrams

Port 1 Block Diagrams

Pln

Reset

R

Q DI—|
P1nDDR

C
e
WDDR1

Reset
S
R

G4 ard—

Q D
P1nDR

Modes 4 to 6 1
WDR1

Internal data bus

Internal address bus

Bus controller

Output compare output/

RDR1

.

N
|

PWM output enable
Output compare output/
PWM output

Legend

WDDR1: Write to PIDDR
WDR1 : Write to P1IDR
RDR1 :Read P1DR
RPOR1 : Read port 1
n=0orl

Note: * Priority order: Output compare/PWM output > DR output

Input capture input

,,,,,,,,,,,,,,,,,,,,,,

FigureC.1(a) Port 1 Block Diagram (Pins P10 and P11)
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Reset
L
R
Ct Q D E
— P1nDDR ﬁ é
c b ]
g o
wobrl | B
< [
Reset s s
| € 5]
Q D—|
P1nDR
C
Modes 410 6 WD‘Rl Bus controller
<O s ot
,TPUmodule
@ ~Output compare output/
i PWM output enable
- Output compare output/
i PWM output
RDR1 f
RPOR1
N |
= |
-:L— Input capture input
* External clock input
Legend
WDDR1 : Write to PADDR
WDR1 : Write to P1IDR
RDR1 :Read P1DR
RPOR1 : Read port 1
n=2or3
Note: * Priority order: Output compare/PWM output > DR output
FigureC.1(b) Port 1 Block Diagram (Pins P12 and P13)
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Pln

Reset

— Q D
P1nDDR

e
WDDR1

Reset

Internal data bus

Q
P1nDR

!
WDR1

TPU module

RDR1

2
> )@%

3 Output compare output/

PWM output enable

L Output compare output/

PWM output

» Input capture input

>

L
Legend
WDDR1: Write to PADDR
WDR1 : Write to PIDR
RDR1 :Read P1DR
RPOR1 : Read port 1
n=4or6
Note: * Priority order: Output compare/PWM output > DR output

FigureC.1(c) Port 1Block Diagram (Pins P14 and P16)
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C.2 Port 3 Block Diagrams
Reset
|
R
ouputenabie & PanDOR| |
Output enable P3nDDR 9
signal (‘3 ﬁ
WDDR3 ©
o>
Reset [
‘ @
]_GGO— ' R £
Q D—
e (@ — P3IDR
* C
\
WDR3
Reset
Open-drain |
control signal R
Q DI—
P3nODR
C
\
WODR3
RODR3
SCI module
- Serial transmit enable
- Serial transmit data
RDR3
RPOR3
™~
L~
Legend
WDDR3 : Write to P3DDR
WDR3 : Write to P3DR
WODRS3 : Write to PSODR
RDR3 : Read P3DR
RPOR3 : Read port 3
RODRS3 : Read P3ODR
n=0or3
Note: * Priority order: Serial transmit data output > DR output
FigureC.2 (a) Port 3 Block Diagram (Pins P30 and P33)
816

RENESAS




P3n

Reset

owputenabe o Sanoom| |
Output enable P3nDDR

signal (‘:
WDDR3
Reset

JARN
U‘

Q
P3nDR

\
WDR3
Reset
Open-drain |
control signal

Q
P3nODR

I
WODR3

RODR3

Internal data bus

SCI module

RDR3

RPOR3

™
L~

i
|
|
|
|
|
|
|
|
|
|
|
:
= Serial receive data

Legend

WDDRS3 : Write to P3DDR
WDR3 : Write to P3DR
WODRS3 : Write to P3ODR
RDR3 :Read P3DR
RPOR3 : Read port 3
RODR3 : Read P30ODR
n=1or4

Note: * Priority order: Serial receive data input > DR output

Serial receive data enable

FigureC.2 (b) Port 3 Block Diagram (Pins P31 and P34)
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Reset

SCI module

Serial clock output
enable

Serial clock output

Serial clock input
enable

|
|
|
|
|
\
|
|
|
|
|
|
|
|
|
» Serial clock input
|
|

R
Output enable 1 1 P3nDDRD7
signal C
[ (%]
WDDR3 |2
Reset %
| ©
R g
- Q Dg
P3n N P3NDR | |E
C
T
WDR3
. Reset
Open-drain |
control signal R
Q D—
P3nODR
C
T
WODRS3
RODR3
RDR3
RPOR3
N
L~ W
>
[
Legend
WDDR3 : Write to P3DDR
WDR3 : Write to P3DR
WODRS3 : Write to P3ODR
RDR3 :Read P3DR
RPOR3 : Read port 3
RODR3 : Read P30ODR
n=2or5

Note: * Priority order: Serial clock input > Serial clock output > DR output
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Reset

FLEX™
decoder Il

Q
P36DDR

I
WDDR3

Reset

Legend

WDDR3 : Write to P3DDR
WDR3 : Write to P3DR
RDR3 :Read P3DR

Q
P36DR

l
WDR3

RDR3

S

Internal data bus

FigureC.2 (d) Port 3 Block Diagram (Pin P36)
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C.3 Port 4 Block Diagram

2]
=}
o]
ol
ISEORAL 3
S ©
P4n - c
L~ L~ 5
£| _A/D converter module
* Analog input
Legend
RPOR4 : Read port
n=0to7

Figure C.3 Port 4 Block Diagram (Pins P40 to P47)
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C4 Port 7 Block Diagrams

Reset
!
R
Q D
P74DDR
C
\
FLEX™ WDDR7
decoder Il n
"""""""""" Reset a
: 8
. ©
RESET = (]~ o o3
P74DR £
.................. c £
‘ =
WDR7
RDR7
Legend E
WDDR?7 : Write to P7TDDR
WDR7 : Write to P7DR
RDR7 :Read P7DR

FigureC.4 (a) Port 7 Block Diagram (Pin P74)
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Reset
!
- :
Q D
P75DDR
C
\
I} %)
decoder | Reset |2
‘ 8
R 3
SCK Q D =
* P75DR £
c £
.................. ‘ IS
WDR7
RDR7
SCI module
Serial clock
output enable
Serial clock
output
Serial clock
Legend input enable
WDDRY7 : Writeto PZDDR ] e
WDR7 : Write to P7DR

RDR7 :Read P7DR

Note: * Priority order: Serial clock output > DR output

FigureC.4 (b) Port 7 Block Diagram (Pin P75)
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FLEX™
decoder I

RPOR7

Legend
RPORY7 : Read port 7

Internal data bus

SCI module

Serial receive

data enable

Serial receive

\

™ data

FigureC.4 (c) Port 7 Block Diagram (Pin P76)
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Reset
!
R
Q D—
P77DDR
C
\
1l a
: 8
R 3
MOSI Q D—w
* P77DR c
c g
.................. ‘ =
WDR7
RDR7
SCI module
Serial transmit
enable
Serial transmit
Legend data
WDDR?7 : Writeto P7ZDDR || e
WDR7 : Write to P7DR

RDR7 :Read P7DR

Note: * Priority order: Serial transmit data output > DR output

FigureC.4 (d) Port 7 Block Diagram (Pin P77)
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C5

Port A Block Diagrams

Reset
|
R
F)—O( Q D—
PAnPCR %)
C o E
\ 2 9
WPCRA  |& ]
< ksl
o k=l
RPCRA |G ©
8 g
= g
Reset -
|
Output enable signal R
Q D—y
\_(7 PAnDDR
C
WDIBRA
Reset
|
R
Q D—
| Modes 4 to 6 PANDR
e ¢
WD‘RA
Reset
Open-drain L
control signal R
D1
PANODR
C
WOIBRA
RODRA
Bus controller
- Address output enable
RDRA
RPORA
N
L~
Legend
WDDRA : Write to PADDR
WDRA : Write to PADR
WODRA : Write to PAODR
WPCRA : Write to PAPCR
RDRA :Read PADR
RPORA : Read port A
RODRA : Read PAODR
RPCRA : Read PAPCR
n=0to3

Note: * Priority order: Address output > DR output

FigureC.5 Port A Block Diagram (Pins PAO and PA3)
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C.6 Port B Block Diagram
Reset
|
R
|o—o( Q D—
PBNPCR P
c ] 2
T o %]
WPCRB P 3
< 5
o =}
RPCRB | & ©
£ T
g =
£ g
E
Reset
Output enable é
signal Q D
PBNDDR
c
WDDRB
Reset
|
R
Q D—
Modes 4 to 6
PBN odes (0] PBEI:DR
i WORB
Buscontroller
-Address output enable
RDRB
N
%
Legend
WDDRB : Write to PBDDR
WDRB : Write to PBDR
WPCRB : Write to PBPCR
RDRB : Read PBDR
RPORB : Read port B
RPCRB : Read PBPCR
n=0to7
Note: * Priority order: Address output > DR output
FigureC.6 Port B Block Diagram (Pins PBO to PB7)
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C.7 Port C Block Diagram

PCn

p—o(h

Reset
|

Output enable signal

Di
PCnPCR

[
WPCRC

RPCRC

Modes 4
and 5* Reset
|

!
S R
Q D—

PCnDDR
C

[
WDDRC

Reset
|

R

Mode 7
Modes 4 to 6

Q D
PCnDR
c

I
WDRC

Internal data bus

RDRC

Legend

WDDRC
WDRC
WPCRC
RDRC
RPORC
RPCRC

n=0to7

N
|

: Write to PCDDR
: Write to PCDR

: Write to PCPCR
: Read PCDR

: Read port C

: Read PCPCR

Note: * Set priority

-

Internal address bus

Figure C.7 Port C Block Diagram (Pins PCO to PC7)
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C.8 Port D Block Diagram
Reset
|
R
|O O( D—14 o]
PDnPCR < 8
c g g
< <
[ © -
WPCRD 5 =
o [}
= g
RPCRD |2 =
] T
c £
o I}
£ k=
Re‘set
R
Di
— External address write PD”gDR
|
WDDRD
Reset
|
R
Q D—
PD +— Mode 7 PDnDR
n Modes 4 to 6 Cf
WDRD
External External RDRD
address address
upper lower
write write
RPORD
IS
I/
External address upper read
External address lower read
Legend &
WDDRD : Write to PDDDR
WDRD  : Write to PDDR
WPCRD : Write to PDPCR
RDRD :Read PDDR
RPORD : Read port D
RPCRD : Read PDPCR
n=0to7
FigureC.8 Port D Block Diagram (Pins PDO to PD7)
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C.9

Port E Block Diagram

PEn

|O—O<Ih Q Dr—
PENPCR

Reset
|

R

C
I
WPCRE

RPCRE

Internal upper data bus

Reset
|

R

D

- External address write PE”([:)DR

[
WDDRE

Reset
|

R

Q D—
+— Mode 7 PENnDR
Modes 4 to 6 c

*‘ WSRE

8-bit bus
mode

RDRE

RPORE

Legend
WDDRE :
WDRE
WPCRE :
RDRE
RPORE
RPCRE
n=0to7

\V4

External address lower read

L~

Write to PEDDR

: Write to PEDR

Write to PEPCR

: Read PEDR
: Read port E
: Read PEPCR

Internal lower data bus

FigureC.9 Port E Block Diagram (Pins PEO to PE7)
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C.10 Port F Block Diagrams

Reset
|
R )
Q D3
PFODDR oo
C 3
WDDRF | &
g
e
Reset -
|
R
PFO Q D
~ PFODR
C
l
Modes 4 to 6 WDRF
Bus controller
r BRLE output
RDRF }
RPORF }
N |
| 1
= Bus requestinput
Interrupt controller
IJ\ .L’l’R”’- ”””” P
> * IRQ interrupt input
Legend
WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF :Read PFDR
RPORF : Read port F
FigureC.10 (a) Port F Block Diagram (Pin PFQ)
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PF1

Reset
!
R %)
D2
PF1DDR 8
C 3
‘ °
WDDRF | &
[0
£
Reset
{7 R
Q D—
PF1DR
* C
I
Modes 4 to 6 WDRF
Bus controller
~BRLE output
O<} rBus request
. acknowledge output
WDT1 module
~BUZZ output enable
~BUZZ output
RDRF it s
RPORF
N
I/
Legend

WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Note: * Priority order: Bus request acknowledge output > BUZZ output > DR output

Figure C.10 (b) Port F Block Diagram (Pin PF1)
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Reset
|
R
Q D—
PF2DDR 9
C o
‘ g
WDDRF 8
K
Reset g
: <
R £
PF2 Q DI
~ PF2DR
C
\
Modes 4 to 6 WDRF
Bus controller
f Wait enable
RDRF i
RPORF
™ !
L~ |
= Waitinput
Legend
WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF :Read PFDR
RPORF : Read port F
FigureC.10 (c) Port F Block Diagram (Pin PF2)
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Reset

Q
PF3DDR

T
WDDRF

Reset

Internal data bus

PF3 | Q Db
N PF3DR

\
WDRF
Bus controller

LWR output

ﬂ 16 bit bus mode
Modes | | | |

4106
RDRF
RPORF
N
- A/D converter
=ADTRG input
Interrupt controller
2> *IRQ interrupt input

Legend
WDDREF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

FigureC.10 (d) Port F Block Diagram (Pin PF3)
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Reset
|
R
Di
Modes 4 to 6 PFNDDR "
C =]
T o
WDDRF g
o
Reset ©
\ @
Mode 7 R €
PFn \I Modes 4 to 6 QPFnDRDi
C
\
WDRF
Bus controller
o] ~ PF4: HWR output
. PF5: RD output
PF6: AS output
RDRF
RPORF
™~
l/
Legend
WDDRF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F
n=4to6
FigureC.10 (e) Port F Block Diagram (Pins PF4 to PF6)
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PF7

Modes
410 6* Reset

S R

Q D—
PF7DDR
C

T
WDDRF

Reset

R
Q D
PF7DR

WDRF

Internal data bus

RDRF

RPORF

™~
L~

Legend

WDDREF : Write to PFDDR
WDRF : Write to PFDR
RDRF : Read PFDR
RPORF : Read port F

Note: * Set priority

FigureC.10 (f) Port F Block Diagram (Pin PF7)
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C.11 Port G Block Diagrams

FLEX™
decoder I @
................... 3
RPORG fu
©
JE— ©
READY {§—>Tg
@
.................. E
Interrupt controller
N ». IRQ interrupt
L~ input
Legenrd | T

RPORG : Read port G

FigureC.11 (a) Port G Block Diagram (Pin PGO)
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Reset

Q
PG1DDR

T
WDDRG

Reset

Internal data bus

Mode 7 R

g D—1
PG1 J Modes 4 to 6 %GlDR

\
WDRG
Bus controller

o] Chipselect

RDRG

RPORG

Interrupt controller

\VARV4

Legend
WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG : Read PGDR
RPORG : Read port G

FigureC.11 (b) Port G Block Diagram (Pin PG1)
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Reset
|
R
Q D—
PGnDDR 0
C a
WDDRG g
©
T
Reset £
! 2
Mode 7 R =
A1 I
PGn AN Modes 4 to 6 %GnDRD
C
\
WDRG
_Bus controller
o] " Chip select
RDRG
RPORG
™~
L~
Legend
WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG : Read PGDR
RPORG : Read port G
n=2or3
FigureC.11 (c) Port G Block Diagram (Pins PG2 and PG3)
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Reset

Modes Modes
4and5 6and7

S R

Mode 7

Q D—
PG4DDR
C

T
WDDRG

Internal data bus

Reset
\

R

PG4

~ Modes 4 to 6

Q D—
PG4DR
C

|
WDRG

Bus controller

o]

RDRG

RPORG

™~
L

Legend

WDDRG : Write to PGDDR
WDRG : Write to PGDR
RDRG :Read PGDR
RPORG : Read port G

FigureC.11 (d) Port G Block Diagram (Pin PG4)
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Appendix D Pin States

D.1  Port Statesin Each Processing State
TableD.1 1/O Port Statesin Each Processing State
MCU Hardware Software Program Execution
Port Name Operating Power-On Standby Standby Mode, Bus-Released State, Sleep Mode,
Pin Name Mode Reset Mode Watch Mode State Subsleep Mode
P16, P14 4t07 T T keep keep 1/0 port
P13/TIOCDO/TCLKB/A23 7 T T keep keep 1/0 port
P12/TIOCCO/TCLKA/A22
P11/TIOCBO/A21
Address output 4106 T T [OPE= 0] T Address output
selected by T
AEn bit [OPE=1]
keep
Port selected 4t06 T keep keep 1/0 port
P10/TIOCAO0/A20 7 T keep keep 1/0 port
Address output 4,5 L T [OPE=0] T Address output
selected by 6 T T
AEn bit [OPE= 1]
keep
Port selected 4106 T T keep keep 1/0 port
P36 (dedicated internal 4t07 H keep keep 1/0 port
1/0 port for FLEX™
decoder II)
P35 to P30 4t07 T T keep keep 1/0 port
Port 4 4t07 T T Input port
P77, P75, P74 (dedicated 4t07 L L keep keep 1/0 port
internal 1/O port for FLEX™
decoder II)
P76 (dedicated internal 4t07 MISO MISO MISO MISO Input port
input port for FLEX™
decoder II)
Port A 7 T keep keep 1/0 port
Address output 4,5 T [OPE= 0] T Address output
selected by 6 T T
AEn bit [OPE=1]
keep
Port selected 4t06 T T keep keep 1/0 port
Port B 7 T keep keep 1/0 port
Address output 4,5 T [OPE=0] T Address output
selected by 6 T T
AEn bit [OPE= 1]
keep
Port selected 4106 T T keep keep 1/0 port
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MCU Hardware Software Program Execution
Port Name Operating Power-On Standby Standby Mode, Bus-Released State, Sleep Mode,
Pin Name Mode Reset Mode Watch Mode State Subsleep Mode
Port C 4,5 L T [OPE= 0] T Address output
T
[OPE=1]
keep
6 T T [DDR-OPE=0] T [DDR = 0]
T Input port
[DDR-OPE= 1] [DDR = 1]
keep Address output
7 T T keep keep 1/0 port
Port D 4t06 T T T T Data bus
7 T T keep keep 1/0 port
Port E 8-bit bus 4106 T T keep keep 1/0 port
16-bit bus 4t06 T T T T Data bus
7 T T keep keep 1/0 port
PF7/g 4106 Clock output T [DDR= Q] [DDR= Q] [DDR= Q]
Input port Input port Input port
[DDR= 1] [DDR= 1] [DDR= 1]
H Clock output Clock output
7 T T [DDR= 0] [DDR= 0] [DDR= 0]
Input port Input port Input port
[DDR= 1] [DDR= 1] [DDR= 1]
H Clock output Clock output
PF6/AS, 4106 H T [OPE= 0] T AS, RD, HWR
PF5/RD, T
PF4/HWR [OPE= 1]
H
7 keep keep 1/0 port
PF3/LWR/ADTRG/ 7 T T keep keep 1/0 port
IRQ3
8-bit bus 4106 (Mode 4) T keep keep 1/0 port
H
16-bitbus  4to6 (Modes T [OPE= 0] T LWR
5 and 6) T
T [OPE= 1]
H
PF2/WAIT 4106 T T [WAITE= 0] [WAITE= 0] [WAITE= 0]
keep keep 1/0 port
[WAITE= 1] [WAITE= 1] [WAITE= 1]
T T WAIT
7 keep keep 1/0 port
PF1/BACK/BUZZ 4106 T T [BRLE= 0] L [BRLE= 0]
keep 1/0 port
[BRLE=1] [BRLE=1]
H BACK
7 T T keep keep 1/0 port

RENESAS
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MCU Hardware Software Program Execution
Port Name Operating Power-On Standby Standby Mode, Bus-Released State, Sleep Mode,
Pin Name Mode Reset Mode Watch Mode State Subsleep Mode
PFO/BREQ/IRQ2 4t06 T T [BRLE= 0] T [BRLE= 0]
keep 1/0 port
[BRLE= 1] [BRLE= 1]
T BREQ
7 T T keep keep 1/0 port
PG4/CSO 4,5 [DDR-OPE=0] T [DDR = 0]
6 T Input port
[DDR-OPE= 1] [DDR = 1]
H CSo
(In sleep mode and
subsleep mode: H)
7 keep keep 1/0 port
PG3/CS1 4106 T T [DDR-OPE=0] T [DDR= 0]
PG2/CS2 T Input port
PG1/CS3/IRQ7 [DDR-OPE= 1] [DDR=1]
H CS1to CS3
7 T T keep keep 1/0 port
PGO/IRQ6 (dedicated 4t07 READY READY READY READY Input port

internal input port for FLEX™
decoder I1)

Legend:

H: High level

L: Low level

T: High impedance

keep: Input port becomes high-impedance, output port retains state
DDR  Data direction register

OPE: Output port enable

WAITE: Wait input enable

BRLE: Bus release enable

Note: * L in modes 4 and 5 (address output)
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Appendix E Timing of Transition to and Recovery from
Hardware Standby Mode

Timing of Transition to Hardwar e Standby Mode

(1) Toretain RAM contents with the RAME bit set to 1 in SY SCR, drive the RES signal low at
least 10 states before the STBY signal goes low, as shown below. RES must remain low until
STBY signal goes low (delay from STBY low to RES high: 0 ns or more).

STBY

1210ty t,20ns

e

0
m
w

FigureE.1 Timing of Transition to Hardware Standby M ode

(2) Toretain RAM contents with the RAME bit cleared to 0 in SY SCR, or when RAM contents do
not need to be retained, RES does not have to be driven low asin (1).

Timing of Recovery from Hardware Standby M ode

Drive the RES signal low approximately 100 ns or more before STBY goes high to execute a
power-on reset.

STBY

t=100ns tosc

(-

RES

FigureE.2 Timing of Recovery from Hardware Standby M ode
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Appendix F Product Code Lineup

TableF.1 H852276 SeriesProduct CodeLineup

Product Type Product Code Package
H8S/2277 Non-roaming HD64F2277 TFP-100B, TFP-100G
H8S/2277R Roaming HD64F2277R
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Appendix G Package Dimensions

Figures G.1 and G.2 show the LS| package dimensions.

Unit: mm
16.0+£0.2
5 83
= Slo
o +|+H
N ~9 10, .
™ oo 0°-8°
* Y
9 f 0501 *
=}
+
o
F!
o Hitachi Code TFP-100B
JEDEC -
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) | 0.59g
FigureG.1 TFP-100B Package Dimensions
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14.0+0.2

[]12

1.20 Max
*0.17 + 0.05
0.15 +0.04

©0.10

*Dimension including the plating thickness

Base material dimension

0°-8°

T

Unit: mm

o

—

o

+

o

. Hitachi Code TFP-100G
JEDEC -
JEITA Conforms
Mass (reference value) 0.4g9
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FigureG.2

TFP-100G Package Dimensions
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