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keep safety first in your circuit designs !

e Mitsubishi Electric Corporation puts the maximum effort into making semiconductor
products better and more reliable, but there is always 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 non-flammable material or (iii) prevention
against any malfunction or mishap.

Notes regarding these materials

e These materials are intended as a reference to assist our customers in the
selection of the Mitsubishi semiconductor 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 Mitsubishi Electric Corporation or a third party.

e Mitsubishi Electric Corporation assumes no responsibility for any damage, or
infringement of any third-party’s rights, originating in the use of any product
data, diagrams, charts or circuit application examples contained in these materials.

e All information contained in these materials, including product data, diagrams
and charts, represent information on products at the time of publication of these
materials, and are subject to change by Mitsubishi Electric Corporation without
notice due to product improvements or other reasons. It is therefore recommended
that customers contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor for the latest product information before
purchasing a product listed herein.

e Mitsubishi Electric Corporation semiconductors are not designed or manufactured
for use in a device or system that is used under circumstances in which human
life is potentially at stake. Please contact Mitsubishi Electric Corporation or an
authorized Mitsubishi Semiconductor 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.

e The prior written approval of Mitsubishi Electric Corporation is necessary to
reprint or reproduce in whole or in part these materials.

e 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.

e Please contact Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor product distributor for further details on these materials or the
products contained therein.




Preface

This user’'s manual describes the hardware and
instructions of Mitsubishi’'s 4551 Group CMOS 4-hit
microcomputer.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 4551 Group and should be able to fully utilize
the product. The manual starts with specifications
and ends with application examples.



BEFORE USING THIS USER’S MANUAL

This user’'s manual consists of the following three chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development.

1. Organization

e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer and operation of each peripheral function.

e CHAPTER 2 APPLICATION

This chapter describes usage and application examples of peripheral functions, based mainly on setting
examples of related registers.

e CHAPTER 3 APPENDIX
This chapter includes precautions for systems development using the microcomputer, the mask ROM
confirmation forms (mask ROM version), ROM programming confirmation forms (One Time PROM version)
and mark specification forms which are to be submitted when ordering.

Be sure to refer to this chapter because this chapter also includes necessary information for systems
development.
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HARDWARE

DESCRIPTION/FEATURES/APPLICATION/PIN CONFIGURATION

DESCRIPTION

The 4551 Group is a 4-bit single-chip microcomputer designed
with CMOS technology. Its CPU is that of the 4500 series using
a simple, high-speed instruction set. The computer is equipped
with an 8-bit timer with a reload register, a 14-bit timer which is
also used as a watchdog timer, a 4-bit timer with a reload register,
a carrier wave output circuit and an LCD control circuit.

The mask ROM version and built-in PROM version of 4551 Group
are produced as shown in the table below.

FEATURES

e Minimum instruction execution time
(f(Xin)=8.0 MHz, Vpp=5.0 V, system clock = f(Xin)/4)

e Supply voltage

............................. 2.5V to 5.5V (One Time PROM version)
....................................... 2.2V 10 5.5V (Mask ROM version)
e System clock switch function
Clock divided by 4 or not divided

e LCD control circuit
Segment output
Common output

e Carrier wave frequency switch function
System clock, system clock/2, system clock/8,
system clock/12, system clock/16, system clock/24, “H” fixed

e Timers

Timer 1l .o, 8-bit timer with a reload register
Timer 2 ....cccovveen 14-bit timer also used as a watchdog timer
Timer LC .oovvvveeeeiiiieeeen, 4-bit timer with a reload register
O INEEITUPL ..oeiiiiiiiii i 3 sources
e Voltage drop detection CIrCUIt ...........oeeveiiiiiiiiiieiiiiiiieeeeeee 1

e Clock generating circuit (ceramic resonance and quartz-crystal
oscillation)

APPLICATION

Remote control transmitter

ROM (PROM) size RAM size
Product . . Package ROM type
(O 10 bits) (O 4 bits)
M34551M4-XXXFP 4096 words 280 words 48P6S-A Mask ROM
M34551M8-XXXFP (Note 1) 8192 words 280 words 48P6S-A Mask ROM
M34551E8-XXXFP (Note 2) 8192 words 280 words 48P6S-A One Time PROM
Notes 1: Under development (Aug. 1998)
2: Shipped after writing (shipped in blank: M34551E8FP)

PIN CONFIGURATION (TOP VIEW)

M34551Mx-XXXFP

[38] — SEGs
[37] —> SEGv
[36] —= SEGe
[ 35] —> SEGs
[34] —> SEGa
[33] — SEGs

[32] —> SEG:

[31] — SEG:

Eo RESET

[30] —» SEGo
E —» COMs3
E —» COM2
E —» COM1
E —» COMo

SEGe =—[39 [ 24] —» D/Xcour
SEG10=—[40] | 23] <> De/Xcm
SEGu<—[21 [22]  CNvss
SEG1<+—| 42 21| —» Xour
Vss [43] [20] =— X
oo o MB4BBIMX-XXXFP T
SEGu<—[45 (18] Voo
SEGis<—[46 [ 17] — CARR
P20/ SEG1s <> [47] Q [ 16] <> Ds/INT
P21/ SEG17 <» [ 48] 15] —» D4

PO1<»[ 4|
P02 <> E
POs<>[ 6 |
Plows[ 7]
Pliws[ 8]
Plo=»[ 9|
Pls<>[10]
Do <— E
D1 <-— E
D2 =— E
Ds <—|£

P22/ SEGis <> E

Outline 48P6S-A
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HARDWARE
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HARDWARE
PERFORMANCE OVERVIEW

PERFORMANCE OVERVIEW

Parameter

Function

Number of basic instructions

92

Minimum instruction execution time

1.5 ps (f(Xin) = 8.0 MHz:system clock = f(Xin)/4: Vob = 5.0 V)

Memory sizes | ROM M34551M4 | 4096 words 0 10 bits
M34551M8 | 8192 words O 10 bits
M34551E8 [ 8192 words 0 10 bits
RAM 280 words [ 4 bits (LCD RAM 20 words O 4 bits included)
Input/Output | Do—D7 | Output Eight independent output ports
ports P0o—PO0s3| 110 4-bit /0 port; each pin is equipped with a pull-up function.
Plo-P13| 1/O 4-bit /0 port; each pin is equipped with a pull-up function.
P20—P23| Input 4-bit input port
CARR | Output 1-bit output port (CMOS output)
Timers Timer 1 8-bit timer with a reload register
Timer 2/ 14-bit timer/
Watchdog timer Fixed dividing frequency timer
Timer LC 4-bit timer with a reload register
Interrupt Sources 3 (one for external and two for timer)
Nesting 1 level

Subroutine nesting

8 levels (however, only 7 levels can be used when an interrupt is used or the TABP p instruction
is executed)

LCD

Selective bias value

1/2, 1/3 bias

Selective duty value

2, 3, 4 duty

Common output

4

Segment output

20

Internal resistor for
power supply

200kQ O 3

Device structure

CMOS silicon gate

Package

48-pin plastic molded QFP

Operating temperature range

-20°Cto 70 °C

(typical value)

Supply voltage 2.2V t0 5.5V (One Time PROM version: 2.5V to 5.5 V)
Power at active 2.5 mA (f(XiN) = 8.0 MHz system clock = f(Xin)/4, Vbp=5 V)
dissipation at clock operating  |27.5 uA (at main clock oscillation stop, sub-clock oscillation frequency: 32.0 kHz, Ta=25°C,

Vob=5 V)

at RAM back-up

0.1 pA (at main clock oscillation stop, sub-clock oscillation stop, Ta=25 °C, Vbpb=5V)

DEFINITION OF CLOCK AND CYCLE

e System clock

The system clock is the basic clock for controlling this product.
The system clock can be selected by bits 0 and 3 of the clock
control register MR as shown in the table below.

Table Selection

(STCK)

of system clock

e Instruction clock (INSTK)
The instruction clock is the standard clock for controlling CPU.
The instruction clock is a signal derived from dividing the
system clock by 3. The one cycle of the instruction clock is
equivalent to the one machine cycle.

e Machine cycle

The machine cycle is the standard cycle required to execute
the instruction.

Register MR System clock (STCK)
MR3 | MRo

0 0 |[f(Xi)

0 1 |[f(XciN)

1 0 [f(Xin)/4

1 1 |f(Xcin)/4

Note: f(XiNn)/4 is selected immediately after system is released
from reset.
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HARDWARE
PIN DESCRIPTION

PIN DESCRIPTION

Pin Name Input/Output Function

VoD Power supply — Connected to a plus power supply.

Vss Ground — Connected to a 0 V power supply.

CNVss CNVss Input  |Connect CNVss to Vss and apply “L” (0V) to CNVss certainly.

RESET Reset input 110 An N-channel open-drain 1/0 pin for a system reset. A pull-up resistor is built-in
this pin. When the watchdog timer causes the system to be reset or the low-
supply voltage is detected, the RESET pin outputs “L” level.

XN Main clock input Input  |1/0 pins of the main clock generating circuit. A ceramic resonator can be connected

Xout Main clock output Output  |between Xin pin and Xour pin. A feedback resistor is built-in between them.

Do—D4 Output port D Output  |Each pin of port D has an independent 1-bit wide output function. The output
structure is N-channel open-drain.

Ds/INT Output port D/ 110 1-bit output port. Port Ds is also used as an INT input pin. When Ds/INT pin is

Interrupt input used as the INT input pin, set the output latch to “1.” The output structure is N-
channel open-drain.

De/Xcin Output port D/ 110 Each pin of port D has an independent 1-bit output function. Ports Ds and D7 are

Sub-clock input also used as pins Xcin and Xcout for the sub-clock generating circuit, respectively.

D7/xcour | Output port D/ output V\./her.1 pins De/Xcin and D7/Xcout are u§ed as the pins for the sub-clock generatirTg

Sub-clock output circuit, a 32..0 kHz quartz-crys.tal O?CI”a.tOI'- can be connected between Xcin pin
and Xcour pin. A feedback resistor is built-in between them.

P0o—PO03 I/0 port PO 1/0 4-bit 1/0 port. It can be used as an input port when the output latch is set to “1.”
The output structure is N-channel open-drain. Every pin of the ports has a key-on
wakeup function and a pull-up function.

P1o-P13 I/0 port P1 1/0 4-bit 1/0 port. It can be used as an input port when the output latch is set to “1.”
The output structure is N-channel open-drain. Every pin of the ports has a key-on
wakeup function and a pull-up function. Both functions can be switched by software.

P20/SEG16—| Input port P2/ 1/0 4-bit input port. Ports P20—P23 are also used as the segment output pins SEG16—

P23/SEG19 | Segment output SEGu19, respectively.

CARR Carrier wave output| Output |Carrier wave output pin for remote control transmit. The output structure is the

for remote control CMOS circuit.

SEGo-SEG15 | Segment output Output |LCD segment output pins.

COMo—COMz | Common output Output  |LCD common output pins. Pins COMo and COMu1 are used at 1/2 duty, pins COMo—
COM:2 are used at 1/3 duty and pins COMo—COMs are used at 1/4 duty.

1-6

4551 Group User’'s Manual




HARDWARE
PIN DESCRIPTION

MULTIFUNCTION

Pin Multifunction Pin Multifunction
Ds INT INT Ds
De XcIN XcIN De
D7 Xcout Xcout D7
P20 SEG16 SEGu1e P20
P21 SEG17 SEG17 P21
P22 SEGu1s SEG1s8 P22
P23 SEG19 SEGu19 P23
Notes 1: Pins except above have just single function.
2: The ports Ds—D7 are the output port and ports P20—P23 are the input ports.
CONNECTIONS OF UNUSED PINS
Pin Connection Pin Connection
Do—Da4 Connect to Vss, or set the output latch to | [CARR Open
Ds/INT “0” and open. SEGo—-SEG15 Open
De/XciN Select ports De and D7 and connect to Vss, | [COMo—COM3 Open
D7/Xcout or set the output latch to “0” and open. P0o—P03 Set the output latch to “1” and open.
P20/SEG16—P 23/ |Select port P2 and connect to Vss, or select | [P1o—P13 Open or connect to Vss (Note)
SEG19 the segment output function and open.

Note: In order to connect ports P1o—P13 to Vss, turn off their pull-up transistors (Pull-up control register PUOi="0") by software. In
order to make these pins open, turn on their pull-up transistors (register PUOi="1") by software, or turn off their pull-up
transistors (register PUQI="0") and set the output latch to “0” (i=o0, 1, 2, or 3).
Be sure to select the key-on wakeup function and the pull-up function with every one port.

(Note in order to set the output latch to “0” and make pins open)
« After system is released from reset, a port is in a high-impedance state until the output latch of the port is set to “0” by software.

Accordingly, the voltage level of pins is undefined and the excess of the supply current may occur.
¢ To set the output latch periodically is recommended because the value of output latch may change by noise or a program run away

(caused by noise).

(Note in order to connect unused pins to Vss or Vbb)
» To avoid noise, connect the unused pins to Vss or Vop at the shortest distance using a thick wire.

PORT FUNCTION

Port Pin Input/ Output structure Control | Control Control Remark
Output bits | instructions| registers
Port D Do—Da, Ds/INT, Output | N-channel open-drain 1 SD MR
De/XcIN, (8) RD
D7/Xcout CLD
Port PO |P0o—P03 110 N-channel open-drain 4 OPOA Pull-up functions
(4) IAPO Key-on wakeup functions
Port P1  |P1lo-P1s 1/0 N-channel open-drain 4 OP1A PUO Pull-up functions
(4) IAP1 (programmable)
Key-on wakeup functions
(programmable)
Port P2 P20/SEG16— Input 4 I1AP2
P23/SEG19 (4)
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PIN DESCRIPTION

PORT BLOCK DIAGRAMS

Pull-up
Key-on wakeup transistor
input J Q(NO‘E )

Register A IAPO Hﬁ:rucnon 7J:|._1 x

Ai < +—0 P00-P03

_ s 3

Al D Q ;17 :

77'7.

OPOA instruction — T

- Pull-up
@ ‘ transistor
Key-on wakeup

input © (Note 1)

Register A IAP1 instruction t

Ai <l +——+—0 P10-P13
a i
_ 5 x
77
OP1A instruction —{ T
(Note 1)

LCD power supply

HCD control signal 4D—’3 Connected toe when selecting SEG

A ——+———O P20/SEG16-P23/SEG19
A
(2] ez st oD
IAP2 instruction power
<] supply

Register Y |—>| Decoder

-©- (Note 1)
CLD :

instruction 'y

SD instruction — '_,—Q—O Do-D4
RD instruction;D R

ol
1
e

Register Y Decoder |
Ig'—l_'l__rmmm_l INT input Ds/INT

CLD instruction :
:D E >—s i
SD instruction —— e

A |
RD instruction ;D R _Q \j7

Register Y |—>| Decoder 9 (Note D)
CLD x
instruction S , O D6/XCIN
SD instruction— N
RD instruction—_Di R Q e
il
i4— MR2
i
i
R
Register Y |—>| Decoder -e- (ote 1)
CLD t
instruction +—O D7/XcouT
. . S :
SD instruction— A
RD instruction;Di R Q —

Notes 1: ----{4&---- This symbol represents a parasitic diode.
2: irepresents bit 0, 1, 2 or 3.
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PORT BLOCK DIAGRAMS (continued)

HARDWARE
PIN DESCRIPTION

TC1A instruction—{Register C1

CR flag -
) . Carrier wave
STCRinstruction —| S Q output circuit

SPCR instruction —{ R

Timer LC underflow signal

W30

Timer 1 underflow signal - FIE

LCD power supply

LCD control signal —IE Pch

+———O SEG0-SEG15

-

<
LCD control signal J'— Neh

LCD power supply

LCD power supply

LCD control signal —IE Pch

'_.
» Pch
LCD control signal J

LCD power supply 4}—‘

LCD power supply

LCD control signal —‘E Nch

!

¢ Nch
LCD control signal —Ib—

e

To timer 1
CARRY

-Q (Note)
7y

:D_‘_O CARR
A

e

O COMo-COMs

Note: ----{&---- This symbol represents a parasitic diode.
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HARDWARE
FUNCTIONAL BLOCK OPERATIONS

FUNCTIONAL BLOCK OPERATIONS
CPU

@

@)

(©)

“)

Arithmetic logic unit (ALU)

The arithmetic logic unit ALU performs 4-bit arithmetic such
as 4-bit data addition, comparison, AND operation, OR
operation, and bit manipulation.

Register A and carry flag (CY)

Register A is a 4-bit register used for arithmetic, transfer,
exchange, and I/O operation.

Carry flag CY is a 1-bit flag that is set to “1” when there is a
carry with the AMC instruction (Figure 1).

It is unchanged with both A n instruction and AM instruction.
The value of Ao is stored in carry flag CY with the RAR
instruction (Figure 2).

Carry flag CY can be set to “1” with the SC instruction and
cleared to “0” with the RC instruction.

Registers B and E

Register B is a 4-bit register used for temporary storage of 4-
bit data, and for 8-bit data transfer together with register A.
Register E is an 8-bit register. It can be used for 8-bit data
transfer with register B used as the high-order 4 bits and
register A as the low-order 4 bits (Figure 3).

Register D

Register D is a 3-bit register.

It is used to store a 7-bit ROM address together with register
A and is used as a pointer within the specified page when the
TABP p, BLA p, or BMLA p instruction is executed (Figure 4).

<Carry>
(V)

\

Addition ALU

(A)

<Result>

Fig. 1 AMC instruction execution example

<Clear>
RC instruction

<Set>
SC instruction

ax Ao

<Rotation>
RAR instruction

Fig. 2 RAR instruction execution example

Register B TAB instruction Register A
| Ba| Bz| Bll Bo|—>| A3|A2|A1| A0|

TEAB instruction

< >
Register E | E7] Es| Es| E4| Es] E2| E1] Eo]

TABE instruction

¥ X
[Ba]B2]B1] Bole——] As] Az] Ar] Ao]

Register B TBA instruction ~Register A
Fig. 3 Registers A, B and register E
TABP p instruction ROM ~_
Specifying address I8| — :4| — IO
- N\ Low-order 4 bits
L]

PCH
| ps| ps | pa| p3| p2| p1]| po| |PRZDRIDRJ A3 A2[ At ] Ao]

N J \

Register A (4)
J

} 1

Immediate field

The contents of The contents of

Middle-order 4 bits
f e

Register B (4)

.

value p

register D

register A

Fig. 4 TABP p instruction execution example
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Stack registers (SK s) and stack pointer (SP)

Stack registers (SKs) are used to temporarily store the

contents of program counter (PC) just before branching until

returning to the original routine when;

* branching to an interrupt service routine (referred to as
an interrupt service routine),

» performing a subroutine call, or

» executing the table reference instruction (TABP p).

Stack registers (SKs) are eight identical registers, so that

subroutines can be nested up to 8 levels. However, one of

stack registers is used when using an interrupt service routine

or when executing a table reference instruction. Accordingly,

be careful not to stack over when performing these operations

together. The contents of registers SKs are destroyed when

8 levels are exceeded.

The register SK nesting level is pointed automatically by 3-

bit stack pointer (SP). The contents of the stack pointer (SP)

can be transferred to register A with the TASP instruction.

Figure 5 shows the stack registers (SKs) structure.

Figure 6 shows the example of operation at subroutine call.

Interrupt stack register (SDP)

Interrupt stack register (SDP) is a 1-stage register. When an
interrupt occurs, this register (SDP) is used to temporarily
store the contents of data pointer, carry flag, skip flag, register
A, and register B just before an interrupt until returning to the
original routine. Multiple interrupts cannot be used.

Unlike the stack registers (SKs), this register (SDP) is not
used when executing the subroutine call instruction and the
table reference instruction.

Skip flag

Skip flag controls skip decision for the conditional skip
instructions and continuous described skip instructions. When
an interrupt occurs, the contents of skip flag is stored
automatically in the interrupt stack register (SDP) and the
skip condition is retained.

HARDWARE
FUNCTIONAL BLOCK OPERATIONS

Program counter (PC) |

Executing the subroutine 1
call or table reference

Executing the return or
table reference instruction

instruction A
SKo (SP)=0
SK1 (sP)=1
SK2 (sP)=2
SK3 (SP)=3
SK4 (SP)=4
SKs5 (SP)=5
SKe (SP)=6
SK7 (sP)=7

Stack pointer (SP) points “7” at reset or
returning from RAM back-up mode. It points “0”
by executing the first BM instruction, and the
contents of program counter is stored in SKo.
When the BM instruction is executed after eight
stack registers are used ((SP) = 7), (SP) = 0
and the contents of SKo is destroyed.

Fig. 5 Stack registers (SKs) structure

(SP)«0
(SKo)¢— 000116
(PC) < SUB1
Main program Subroutine
Address SUBL1:
000016 NOP NOP
000116 BM SUB1 '
! :
000216 NOP RT
(PC) «—(SKo)
(SP) «7

Note: Returning to the BM instruction execution
address with the RT instruction, and the BM
instruction is equivalent to the NOP instruction.

Fig. 6 Example of operation at subroutine call

4551 Group User’'s Manual
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®)
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Program counter (PC)

Program counter (PC) is used to specify a ROM address (page
and address). It determines a sequence in which instructions
stored in ROM are read. Itis a binary counter that increments
the number of instruction bytes each time an instruction is
executed. However, the value changes to a specified address
when branch instructions, subroutine call instructions, return
instructions, or the table reference instruction (TABP p) is
executed.

Program counter consists of PCH (most significant bit to bit
7) which specifies to a ROM page and PCL (bits 6 to 0) which
specifies an address within a page. After it reaches the last
address (address 127) of a page, it specifies address 0 of the
next page (Figure 7).

Make sure that the PCH does not specify after the last page
of the built-in ROM.

Data pointer (DP)

Data pointer (DP) is used to specify a RAM address and
consists of registers Z, X, and Y. Register Z specifies a RAM
file group, register X specifies a file, and register Y specifies
a RAM digit (Figure 8).

Register Y is also used to specify the port D bit position.
When using port D, set the port D bit position to register Y
certainly and execute the SD or RD instruction (Figure 9).

Program counter (PC)
A

ps| p5| p4| p3| p2|p1| po— as| as| a4| as| az2|a1|ao

AN J U J
Y Y

PCH PCL
Specifying page Specifying address

Fig. 7 Program counter (PC) structure

Data pointer (DP)
| 1| Zo| x| x2| x| xo[ 3| v2| v1] vol

- A A
A

~Specifying

RAM digit

Register X (4) ---- Specifying RAM file
Register Z (2) |----- Specifying RAM file group

Fig. 8 Data pointer (DP) structure

Specifying bit position

Set

D7 De Ds Da_ Do
[ofafofa]  [JLIEILL]

Register Y (4) Port D output latch

Fig. 9 SD instruction execution example
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PROGRAM MEMORY (ROM)

1 word of ROM is composed of 10 bits. ROM is separated every
128 words by the unit of page (addresses 0 to 127). Table 1
shows the ROM size and pages. Figure 10 shows the ROM map

of M34551ES8.

Table 1 ROM size and pages

HARDWARE
FUNCTIONAL BLOCK OPERATIONS

Product ROM size Pages
(O 10 bits)
M34551M4 4096 words 32 (0to 31)
M34551M8 8192 words 64 (0 to 63)
M34551E8 8192 words 64 (0 to 63)

A top part of page 1 (addresses 008016 to 00FFue) is reserved
for interrupt addresses (Figure 11). When an interrupt occurs,
the address (interrupt address) corresponding to each interrupt
is set in the program counter, and the instruction at the interrupt
address is executed. When using an interrupt service routine,
write the instruction generating the branch to that routine at an
interrupt address.

Page 2 (addresses 010016 to 017Fue6) is the special page for
subroutine calls. Subroutines written in this page can be called
from any page with the 1-word instruction (BM). Subroutines
extending from page 2 to another page can also be called with
the BM instruction when it starts on page 2.

ROM pattern (bits 7 to 0) of all addresses can be used as data
areas with the TABP p instruction.

98 76 543210

000016
007F16

008016
0OFF16

Interrupt address page

010016
017F16

Subroutine special page

018016

OFFF16

1FFF16

Page 63

Fig. 10 ROM map of M34551E8

008016

008416

008616

00FF16

98 765 43 210

External O interrupt address

Fig. 11 Interrupt address page (addresses 0080

16 to O0FF 16) structure

4551 Group User’'s Manual
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DATA MEMORY (RAM) Table 2 RAM size
1 word of RAM is composed of 4 bits, but 1-bit manipulation Product RAM size
(with the SB j, RB j, and SZB j instructions) is enabled for the M34551M4
en.tire memory aree}. A RAM. address.is specified by a data M34551M8 280 words 0 4 bits (1120 bits)
pointer. The data pointer consists of registers Z, X, and Y. Set a
value to the data pointer certainly when executing an instruction M34551E8
to access RAM. Also, be sure to set a value to the data pointer
certainly when returning from power down.
RAM includes the area corresponding to the LCD. A segment is
turned on automatically when “1” is written in the bit
corresponding to the segment.
Table 2 shows the RAM size. Figure 12 shows the RAM map.
RAM 280 words [ 4 bits (1120 bits)
Register Z 0
Register X| Q| 1 | 2| 3 |eee| 6| 7 | eoeeee | 15 0 1 2
0
1
2
3 _ _ —
4
5
> 6
o —
2 8 0 8 16
o 9 1 9 17
10 2 10 18
11 3 11 19
12 4 12
13 5 13
14 6 14
15 7 15
¢ > 280 words
Notes 1: The area marked “~" (Z=1,X=01t0 2, Y =0 to 7) is not a memory area.
2: The numbers in the shaded area indicate the corresponding segment output pin numbers.

Fig. 12 RAM map
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INTERRUPT FUNCTION
The interrupt type is a vectored interrupt branching to an individual
address (interrupt address) according to each interrupt source.
An interrupt occurs when the following 3 conditions are satisfied.
« Interrupt enable flag (INTE) = “1” (Interrupt enabled)
« Interrupt enable bit = “1” (Interrupt request occurrence enabled)
« An interrupt activated condition is satisfied

(request flag = “1”)
Table 3 shows interrupt sources. (Refer to each interrupt request
flag for details of activated conditions.)

(1) Interrupt enable flag (INTE)

The interrupt enable flag (INTE) controls whether the every
interrupt enable/disable. Interrupts are enabled when INTE
flag is set to “1” with the El instruction and disabled when
INTE flag is cleared to “0” with the DI instruction. When any
interrupt occurs, the INTE flag is automatically cleared to “0,”
so that other interrupts are disabled until the El instruction is
executed.

(2) Interrupt enable bits (V1 0-V13)
Use an interrupt enable bit of interrupt control register V1 to
select the corresponding interrupt request or skip instruction.
Table 4 shows the interrupt request flag, interrupt enable bit
and skip instruction.
Table 5 shows the interrupt enable bit function.

(3) Interrupt request flag
When the activated condition for each interrupt is satisfied,
the corresponding interrupt request flag is set to “1.” Each
interrupt request flag is cleared to “0” when either;
e an interrupt occurs, or
« the next instruction is skipped with a skip instruction.
Each interrupt request flag is set when the activated condition
is satisfied even if the interrupt is disabled by the INTE flag or
its interrupt enable bit. Once set, the interrupt request flag
retains set until a clear condition is satisfied.
Accordingly, an interrupt occurs when the interrupt disable
state is released while the interrupt request flag is set.
If more than one interrupt request flag is set when the interrupt
disable state is released, the interrupt priority level is as follows
shown in Table 3.

HARDWARE
FUNCTIONAL BLOCK OPERATIONS

Table 3 Interrupt sources

Priority . " Interrupt
Interrupt name | Activated condition

level address

1 External O interrupt | Level change of Address 0

INT pin in page 1

2 |Timer Llinterrupt |Timer 1 underflow |Address 4

in page 1

3 | Timer 2 interrupt |Timer 2 underflow |Address 6

in page 1

Table 4 Interrupt request flag, interrupt enable bit and skip
instruction

Interrupt name | Request flag | Enable bit | Skip instruction
External O interrupt EXFO V1o SNZz0
Timer 1 interrupt T1F V12 SNZT1
Timer 2 interrupt T2F V1s SNZT2

Table 5 Interrupt enable bit function
Occurrence of

Interrupt enable bit

interrupt request

Skip instruction

1

Enabled

Invalid

Disabled

Valid

4551 Group User’'s Manual
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(4) Internal state during an interrupt

The internal state of the microcomputer during an interrupt is

as follows (Figure 14).

¢ Program counter (PC)
An interrupt address is set in program counter. The
address to be executed when returning to the main routine
is automatically stored in the stack register (SK).

¢ Interrupt enable flag (INTE)
INTE flag is cleared to “0” so that interrupts are disabled.

< Interrupt request flag
Only the request flag for the current interrupt source is
cleared to “0.”

« Data pointer, carry flag, skip flag, registers A and B
The contents of these registers and flags are stored
automatically in the interrupt stack register (SDP).

(5) Interrupt processing
When an interrupt occurs, a program at an interrupt address
is executed after a branch to a sequence for storing data into
stack register is performed. Write the branch instruction to
an interrupt service routine at an interrupt address.
Use the RTI instruction to return to main routine.
Interrupt enabled by executing the El instruction is performed
after executing 1 instruction (just after the next instruction is
executed). Accordingly, when the El instruction is executed
just before the RTI instruction, interrupts are enabled after
returning to the main routine. (Refer to Figure 13)

Main
routine
Interrupt
service routine

Interrupt ““““i
occurS\Q - .
e El

Interrupt o, Bﬂ
is enabled ek

== Interrupt enabled state
*** : Interrupt disabled state

Fig. 13 Program example of interrupt processing

*Program counter (PC)
....................................................... | Each interrupt address|

eStack register (SK)
.......... The address of main routine to be executed when returning|

eInterrupt enable flag (INTE)
........................................................... |0 (Interrupt disabled)|

eInterrupt request flag (only the flag for the current interrupt source)

*Data pointer, carry flag, registers A and B, skip flag
..... | Stored in the interrupt stack register (SDP) automatically|

Fig. 14 Internal state when interrupt occurs

INT pin
Ee ij O/O O/O O//O__ Address 0 in
(L~ Hor EXFO V10 : page 1

H - Linput) I
Timer 1 O/O O/O O/O__ Address 4 in
underflow TiF vi2 : page 1
Timer 2 O/O O/O O//O__ Address 6 in
underflow T2F V13 INTE page 1

Request Enable Enable

Activated flag bit flag
condition (state retained)

Fig. 15 Interrupt system diagram
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(6) Interrupt control register through register A with the TV1A instruction. The TAV1
e Interrupt control register V1 instruction can be used to transfer the contents of register
Interrupt enable bits of external O, timer 1 and timer 2 are V1 to register A.

assigned to register V1. Set the contents of this register

Table 6 Interrupt control register

Interrupt control register V1 at reset : 00002 at power down : 00002 R/W
. . . 0 Interrupt disabled (SNZT2 instruction is valid
V13 Timer 2 interrupt enable bit P ( - — .)
1 Interrupt enabled (SNZT2 instruction is invalid)
. . . 0 Interrupt disabled (SNZT1 instruction is valid
V12 Timer 1 interrupt enable bit P ( - — ,)
1 Interrupt enabled (SNZT1 instruction is invalid)
0
V1 Not used 1 This bit has no function, but read/write is enabled.
Vio External 0 interrupt enable bit 0 Interrupt disabled (SNZ0 I|nstruct.|on.|s_valld.)
1 Interrupt enabled (SNZO instruction is invalid)

Note: “R” represents read enabled, and “W” represents write enabled.

(7) Interrupt sequence The interrupt occurs after 3 machine cycles only when the
Interrupts occur only when the respective INTE flag, interrupt three interrupt conditions are satisfied on execution of other
enable bits (V10-V13), and interrupt request flags (EXFO, T1F, than one-cycle instructions (Refer to Figure 16).

T2F) are “1.” The interrupt actually occurs 2 to 3 machine
cycles after the cycle in which all three conditions are satisfied.

e \When an interrupt request flag is set after its interrupt is enabled

swemececsreo [T LU UL UL

1 1
1 1
-~ ! '
aqn ' Elinstruction ! : i !
Interrupt enable o ' execution cycle [ | _ |== Interrupt disabled state
flag (INTE) 0 ! ™ T > o
Interrupt enabled state! |
1
! |
! 1
! 1
i i
INT pin “H” | o
‘L ! . ===up Retaining level for 4 cycles or
External ! more of STCK is necessary.
interrupt “qr r '
EXFO  «p» !

flag

Interrupt activated
condition is satisfied.

Timer 1 uqn v
and T1F, T2F «o»
Timer2 | flags 4

interrupts
Flag cleared

Software starts from the
interrupt address.

—>

!A ;!

2 to 3 machine cycles
(Note 1, 2)

Notes 1: The address is stacked to the last cycle.
2: This interval of cycles depends on the executed instruction at the time when each interrupt activated
condition is satisfied.

Fig. 16 Interrupt sequence
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EXTERNAL INTERRUPTS
An external interrupt request occurs when a valid waveform (=
waveform causing the external O interrupt) is input to an interrupt
input pin (edge detection).
The external 0 interrupt can be controlled with the interrupt control

register I1.

Table 7 External interrupt activated condition

Valid waveform

Name Input pin Valid waveform
PHEP selection bit (112)
External O interrupt | Ds/INT Falling waveform (“H” - “L") 0
Rising waveform (“L” - “H") 1

112

detection circuit

Falling I
r===1
|>°_“Q 0|
D5/INT O—I>— A— One-sided edge EXFO

‘-R-isTn; - SNZ|04_|_D_> Skip

instruction

External 0
interrupt

Fig. 17 External interrupt circuit structure
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(1) External O interrupt request flag (EXFO)
External O interrupt request flag (EXFO) is set to “1” when a
valid waveform is input to Ds/INT pin.
The valid waveforms causing the interrupt must be retained
at their level for 4 cycles or more of the system clock (Refer
to Figure 16).
The state of EXFO flag can be examined with the skip
instruction (SNZ0). Use the interrupt control register V1 to
select the interrupt or the skip instruction. The EXFO flag is
cleared to “0” when an interrupt occurs or when the next
instruction is skipped with the skip instruction.
The Ds/INT pin need not be selected the external interrupt
input INT function or the normal output port Ds function.
However, the EXFO flag is set to “1” when a valid waveform
output from port Ds is input to INT pin even if it is used as an
output port Ds.

e External O interrupt activated condition
External O interrupt activated condition is satisfied when a
valid waveform is input to Ds/INT pin.
The valid waveform can be selected from rising waveform or
falling waveform. An example of how to use the external 0
interrupt is as follows.

O Select the valid waveform with the bit 2 of register I1.

0 Clear the EXFO flag to “0” with the SNZO0 instruction.

[J Set the NOP instruction for the case when a skip is performed
with the SNZO instruction.

O Set both the external 0 interrupt enable bit (V1o0) and the
INTE flag to “1.”

The external O interrupt is now enabled. Now when a valid
waveform is input to the Ds/INT pin, the EXFO flag is set to

“1” and the external O interrupt occurs.

Table 8 External interrupt control register

HARDWARE
FUNCTIONAL BLOCK OPERATIONS

(2) External interrupt control register
e Interrupt control register 11

Register |1 controls the valid waveform for the external O
interrupt. Set the contents of this register through register A
with the TI1A instruction. The TAI1 instruction can be used
to transfer the contents of register I1 to register A.

Interrupt valid waveform for INT pin

Interrupt control register 11 at reset : 00002 at power down : state retained R/W
0 L . o
113 Not used 1 This bit has no function, but read/write is enabled.
0 Falling waveform (“L” level of INT pin is recognized with the SNZIO

instruction)

112

selection bit (Note 2) 1 Rising waveform (“H” level of INT pin is recognized with the SNZIO
instruction)
0
111 Not used 1 This bit has no function, but read/write is enabled.
0 . . o
110 Not used 1 This bit has no function, but read/write is enabled.

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: Depending on the input state of Ds/INT pin, the external interrupt request flag EXFO may be set to “1” when the contents of
112 is changed. Accordingly, set a value to bit 2 of register 11 and execute the SNZO0 instruction to clear the EXFO flag after

executing at least one instruction.
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TIMERS

e Fixed dividing frequency timer

The 4551 Group has the following timers.

e Programmable timer
The programmable timer has a reload register and enables
the frequency dividing ratio to be set. It is decremented from a
set value n. When it underflows (count to n + 1), a timer interrupt
request flag is set to “1,” new data is loaded from the reload
register, and count continues (auto-reload function).

The fixed dividing frequency timer has the fixed frequency
dividing ratio (n). An interrupt request flag is set to “1” every n
count of a count pulse.

request flag

Timer 1 interrupt «1”

FFi6-- - - - =—-"=—-"—-"—-"—-"—-"—-" - - - =¥ —-¥ - - - - = - = - - — - — — =
n : Counter initial value
Count starts Reload Reload
Y v v
nh_ - 2
% | 1st underflow 2nd underflow
3 | W
o I
5 '
@ |
c 1
i | A A
c
e} i
@ I
Q
o 1
- I
0016 | >
| . . Time
i<— n+lcount —®»<*——— n+lcount — ™
S |

L An interrupt occurs or J

a skip instruction is executed.

Fig. 18 Auto-reload function

The 4551 Group timer consists of the following circuits.

* Prescaler : frequency divider

e Timer 1 : 8-bit programmable timer

« Timer 2 : 14-bit fixed dividing frequency timer

¢ Timer LC : 4-bit programmable timer
(Timers 1 and 2 have the interrupt function, respectively)

Table 9 Function related timers

the timer control registers W1, W2 and W3.
Each function is described below.

Prescaler, timer 1, timer 2 and timer LC can be controlled with

o Frequency ) Control
Circuit Structure Count source - . Use of output signal .
dividing ratio register
Prescaler Frequency divider « Instruction clock (INSTCK) 4,8 » Timer 1 and 2 count sources w1
Timer 1 8-bit programmable |+ Prescaler output (ORCLK) 1 to 256 e Timer 1 interrupt w1
binary down counter | Carrier generating circuit » Port CARR output control w2
output (CARRY, CARRY/2)
Timer 2 14-bit fixed dividing |+ Prescaler output (ORCLK) 16384  Timer 2 interrupt W2
frequency * f(XcIN) * Divider for LCD
» Watchdog timer
Timer LC 4-bit programmable |« Bit 3 of timer 2 1to 16 « Divider for LCD w3
binary down counter |¢ System clock (STCK) « Carrier output
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INSTCK
Frequency
dividing circuit

MRO (divided by 4) Frequency
XIN C*———ﬁkq%1 dividing circuit

| o . (divided by 3)
XCINO—¢—%0 1 |

STCK
W11, W10

ORCLK i
CARRY —# »oq | Timil ® | "’m—ﬂ'@ﬁﬁ&
L 11 - D
1/2 | | Reload register R1 (8) |
)

T1AB)(Note 2 Carrier wave
(TAB1) Register B || Register A > output control

T T e
o
e
E‘?gg
RN (I ——
f

W30 (Note 1) To port CARR
V31 r-(;-1 Count source :
r i » Timer LC (4) 1/ | > LCD clock

1
1
poq ! Reload register RLC (4) 2

Ly

WRST instruction S

WEF Q
W23 (Note 3) Reset signal R
L 55

:/O':—>|012345678910111213|
ORCLK — 01} count

_____ source Timer 2 ® D System

WDF
Q reset
-

o1 : Timer 2
—l—bo\o—‘—b-—> .
i i T2F interrupt

ot available:
0,110 H
1

= Z

Notes 1: Count source is stopped by setting to “0.”

2: When the T1AB instruction is executed after
setting W20 to “1,” data is written only to
reload register R1.

3: When the contents of W23 changes from “0”
to “1,” the count value of timer 2 is initialized.

Fig. 19 Timers structure
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Table 10 Timer control registers

Timer control register W1 at reset : 00002 at power down : 00002 R/W
. 0 Stop (prescaler state initialized)
W13 Prescaler control bit -
1 Operating
W1 b ler dividi i lection bit 0 Instruction clock (INSTCK) divided by 4
rescaler dividing ratio selection bi - —
2 9 1 Instruction clock (INSTCK) divided by 8
W11 (W1lo Count source
W11 0O
. . . Prescaler output (ORCLK)
Timer 1 count source selection bits 0|1
Wio 1 | 0 |Carrier output (CARRY)
1 | 1 |Carrier output divided by 2 (CARRY/2)
Timer control register W2 at reset : 10002 at power down : — —— 02 R/W
f(X
W23 | Timer 2 count source selection bit (Xem)
1 Prescaler output (ORCLK)
W22|W21 Count source
W22 0 | 0 |Underflow occur every 2'4 count
Timer 2 count value selection bits 0 | 1 |Underflow occur every 22 count
W21 1 | 0 |Not available
1 | 1 |Not available
) ) 0 Stop (timer 1 state retained)
W20 |[Timer 1 control bit -
1 Operating
Timer control register W3 at reset : 002 at power down : state retained R/W
. . . 0 Bit 3 of timer 2 is output (timer 2 count source divided by 16)
W31 [Timer LC count source selection bit
1 System clock (STCK)
0 Stop (timer LC state retained
W30 Timer LC control bit P - )
1 Operating

Note: “R” represents read enabled, and “W” represents write enabled.

“~" represents state retained.

(1) Timer control registers
e Timer control register W1

Register W1 controls the count source of timer 1, the
frequency dividing ratio and count operation of prescaler.
Set the contents of this register through register A with
the TW1A instruction. The TAWL1 instruction can be used
to transfer the contents of register W1 to register A.

e Timer control register W2

Register W2 controls the count operation of timer 1 and
count operation and count source of timer 2. Set the
contents of this register through register A with the TW2A
instruction. The TAW2 instruction can be used to transfer

the contents of register W2 to register A.
e Timer control register W3

Register W3 controls the count operation and count source
of timer LC. Set the contents of this register through
register A with the TW3A instruction. The TAW3 instruction
can be used to transfer the contents of register W3 to

register A.
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Precautions

Note the following for the use of timers.

e Prescaler
Stop the prescaler operation to change its frequency
dividing ratio.

e Count source
Stop timer 1 or timer LC counting to change its count
source. When timer 2 count source changes from f(Xcin)
to ORCLK (W23 =“0" - W23 = “1"), the count value of
timer 2 is initialized. However, when timer 2 count source
changes from ORCLK to f(Xcin) (W23 =“1" . W23 =“0")
or the same count source is set again (W23 = “0" - W23
="“0" or W23 ="1" - W23 = “1"), the count value of timer
2 is not initialized.

e Timer 2
Timer 2 has the watchdog timer function (WDT). When
timer 2 is used as the WDT, note that the processing to
initialize the count value and the execution of the WRST
instruction.

e Reading the count value
Stop the prescaler and then execute the TAB1 instruction
to read timer 1 data.

e Writing to reload register R1
When writing data to reload register R1 while timer 1 is
operating, avoid a timing when timer 1 underflows.

Prescaler

Prescaler is a frequency divider. Its frequency dividing ratio
can be selected. The count source of prescaler is the
instruction clock (INSTCK).

Use the bit 2 of register W1 to select the prescaler dividing
ratio and the bit 3 to start and stop its operation. When the bit
3 of register W1 is cleared to “0,” prescaler is initialized, and
the output signal (ORCLK) stops.

Timer 1 (interrupt function)

Timer 1 is an 8-bit binary down counter with the timer 1 reload
register (R1). When timer 1 stops, data can be set
simultaneously in timer 1 and the reload register (R1) with
the T1AB instruction. When timer 1 is operating, data can be
set only in the reload register (R1) with the T1AB instruction.
When setting the next count data to reload register R1 while
timer 1 is operating, be sure to set data before timer 1
underflows.

Timer 1 starts counting after the following process;

0 set data in timer 1,

O select the count source with bits 0 and 1 of register W1,
O set the bit O of register W2 to “1.”

Once count is started, when timer 1 underflows (the next count
pulse is input after the contents of timer 1 becomes “0”), the
timer 1 interrupt request flag (T1F) is set to “1,” new data is
loaded from reload register R1, and count continues (auto-
reload function).

When a value set in reload register R1 is n, timer 1 divides
the count source signal by n + 1 (n = 0 to 255).

Data can be read from timer 1 to registers A and B. Stop
counting and then execute the TAB1 instruction to read its
data.

®)

(6)

)
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Timer 2 (interrupt function)

Timer 2 is a 14-bit binary down counter.

Timer 2 starts counting after the following process;

O select the count source with the bit 3 of register W2, and
O the clock as a count source is supplied.

Timer 2 stops counting and its count value is retained when
supply of a clock as a count source stops. Timer 2 is initialized
at reset and when the count source changes from f(Xcin)
(W23="0") to ORCLK (W23="1").

The count value to set the timer 2 interrupt request flag (T2F)
to “1” can be selected from every 8192 count or every 16384
count with bits 1 and 2 of register W2. The count source signal
divided by 16 is output from timer 2.

Timer 2 can be used as a counter for clock in the clock
operating mode (POF instruction executed).

Timer LC

Timer LC is a 4-bit binary down counter with the timer LC
reload register (RLC). Data can be set simultaneously in timer
LC and the reload register (RLC) with the TLCA instruction.
Timer LC starts counting after the following process;

O setdata in timer LC,

O select the count source with the bit 1 of register W3,

O set the bit O of register W3 to “1.”

Timer LC is the timer for LCD clock generating. Also, it can
be used as the multi-carrier generator by setting the bit 1 of
register W3 to “1” and selecting the system clock (STCK) as
a count source. When the multi-carrier generator is selected,
the waveform which is the timer LC underflow signal divided
by 2 can be output as a carrier wave from port CARR. At this
time, stop the carrier generating circuit and LCD control circuit.
When the multi-carrier generator (duty ratio: 1/2 fixed) is used,
the enable/stop of the carrier wave output from port CARR
can be set by the stop of timer LC or the carrier wave output
auto-control function by timer 1.

Timer interrupt request flags (T1F and T2F)

Each timer interrupt request flag is set to “1” when each timer
underflows. The state of these flags can be examined with
the skip instructions (SNZT1 and SNZT2).

Use the interrupt control register V1 to select an interrupt or
a skip instruction.

An interrupt request flag is cleared to “0” when an interrupt
occurs or when the next instruction is skipped with a skip
instruction.

4551 Group User’'s Manual
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WATCHDOG TIMER

Watchdog timer provides a method to reset the system when a
program runs wild. Watchdog timer consists of timer 2, watchdog
timer enable flag (WEF), and watchdog timer flag (WDF).
When the WRST instruction is executed after system is released
from reset, the WEF flag is set to “1.” At this time, the watchdog
timer starts operating. When the WEF flag is set to “1,” it cannot
be cleared to “0” until system reset is performed. Also, when the
WRST instruction is not executed once, watchdog timer does
not operate because the WEF flag retains “0.”

When the watchdog timer is operating, the WDF flag is set to “1”
every time the bit 12 of timer 2 is cleared from “1” to “0.” This
means that count is performed 8192 times. When the bit 12 of

timer 2 is cleared from “1” to “0” while the WDF flag is set to “1,”
the internal reset signal is generated and system reset is
performed.

The WDF flag can be cleared to “0” with the WRST instruction.
Inthe RAM back-up mode, though timer 2 count operation stops,
its count value is retained and the WDF flag is initialized.

In the clock operating mode, timer 2 count operation is continued
and the WDF flag is initialized.

When using the watchdog timer, execute the WRST instruction
at a certain cycle which consists of timer 2's 8191 counts or less
to keep the microcomputer operation normal.

Value of timer 2

WEF flag

WDF flag

Internal reset signal wpL

execution

WRST instruction WRST instruction
execution

System reset

Fig. 20 Watchdog timer function

The contents of the WDF flag are initialized in the RAM back-up
mode.

If the WDF flag is set to “1” at the same time that the
microcomputer enters the RAM back-up mode, system reset may
be performed.

When using the watchdog timer and the RAM back-up mode,
initialize the WDF flag with the WRST instruction just before the
microcomputer enters the RAM back-up mode (refer to Figure
21).

WRST ; Clear WDF flag
EPOF : POF instruction execution enabled
POF2

Oscillation stop (RAM back-up mode)

Fig. 21 Program example to enter the RAM back-up mode
when using the watchdog timer
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CARRIER GENERATING CIRCUIT

The 4551 Group has a carrier generating circuit that generates
the transfer waveform by dividing the system clock (STCK) for
each remote control carrier wave. Each carrier waveform can be
output by setting the carrier wave selection register (C1).

Also, timer 1 can auto-control the carrier wave output from port
CARR by setting the carrier wave output control register (C2).

Carrier wave selection register C1

(atreset: 0 1 1 12,atpowerdown:0 1 1 12, W)

Register C1
Setting value

Cls3

Cl2

Cl1

Clo

STCR instruction Output waveform SPCR instruction

Carrier wave

Frequency | Duty

0

0

0

0

1/3

STCK/24
1/2

i
i
i
i

1/4
STCK/16

1/2

STCK/2 1/2

No carrier wave

No available

PO |k, |O |+ |O

N S TS

Rl |Rr|[~r|o|lo

Pl |lolo|kr|kF

“L” fixed

1/3
STCK/12

1/2

2] R

[ ol

1/4
STCK/8

1/2

STCK 1/2

Note:“W” represents write enabled.

Fig. 22 Carrier wave selection register
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Table 11 Carrier generating circuit control register and control flag

Carrier wave output control register C2 at reset : 02 at power down : 02 W
. . 0 Auto-control output by timer 1 is invalid
C2o Carrier wave output auto-control bit - - -
1 Auto-control output by timer 1 is valid
Carrier wave generating control flag CR at reset : 02 at power down : 02 w
. . 0 Carrier wave generating stop (SPCR instruction)
CR Carrier wave generating control - - - -
1 Carrier wave generating start (STCR instruction)

Note: “W” represents write enabled.

(€

Carrier generating circuit related registers

Carrier wave selection register C1

Each carrier waveform can be selected by setting the register
C1. Set the contents of this register through register A with
the TC1A instruction.

Carrier wave output control register C2

Timer 1 can auto-control the output enable interval and the
output disable interval of the carrier wave output from port
CARR by setting the register C2. Set the contents of this
register through register A with the TC2A instruction.

The setting of the output enable/disable interval is described
below.

[ Validate the carrier wave output auto-control function
(C20="1").

O Select the carrier wave or the carrier wave divided by 2
as the timer 1 count source.

[ Set the count value (the output enable interval of carrier
wave from port CARR) to timer 1.

[J Operate timer 1 (W20="1").

O Operate the carrier generating circuit (STCR instruction
executed).

[ Set the next count value (the output disable interval of
carrier wave from port CARR) to reload register R1 before
timer 1 underflow occurs.

The carrier wave is output from port CARR until the first timer
1 underflow occurs. The output of the carrier wave from port
CARR is disabled and the next count value is loaded from
reload register R1 to timer 1 by the first timer 1 underflow.
Then, the output of carrier wave is disabled until the second
timer 1 underflow. Also, the next enable interval of the carrier
wave output can be set by setting the third count value to
timer 1 reload register before the second timer 1 underflow
occurs. If the carrier wave output auto-control function is
invalidated (C20="0") while the carrier wave output is auto-
controlled, the output of port CARR retains the state when
the auto-control is invalidated regardless of timer 1 underflow.
This state can be terminated by timer 1 stop (W20="0"). When
the carrier wave output auto-control function is validated
(C20="1") again after it is invalidated (C20="0"), the auto-
control of carrier wave output is started again when the next
timer 1 underflow occurs.

)

®3)

4)

Carrier wave generating control flag (CR)

The CR flag is used to control the carrier wave generating
operation of the carrier generating circuit. The CR flag is “1”
and the carrier wave generating is started by executing the
STCR instruction. The CR flag is “0” and the carrier wave
generating is stopped by executing the SPCR instruction. The
CR flag is “0” at system reset.

Note on the carrier generating circuit stop

In order to stop the carrier wave which has the cycle longer
than that of the instruction clock with the SPCR instruction,
stop it at the point when the carrier wave outputs “L” level in
the SPCR instruction execution cycle.

If this condition is not satisfied, the last “H” output interval of
carrier wave is shortened.

Notes when using the carrier wave output auto-control function
Execute the STCR instruction after setting the timer 1 and
register C2 in order to start the carrier generating circuit
operation.

Stop the timer 1 (W20="0") after stopping the carrier
generating circuit (SPCR instruction executed) while the
carrier wave output is disabled in order to stop the carrier
wave output auto-control operation.

If the carrier wave output auto-control function is invalidated
(C20="0") while the carrier wave output is auto-controlled,
the output of port CARR retains the state when the auto-
control is invalidated regardless of timer 1 underflow. This
state can be terminated by timer 1 stop (W20="0").

When the carrier wave output auto-control function is
validated (C20="1") again after it is invalidated (C20="0"),
the auto-control of carrier wave output is started again when
the next timer 1 underflow occurs. However, when the carrier
wave output auto-control bit is changed during timer 1
underflow, the error-operation may occur.

Use the carrier wave or the carrier wave divided by 2 as the
timer 1 count source when the carrier wave output auto-
control function is selected.

If the ORCLK is used as the count source, a hazard may
occur in port CARR output because ORCLK is not
synchronized with the carrier wave.

When “no carrier wave” is selected with register C1
((C13C12C11C10) = (0101), (1101)), the enable/disable of
the carrier wave output cannot be controlled by the carrier
wave output auto-control function.
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Timer 1

output

(C20) 1

Timer 1 underflow .%

Port CARR output

Register C20

Port CARR -

H :
L :
e a e

Timer 1 start
v

T I

underflow

| |

>le c —» d—

A A A

Set the interval | Set the interval “b” to | Set the interval “c” to
“a’totimer 1. |reload register R1. reload register R1.

4

Carrier wave output start

A

Set the interval “d” to
reload register R1.

A

Carrier wave output start

(C20) -0

(C20)~1 (C20)—0 (C20)-1

Fig. 23 Carrier wave output auto-control by timer 1
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LCD FUNCTION

The 4551 Group has an LCD (Liquid Crystal Display) controller/
driver. When data are set in timer control registers (W2, W3),
timer LC, LCD control registers (L1, L2), and LCD RAM, the LCD
controller/driver automatically reads the display data and controls
the LCD display by setting duty and bias.

4 common signal output pins and 20 segment signal output pins
can be used to drive the LCD. By using these pins, up to 80
segments (when 1/4 duty and 1/3 bias are selected) can be
controlled to display. When the required number of segment pins
is 19 or less, pins SEG16—SEG19 (4) can be used as input ports
P20-P2s.

(1) Duty and bias
There are 3 combinations of duty and bias for displaying data
on the LCD. Use bits 0 and 1 of LCD control register (L1) to
select the proper display method for the LCD panel being
used.

e 1/2 duty, 1/2 bias
e 1/3 duty, 1/3 bias
e 1/4 duty, 1/3 bias

The LCD clock is determined by the timer 2 count source
selection bit (W23), timer LC control bit (W3o), and timer LC.
Accordingly, the frequency (F) of the LCD clock is obtained
by the following formula. Numbers (O to [I) shown below the
formula correspond to numbers in Figure 24, respectively.

e When using the prescaler output (ORCLK) as timer 2 count
source (W23="1")

F=ORCLK O 1 0 O

1

16 LC+1 2

O ao O O
e When using the f(XciN) as timer 2 count source (W23="0")

F= f(Xcn) O g O

1 1 1
| | 16 | LC+1 | 2 |
O ad a a

[LC: 0to 15]

The frame frequency and frame period for each display
method can be obtained by the following formula:

Table 12 Duty and maximum number of displayed pixels Frame frequency = (Hz)
n
(2) LCD clock control
Duty |Maximum number of displayed pixels| Used COM pins _
1/2 |40 segments COMo, COM: (Note)] ~ Frame period = ©) o clock
1/3 |60 segments COMo—-COMz2 (Note) [1}n'(|:3ut§/ ¢ requencyﬂ
1/4 |80 segments COMo—COM3 ’
Note: Leave unused COM pins open.
(Note)
O
O . . !'ng’. 0 .
W23 === )
Z3, STCK—01 | z\lo_> LCD clock

Xcin O—00 ! -_;O/O.
1/16 !
ORCLK —»5] 1 | 116 |t |

Note: Count source is stopped by clearing to “0.”

Fig. 24 LCD clock control circuit structure
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v e
1exa|dniniy Joxa(dnniy
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Fig. 25 LCD controller/driver structure
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(3) LCD RAM
RAM contains areas corresponding to the liquid crystal display.
When “1” is written to this LCD RAM, the display pixel
corresponding to the bit is automatically displayed.

4

LCD drive waveform

When “1” is written to a bit in the LCD RAM data, the voltage
difference between common pin and segment pin which
correspond to the bit automatically becomes IVicsl and the
display pixel at the cross section turns on.

When returning from reset, and in the RAM back-up mode, a
display pixel turns off because every segment output pin and
common output pin becomes Vics level (=Vbob).

z 1
X 1 2
Y Bit| 3 2 1 0 3 2 1 0 3 2 1 0
8 SEGO0 | SEGO | SEG0 | SEGO | SEG8 | SEG8 | SEG8 | SEG8 | SEG16| SEG16| SEG16|SEG16
9 SEG1| SEG1 | SEG1 | SEG1| SEG9 | SEG9 | SEG9 | SEG9 | SEG17| SEG17| SEG17|SEG17
10 SEG2| SEG2 | SEG2 | SEG2 |SEG10| SEG10| SEG10|SEG10| SEG18| SEG18| SEG18|SEG18
11 SEG3| SEG3 | SEG3 | SEG3|SEG11|SEG11| SEG11|SEG11| SEG19| SEG19| SEG19|SEG19
12 SEG4 | SEG4 | SEG4 | SEG4 |SEG12| SEG12| SEG12|SEG12
13 SEG5 | SEG5 | SEG5 | SEG5 |SEG13| SEG13| SEG13|SEG13
14 SEG6 | SEG6 | SEG6 | SEG6 | SEG14| SEG14| SEG14|SEG14
15 SEG7| SEG7 | SEG7 | SEG7 |SEG15| SEG15| SEG15|SEG15
COM COM3 | COM2 | COM1| COMo| COM3 | COM2| COM1 | COMo | COM3| COM2 | COM1 | COMO
Note: The area marked “— " is not the LCD display RAM.
Fig. 26 LCD RAM map
Table 13 LCD control registers
LCD control register L1 at reset : 00002 at power down : state retained R/W
0 . . L
L1s Not used 1 This bit has no function, but read/write is enabled
0
L1z |LCD on/off bit Off
1 Jon
L11|L1o Duty Bias
L11 0|0 Not available
LCD duty and bias selection bits 0|1 1/2 1/2
L1o 1|0 1/3 1/3
1|1 1/4 1/3
LCD control register L2 atreset: 11112 at power down : state retained W
. . . . 0 SEGu19
L23 P23/SEG19 pin function switch bit
1 P23
. . . . 0 SEG
L22 P22/SEGu1s pin function switch bit 1
1 P22
0 SEGu17
L21 P21/SEG17 pin function switch bit
1 P21
. . . . 0 SEGu16
L2o P20/SEG1s pin function switch bit 1 55
0

Note: “R” represents read enabled, and “W” represents write enabled.
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1/2 Duty, 1/2 Bias: When writing (XX10)2 to address M (1, 2, 8)

in RAM.

1 frame (2/F)

A A

M (L 2,8) e

1/3 Duty, 1/3 Bias: When writing (X101)2 to address M (1, 2, 8)

Voltage level

Vic3
Vici=Vie2
Vss

Vic3
Vici=Vic2
Vss

in RAM.

1 frame (3/F)

M (1, 2, 8)

| Voltage level

Tt 17Tt - ----Vic3
————— niuiaiel plaiute ———--———---————---———-I—Vch
SEGlG _____ _————p e = _————t e — ] T VLCl
] comz | comt | como | Ves
SEG16 JA SEG16 JA SEG16 |
ON ! OFF ! ON
1/4 Duty, 1/3 Bias: When writing (1010)2 to address M (1, 2, 8) in RAM.

1 frame (4/F)

M (1, 2, 8)

Voltage level

F: LCD clock frequency

X: Set an arbitrary value. COM3
(These bits are not SEG16
related to set the drive ON

waveform at each duty.)

---VLc3
I E—
-------- Vicl
-------- Vss
COM2 COM1 COMo
SEG16 SEG16 SEG16
OFF ON OFF

Fig. 27 LCD controller/driver structure
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RESET FUNCTION

System reset is performed by applying “L” level to RESET pin
for 1 machine cycle or more when the following condition is
satisfied;

« the value of supply voltage is the minimum value or more of
the recommended operating conditions.

Then when “H” level is applied to RESET pin, software starts

from address 0 in page 0.

f(XIN)

I
RESET M (Note)

'«——Ff(XIN) is counted

: 10757 to 10786 times

Software start
— :
! (Address 0 in page 0)

Note: The number of clock cycles depends on the internal state of
the microcomputer when reset is performed.

Fig. 28 Reset release timing

Reset input
1

1machine cycle or more

'&

f(XIN) is counted
10757 to 10786 times

€

0.85VpD ----

RESET
0.3VDD -~ 1

A

(Note)

. _» Software start
(Address 0 in page 0)

Note: Keep the value of supply voltage the minimum value or more
of the recommended operating conditions.

Fig. 29 RESET pin input waveform and reset operation

(1) Power-on reset
Reset can be automatically performed at power on (power-
on reset) by the built-in power-on reset circuit. When the built-
in power-on reset circuit is used, the time for the supply voltage
to reach the minimum operating voltage must be set to 100

us or less. If the rising time exceeds 100 s, connect a
capacitor between the RESET pin and Vss at the shortest
distance, and input “L” level to RESET pin until the value of
supply voltage reaches the minimum operating voltage.

Pull-up
| transistor

Power-on reset circuit
output voltage

RESET O— T >o—» Internal reset
pin : Power-on Slgnal '
X reset circuit
A Voltage drop detection circuit I'

output

Watchdog timer

/ Reset state

Internal reset signal

diode.

Applied potential to RESET pin must
be VDD or less.

Note: - - - {4 - - - This symbol represents a parasitic

A
—~ Reset released

Power-on

Fig. 30 Power-on reset circuit example
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(2) Internal state at reset
Table 14 shows port state at reset, and Figure 31 shows
internal state at reset (they are retained after system is
released from reset).

Table 14 Port state at reset

HARDWARE
FUNCTIONAL BLOCK OPERATIONS

The contents of timers, registers, flags and RAM except those
shown in Figure 31 are undefined, so set the initial values to
them.

Name Function State
Do—D4, Ds/INT Do—-D4, Ds High | g Note 1
De/Xcin, D7/Xcout De, D7 igh impedance (Note 1)
P0o—PO0s3 P0o—PO0s “H” (Vo) level (Note 1)
Plo-P1s Plo-P13 (Notes 1, 2)
P20/SEG16—P23/SEG19 P20—-P23 High impedance
SEGo-SEG15 SEGo-SEG1s
COMo—COMs COMo—COM3 Vics (Voo) level
CARR CARR “L” (Vss) level
Notes 1: Output latch is set to “1.”
2: The pull-up transistor is turned off.
o Program COUNtEr (PC) .......coovieeieeeeeeeeeeeeeeeeeeee e [oJoJofoJoJoJoJoJoJoloJoJoTo0]

Address 0 in page 0 is set to program counter.

e Interrupt enable flag (INTE) ...cc.vvviiieiiiiiieecceee e see e e e

¢ POWET dOWN Flag (P) .eeeeieeiiiee ettt e e e e

 External O interrupt request flag (EXFO)....

e Interrupt control register V1 ........ooveeiiiiiieeeiicee e

e Interrupt control register 11 .........ovveviiiiiiee e

e Timer 1 interrupt request flag (TLF) ....cocoooiieiiiiiiiieecc e

e Timer 2 interrupt request flag (T2F) .oooocvvivieee e

e Watchdog timer flag (WDF) ..cooiiiiieee e

» Watchdog timer enable flag (WEF) ......ocoiiiiiiiiiiiiieeecee e

« Timer control register W1 .... (Prescaler stopped)
o Timer control regiSter W2 ........oooviiieeiiiiiiie e sea e (Timer 1 stopped)

e Timer control register W3 ... (Timer LC stopped)
o Clock control register MR .........cc.ooveeeureeeeeee e [1]Jo]0]0]

« Carrier wave selection register C1 ..........cccoevveeeeereeeeieeeeeeeeeenenes [0J21]1]1]

« Carrier wave output control register C2...........coceeeviiiiiiiiiiiiiiiie e (o]

« Carrier wave generating control flag CR ..........ccooviiiiiieiniiiieee e [0] (Carrier wave output disabled)
+ LCD control register L1 ..[0]0]0]0](LCD off)

e LCD CONLIOl FEQISTEN L2 ..ot (Port P2 selected)
* Pull-up control register PUD ...........ccceevivieeeeieeeeeeseesessee s [0JoJo]0]

o General-purPoSe reQISIEr V2 .......cccccveeevieeeiieeeeeeeeeeeseseeeesseeeeee s oJoJo]o0]

@ Carmy flag (CY) cooiiiii

L =0 1] (=] SRR

L =T o 1] 1= = R

@ REQISIEI D .o

¢ REGISIEI E oo

« Data pointer Z ......
 Stack pointer (SP)

L D= L= o101 01 (=] R
e Data POINTEN Y ..o

“00" represents undefined.

Fig. 31 Internal state at reset
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VOLTAGE DROP DETECTION CIRCUIT

The built-in voltage drop detection circuit is designed to detect a
drop in voltage and to reset the microcomputer if the supply
voltage drops below a set value.

«
—

-i g:’ull-up transistor

Power-on
reset circuit

Voltage drop detection circuit

Watchdog timer output

RESET pin O {}c » Internal reset signal

Fig. 32 Voltage drop detection reset circuit

VDD
Reset voltage —====-========-"--------- Yoo

10786 times.
_>

Internal reset
signal

The microcomputer starts operation
after the f(XIN) is counted 10757 to

Fig. 33 Voltage drop detection circuit operation waveform
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POWER DOWN FUNCTION
The 4551 Group has 2-type power down functions.

e Clock operating mode........ccccccvveeeeviivinennnnnn. POF instruction
o RAM back-up mode .......ccccceveevviiiiiiiinieeenn. POF2 instruction

Power down is performed by executing each instruction. Above
power down functions are different from reset in start conditions.
Table 15 shows the function and states retained at power down.
Figure 36 shows the state transition.

e Return from power down state ............. Warm start condition
e Return from reset state.............cccccceeeee. Cold start condition

(1) Clock operating mode
The following functions and states are retained.
e RAM
e Reset circuit
Xcin—XcouT oscillation
LCD display
Timer 2

(2) RAM back-up mode
The following functions and states are retained.
e RAM
e Reset circuit
Unlike the clock operating mode, all oscillations stop in the
RAM back-up mode.

(3) Warm start condition

The system returns from the power down state when;

e the external wakeup signal is input or the timer 2 underflow
occurs
in the clock operating mode, or when;

e the external wakeup signal is input
in the RAM back-up mode.
In either case, the CPU starts executing the software from
address 0 in page 0. In this case, the P flag is “1.”

(4) Cold start condition
The CPU starts executing the software from address 0 in
page 0 when;
e reset pulse is input to RESET pin,
e reset by watchdog timer is performed, or
e reset by the voltage drop detection circuit is performed.
In this case, the P flag is “0.”

HARDWARE
FUNCTIONAL BLOCK OPERATIONS

Table 15 Functions and states retained at power down

Power down
Function Clock | RAM
operating| back-up
Program counter (PC), registers A, B, 0 0
carry flag (CY), stack pointer (SP) (Note 2)
Contents of RAM 0] o]
Port level O (e}
Clock control register MR @) O
Timer control register W1 O O
Timer control registers W2, W3 0] (0]
Interrupt control register V1 O O
Interrupt control register 11 0] O
Carrier wave control registers and flag (C1, C2, CR) o O
LCD display function O (Note 3)
LCD control registers L1, L2 0] o
Timer LC O (Note 4)
Timer 1 function 0 O
Timer 2 function O O
External O interrupt request flag (EXFO) o O
Timer 1 interrupt request flag (T1F) O O
Timer 2 interrupt request flag (T2F) O O
Watchdog timer flag (WDF) 0] O
Watchdog timer enable flag (WEF) @) O
Interrupt enable flag (INTE) O O
General-purpose register V2 O O

Notes 1: “O” represents that the function can be retained, and
“0” represents that the function is initialized.
Registers and flags other than the above are undefined
at power down, and set an initial value after returning.

2: The stack pointer (SP) points the level of the stack
register and is initialized to “1112” at power down.

3: LCD is turned off.

4: The state of the timer is undefined.

4551 Group User’'s Manual
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(5) Identification of the start condition
Warm start or cold start can be identified by examining the
state of the power down flag (P) with the SNZP instruction.
The warm start condition (timer 2 or external wakeup signal)
can be identified by examining the state of T2F flag.

Powerdown flag P

POF instruction
or —» —g o—
POF2 instruction

Reset input —» —R
e Setsource:««.... POF or POF2 instruction executed
e Clear source. - .- Reset input

( Software start )

Cold start

Return by timer 2 Return by external
underflow wakeup signal

Fig. 34 Set source and clear source of the P flag

(6) Return signal
An external wakeup signal or timer 2 interrupt request flag is
used to return from the clock operating mode.
An external wakeup signal is used to return from the RAM
back-up mode because the oscillation is stopped. Table 16
shows the return condition for each return source.

Table 16 Return source and return condition

Fig. 35 Start condition identified example using the SNZP instruction

(7) Port P1 control register
e Pull-up control register PUO
Register PUO controls the ON/OFF of the port P1 pull-up
transistor and the ON/OFF of the key-on wakeup function.
Set the contents of this register through register A with
the TPUOA instruction. In addition, the TAPUO instruction
can be used to transfer the contents of register PUO to
register A.

Return source Return condition

Remarks

Ports PO, P1 |Returns by an external falling

edge input (“H” - "L").

External wakeup
signal

Port PO shares the falling edge detection circuit with port P1. The key-on
wakeup function of port PO is always valid. The only key-on wakeup
function of the port P1 bit of which the pull-up transistor is turned on is
valid. Set all the port using the key-on wakeup function to “H” level before
going into the power down state.

request flag setting T2F to “1.”

Timer 2 interrupt|Returns by timer 2 underflow and | The timer 2 interrupt request flag (T2F) can be used only when system
returns from the clock operating mode (POF instruction execution).
However, if the POF and POF2 instructions are executed while the T2F =
“1”, its operation is recognized as the return condition and system returns
from the clock operating mode.

Note: P1 pin has the pull-up transistor which can be turned on/off by software.

Table 17 Pull-up control register

Pull-up control register PUO at reset : 00002 at power down : state retained R/W
Port P13 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
PUbs control bit 1 Pull-up transistor ON, key-on wakeup
Port P12 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
PU0: control bit 1 Pull-up transistor ON, key-on wakeup
Port P11 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
PUO: control bit 1 Pull-up transistor ON, key-on wakeup
Port P1o pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
PU0o control bit 1 Pull-up transistor ON, key-on wakeup

Note: “R” represents read enabled, and “W” represents write enabled.
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(8) State transition
State transition is described using Figure 36.

HARDWARE
FUNCTIONAL BLOCK OPERATIONS

Reset

i

\ POF2 execution

(D (He—

System clock;

POF executiorﬁ E
, IN):Oscillation IN):Oscillation K ,
A, (E J—> | Xin):Oscillati MRs - 1 f(Xin):Oscillati — A, [E
Clock f(Xcin):Stop < f(XciN):Stop
Retum input 1} Operating System clock; MRe a2 System clock; Retur input 1
; EEEEE SN ;
,(E)e—{mode FXIN)/4 (Note 2) F(XIN) —(A),
(Stabilizing time (@) )| f(XiN):Stop \_MR=(10002) / o MR=(00002) (Stabilizing time (@) )
f(XcIn):Stop @ @ A
£ “|E o
_________ = N
5 g8 o
8 =z S
o vo RAM
POF execution| = back-up POF2 execution
F— f(X):Oscillation MRs - 1 f(Xi):Oscillation | |mode «—(B),F)
f(XcIN):Oscillation [* f(XciIN):Oscillation
Return input 1, 2 ) MR3 « 0 . FOXN): St Return input 1
Clock System clock; System clock; (XIN):Stop
,1— operating fxiny/4 (Note 2) f(Xin) f(Xc)-Stop —>,
(Stabilizing time @ )| mode MR=(11002) MR=(01002) (Stabilizing time (@) )
A
— o [ ]
f(XiN):Stop ! ! ©.
f(XCIN) : & & c1> xNote 2)
Oscillation s s cn
v N 0 y =t
POF execution C g K_ G POF2 execution
C,Gl— f(Xin):Oscillation f(Xin):Oscillation <_© @
MR3 ~ 1 P
’ f(Xcin):Oscillation 2 f(Xcin):Oscillation . ’ .
Return input 1, 2 System clock; MR3 < 0 »| System clock; Return input 1
C,(G)le— f(XcIN)/4 f(Xcin) _>.C G
MR=(11012) QR=(01012) - ’
(Stabilizing time (¢) ) (Stabilizing time (b))
(Note 1) ; YOI ©
— o| g * ¢ Ll gg
! [ = i é
gl &5 & g
= =| z = 3
POF execution 2 N\Q& > A 2 POF2 execution
D f H
B H— oy amCLG)
f(XIN):Stop MR3 — 1 (XiN):Stop
Return input 1, 2 f(Xcin):Oscillation f(Xcin):Oscillation Return input 1
MR3 — 0

—{(D.(H)

System clock;

f(XcIN)/4
MR=(11112)

(Stabilizing time (¢)

(Note 1) \ S/

Stabilizing time (@ :
Stabilizing time (D :
Stabilizing time (©) :

Stabilizing time (d :

Return input 2: Timer 2 interrupt request flag

by “= = = " can be executed.

(2)Vbb=4.5Vt0 5.5V, f(XIN) <2.0M

Hz

An interval required to stabilize the f(XIN) oscillation is automatically generated by hardware.
An interval required to stabilize the f(XcIN) oscillation is automatically generated by hardware.
Generate an interval required to stabilize the f(XIN) oscillation in state C or G by software at the
transitonD-C,D-G,H-C,H-G,J-C,0orJ-G.

Generate an interval required to stabilize the f(XcIN) oscillation in state B, F by software at the
transition A-B, E-F, A-F, or E-B.
Return input 1: External wakeup signal (POo—P03, P10—P13)

Notes 1. MR3="1" - The microcomputer starts its operation after counting f(XcIN) clock signal 59 to 70 times.
MR3="0" - The microcomputer starts its operation after counting f(XcIN) clock signal 32 to 43 times.

2. When the following 2 conditions are satisfied, the transition A~ E, B-F, A-F, C-F, G-F represented

(1) Vbb = 2.2V to 5.5 V (One Time PROM version: Vbb = 2.5 V to 5.5 V), f(XIN) < 1.0 MHz

A 4

f(XciN)
MR=(01112)

(Stabilizing time (b))

N

Fig. 36 State transition
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CLOCK CONTROL

The clock control circuit consists of the following circuits.

e Clock generating circuit

Control circuit to stop the clock oscillation

e System clock (STCK) selection circuit
e Instruction clock (INSTCK) generating circuit
e Control circuit to return from the power down state

XINO—

MRO

OSC

XouT O——

Multiplexer circuit

Frequency
dividing

Internal clock

(divided by 4)

(divided by 3)

OSC

XCINO
Xcout &
POF instruction —R
Q
S
POF2 instruction R
S Q

i

MR1

L/

//,_T_J o<j O RESET
\\l—l T2F flag

{ Falling detected |— Ports PO, P1

SO INSTCK
generatlng circuit f——p

Fig. 37 Clock control circuit structure

(1) Clock control register
e Clock control register MR

Register MR controls the system clock. Set the contents
of this register through register A with the TMRA

Table 18 Clock control register

instruction. In addition, the TAMR instruction can be used
to transfer the contents of register MR to register A.

Clock control register MR at reset : 10002 at power down : state retained R/W
MRo=0 | f(Xin)

0 MRo=1 | f(XcIN)

MR3  |System clock (STCK) selection bit MRo=0 | f(Xm)/4
1 MRo=1 | f(XcIn)/4
0 f(Xcin) oscillation stop, ports De and D7 selected

MRz |f(Xci) oscillation circuit control bit 1 f(XcN) oscillation enabled, ports Ds and D7 not selected
0 Oscillation enabled

MR1  [f(Xin) oscillation circuit control bit 1 Oscillation stop
0 f(Xin)

MRo |Clock selection bit 1 fXcm)

Note: “R” represents read enabled, and “W” represents write enabled.

1-38

4551 Group User’'s Manual




HARDWARE
FUNCTIONAL BLOCK OPERATIONS/ROM ORDERING METHOD

(2) f(Xin) clock generating circuit
Clock signal f(Xin) is obtained by externally connecting a

. ; T . M34551 Note: Externally connect a
ceramic resonator. Connect this external circuit to pins XiN damping resistor Rd
and Xour at the shortest distance. A feedback resistor is built X X depending on the
in between pins Xin and Xour. IN ouT oscillation frequency.

eedback resistor is
A feedback t
(3) f(XciN) clock generating circuit Rd built-in.)
. . ; . Use the resonator
Clock signal f(XciN) is obtained by externally connecting a _”] manufacturer's
quartz-crystal oscillator. Connect this external circuit to pins N c recommended value
Xcin and Xcourt at the shortest distance. A feedback resistor N ouT because constants such
is built in between pins Xcin and Xcour. as capacitance depend
7T on the resonator.

ROM ORDERING METHOD
Please submit the information described below when ordering ~ Fig. 38 Ceramic resonator external circuit
Mask ROM.

(1) M34551M4-XXXFP Mask ROM Order Confirmation Form

Note: Externally connect a
(2) Data to be written into mask ROM M34551 damping)llfesistor Rd
* EPROM (three sets containing the identical data) X » depending on the
(3) Mark Specification FOIM ........ccccovirireeereririeieeeeee e 1 <l cout oscillation frequency.
(A feedback resistor is
Rd built-in.)

Use the quartz-crystal

—| |:| oscillator manufacturer’'s

4 recommended value

CIN — Cout because constants such
as capacitance depend
on the quartz-crystal

oscillator.

e

Fig. 39 Quartz-crystal oscillator external circuit
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LIST OF PRECAUTIONS

D|Noise and latch-up prevention|
Connect a capacitor on the following condition to prevent noise
and latch-up;
e connect a bypass capacitor (approx. 0.1 uF) between pins

Vop and Vss at the shortest distance,

» equalize its wiring in width and length, and
* use the thickest wire.
In the built-in PROM version, CNVss pin is also used as Vrp
pin. Accordingly, when using this pin, connect this pin to Vss
through a resistor about 5 kQ (connect this resistor to CNVss/
VPP pin as close as possible).

O|Prescaler

Stop the prescaler operation to change its frequency dividing
ratio.

[J|Count source

Stop timer 1 or timer LC counting to change its count source.
When timer 2 count source changes from f(Xcin) to ORCLK
(W23 ="0" - W23 ="1"), the count value of timer 2 is initialized.
However, when timer 2 count source changes from ORCLK to
f(Xcin) (W23 = “1" - W23 = “0") or the same count source is
set again (W23 ="0" - W23 ="0"or W23 =“1" - W23 ="1"),
the count value of timer 2 is not initialized.

Cffimerz ]

Timer 2 has the watchdog timer function (WDT). When timer 2
is used as the WDT, note that the processing to initialize the
count value and the execution of the WRST instruction.

O|Reading the count value|
Stop the prescaler and then execute the TAB1 instruction to
read timer 1 data.

O|writing to reload register R1|
Write the data to reload register R1 while timer 1 is operating,
avoid a timing when timer 1 underflows.

a | Notes when using the carrier wave output auto-control function|

« Execute the STCR instruction after setting the timer 1 and

register C2 in order to start the carrier generating circuit
operation.

e Stop the timer 1 (W20="0") after stopping the carrier
generating circuit (SPCR instruction executed) while the
carrier wave output is disabled in order to stop the carrier
wave output auto-control operation.

« If the carrier wave output auto-control function is invalidated

(C20="0") while the carrier wave output is auto-controlled,
the output of port CARR retains the state when the auto-
control is invalidated regardless of timer 1 underflow. This
state is released by timer 1 stop (W20="0").
When the carrier wave output auto-control function is
validated (C20="1") again after it is invalidated (C20="0"),
the auto-control of carrier wave output is started again when
the next timer 1 underflow occurs. However, when the carrier
wave output auto-control bit is changed during timer 1
underflow, the error-operation may occur.

» Use the carrier wave or the carrier wave divided by 2 as the
timer 1 count source when the carrier wave output auto-
control function is selected.

If the ORCLK is used as the count source, a hazard may
occur in port CARR output because ORCLK is not
synchronized with the carrier wave.

* When “no carrier wave” is selected with register C1
((C13C12C11C10) = (0101), (1101)), the enable/disable of
the carrier wave output cannot be controlled by the carrier
wave output auto-control function.

o[oein o

When the interrupt valid waveform of Ds/INT pin is changed
with the bit 2 of register 11 in software, be careful about the
following notes.

e Clear the bit 0 of register V1 to “0” and then change the
interrupt valid waveform of Ds/INT pin with the bit 2 of register
11 (refer to Figure 4001).

e Clear the bit 2 of register 11 to “0” and execute the SNZ0
instruction to clear the EXFO flag after executing at least
one instruction (refer to Figure 40[J). Depending on the input
state of the Ds/INT pin, the external O interrupt request flag
(EXFO0) may be set to “1” when the interrupt valid waveform
is changed.

LA 4 (00002

TV1A ; The SNZO instruction is valid [

LA 4

TI1A ; Change of the interrupt valid waveform
NOP 0
SNz0 ;The SNZO instruction is executed

NOP

[J : this bit is not related to the setting of INT.

Fig. 40 External O interrupt program example

g |One Time PROM version
The operating power voltage of the One Time PROM version
is within the range of 2.5V to 5.5 V.

 puifuncion

Note that the port Ds output function can be used even when
INT function is selected.

®|Power down instruction (POF instruction, POF2 instruction)|
Execute the POF or POF2 instruction immediately after
executing the EPOF instruction to enter the power down state.
Note that system cannot enter the power down state when
executing only the POF or POF2 instruction.
Be sure to disable interrupts by executing the DI instruction
before executing the EPOF instrcution.

#fprogram counter]

Make sure that the PCH does not specify after the last page of
the built-in ROM.
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SYMBOL
The symbols shown below are used in the following list of instruction function and machine instructions.
Symbol Contents Symbol Contents

A Register A (4 bits) WDF Watchdog timer flag

B Register B (4 bits) INTE Interrupt enable flag

DR Register D (3 bits) EXFO External O interrupt request flag

E Register E (8 bits) P Power down flag

V1 Interrupt control register V1 (4 bits)

V2 General-purpose register V2 (4 bits) D Port D (8 bits)

11 Interrupt control register 11 (4 bits) PO Port PO (4 bits)

w1 Timer control register W1 (4 bits) P1 Port P1 (4 bits)

W2 Timer control register W2 (4 bits) P2 Port P2 (4 bits)

w3 Timer control register W3 (2 bits)

C1 Carrier wave selection register C1 (4 bits) X Hexadecimal variable

Cc2 Carrier wave output control register C2 (1 bit) y Hexadecimal variable

CR Carrier wave generating control flag z Hexadecimal variable

L1 LCD control regiser L1 p Hexadecimal variable

L2 LCD control register L2 n Hexadecimal constant which represents the
PUO Pull-up control register PUO (4 bits) immediate value

MR Clock control register MR (4 bits) i Hexadecimal constant which represents the
X Register X (4 bits) immediate value

Y Register Y (4 bits) j Hexadecimal constant which represents the
z Register Z (2 bits) immediate value

DP Data pointer (10 bits) AzA2A1A0 Binary notation of hexadecimal variable A

(It consists of registers X, Y, and Z) (same for others)

PC Program counter (14 bits)

PCH High-order 7 bits of program counter - Direction of data movement

PCL Low-order 7 bits of program counter - Data exchange between a register and memory
SK Stack register (14 bits O 8) ? Decision of state shown before “?”

SP Stack pointer (3 bits) @) Contents of registers and memories

CY Carry flag — Negate, Flag unchanged after executing

R1 Timer 1 reload register instruction

R2 Timer 2 reload register M(DP) RAM address pointed by the data pointer

RLC Timer LC reload register a Label indicating address as as a4 a3 az a1 ao
STCK System clock p,a Label indicating address ae as a4 a3 a2 a1 ao
INSTK Instruction clock in page ps p4 p3 p2 p1 po

T1 Timer 1 Hex. C + Hex. number x (also same for others)
T2 Timer 2 +

TLC Timer LC

T1F Timer 1 interrupt request flag

T2F Timer 2 interrupt request flag

Note : The 4551 Group just invalidates the next instruction when a skip is performed. The contents of program counter is not
increased by 2. Accordingly, the number of cycles does not change even if skip is not performed. However, the cycle count
becomes “1” if the TABP p, RT, or RTS instruction is skipped.
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Grouping | Mnemonic Function Grouping | Mnemonic Function Grouping | Mnemonic Function
TAB (A) - (B) _Ixamij ) - =~ (M(DP)) SBj (Mj(DP)) 1
£ (X) < (X)EXOR(j) j=0to3
TBA B) — (A) g j=0to15 c
g ) -M+1 € |RBj  |(Mi(DP)) -0
TAY (A) < (Y) 2 g j=0to3
S o™mAj |{MEP) - () S
TYA ) < (A) s (X) « (X)EXOR(j) @ IszBj  |[(Mj(DP))=07?
= j=0to15 j=0to3
TEAB  |(E7-E4) — (B)
5 (Es—Eo) — (A) LA n (A) < n c SEAM  |(A) = (M(DP)) ?
2 n=0to15 25
S |TABE  |(B) — (Ev-Ea) 8 ®|SEAn |(A)=n?
g (A)  (Es—Eo) TABPp |(SP) — (SP) +1 £ 8 n=0to 15
3 (SK(SP)) - (PC) ©
s |TDA (DR2-DRo) < (A2—Ao) (PCH) — p Ba (PCL) - as—ao
ol (PCL) — (DR2-DRo,
q%; TAD (A>—Ac) - (DR2-DRo) As—Ao) & [BLpa [(PCH - p
o (As) — O (B) « (ROM(PC))7104 S (PCL) — as—ao
(A) « (ROM(PC))3w00 | o
TAZ (A1, Ao) — (Z1, Z0) (PC) — (SK(SP)) S |BLAp |(PCH) < p
(A3, A2) < O (SP) — (SP) -1 g (PCL) ~ (DR2-DRo
Asz—Ao)
TAX A) < (X) AM (A) — (A) + (M(DP))
c BM a (SP) — (SP) + 1
TASP  |(A2-Ad) — (SP2-SPo) | £ |AMC (A) < (A) + (M(DP)) (SK(SP)) « (PC)
(As) < 0 o] +(CY) (PCH) « 2
8 (CY) « Carry (PCL) « as—ao
LXY X,y |[(X) « x,x=0to 15 k] c
(Y) «y,y=0to 15 E An (A) « (A)+n £ |BMLp,a [(SP) - (SP)+1
3 S n=0to15 i (SK(SP)) - (PC)
g LZ z (Z2) -« z,z=0t0 3 8 (PCH) « p
2 AND (A) — (AAAND(M(DP)) | S (PCL) — as—ao
S |y ) < (V) +1 g
= OR (A) — (A)OR(M(DP)) 2 |[BMLAp [(SP) - (SP)+1
DEY ) « (Y)-1 (SK(SP)) — (PC)
sC Cy) 1 (PCH) — p
TAM j (A) « (M(DP)) (PCL) — (DR2-DRu,
(X) « (X)EXOR(j) RC (CY) -0 As—Ao)
j=0to 15
3 szc (CY)=07? RTI (PC) « (SK(SP))
£ |XAM| [(A) - - (M(DP)) (SP) — (SP) -1
= (X) « (X)EXOR()) CMA (A) - (A -
*“g” {=0to015 S |RrT (PC) « (SK(SP))
3 RAR -[eY] - [AsAniadly | (SP) — (SP)-1
2 |XAMDj |(A) — - (M(DP)) | &
2 (X) — (X)EXOR() 5 |[rTs (PC) — (SK(SP))
& {=0to015 & (SP) — (SP) -1
(Y) <« (V)-1
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HARDWARE
LIST OF INSTRUCTION FUNCTION

Grouping | Mnemonic Function Grouping | Mnemonic Function Grouping | Mnemonic Function
DI (INTE) - O TLCA (TLC) < (A) g TC1A (C1) « (A
(RLC) - (A) R
El (INTE) < 1 § STCR  |Carrier wave
SNZT1 |[(T1F)=17? o generating start
SNZ0 (EXFO)=17? s After skipping the next ®
After skipping the next EE instruction, % SPCR Carrier wave
instruction, qé— (T1F) - O 3 generating stop
< (EXFO) — 0 E‘é’ §
3 £ [SNZT2 [(T2F) =17 5 |TC2A (C20) « (Ao)
‘é’_ SNZI0 12 =1: (INTO) = “H" ? After skipping the next %
g 112 =0: (INTO) =“L" ? instruction, ©
% (T2F) < 0 NOP (PC) — (PC) +1
£ |TAvV1 (A) < (V1)
IAPO (A) < (PO) POF Transition to clock
TV1A (V1) « (A) operating mode
OPOA (PO) — (A)
TAILl (A) < (11) POF2 Transition to RAM
IAP1 (A) <« (P1) back-up mode
TI1A (1) < (A)
OP1A (P1) « (A) EPOF Power down instruction
TAWL  [(A) « (W1) 5 (POF, POF2) valid
5 |IAP2 (A) < (P2) g
TWI1A (W1) «~ (A) IS S |[SNzP P)=17
g8 |cp (D) « 1 &
TAW2  [(A) « (W2) 5 85 |WRST  [(WDF) « 0, (WEF) « 1
S |RD (D(Y)) < 0
TW2A  [(W2) < (A) % (Y)=0to 7 TAMR (A) < (MR)
g
TAW3 (A1, Ao) — (W31, W30) SD DY) - 1 TMRA (MR) — (A)
(Y)=0to 7
TW3A (W31, W30) — (A1, Ao) TAV2 (A) < (V2)
TPUOA | (PUO) ~ (A)
- |TAB1 (B) « (T17-T1la) TV2A (V2) « (A)
'% (A) < (T13-T1o) TAPUO |(A) — (PUO)
g
g T1AB at timer 1 stop (W20=0) TL1A (L1) < (A)
E (R17—R14) ~ (B)
- (T17-T14) — (B) S |tAall | - )
(R13-R10) — (A) Zi
(T13-Tlo) — (A) 5 |TL2A (L2) « (A)
At timer 1 operating E
(W20=1), 8
(R17-R14) « (B) -
(R13—R1o) « (A)
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D9-D4 p00000/000001000010[000011/000100{000101/000110/000111{001000[001001(001010{001011/001100{001101/001110 001111212‘22? 21:1['(1)(1)?
Bg_ n(;';’i“'m 00 01 02 03 04 05 06 07 08 09 OA | OB | OC | OD | OE | OF |[10-17|18-1F
0000 | O |[NOP |BLA SSB BMLA| — |TASP 8‘ L(')A TA(I)BP qup TQZE;P TQSE;P BML |BML | BL | BL | BM B
ooo1| 1 - | CLD SiB - - | TAD ? Lf TAPP qup TQ:E;P TQ;P BML [BML | BL | BL | BM B
0010| 2 |POF| - SgB - - | TAX g L2A TAZBP T?SP TQiP TSA(iP BML |BML | BL | BL | BM B
0011 | 3 |[SNzP| INY SéB - - | TAZ 2" L:;,A TA:)I,BP qup TQSELP T?ﬁP BML |[BML | BL | BL | BM B
0100 | 4 DI RD - - RT |TAV1 ﬁ‘ Lf TAfP TégP TQGB*P TSAZELP BML |[BML | BL | BL | BM B
0101| 5 El SD |SEAn| - | RTS |TAV2 é L; TA5BP TQ?P T97E;P TSA;P BML |BML | BL | BL | BM B
0110| 6 RC - [SEAM| - RTI - 2 LéA TA(?P TQEP Téé?;P TsAﬁP BML [BML | BL | BL | BM B
o111 7 SC |DEY | - - - - é L7A TA7BP TQEP TQ;P TSASE;P BML |BML | BL | BL | BM B
1000 8 |POF2|AND | - |SNZO LOZ - g LéA TASBP TQEP Tﬁ(l)?;P TSAGB*P BML |BML | BL BL | BM B
1001| 9 - OR [TDA | - le - g LéA TAG;BP TQEP Tﬁ]liP T5A7E;P BML |BML | BL BL | BM B
1010 A AM [TEAB|TABE [SNZIO LZZ - 1AO Iig‘ qup TQEP szl?;P TSA;P BML | BML | BL BL | BM B
1011| B [AMC| - - - ng EPOF 1Al Ii?_‘ T?IJB_P Tésp TQ;P TSA;P BML |BML | BL BL | BM B
1100 C |[TYA|CMA| - - ROB SOB 1A2 Iig qup TQSP T‘?‘ﬁP Té(l)?;P BML |BML | BL BL | BM B
1101| D - |RAR| - - RlB SlB 1A3 tg qup TQSP TQ;P Té]liP BML |BML | BL BL | BM B
1110 E |TBA|TAB | - |[TV2A RZB SZB f4 tﬁ TQEP Té(E)aP TZIS?;P TQZE;P BML | BML | BL BL | BM B
1111| F - | TAY | SZC [TV1A RgB SgB fé tg qup TQ?P TQ7E;P TQ;P BML |BML | BL BL | BM B

The above table shows the relationship between machine language codes and machine language instructions. D 3-Do show
the low-order 4 bits of the machine language code, and D 9-D4 show the high-order 6 bits of the machine language code. The
hexadecimal representation of the code is also provided. There are one-word instructions and two-word instructions, but only
the first word of each instruction is shown. Do not use code marked “-."

The codes for the second word of a two-word instruction are described below. * cannot be used at M34551M4.

The second word
BL 10 paaa aaaa
BML 10 paaa aaaa
BLA 10 pp00 pppp
BMLA 10 pp0O0 pppp
SEA 00 0111 nnnn
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HARDWARE
INSTRUCTION CODE TABLE

110000

D9-D4 100000|100001{100010/100011{100100/100101/100110{100111/101000{101001{101010{101011/101100{101101/101110| 1011111 . 1' 111

D3 N 20 | 20| 22 | 23 | 24 | 25| 26 | 27 | 28 | 20 | 2o | 28 | 2c | 2D | 2E | 2F |30-sF
TMA | TAM | XAM | XAMI[xAMD]

0000| 0 | - [TwaAOPOA[T1AB| - | - |1APo|TABLISNZT| — MWRST o | o0 | o0 | o | o |LXY

o001| 1 | - | - |opiAl - | - [ - [aP1| - jsnzro| - | - |TMA[TAMPAMPAMIIXAME sy

o010| 2 | - | - | = | = | - [tamrlap2| - | - | = | - |TMA[TAM PXEMPXAMEXAMEY | xy

oo11| 3 [ = | = [ = | = | = |van| = | = | = | = | = [TV AN PN ey
TMA | TAM | XAM | xAMI [xAMD

000 4 | - | - | = | = == -=|-=-1=1=1-=1%121212"x
TMA | TAM | XAM | xAMI[xAMD

0101 5 - - - - - - - - - - - 5 5 5 5 5 LXY
TMA | TAM | XAM | xAMI [xAMD

o110f 6 | — |[TMRA - | - | = | - | - | - | -1 -1-1616 16| 6|6 |X¥
TMA | TAM | XAM | xAMI[xAMD

owr| 7 | - [mal - | = | = faeud - | = | = | = | = |2 ey
TMA | TAM | XAM | xAMI[xAMD

1000| 8 _ - — - - - - - - |STCR|TC1A| g 8 8 3 g | LXY
TMA | TAM | XAM | xAMI[xAMD

wor| o | - | = | = | = | = | = | = | = | - |sPcrRTC2A| g | 9 |79 |9 | g |LXY

1000 A |TA| - | = | = |au] - | = [ = | = | = | = [T A AN Lxy

011 B |TL2A| - | - | = ftawa] = | - [ = | = [ = | = [T PPN ey

100 ¢ | - | = | = | = rawg] - | - [ = | = | = | = [T PO AN ey

1101| D |tLcA| - freuoal - fraws| - | - [ - | - | = | = | 4| T A PN Lxy

SRR =R 1 V% V2 SR (R R e e I R v v el o TP
TMA | TAM | XAM | xAMI[xAMD

The above table shows the relationship between machine language codes and machine language instructions. D3—-Do show the

low-order 4 bits of the machine language code, and D9—D4 show the high-order 6 bits of the machine language code. The

hexadecimal representation of the code is also provided. There are one-word instructions and two-word instructions, but only the

first word of each instruction is shown. Do not use code marked “-.”

The codes for the second word of a two-word instruction are described below.

The second word
BL 10 paaa aaaa
BML 10 paaa aaaa
BLA 10 pp0O0 pppp
BMLA 10 pp00 pppp
SEA 00 0111 nnnn
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Parameter Instruction code "é o8 "
M i 23|80 Functi
Typeol nemonic s be D De De D1 Ds Dy D1 D Hexadecimel | £ S £ % unction
instructions o b8 Dr L6 Us D4 s L2 DL DO notation |2 |2
TAB 000 0011 1 10 [01E|[1]1][A<(®
TBA 000 00O 11 10 [0O0E|[1]1][®B«(@A)
TAY 000 00 1 1 1 1 1 [0 1F|[1]1/[A(
TYA 000 00O T1 10 0 [0O0TC|1]|1l/[Y<(®
TEAB 000 0O 11 01 0 |01 Al 1|1 |(E—-Es) < (B)
ko (Ea-Eo) — (A)
1)
g
= |TABE 00001 010 1 0 |0 2 A[l1]1|(@B)-(ErE
z (A) < (Es—Eo)
o
o
2 |TDA 000 0 1 0 1 0 0 1 [0 2 9| 1] 1 [(DR—DRo) < (A2—A0)
[
k7|
> |TAD 0001 010001 |05 1|1]| 1 |(A—Ad) — (DR2-DRo)
o (A3) — O
TAZ 000 1 0 100 1 1 |05 3|1/ 1 [(ALAd)< (Z120)
(A3, A2) < O
TAX 000 1 010010 [052[1]1][AX
TASP 0001 010000 |05 0| 1] 1 [(A—Ad) (SP—SPo)
(A3) ~0
LXY X,y 1 1 x3 x2 X1 x0 y3 y2 y1 yo |3 x y| 1 1 |(X) « x,x=0to 15
(Y) «y,y=0to 15
%]
P
@ LZz 0 0 01 0 0 1 O z1 z0 |O 4 8|1 1 (@2 «~z2=0to3
3 +2
IS
=
< [Ny 00000 1 00 1 1 [0 13[1]1]|M<(M+1
DEY 000 00 1 0 1 1 1 [0 17]1]|1][Y)(-1
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Skip condition

Carry flag CY

Detailed description

Transfers the contents of register B to register A.

Transfers the contents of register A to register B.

Transfers the contents of register Y to register A.

Transfers the contents of register A to register Y.

Transfers the contents of registers A and B to register E.

Transfers the contents of register E to registers A and B.

Transfers the contents of register A to register D.

Transfers the contents of register D to register A.

Transfers the contents of register Z to register A.

Transfers the contents of register X to register A.

Transfers the contents of stack pointer (SP) to register A.

Continuous
description

(Y)=0

(Y)=15

Loads the value x in the immediate field to register X, and the value y in the immediate field to register
Y.

When the LXY instructions are continuously coded and executed, only the first LXY instruction is executed
and other LXY instructions coded continuously are skipped.

Loads the value z in the immediate field to register Z.

Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is 0, the

next instruction is skipped.

Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y
is 15, the next instruction is skipped.

4551 Group User’'s Manual 1-47



HARDWARE
MACHINE INSTRUCTIONS

MACHINE INSTRUCTIONS (CONTINUED)

Parameter| Instruction code

Mnemonic Function

Number of
words

Type of Ds De D7 Ds Ds De Ds Dz D1 Do | Cooeomd
instructions ° 8 7 6 5 b4 bs 2 1 0 notation

Number of
cycles

TAM j 10 1 1 0 0 j j j i l2cijl1]1]|n«mmDp)
(X) « (X)EXOR(j)
j=0to 15

XAM 101 1 0 13 j j j l2poijl1]1l|®--moDpP)
(X) « (X)EXOR())
j=0to 15

XAMDj [1 0 1 1 1 1 j j j i |2F jl1/|1|®<-mM0OP)
(X) - (X)EXOR()
j=0to15
) - (-1

RAM to register transfer

XAMI j 101 11 03 j j j l2€eijl1]1l|®--moODP)
(X) « (X)EXORC())
j=0to015

(Y) < (V)+1

TMA j 10 1 0 1 1 j j j i 2 B j| 1|1 |MDP)-- (A
(X) « (X)EXOR())
j=0to 15

LAn 0 001 1.2 nn nn |07 n|1]|1]|A«<n
n=0to 15

TABP p 0 0 1 0O ps ps p3 p2 ptr po [0 8 p| 1 3 [(SP) - (SP)+1

+p (SK(SP)) ~ (PC)

(PCH) « p

(PCL) ~ (DR2-DRo, A3—Ao)
(B) « (ROM(PC))7t04

(A) « (ROM(PC))3to0
(PC) — (SK(SP))

(SP) < (SP)—1

(Note)

Arithmetic operation

Note: p is 0 to 31 for M34551M4 and p is O to 63 for M34551M8 and M34551E8.
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Skip condition Detailed description

Carry flag CY

- — | After transferring the contents of M(DP) to register A, an exclusive OR operation is performed between
register X and the value j in the immediate field, and stores the result in register X.

- — | After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.

(Y)=15 — | After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.
Subtracts 1 from the contents of register Y. As a result of subtraction, when the contents of register Y
is 15, the next instruction is skipped.

Y)=0 — | After exchanging the contents of M(DP) with the contents of register A, an exclusive OR operation is
performed between register X and the value j in the immediate field, and stores the result in register X.
Adds 1 to the contents of register Y. As a result of addition, when the contents of register Y is 0, the
next instruction is skipped.

- — | After transferring the contents of register A to M(DP), an exclusive OR operation is performed between
register X and the value j in the immediate field, and stores the result in register X.

Continuous — |Loads the value n in the immediate field to register A.
description When the LA instructions are continuously coded and executed, only the first LA instruction is executed
and other LA instructions coded continuously are skipped.

- — | Transfers bits 7 to 4 to register B and bits 3 to O to register A. These bits 7 to 0 are the ROM pattern in
address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers A and D in page p.
When this instruction is executed, 1 stage of stack register is used.
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MACHINE INSTRUCTIONS (CONTINUED)

Instruction code

Do Ds D7 De Ds Dsa D3 D2 D1 Do

Hexadecimal
notation

Number of
words

Number of

cycles

Function

(A) « (A) + (M(DP))

(A) < (A) + (M(DP))+ (CY)
(CY) ~ Carry

(A) -« (A)+n
n=0to 15

(A) « (A)AND(M(DP))
(A) « (A)OR(M(DP))

(CY) - 1
(CY) < 0
(CY)=0?
A - A

V) eraro

1 j 05 C|1
+]

1 j 04 C|1
+]

0 j 02 | 1

(Mj(DP)) ~ 1
j=0to 3

(Mj(DbP)) ~ 0
j=0to 3

(Mj(bP)) =07
j=0to 3

Parameter]
Mnemonic

Type of

instructions
AM 0 0
AMC 0 0
An 0 0

c

2

S |anD 0 0

o

o

Q

©

E |or 0 0

<
SC 0 0
RC 0 0
SzC 0 0
CMA 0 0
RAR 0 0
SBj 0 0

c

RS .

= RB j 0 0

@

o

o

5 | .
SZBj 0 0
SEAM 0 0

S c

3 S

S 8 [SEAnN 0 0

2 o

E o

o O

© 0 0

(A) = (M(DP)) ?

(A)=n?
n=0to 15
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Skip condition Detailed description

Carry flag CY

- — | Adds the contents of M(DP) to register A. Stores the result in register A. The contents of carry flag CY
remains unchanged.

- 0/1 | Adds the contents of M(DP) and carry flag CY to register A. Stores the result in register A and carry flag

CY.

Overflow = 0 — | Adds the value n in the immediate field to register A.
The contents of carry flag CY remains unchanged.
Skips the next instruction when there is no overflow as the result of operation.

- — |Performs the AND operation between the contents of register A and the contents of M(DP), and stores
the result in register A.

- — |Performs the OR operation between the contents of register A and the contents of M(DP), and stores
the result in register A.

- 1 |Sets carry flag CY to “1.”

- 0 |Clears carry flag CY to “0.”

(CY)=0 — | Skips the next instruction when the contents of carry flag CY is “0.”
- — | Stores the one’s complement for register A’'s contents in register A.
- 0/1 | Rotates the contents of register A including the contents of carry flag CY to the right by 1 bit.
- — | Sets the contents of bit j (bit specified by the value j in the immediate field) of M(DP) to “1.”
- — | Clears the contents of bit j (bit specified by the value j in the immediate field) of M(DP) to “0.”
(Mj(DP)) =0 — | Skips the next instruction when the contents of bit j (bit specified by the value j in the immediate field)
j=0to 3 of M(DP) is “0.”
(A) = (M(DP)) — | Skips the next instruction when the contents of register A is equal to the contents of M(DP).
(A)=n — | Skips the next instruction when the contents of register A is equal to the value n in the immediate field.
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MACHINE INSTRUCTIONS (CONTINUED)

Parameter Instruction code "é " "é "
. 2Tl QO .
—- Mnemonic Hexadecimal g g -g % Function
nstructions Do Ds D7 Ds Ds D4 D3 D2 Di Do notation 2 g
Ba 0 1 1 a a5 a4 a3 a2 a1 a |1 8 a| 1 1 |(PCL) « as—ao
+a
BLp, a 0 0 1 1 1 psa p3 p2prpo | O0E p| 2 2 [(PCH) <« p
.§ +p (PCL) ~ as—ao
g (Note)
o 1 0O ps as as a4 a3 a2 ar ao | 2 p a
o)
BLA p 0 0 0O 0O0O1 0 0 0 O 01 0} 2 2 |(PCH) « p
(PCL) ~ (DR2-DRo, A3—Ao0)
1 0 ps pa 0O O p3 p2 pr po [ 2 p p (Note)
BM a 0 1 0 a a5 a4 a3 a2 a1 ao |1 a a| 1 1 |(SP) « (SP)+1
(SK(SP)) ~ (PC)
(PCH) « 2
(PCL) ~ as—ao
£ BMLp,a [0 O 1 1 O ps4 p3 p2 pr po | 0 C p| 2 2 [(SP) - (SP)+1
© +p (SK(SP)) ~ (PC)
8 (PCH) < p
Q 1 0O ps as as a4 a3 a2 a1 ao | 2 p a (PCL) ~ as—ao
‘S +a (Note)
E
n BMLA p 0 0 0O 01 10 0 0O 03 0} 2 2 |(SP) « (SP)+1
(SK(SP)) ~ (PC)
1 0 ps p4 O O p3 p2 pr po | 2 p p (PCH) « p
(PCL) ~ (DR2-DRo, A3—Ao0)
(Note)
RTI 0 0 0o 1. o000 1 1 O 04 6|1 1 [(PC) — (SK(SP))
(SP) - (SP)-1
g
s
ag)- RT 0 0 0O 1 0o 00 1 0O 04 4|1 2 |(PC) «~ (SK(SP))
g (SP) « (SP)-1
i
RTS 0 0 01 000 1 0 1 04 5|1 2 |(PC) «~ (SK(SP))
(SP) « (SP)-1

Note: p is 0 to 31 for M34551M4 and p is 0 to 63 for M34551M8 and M34551E8.
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Skip condition

Carry flag CY

Detailed description

Branch within a page : Branches to address a in the identical page.

Branch out of a page : Branches to address a in page p.

Branch out of a page : Branches to address (DR2 DR1 DRo A3z A2 A1 Ao)2 specified by registers D and
Ain page p.

Call the subroutine in page 2 : Calls the subroutine at address a in page 2.

Call the subroutine : Calls the subroutine at address a in page p.

Call the subroutine : Calls the subroutine at address (DR2 DR1 DRo A3 A2 A1 Ao)2 specified by registers
D and A in page p.

Skip unconditionally

Returns from interrupt service routine to main routine.
Returns each value of data pointer (X, Y, Z), carry flag, skip status, NOP mode status by the continuous
description of the LA/LXY instruction, register A and register B to the states just before interrupt.

Returns from subroutine to the routine called the subroutine.

Returns from subroutine to the routine called the subroutine, and skips the next instruction unconditionally.
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MACHINE INSTRUCTIONS (CONTINUED)

Parameter Instruction code kS o8
: 55|88 .
—- Mnemonic o s Dy Ds Do Di D Ds DL D He imal g g g % Function
instructions o b8 Dr L6 Us D4 s L2 DL DO notation |2 |2
DI 0O 0 0o 0OOO O 1 0O 00 4|1 1 [(INTE) - O
El 0O 0 0O 00O O1 0 1 00 5|1 1 [(INTE) « 1
SNZ0 0 0 001 1.1 00O 0 3 8|1 1 [(EXFO)=17?
After skipping the next instruction,
(EXFO) —~ 0
S SNZIO 0 0 001 1.1 010 0 3 A|1 1 |112=1:(INT)=“H"?
8
[
Qo
o
§- [12=0: (INT) ="“L" ?
8
£
TAV1 0 0 01 o1 01 0O 05 4 1 1 |(A) <« (V1)
TV1A 0 0 001 1 1 1 1 1 0 3 F 1 1 |(V1) « (A
TAIL 10 01 0 1 0 0 1 1 |253 1 |1]|A)<(@)
TI1A 10 0 00 1 0 1 1 1 217 1 1 |(11) « (A
SNZT1 1 01 0 0 0O OO OO 280 1 1 |(TIF) =17
After skipping the next instruction
(T1IF) - O
SNZT2 1 01 0 0 0O OO O 1 281 1 1 |(T2F) =17
After skipping the next instruction
(T2F) - O
c
B
T |TAW1 10 01 0 0 1 0 1 1 |24B /|1 |1 |[A) (Wi
g
o TW1A 1 0 0 00O O 1 1 1 0 20E |1 1 |(W1) - (A)
S
£
TAW2 1 0 01 0 01 1 0O 24cC |1 1 |(A) - (W2)
TW2A 1 0 0 00O O 1 1 1 1 2 0F 1 1 [(W2) « (A
TAW3 1 0 0 1 0 0 1 1 0 1 24D |1 1 |[(AL, Ao) « (W31, W30)
TW3A 1 0 0 0O 0O1 0 0O 0O 210 1 1 [(W31, W30) «~ (A1, Ao)
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Skip condition

Carry flag CY

Detailed description

(EXFO) = 1

(INT) =“H”
However, [12=1

(INT) =“L"
However, 112 =0

Clears the interrupt enable flag INTE to “0,” and disables the interrupt.

Sets the interrupt enable flag INTE to “1,” and enables the interrupt.

Skips the next instruction when the contents of EXFO flag is “1.”

After skipping, clears the EXFO flag to “0.”

When bit 2 (112) of register 11 is “1” : Skips the next instruction when the level of INT pin is “H.”

When bit 2 (112) of register 11 is “0” : Skips the next instruction when the level of INT pin is “L.”

Transfers the contents of interrupt control register V1 to register A.

Transfers the contents of register A to interrupt control register V1.

Transfers the contents of interrupt control register I1 to register A.

Transfers the contents of register A to interrupt control register I1.

(T1IF) =1

(T2F) =1

Skips the next instruction when the contents of T1F flag is “1.”
After skipping, clears T1F flag.

Skips the next instruction when the contents of T2F flag is “1.”

After skipping, clears T2F flag.

Transfers the contents of timer control register W1 to register A.

Transfers the contents of register A to timer control register W1.

Transfers the contents of timer control register W2 to register A.

Transfers the contents of register A to timer control register W2.

Transfers the contents of timer control register W3 to register A.

Transfers the contents of register A to timer control register W3.
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MACHINE INSTRUCTIONS (CONTINUED)

Parameter Instruction code kS " G
M i 55|88 Funct
. nemonic o 5 e De Dr De Ds Dr D Hexadecimal| £ S £ % unction
instructions o b8 Dr L6 Us D4 s L2 DL DO notation |2 |2
TAB1 1.0 01 1 1 0 0 0 0 [270/|1]1|[B)«(T1-Tls)
(A) < (T13-T1lo)
T1AB 1 0 0 01 1 0 O O O 230 1 1 |Attimer 1 stop (W20=0),
(R17-R14) « (B)
S (T17-T14) < (B)
g (R13-R10) — (A)
s (T13-T10) ~ (A)
g At timer 1 operating (W20=1),
[ (R17-R14) ~ (B)
(R13-R10) « (A)
TLCA 1.0 0 0 O 10 1 20D | 1|1 [(TLC) < (A)
(RLC) <« (A)
IAPO 1.0 0 1 1 0 00 |2601] 1|1 |A)-<(Po
OPOA 10 0 0 1 000 [220]1]1|Po-®
IAP1 100 1 1 001 |261|1]|1]|®A-ry
OP1A 1.0 0 0 1 001 (221 |1]1]|P)-®
ey
S [IAP2 100 1 1 01 0 |262]1]1]®A)-F
@
@
o
o
2 |cLp 0 00 0O 001011 |1]1]|Dc1
S
S |rD 000 0O 100 014 |11 ]l|DOY)<o0
5 (Y)=0t07
SD 000 0O 101|015 |11 ]|DOY)-1
(Y)=0to7
TPUOA |1 0 0 0 1 1 0 1 22D 1|1 [(PUO) < (A
TAPUO |1 0 0 1 0 1 1 1 (257 | 1|1 |[@A) < (PU0)
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Skip condition

Carry flag CY

Detailed description

Transfers the contents of timer 1 to registers A and B.

When stopping (W20=0), transfers the contents of registers A and B to timer 1 and timer 1 reload

register.

When operating (W20=1), transfers the contents of registers A and B only to timer 1 reload register.

Transfers the contents of register A to timer LC and timer LC reload register.

Transfers the input of port PO to register A.

Outputs the contents of register A to port PO.

Transfers the input of port P1 to register A.

Outputs the contents of register A to port P1.

Transfers the input of port P2 to register A.

Sets port D to “1.”

Clears a bit of port D specified by register Y to “0.”

Sets a bit of port D specified by register Y to “1.”

Transfers the contents of register A to pull-up control register PUO.

Transfers the contents of pull-up control register PUO to register A.
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MACHINE INSTRUCTIONS (CONTINUED)

Parameter Instruction code kS " G
: 55|88 .
—- Mnemonic o s Dy Ds Do Di D Ds DL D He imal g g g % Function
instructions o b8 Dr L6 Us D4 s L2 DL DO notation |2 |2
TL1A 10 00 0 0 1 0 1 0 20A 1| 1| <A
£s
S % |TAL1 10 0 1 0 0 1 0 1 O 24 A1 1 [(A) < (LD
(SR
Q8
O o
- TL2A 1 0 0 00 O 1 0 1 1 20B |1 1 [(L2) « (A)
= TC1A 101 0 1 0 1 0 0 O 2 A8 | 1| 1|(Cl (A
[&]
3
@ - |STCR 10 1 0 0 1 1 0 O O 298 1 1 | Carrier wave generating start
£ 85
5 ©
S é’_ SPCR 10 1 0 0 1 1 0 O0 1 299 1 1 | Carrier wave generating stop
o
@
'g TC2A 1 01 01 0 1 0 0 1 2 A9 1 1 [(C20) < (Ao)
O
NOP 0O 0 0O 0O0OOOO OO 00O 1 1 [(PC) « (PC)+1
POF 0O 0 OO OOO 0O 1 O 00 2 1 1 | Transition to clock operating mode
POF2 0 0 OO OO1 0 0O 00 8 1 1 | Transition to RAM back-up mode
EPOF o 0 0121 011 01 1 (0 5B 1 1 |Power down instruction (POF, POF2) valid
c
e
@
o SNZP 0 0 0O 0OOO0O 0O 0 1 1 00 3 1 1 |((P)=17?
o
@
£
O
WRST 101 01 0 0 0 0 O |2AO0]| 1| 1 |(WDF) <0, (WEF) 1
TAMR 10 0 1 0 1 0 O 1 O 252 1 1 [(A) - (MR)
TMRA 1 0 0 OO 1 0 1 1 0 216 1 1 [(MR) « (A)
TAV2 0 00 1 01 01 0 1 |055/]1]|1]|A)«(\2
TV2A 0 0 001 1.1 1 1 0 03 E| 1 1 [(V2) « (A)
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Skip condition Detailed description

Carry flag CY

- — | Transfers the contents of register A to LCD control register L1.

- — | Transfers the contents of register L1 to register A.

- — | Transfers the contents of register A to LCD control register L2.

- — | Transfers the contents of register A to carrier wave selection register C1.

- — | Starts generating carrier wave.

- — | Stops generating carrier wave.

- — | Transfers the contents of register A to carrier wave output control register C2.

- — | No operation

- — | Puts the system in clock operating mode state by executing the POF instruction after executing the
EPOF instruction.

f(Xcin) oscillation, LCD, timer LC and timer 2 are operated.

- — | Puts the system in RAM back-up mode state by executing the POF2 instruction after executing the
EPOF instruction.

Oscillation is stopped.

- — | Validates the power down instruction (POF, POF2) which is executed after the EPOF instruction by
executing the EPOF instruction.

P)=1 — | Skips the next instruction when P flag is “1.”
After skipping, P flag remains unchanged.

- — | Operates the watchdog timer and initializes the watchdog timer flag (WDF).
- — | Transfers the contents of clock control register MR to register A.

- — | Transfers the contents of register A to clock control register MR.

- — | Transfers the contents of general-purpose register V2 to register A.

- — | Transfers the contents of register A to general-purpose register V2.
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CONTROL REGISTERS

Interrupt control register V1 at reset : 00002 at power down : 00002 R/W
Interrupt disabl NZT2 instruction is vali
V13 Timer 2 interrupt enable bit 0 errupt disabled (S - S UC_O _S_ a d_)
1 Interrupt enabled (SNZT2 instruction is invalid)
0 Interrupt disabled (SNZT1 instruction is valid
V12 Timer 1 interrupt enable bit P ( - — ,)
1 Interrupt enabled (SNZT1 instruction is invalid)
0
V1 Not used 1 This bit has no function, but read/write is enabled.
Vio External 0 interrupt enable bit 0 Interrupt disabled (SNZ0 .lnstructilonlls.valld.)
1 Interrupt enabled (SNZO0 instruction is invalid)
Timer control register W1 at reset : 00002 at power down : 00002 R/W
. 0 Stop (prescaler state initialized)
W13 Prescaler control bit -
1 Operating
W1 b ler dividi i lection bit 0 Instruction clock (INSTCK) divided by 4
rescaler dividing ratio selection bi - —
2 9 1 Instruction clock (INSTCK) divided by 8
W11 (W1lo Count source
W11 010
. . . Prescaler output (ORCLK)
Timer 1 count source selection bits 0|1
Wio 1 | 0 |Carrier output (CARRY)
1 | 1 |Carrier output divided by 2 (CARRY/2)
Timer control register W2 at reset : 10002 at power down : — — — 02 R/W
. . . 0 f(XcIN)
W23 |Timer 2 count source selection bit
1 Prescaler output (ORCLK)
W22|W21 Count source
W22 0 | 0 |Underflow occur every 2 count
Timer 2 count value selection bits 0 | 1 |Underflow occur every 23 count
W21 1 | 0 [Not available
1 | 1 |Not available
) ) 0 Stop (timer 1 state retained)
W20 |[Timer 1 control bit -
1 Operating
Timer control register W3 at reset : 002 at power down : state retained R/W
. . . 0 Bit 3 of timer 2 is output (timer 2 count source divided by 16)
W31 | Timer LC count source selection bit
1 System clock (STCK)
0 St ti LC stat tained
W3o Timer LC control bit op ( |.mer state retained)
1 Operating

Note: “R” represents read enabled, and “W” represents write enabled.
“~" represents state retained.
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HARDWARE
CONTROL REGISTERS

Interrupt control register 11 at reset : 00002 at power down : state retained R/W
0 - . L
113 Not used 1 This bit has no function, but read/write is enabled.
0 Falling waveform (“L” level of INT pin is recognized with the SNZI0
" Interrupt valid waveform for INT pin instruction)
2
selection bit (Note 2) 1 Rising waveform (“H” level of INT pin is recognized with the SNZIO
instruction)
0
111 Not used 1 This bit has no function, but read/write is enabled.
0 o . .
110 Not used 1 This bit has no function, but read/write is enabled.
Pull-up control register PUO at reset : 00002 at power down : state retained R/W
PUO Port P13 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
* | control bit 1 Pull-up transistor ON, key-on wakeup
PLO Port P12 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
2 control bit 1 Pull-up transistor ON, key-on wakeup
PUO Port P11 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
* |control bit 1 Pull-up transistor ON, key-on wakeup
PUO Port P1o pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
° | control bit 1 Pull-up transistor ON, key-on wakeup
Clock control register MR at reset : 10002 at power down : state retained R/W
MRo=0 | f(Xin)
) ) 0 MRo=1 | f(XcIN)
MR3 | System clock (STCK) selection bit MRo=0 | f(Xin)/4
! MRo=1 | f(Xcin)/4
o ] 0  |f(Xcin) oscillation stop, ports Ds and D7 selected
MRz f(Xcin) oscillation circuit control bit 1 f(XciN) oscillation enabled, ports Ds and D7 not selected
o ) 0 Oscillation enabled
MRz1  |f(Xin) oscillation circuit control bit 1 Oscillation stop
) ] 0 f(XiN)
MRo |Clock selection bit 1 f(xcm)

Notes 1: “R” represents read enabled, and “W” represents write enabled.
2: Depending on the input state of Ds/INT pin, the external interrupt request flag EXFO may be set to “1” when the contents of
112 is changed. Accordingly, set a value to bit 2 of register 11 and execute the SNZO0 instruction to clear the EXFO flag after

executing at least one instruction.

4551 Group User’'s Manual

1-61



HARDWARE
CONTROL REGISTERS

CONTROL REGISTERS (CONTINUED)

Carrier wave selection register C1

atreset : 01112

at power down : 01112

C13|C12|C11|Clo| Carrier wave frequency Duty
0[O0 | O | O |STCK/24 1/3
0[O0 | O | 1]|STCK/24 1/2
0|0 | 1|0 |STCK/16 1/4
0|0 | 1] 1]|STCK/16 1/2
0|1 ] 0|0 |STCK/2 1/2
0O [1 | O | 1 |Nocarrierwave
0 |1 | 1| 0 |Notavailable
Carrier wave selection bits 0|1 1| 1 |“L"fixed
1|10 | 0| 0 |STCK/12 1/3
1|0 | 0| 1 |STCK/12 1/2
1|10 | 1| 0 |STCK/8 1/4
1|10 | 1] 1|STCK/8 1/2
1|1 | 0] 0|STCK 1/2
1|1 | 0] 1 |Nocarrierwave
1|1 1 | O |[Notavailable
1 1 1 1 [“L” fixed
Carrier wave output control register C2 at reset : 02 at power down : 02
) ) 0 Auto-control output by timer 1 is invalid
C20 Carrier wave output auto-control bit - - -
1 Auto-control output by timer 1 is valid
Carrier wave generating control flag CR at reset : 02 at power down : 02
) ) 0 Carrier wave generating stop (SPCR instruction)
CR Carrier wave generating control - - - -
1 Carrier wave generating start (STCR instruction)

Note: “W” represents write enabled.
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HARDWARE
CONTROL REGISTERS

LCD control register L1 at reset : 00002 at power down : state retained R/W
0
L13 Not used 1 This bit has no function, but read/write is enabled
0
L1z |LCD on/off bit off
1 Jon
L11|L1o Duty Bias
L1 0|0 Not available
LCD duty and bias selection bits 0|1 1/2 1/2
L1o 1|0 1/3 1/3
1|1 1/4 1/3
LCD control register L2 atreset: 11112 at power down : state retained W
0 SEG
L23 P23/SEG19 pin function switch bit i
1 P23
0 SEG
L22 P22/SEG1s pin function switch bit 1
1 P22
0 SEG
L21 P21/SEG17 pin function switch bit ul
1 P21
0 SEG
L20 P20/SEG1s pin function switch bit 1
1 P20
General-purpose register V2 at reset : 00002 at power down : 00002 R/W
4-bit general-purpose register.
The data transfer between register A and this register is performed with the TV2A and TAV2 instructions.

Note: “R” represents read enabled, and “W” represents write enabled.

4551 Group User’'s Manual

1-63



HARDWARE
BUILT-IN PROM VERSION

BUILT-IN PROM VERSION

In addition to the mask ROM version, the 4551 Group has the
programmable ROM version software compatible with mask
ROM. The One Time PROM version has PROM which can only
be written to and not be erased.

The built-in PROM version has functions similar to those of the
mask ROM version, but it has a PROM mode that enables writing
to built-in PROM.

Table 19 Product of built-in PROM version

Table 19 shows the product of built-in PROM version. Figure 41
shows the pin configurations of built-in PROM version. The One
Time PROM version has pin-compatibility with the mask ROM
version.

SEG11 <-—] 41
SEGi12 =-—| 42

23]

SEG1z3 <+—[ 44

Vss

SEGi14 -— [E
SEGi5 <+ — [E

P20/ SEG1s <> [E
P21/ SEG17 = | 48

M34551E8-XXXFP

Product PROM size RAM size Package ROM type
(1 10 bits) (01 4 bits) g P
M34551E8-XXXFP One Time PROM [shipped after writing]
8192 words 280 words 48P6S-A (shipped after writing and test in factory)
M34551E8FP One Time PROM [shipped in blank]
PIN CONFIGURATION (TOP VIEW)
'_
3683838833223 20
8 8 W W wWwmWwwwo oo oW
n n nnnoonoonononooo o0l
SISIEIEIBEIBIENEIEBIIFINIEIE
SEGy <-— [E Z] — D7/Xcout
SEGi0 <+— [E E] < De/XcIN

Z] CNVss

21| —» Xourt

20 [ <=+— XN

E Vss
E Vop

[17] — CARR
[16] <> Ds/INT

15— Da

P22/ SEGigs<» [Z
[2]

[3]

PO <> [ 4 |

[5]

POs=>[ 6 |

Plo=>[7
Pl <> [8 |
Pl [9 |
p13<>[10]
Do k[E
D1 k@
D2 4*@
D3 «[Z

Outline 48P6S-A

Fig. 41 Pin configuration of built-in PROM version
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(1) PROM mode

@

The built-in PROM version has a PROM mode in addition to
a normal operation mode. The PROM mode is used to write
to and read from the built-in PROM.
In the PROM mode, the programming adapter can be used
with a general-purpose PROM programmer to write to or read
from the built-in PROM as if it were M5M27C256K.
Programming adapter is listed in Table 20. Contact addresses
at the end of this book for the appropriate PROM programmer.
» Writing and reading of built-in PROM
Programming voltage is 12.5 V. Write the program in the
PROM of the built-in PROM version as shown in Figure
42,

Notes on handling

A high-voltage is used for writing. Take care that
overvoltage is not applied. Take care especially at turning
on the power.

O For the One Time PROM version shipped in blank,
Mitsubishi Electric corp. does not perform PROM writing
test and screening in the assembly process and following
processes. In order to improve reliability after writing,
performing writing and test according to the flow shown in
Figure 43 before using is recommended.

( Products shipped in blank: PROM contents is not written in
factory when shipped)

HARDWARE
BUILT-IN PROM VERSION

Table 20 Programming adapter

Microcomputer Programming adapter
M34551E8-XXXFP, M34551E8FP |PCA7414

Address
000016
1 1 1 P4 Ds D2 D1 DoI
1EEE16 Low-order 5 bits

40001| ¢ 7 1 Di Ds D2 Di Do

5EFFi6 High-order 5 bits

7TFFFis

Set “FF16” to the shaded area.

Fig. 42 PROM memory map

Writing with PROM programmer

4

Screening (Leave at 150 °C for 40 hours) (Note)

v

Verify test with PROM programmer

Note: Since the screening temperature is higher
than storage temperature, never expose the
microcomputer to 150 °C exceeding 100
hours.

Fig. 43 Flow of writing and test of the product shipped in
blank
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APPLICATION
2.1 1/0 pins

2.1 1/0 pins

The 4551 Group has the eight 1/O pins, four input pins and eight output pins. (Ports P20-P23, D5-D7 are
also used as segment output pins SEG16—SEG19, INT input pin, XCIN, and XCoOuT, respectively).

This section describes each port 1/0 function, related registers, application example using each port function
and notes.

2.1.1 1/O ports

(1) Port PO

Port PO is a 4-bit 1/0 port.
Port PO has the key-on wakeup function and pull-up transistor.

m Input/output of port PO

e Data input to port PO
Set the output latch of specified port PQOi (i=0 to 3) to “1” with the OPOA instruction. If the output
latch is set to “0,” “L” level can be input.
The state of port PO is transferred to register A when the IAPO instruction is executed.

e Data output from port PO
The contents of register A is output to port PO with the OPOA instruction.
The output structure is an N-channel open-drain (built-in pull-up resistor).

(2) Port P1
Port P1 is a 4-bit I1/O port.
Port P1 has the key-on wakeup function and pull-up transistor which turn ON/OFF by setting register
PUO.
m Input/output of port P1
e Data input to port P1
Set the output latch of specified port P1i (i=0 to 3) to “1” with the OP1A instruction. If the output
latch is set to “0,” “L” level can be input.
The state of port P1 is transferred to register A when the IAP1 instruction is executed.
e Data output from port P1
The contents of register A is output to port P1 with the OP1A instruction.
The output structure is an N-channel open-drain.
Note: When the pull-up function becomes valid, simultaneously, the key-on wakeup function becomes
valid.
Accordingly, be careful when using the key-on wakeup function. (Refer to the Table 2.1.1 and
notes for the power down function.)
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(3)

(4)

APPLICATION
2.1 1/0 pins

Port P2
Port P2 is a 4-bit input port.

m Input of port P2
Port P2 is also used as SEG16—SEG19. Accordingly, when ports P20/SEG16—P23/SEG19 are used

as port P2, set the corresponding bits of the LCD control register L2 to “1.”

e Data input to port P2
The state of port P2 is transferred to register A when the IAP2 instruction is executed.

Port D
Do-D7 are eight independent output ports.

m Output of port D
Each pin of port D has an independent 1-bit wide output function. For output of ports Do-D7, select
one of port D with the register Y of the data pointer first.

e Data output from port D
Set the output level to the output latch with the SD and RD instructions.
The state of pin enters the high-impedance state when the SD instruction is executed.
The states of all port D enter the high-impedance state when the CLD instruction is executed.
The state of pin becomes “L” level when the RD instruction is executed.
The output structure is an N-channel open-drain.

Notes 1: When the SD and RD instructions are used, do not set “10002” or more to register Y.
2: Port De is also used as XcIN, and port D7 is also used as XcouT. Accordingly, when using
port D6 and D7 functions, set the clock control register MR2 to “0.”
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2.1 1/0 pins

2.1.2 Related registers

(1) Pull-up control register PUO
Register PUO controls the ON/OFF of the port P1o—P13 pull-up transistor and the ON/OFF of the key-
on wakeup function.
Set the contents of this register through register A with the TPUOA instruction.
The contents of register PUO is transferred to register A with the TAPUO instruction.
Table 2.1.1 shows the pull-up control register PUO.

Table 2.1.1 Pull-up control register PUO

Pull-up control register PUO at reset : 00002 at power down : state retained R/W

PUO3 Port P13 0 Pull-up transistor OFF, no key-on wakeup function
pull-up transistor control bit 1 Pull-up transistor ON, key-on wakeup function

PUO2 Port P12 0 Pull-up transistor OFF, no key-on wakeup function
pull-up transistor control bit 1 Pull-up transistor ON, key-on wakeup function

PUOL Port P11 0 Pull-up transistor OFF, no key-on wakeup function
pull-up transistor control bit 1 Pull-up transistor ON, key-on wakeup function

PUGO Port Plo 0 Pull-up transistor OFF, no key-on wakeup function
pull-up transistor control bit 1 Pull-up transistor ON, key-on wakeup function

Note: “R” represents read enabled, “W” represents write enabled.

(2) LCD control register L2
Register L2 is used to select the port P2 function or segment output pin function.
Set the contents of this register through register A with the TL2A instruction.
Table 2.1.2 shows the LCD control register L2.

Table 2.1.2 LCD control register L2

LCD control register L2 at reset : 11112 at power down : state retained w

0 EG1

L23 |P23/SEG19 function switch bit SEG19
1 [P23
0

L22 |P22/SEGi8 function switch bit SEG1s
1 (P22
0

L21 |P21/SEG17 function switch bit SEG17
1 (P21
0

L20 |P20/SEGi6 function switch bit SEG16
1 (P20

Note: “W” represents write enabled.
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(3) Clock control register MR
The oscillation circuit control bit is assigned to the bit 2 of the clock control register MR.
Set the contents of this register through register A with the TMRA instruction.
The contents of register MR is transferred to register A with the TAMR instruction.
Table 2.1.3 shows the clock control register MR.

Table 2.1.3 Clock control register MR

Clock control register MR at reset : 10002 at power down : state retained R/W
0 MRo = 0 f(XIN)
MR3 System clock (STCK) selection MRo =1 f(XCIN)
bit 1 MRo = 0 f(XIN)/4
MRo = 1 f(XCIN)/4
MRz f(XcIN) oscillation circuit control| O [(XcIN) oscillation stop, ports De, D7 selected
bit 1 |(XcIN) oscillation enabled, ports D6, D7 not selected
o . .| O |Oscillation enabled
MRz1 |f(XIN) oscillation circuit control bit —
1 |Oscillation stop
: : 0 [f(XIN)
MRo |Clock selection bit
1 |f(XCIN)

Notes 1: “R” represents read enabled, and “W” represents write enabled.

2: When setting ports, MR3, MR1, MRo are not used.

3: Do not stop the oscillation circuit selected with the clock selection bit (MRo).
Note the stop of the oscillation circuit selected with the clock selection bit (MRo) if the following
setting is performed.
Example 1: (MR3MR2MR1MRo0) = 0001 (f(XCIN) selected, f(XCIN) oscillation stop)
Example 2: (MR3MR2MR1MRo) = 0010 (f(XIN) selected, f(XIN) oscillation stop)
0: “0” or “1.”
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2.1.3 Port application examples

(1) Key input by key scan
Key matrix can be set up by connecting keys externally because port D output structure is an N-
channel open-drain and port PO has the pull-up resistor.

Outline: The connecting required external part is just keys.
Specifications: Port D is used to output “L” level and port PO is used to input 16 keys. Multiple key

inputs are not detected.

Figure 2.1.1 shows the key input and Figure 2.1.2 shows the key input timing.

M34551 SwW4 SW3 SW2 Sw1
Do —1 —1 —1 1
0 o 0 o
o l_o l_o l_o I_O
SW8 SW7 SW6 SW5
D —1 —1 —1 —1
1 O—e oO—e oO—e O—e
o l_o l_o l_o |_O
SW12 Swil SW10 SW9
D2 —1 —1 1 —1
& l—O O—e l—O O—e l—O o—e |—O O—e
SW16 SW15 Swi4 SWi13
Da —1 —1 —1 1
& l—O Oo—e l—O Oo—e l—O Oo—e I—O O—e
. POo
PO1
P02
P03

Fig. 2.1.1 Key input by key scan
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Switch of key input selection port (Do - D1)
Waiting time for stabilizing until input
Reading of port (key input)

Key input cycle

< i i -
High - = : - '
Do
Low 1
High - E : : :
L |
Low . . . . .
High : : : : :
S0 ) R I R
Low . . : : ,
High : : : : :
o LT
Low : : : . :
IAPO IAPO IAPO IAPO IAPO
Input of Input of Input of Input of Input of

SW1-Sw4 SW5-SW8 SW9-Sw12 SW13-SW16 SW1-Sw4

Note: Output from port D is high-impedance state.

Fig. 2.1.2 Input timing of key scan
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2.1.4 Notes on use

(1)

(2)

(3)

(4)

(5)

Note when an 1I/O port is used as an input port
Set the output latch to “1” and input the port value before input. If the output latch is set to “0,” “L”
level can be input.

Noise and latch-up prevention

Connect an approximate 0.1 uF bypass capacitor directly to the Vss line and the VDD line with the
thickest possible wire at the shortest distance, and equalize its wiring in width and length.

The CNVSss pin is also used as the VPP pin (programming voltage = 12.5 V) at the One Time PROM
version.

Connect the CNVss/VPP pin to Vss through an approximate 5 kQ resistor which is connected to the
CNVss/Vpp pin at the shortest distance.

Note on multifunction
Port Ds is also used as the INT pin.
Note that the port D5 output function can be used even when INT pin function is selected.

Connection of unused pins
Table 2.1.4 shows the connections of unused pins.

SD, RD instructions
When the SD and RD instructions are used, do not set “10002” or more to register Y.

Table 2.1.4 connections of unused pins

Pin Connection
Do-D4, Ds/INT Connect to Vss pin, or set the output latch to “0.”
De/XcCIN, D7/XcouT Select D6 and D7 and connect to Vss, or set the output latch to “0” and open.
P20/SEG16—P23/SEG19 | Select P2 and connect to Vss, or select segment output function and open.
CARR Open.
SEG0-SEG15 Open.
COMo-COMs3 Open.
P00-PO03 Set the output latch to “1” and open.
P1o-P13 Open or connect to Vss (Note).

Note:

In order to connect ports P1o—P13 to Vss, turn off their pull-up transistors (Pull-up control register
PUO0I="0") by software. In order to make these pins open, turn on their pull-up transistors (register
PUOI="1") by software, or turn off their pull-up transistors (register PUQi="0") and set the output latch
to “0” (i=0, 1, 2, or 3).

Be sure to select the key-on wakeup function and the pull-up function with every one port.

(Note in order to set the output latch to “0” and make pins open)

» After system is released from reset, a port is in a high-impedance state until the output latch of the port
is set to “0” by software. Accordingly, the voltage level of pins is undefined and the excess of the supply
current may occur.

e To set the output latch periodically is recommended because the value of output latch may change by
noise or a program run away (caused by noise).

(Note in order to connect unused pins to Vss or VDD)
» To avoid noise, connect the unused pins to VsSs or VDD at the shortest distance using a thick wire.

2-8
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2.2 Interrupts

The 4551 Group has three interrupt sources : external interrupt (INT), timer 1 interrupt and timer 2 interrupt.
This section describes individual types of interrupts, related registers, application examples using interrupts
and notes.

2.2.1 Interrupt functions

(1) External interrupt (INT)
The interrupt request occurs by the change of input level of INT pin.
The interrupt valid waveform can be selected by the bit 2 of the interrupt control register 11.

m External interrupt processing

e When the interrupt is used
The interrupt occurrence is enabled when the bit 0 of the interrupt control register V1 and the
interrupt enable flag INTE are set to “1.” When the external interrupt occurs, the interrupt processing
is executed from address 0 in page 1.

e When the interrupt is not used
The interrupt is disabled and the SNZO instruction is valid when the bit O of register V1 is set
to “0.”

(2) Timer 1 interrupt
The interrupt request occurs by the timer 1 underflow.

m Timer 1 interrupt processing

e When the interrupt is used
The interrupt occurrence is enabled when the bit 2 of the interrupt control register V1 and the
interrupt enable flag INTE are set to “1.” When the timer 1 interrupt occurs, the interrupt processing
is executed from address 4 in page 1.

e When the interrupt is not used
The interrupt is disabled and the SNZT1 instruction is valid when the bit 2 of register V1 is set
to “0.”

(3) Timer 2 interrupt
The interrupt request occurs by the timer 2 underflow.

m Timer 2 interrupt processing

e When the interrupt is used
The interrupt occurrence is enabled when the bit 3 of the interrupt control register V1 and the
interrupt enable flag INTE are set to “1.” When the timer 2 interrupt occurs, the interrupt processing
is executed from address 6 in page 1.

e When the interrupt is not used
The interrupt is disabled and the SNZT2 instruction is valid when the bit 3 of register V1 is set
to “0.”
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2.2.2

(1)

(2)

Related registers

Interrupt enable flag (INTE)

The interrupt enable flag (INTE) controls whether the every interrupt enable/disable.

Interrupts are enabled when INTE flag is set to “1” with the EI instruction and disabled when INTE
flag is cleared to “0” with the DI instruction.

When any interrupt occurs, the INTE flag is automatically cleared to “0,” so that other interrupts are
disabled until the EIl instruction is executed.

Note: The interrupt enabled with the EI instruction is performed after the El instruction and one more
instruction.

Interrupt control register V1

Interrupt enable bits of external 0, timer 1 and timer 2 are assigned to register V1.

Set the contents of this register through register A with the TV1A instruction.

In addition, the TAV1 instruction can be used to transfer the contents of register V1 to register A.
Table 2.2.1 shows the interrupt control register V1.

Table 2.2.1 Interrupt control register V1

Interrupt control register V1 at reset : 00002 at power down : 00002 R/W
via |Ti 2 int ) ble bit 0 Interrupt disabled (SNZT2 instruction is valid)
imer 2 interrupt enable bi . — .
P 1 Interrupt enabled (SNZT2 instruction is invalid)
viz |Ti 1int ¢ ble bit 0 Interrupt disabled (SNZT1 instruction is valid)
imer 1 interrupt enable bi , — -
P 1 Interrupt enabled (SNZT1 instruction is invalid)
0
V11 |Not used 1 This bit has no function, but read/write is enabled.
Vio |Ext 10 int ) ble bit 0 Interrupt disabled (SNZO instruction is valid)
xternal O interrupt enable bi - — -
P 1 Interrupt enabled (SNZO instruction is invalid)

Note: “R” represents read enabled, and “W” represents write enabled.

(3)

Interrupt request flag

The activated condition for each interrupt is examined. Each interrupt request flag is set to “1” when
the activated condition is satisfied, even if the interrupt is disabled by the INTE flag or its interrupt
enable bit.

Each interrupt request flag is cleared to “0” when either;

ean interrupt occurs, or

ethe next instruction is skipped with a skip instruction.

2-10
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(4) Interrupt control register 11
The interrupt valid waveform for INT pin is assigned to the bit 2 of register I1.
Set the contents of this register through register A with the TI1A instruction.
In addition, the TAI1 instruction can be used to transfer the contents of register I1 to register A.
Table 2.2.2 shows the interrupt control register I1.

Table 2.2.2 Interrupt control register 11

Interrupt control register 11 at reset : 00002 at power down : state retained R/W
0 — . L
113 Not used 1 This bit has no function, but read/write is enabled.
0 Falling waveform (“L” level of INT pin is recognized with
112 Interrupt valid waveform for INT the SNZIO instruction)
pin selection bit(Note 2) 1 Rising waveform (“H” level of INT pin is recognized with

the SNZIO instruction)

111 Not used This bit has no function, but read/write is enabled.

ol |O

110 Not used 1 This bit has no function, but read/write is enabled.

Notes 1: “R” represents read enabled, and “W” represents write enabled.

2: Depending on the input state of D5/INT pin, the external interrupt request flag (EXF0) may be set
to “1” when the interrupt valid waveform is changed. Accordingly, set a value to the bit 2 of
register 11, and execute the SNZO instruction to clear the EXFO flag to “0” after executing at least
one instruction.
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2.2.3 Interrupt application examples

(1) External interrupt
The INT pin is used for external interrupts, of which valid waveforms can be chosen, which can
recognize the change of both edges (“H”-"“L” or “L" - “H").

Outline: An external interrupt can be used by dealing with the change of edge (“H” -“L” or “L" - “H")
in both directions as a trigger.
Specifications: An interrupt occurs by the change of an external signals edge (“H” - “L” or “L" - “H").

Figure 2.2.1 shows an operation example of an external interrupt, and Figure 2.2.2 shows a setting
example of an external interrupt.

(2) Timer 1 interrupt
Constant period interrupts by a setting value to timer 1 can be used.

Outline: The constant period interrupts by the timer 1 underflow signal can be used.
Specifications: Prescaler and timer 1 divide the system clock frequency f(XIN) = 3.6 MHz, and the
timer 1 interrupt occurs every 1 ms.

Figure 2.2.3 shows a setting example of the timer 1 constant period interrupt.

(3) Timer 2 interrupt
Timer 2 is the fixed dividing frequency, and the constant period interrupts which the count source is
divided by 2% or 2% can be used.
Outline: The constant period interrupts by the timer 2 underflow signal can be used.
Specifications: Timer 2 divides the sub-clock frequency f(XCcIN) = 32.768 kHz, and the timer 2

interrupt occurs every 0.5 sec.

Figure 2.2.4 shows a setting example of the timer 2 constant period interrupt.

INT valid waveform  Falling — Rising . Falling Rising . Falling | Rising

“pyr :
Ds/INT '
uLn E

“1
Setting of valid waveform by 112
“gr

The valid waveform of the next interrupt is set to “rising.”
. When the interrupt which valid waveform is set to “rising” occurs,
0 the opposite of the above processing is performed.

112

an ,/ ‘\\
Ds/INT . = Interrupt occurs after setting the valid waveform to “falling.”

Fig. 2.2.1 External interrupt operation example
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O Disable Interrupts
External interrupt is temporarily disabled.

Interrupt enable flag INTE “0” All interrupts disabled (DI instruction)

b3 b0
Interrupt control register V1 EEEE External interrupt occur disabled (TV1A instruction)

U Set Port
Port used for external interrupt is set to input port.

Port Ds output latch “1” Set to input (SD instruction)

'

O Set Valid Waveform
Valid waveform of INT pin is selected.

b3 b0
Interrupt control register 11 ERERE Rising waveform selected (TI1A instruction)

b3 b0
Interrupt control register 11 [0]0|o]o| Falling waveform selected (TI1A instruction)

'

0 Note when interrupt valid waveform is changed
When 0 is executed, depending on the input state of INT pin, the interrupt request
flag EXFO may be set to “1.”
Accordingly, insert the NOP instruction after the TI1A instruction.

O Clear Interrupt Request
External interrupt activated condition is cleared.
External interrupt request flag EXFO “0” Clear the external interrupt activated condition
(SNZO0 instruction)

'

0 Note when interrupt request is cleared
When [ is executed, considering the skip of the next instruction according to the
interrupt request flag EXFO, insert the NOP instruction after the SNZO0 instruction.

'

U Enable Interrupts
External interrupt which is temporarily disabled is enabled.

b3 b0
Interrupt control register V1 |0]o]o[1]| External interrupt occur enabled (TV1A instruction)
Interrupt enable flag INTE ~ “1” All interrupts enabled (EI instruction)

'

External interrupt execution started

“0" :it can be “0” or “1.”

Fig. 2.2.2 External interrupt setting example

Note: The valid waveforms causing the interrupt must be retained at their level for 4 cycles or more
of system clock.
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[ Disable Interrupts
Timer 1 interrupt is temporarily disabled.

Interrupt enable flag INTE “0” All interrupts disabled (DI instruction)

b3 bo
Interrupt control register V1 [o]o[o]o]| Timer 1 interrupt occur disabled ( TV1A instruction)

'

[0 Stop Timer Operation
Timer 1 operation is temporarily stopped.

b3 b0
Timer control register V1 [0]0]0[0] Timer 1 operation stop (TW2A instruction)

O Set Timer Value
Timer 1 count time is set. (The formula is shown OA below.)

b3 b0
Timer control register W1 [1][0]0]0] Prescaler divided by 4 selected ( TW1A instruction)
Timer 1 reload register R1 «4a16” Timer count value 74 set (T1AB instruction)

O Clear Interrupt Request
The timer 1 interrupt activated condition is cleared.
Timer 1 interrupt request flag T1F “0” Clear the timer 1 interrupt activated condition
(SNZT1 instruction)

'

0 Note when the interrupt request is cleared
When [ is executed, considering the skip of the next instruction according to the
interrupt request flag T1F, insert the NOP instruction after the SNZT1 instruction.

[0 Start Timer 1 Operation
The timer 1 operation which is temporarily stopped is restarted.

b3 b0
Timer control register W2 EEE Timer loperation start (TW2A instruction)

(0 Enable Interrupts
The timer 1 interrupt which is temporarily disabled is enabled.

b3 b0
Interrupt control register V1 EEE Timer 1 interrupt occur enabled ( TV1A instruction)
Interrupt enable flag INTE 1~ All interrupts enabled ( El instruction)

'

Constant period interrupt execution started

UA The prescaler dividing ratio and timer 1 count value to make the interrupt occur every 1ms are set as follows:

Ims=@36MH7) 0403 0 4 O  (74+1)
System clock Instruction Prescaler Timer 1

clock dividing count

ratio value

“0" : it can be “0” or “1.”

Fig. 2.2.3 Timer 1 constant period interrupt setting example
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O Disable Interrupts
Timer 2 interrupt is temporarily disabled.

Interrupt enable flag INTE “0” All interrupts disabled (DI instruction)

b3 bo
Interrupt control register V1[g[o[ 0] 0] Timer 1 interrupt occur disabled (TV1A instruction)

00 Set Timer Value

Timer 2 count time is set. (Only when timer count value is 2 %r 2' the formula is shown DA below.)
b3 b0

When timer count value = 213
timer control register EEE
When timer count value = 214 b3

b0
. 14 . .
timer control registerWZ Timer count value 2** set (TW2A instruction)

'

0 Reset Timer Value and Set Count Source
Timer 2 counter is initialized. (Initialization is performed only by setting W23 from 0 to 1.)
b3 bo

Timer control register W2 o [o] o] O] )
Timer 2 reset

Timer count value 23 set (TW2A instruction)

This processing and setting timer value

shown O can be executed simultaneously. b3 b0
Timer control register W2 | 1[0 0[]

b3 bo

Timer control register W2 [o]o]H[0] (TTi\Tngzir?gtl:Sft;tsigrL\J)me is returned to XCIN.

'

O Clear Interrupt Request

The timer 2 interrupt activated condition is cleared.
Timer 2 interrupt request flag T2F “0” Clear the timer 2 interrupt activated condition
(SNZT2 instruction)

'

O Note when the interrupt request is cleared
When [ is executed, considering the skip of the next instruction according to the
interrupt request flag T2F, insert the NOP instruction after the SNZT2 instruction.

'

O Enable Interrupts
The timer 2 interrupt which is temporarily disabled is enabled.

b3 b0
Interrupt control register V1 ﬁﬂﬂ Timer 2 interrupt occur enabled (TV1A instruction)
Interrupt enable flag INTE  “1” All interrupts enabled (EI instruction)

'

Constant period interrupt execution started

A The timer 2 count value to make the interrupt occur every 0.5s is set as follows:

0.55 = (32.768kHz) 1 2
Sub-clock Timer 2 count value

“0" :it can be “0” or “1.”

Fig. 2.2.4 Timer 2 constant period interrupt setting example
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2.2.4 Notes on use

(1)

(2)

(3)

(4)

(5)

Setting of external interrupt valid waveform

Depending on the input state of D5/INT pin, the external interrupt request flag (EXF0) may be set to
“1” when the interrupt valid waveform is changed. Accordingly, set a value to the bit 2 of register I1,
and execute the SNZO instruction to clear the EXFO flag to “0” after executing at least one instruction.

Multiple interrupts
Multiple interrupts cannot be used in the 4551 Group.

Notes on interrupt processing

When the interrupt occurs, at the same time, the interrupt enable flag INTE is cleared to “0” (interrupt
disable state). In order to enable the interrupt at the same time when system returns from the
interrupt, write EI and RTI instructions continuously.

Ds/INT pin

The Ds/INT pin need not be selected the external interrupt input INT function or the normal output
port D5 function. However, the EXFO flag is set to “1” when a valid waveform output from port D5
is input to INT pin even if it is used as an output port Ds.

Power down instruction
Be sure to disable interrupts by executing the DI instruction before executing the EPOF instruction.

2-16
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2.3 Timers

The 4551 Group has an 8-bit timer with a reload register, a 4-bit timer and the 14-bit fixed dividing frequency
timer which has the watchdog timer function.

This section describes individual types of timers, related registers, application examples using timers and

notes.

2.3.1 Timer functions

(1)

(2)

(3)

2.3.2

(1)

Timer 1
m Timer operation

m Carrier wave output auto-control function
(Refer to section “2.4 Carrier generating circuit” for details.)

Timer 2

m Timer operation
(Timer 2 has the function to return from clock operation mode (POF instruction execution))

m Watchdog function
Watchdog timer provides a method to reset the system when a program runs wild.
When the WRST instruction is executed after system is released from reset, in this time, the
watchdog timer starts operating. System reset is performed if the WRST instruction is not performed
while timer 2 counts 2%,

Timer LC
m LCD frame clock generating
Related registers

Interrupt control register V1

The timer 1 interrupt enable bit is assigned to the bit 2, and the timer 2 interrupt enable bit is
assigned to the bit 3.

Set the contents of this register through register A with the TV1A instruction. The TAV1 instruction
can be used to transfer the contents of register V1 to register A.

Table 2.3.1 shows the interrupt control register V1.

Table 2.3.1 Interrupt control register V1

Interrupt control register V1 at reset : 00002 at power down : 00002 R/W
vis |Ti 2 int ) ble bit 0 Interrupt disabled (SNZT2 instruction is valid)
imer 2 interrupt enable bi - — .
P 1 Interrupt enabled (SNZT2 instruction is invalid)
i . , 0 Interrupt disabled (SNZT1 instruction is valid)
V12 |Timer 1 interrupt enable bit , —— -
1 Interrupt enabled (SNZT1 instruction is invalid)
0
V11 |[Not used q This bit has no function, but read/write is enabled.
: : 0 Interrupt disabled (SNZO instruction is valid)
V1o |[External O interrupt enable bit - — :
1 Interrupt enabled (SNZO instruction is invalid)

Notes 1: “R” represents read enabled, and “W” represents write enabled.

2: When timer is used. V10 is not used.
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(2)

Timer control register W1

The timer 1 count source selection bits are assigned to bits 0 and 1, and the prescaler dividing ratio
selection bit is assigned to the bit 2, and the prescaler control bit is assigned to the bit 3.

Set the contents of this register through register A with the TW1A instruction. The TAWL1 instruction
can be used to transfer the contents of register W1 to register A.

Table 2.3.2 shows the timer control register W1.

Table 2.3.2 Timer control register W1

Timer control register W1 at reset : 00002 at power down : 00002 R/W

0 Stop (prescaler state initialized)

W13 |Prescaler control bit :
1 Operating
W12 Prescaler dividing ratio selection 0 Instruction clock (INSTCK) divided by 4
bit 1 Instruction clock (INSTCK) divided by 8
W11 | W10 Count source
W11 ol o
Timer 1 count source selection o1 Prescaler output (ORCLK)
bits -
W10 1 | O |Carrier output (CARRY)

1 | 1 |Carrier output/2 (CARRY/2)

Note: “R” represents read enabled, and “W” represents write enabled.

(3)

Timer control register W2

The timer 1 control bit is assigned to the bit 0, and timer 2 count value selection bits are assigned
to bits 1 and 2, and the timer 1 control bit is assigned to the bit 3.

Set the contents of this register through register A with the TW2A instruction. The TAW?2 instruction
can be used to transfer the contents of register W2 to register A.

Table 2.3.3 shows the timer control register W2.

Table 2.3.3 Timer control register W2

Timer control register W2 at reset : 10002 at power down : — — — 02 R/W

Wos |Timer 2 count source selection 0 [f(XcIN)

bit 1 Prescaler output (ORCLK)

W22 |\W21 Count source

W22 0 | 0 |Underflow occur every 2 count

Timer 2 count value selection bits| 0 | 1 |Underflow occur every 2'* count
W21 1 | 0 |Not available

1 | 1 |Not available
W20 |Timer 1 control bit 0 Stop (t.imer 1 state retained)
1 Operating

Note: “R” represents read enabled, and “W” represents write enabled.

represents state retained.
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(4) Timer control register W3
The timer LC control bit is assigned to the bit 0, and timer LC count source selection bit is assigned
to the bit 1.
Set the contents of this register through register A with the TW3A instruction. The TAW3 instruction
can be used to transfer the contents of register W3 to register A.
Table 2.3.4 shows the timer control register W3.

Table 2.3.4 Timer control register W3

Timer control register W3 at reset : 002 at power down : state retained R/W

Timer LC count source selection 0 Bit 3 of timer 2 is output (timer 2 count source divided by 16)
bit 1 System clock (STCK)

0 Stop (timer LC state retained)

1 Operating

Note: “R” represents read enabled, and “W” represents write enabled.

W31

W30 |Timer LC control bit
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2.3.3 Timer application examples

(1) Timer operation: measurement of constant period
The constant period by the setting timer count value can be measured.

Outline: The constant period by the timer 1 underflow signal can be measured.
Specifications: Timer 1 and prescaler divides the system clock frequency f(XIN) = 3.6 MHz, and the
timer 1 interrupt request occurs every 4 ms.

Figure 2.3.2 shows the setting example of the constant period measurement.

(2) Timer operation: constant period counter by timer 2
The constant period by the setting timer count value can be measured.

Outline: The correct time can be measured and the clock which has high-accuracy can be set up
by using a 32.768 kHz quartz-crystal oscillator.
Specifications: Timer 2 divides the sub-clock frequency f(XCIN) = 32.768 kHz, and the timer 2
interrupt request occurs every 250 ms.

Figure 2.3.3 shows the setting example of constant period counter by timer 2.

(3) Watchdog timer
Watchdog timer provides a method to reset the system when a program run-away occurs.
In the 4551 Group, the bit 12 of timer 2 is used for the watchdog timer.
Accordingly, when the watchdog timer function is set to be valid, execute the WRST instruction at
a certain cycle which consists of timer 2's 8191 counts or less.

Outline: Execute the WRST instruction in timer 2’'s 8192 count at the normal operation. If program
runs wild, the WRST instruction is never executed and system reset occurs.
Specifications: System clock frequency f(XIN) = 3.6 MHz, sub-clock frequency f(XCIN) = 32.768 kHz
are used, and program run-away is detected by executing the WRST instruction in
250 ms.

Figure 2.3.1 shows the watchdog timer function, and Figure 2.3.4 shows the example of watchdog
timer.

3FFF16 - - - cc - - oo oo oo
Timer 2 value 1FFF16 - - - -f - - T -
000016 -—==---------q-----"= R
g . .
WEF flag . : | | |
“1” , 1 1 1
WDF flag : | | !
“Qr . :
| H : |
Internal reset signal o : |
1 | _>
WRST WRST System reset

instruction instruction
execution execution

Eig. 2.3.1 Watchdog timer function
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0 Disable Interrupts
Timer 1 interrupt is temporarily disabled.

Interrupt enable flag INTE “0” All interrupts disabled (DI instruction)

b3 b0
Interrupt control register V1 EEEE Timer 1 interrupt occur disabled ( TV1A instruction)

'

[0 Stop Timer Operation
Timer 1 operation is temporarily stopped.

b3 b0
Timer control register W2 [0]0]0] 0] Timer 1 operation stop (TW2A instruction)

0 Set Timer Value
Timer 1 count time is set. (The formula is shown DA below.)

Timer control register W1 Prescaler divided by 8 selected ( TW1A instruction)
Timer 1 reload register R1 9515 Timer count value 149 set (T1AB instruction)

O Clear Interrupt Request
The timer 1 interrupt activated condition is cleared.
Timer 1 interrupt request flag T1F “0” Clear the timer 1 interrupt activated condition
(SNZT1 instruction)

!

O Note when the interrupt request is cleared
When O is executed, considering the skip of the next instruction according to the
interrupt request flag T1F, insert the NOP instruction after the SNZT1 instruction.

'

O Start Timer 1 Operation
The timer 1 operation which is temporarily stopped is restarted.

b3 b0
Timer control register W2 [O]0]0[1]  Timer 1 operation start (TW2A instruction)

0 Enable Interrupts
The timer 1 interrupt which is temporarily disabled is enabled.

b3 b0
Interrupt control register V1 [0]1]0]0]  Timer 1 interrupt occur enabled ( TV1A instruction)
Interrupt enable flag INTE = «1~ All interrupts enabled ( El instruction)

'

Constant period interrupt execution started

UA The prescaler dividing ratio and timer 1 count value to make the interrupt occur every 4ms are set as follows:

dms=(3.6MHz)l0403 O 8 0O (149 + 1)

System clock Instruction Prescaler Timer 1
clock dividing count
ratio value

“0”:it can be “0” or “1.”

Fig. 2.3.2 Constant period measurement setting example
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[0 Disable Interrupts
Timer 2 interrupt is temporarily disabled.

Interrupt enable flag INTE “0” All interrupts disabled (DI instruction)

b3 b0
Interrupt control register V1 [o] 0] 0] 0] Timer 2 interrupt occur disabled (TV1A instruction)

O Set Timer Value -
Timer 2 count time is set. (Only when timer count value is 2 or 2 , the formula is shown CA below.)

. _,13b3 b0 13
Wheg;gfé:fi‘;gfé%'g?e;&v [0[o]10] Timer count value 2 set (TW2A instruction)

) — b3 bo
When timer count value =2 , [Oloo]d] Timer count value 2 set (TW2A instruction)

timer control register W2

O Reset Timer Value and Set Count Source

Timer 2 counter is initialized. Initialization is performed only by setting W23 from 0 to 1.
b3 b0

Timer control register W2 [0]o[c] o]
) Timer 2 reset

This processing and setting timer value

shown 0 can be executed simultaneously. b3 b0
Timer control register W2 [1]o]o] 0]

b3 b0

Timer control register W2 EEEE Timer 2 count source is returned to XCIN.

O Clear Interrupt Request
The timer 2 interrupt activated condition is cleared.
Timer 2 interrupt request flag T2F “0” Clear the timer 2 interrupt activated condition
(SNZT2 instruction)

'

[0 Note when the interrupt request is cleared
When O is executed, considering the skip of the next instruction according to the
interrupt request flag T2F, insert the NOP instruction after the SNZT2 instruction.

'

0 Enable Interrupts
The timer 2 interrupt which is temporarily disabled is enabled.
b3 b0

Interrupt control register v1 [ L[0]C[0] Timer 2 interrupt occur enabled (TV1A instruction)
Interrupt enable flag INTE ~ “1” All interrupts enabled (El instruction)

'

Constant period interrupt execution started

0 A The timer 2 count value to make the interrupt occur every 0.25s is set as follows:

-1
0.255 = (32.768kH2) 0 213
Sub-clock Timer 2 count value

“0” : it can be “0” or “1.”

Fig. 2.3.3 Constant period counter by timer 2 setting example
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O Set Timer 2 Count Source

Timer 2 countsource is set.

b3 b0
Timer control register W2 [0|0[0[0] Xem selected (TW2A instruction)

O Activate Watchdog Timer

Watchdog timer is activated.

Watchdog timer enable flag WEF “1” Watchdog timer enable flag WEF set
(WRST instruction)
/Main routine (every 20 ms) ~

WDF Flag Reset

Watchdog timer flag WDF is reset. 0 Watchdog timer flag WDF cleared
(WRST instruction)

Main routine execution

'
K Repeat /

Do not perform the interrupt processing for reset of watchdog timer flag WDF.
Interrupt may keep operating even when a program runs wild.

/—When going into RAM back-up mode ™~

WRST; WDF flag cleared

EPOF; POF instruction enabled
POF2

Oscillation (RaM back-up mode)

K stop /

In the RAM back-up mode, the value of WDF flag is initialized.

However, when the WDF flag is “1,” at the same time, a microcomputer may be reset.

When the watchdog timer and RAM back-up mode are used, execute the WRST instruction
before system enters into the RAM back-up mode in order to initialize the WDF flag.

“0" : it can be “0” or “1.”

Fig. 2.3.4 Watchdog timer setting example
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2.3.4 Notes on use

(1)

(2)

(3)

(4)

(5)

Prescaler
Stop the prescaler operation to change its frequency dividing ratio.

Count source

e Stop timer 1 or timer LC counting to change its count source.

* When timer 2 count source changes from f(XcIN) to ORCLK (W23 = “0" - W23 = “1"), the count
value of timer 2 is initialized. However, when timer 2 count source changes from ORCLK to f(XCIN)
(W23 = “1" - W23 = “0") or the same count source is set again (W23 = “0” - W23 = “0” or W23
="“1" - W23 = “1"), the count value of timer 2 is not initialized.

Timer 2
Timer 2 has the watchdog timer function (WDT). When timer 2 is used as the WDT, note that the
processing to initialize the count value and the execution of the WRST instruction.

Reading the count value
Stop the prescaler and then execute the TAB1 instruction to read timer 1 data.

Writing to reload register R1
When writing data to reload register R1 while timer 1 is operating, avoid a timing when timer 1
underflows.

2-24
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2.4 Carrier generating circuit

The 4551 Group has a carrier generating circuit that generates the transfer waveform by dividing the system
clock (STCK) for each remote control carrier wave.

Also, the 4551 Group has the function to control the carrier wave output from port CARR by using timer 1.

This section describes carrier functions, related registers, application examples using each carrier output
and notes.

2.4.1 Carrier functions

(1) Carrier wave output
Carrier wave is selected by the carrier wave selection register C1.
Carrier output is started with the STCR instruction, and carrier output is stopped with the SPCR
instruction.

(2) Carrier wave output auto-control function
Timer 1 can auto-control the output enable/disable interval of port CARR carrier wave by setting
register C2.
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2.4.2 Related registers

(1) Carrier wave selection register C1

The output waveform of carrier wave is selected.
Set the contents of this register through register A with the TC1A instruction.
Figure 2.4.1 shows the relationship between register C1 and carrier wave.

Carrier wave selection register C1

(atreset: 0 1 1 12,atpowerdown:0 1 1 12, W)

Register C1

Setting value

C13

Cl2

Cl1

Clo

STCR instruction

Output waveform

SPCR instruction

AR

Carrier wave

Frequency | Duty

0

0

0

0

1/3
STCK/24

1/2

g
g
.
i

1/4
STCK/16

1/2

STCK/2 1/2

No carrier wave

No available

PR |O [k |O|(FL]O

o O N =N N

Rl |, |Oo|loO

Rl |lolo|kr]|R

“L” fixed

1/3
STCK/12

1/2

1/4
STCK/8

1/2

STCK 1/2

Note:“W” represents write enabled.

Fig. 2.4.1 Carrier wave selection register
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(2) Carrier wave output control register C2
The carrier wave output auto-control bit is assigned to the bit.
Set the contents of this register through register A with the TC2A instruction.
Table 2.4.1 shows the carrier wave output control register C2.

Table 2.4.1 Carrier wave output control register C2

Carrier wave output control register C2 at reset : 02 at power down : 02 w
co Carrier wave output auto-control 0 Auto-control output by timer 1 is invalid
0 bit 1 Auto-control output by timer 1 is valid

Note: “W” represents write enabled.
(3) Carrier wave generating control flag CR
Execute the SPCR instruction to set the carrier wave generating control flag CR to “0.”
Execute the STCR instruction to set the carrier wave generating control flag CR to “1.”

Table 2.4.2 shows the carrier wave generating control flag CR.

Table 2.4.2 Carrier wave generating control flag CR

Carrier wave generating control flag CR at reset : 02 at power down : 02 w

0 Carrier wave generating stop (SPCR instruction)
1 Carrier wave generating start (STCR instruction)

CR | Carrier wave generation control

Note: “W” represents write enabled.
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2.4.3 Carrier wave output application examples

(1) Remote control waveform output by carrier wave output auto-control function
The carrier wave output auto-control function can be used to turn carrier wave ON/OFF automatically
by counting carrier waveform.

Outline: 0O CARRY is selected as the timer 1 count source and port CARR can be controlled.
0 Output of waveform can be controlled by the bit C2o.
O OFF interval can be output.
Specifications: The 37.9 kHz carrier wave is output from port CARR by using system clock frequency
f(XIN) = 3.64 MHz.
Also, the timer 1 interrupt occurs, and at the same time, setting the next output
interval is performed.

Figure 2.4.2 and Figure 2.4.3 show the setting example of carrier wave auto-control, Figure 2.4.4
shows the setting example of carrier wave output interval.

[0 Disable Interrupts
Timer 1 interrupt is temporarily disablbgd.

Interrupt control register V1|0| o[ 0| 0| Timer 1 interrupt occur disabled (TV1A instruction)

'

[0 Stop Timer Operation and Carrier Operation
Timer 1 operation and carrier operation is temporarily stopped.

b3 b0
Timer control register W2 EEEE Timer 1 operation stopped (TW2A instruction)
Carrier wave generation control flag CR “0” Carrier wave generation stop (SPCR instruction)

O Change of Count Source

Timer 1 count source is changed.
b3 b0

Timer control register W1 {0[0[1]o] Count source CARRY selected (TW1A instruction

O Set Timer Value
Timer 1 count time is set. (The formula is shown OA below.)

Reload register R1 “1416” Timer count value 20 is set (T1AB instruction)

OO0 Set Carrier Generation Circuit

Carrier wave frequency and duty ratio are set.
Carrier wave selectionr register C1 2 b0 Frequency STCK/24, duty ratio 1/3 selected
(TC1A instruction)

Continue to Figure 2.4.3 on the next page.

Fig. 2.4.2 Carrier wave auto-control setting example 1
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From preceding Figure 2.4.2.

'

0 Set Carrier Wave Output Auto-control

Carrier wave output auto-control is set to be valid.
Auto-control valid by timer 1 (TC2A instruction)

O Clear Interrupt Request

The timer 1 interrupt activated condition is cleared.
Timer 1 interrupt request flag T1F “0” Clear the timer 1 interrupt activated condition

(SNZT1 instruction)

'

00 Note when the interrupt request is cleared
When O is executed, considering the skip of the next instruction according to the
interrupt request flag T1F, insert the NOP instruction after the SNZT1 instruction.

[ Start Timer 1 Operation
The timer 1 operation which is temporarily stopped is restarted.(Timer is stopped because count

Carrier wave output cotrol register C2 0 “1”

source is not operating.)
b3 bo
Timer control register w2 [O[C[0[1] Timer 1 operation start (TW2A instruction)

0 Enable Interrupts
Timer 1 interrupt which is temporarily disabled is enabled.

b3 b0
Interrupt control register V1 [0]1]0]0] Timer 1 interrupt occur enabled ( TV1A instruction)

O Start Carrier Output
Carrier output is started. (In this time, timer 1 operation is started simultaneously.)

Carrier wave generating started ( STCR instruction)

Carrier wave generating control flag CR “1”

Carrier output started

¢
N

/Setting the Next Output Waveform

@ Set Next Waveform Data
The next carrier output length is set to bit C2 0 and reload register R1.

Interrupt occurs #

© Set Next Waveform Data
The next carrier output length is set to bit C2 0 and reload register R1.

Refer to Figure 2.4.4 for the detail
of setting output data. /

Interrupt 0ccurs¢
L @ repeated
A The carrier wave which duty ratio is 1/3 is output with a 3.64 MHz oscillator for the 0.55 ms.

8.77 us
N —
ﬂ ﬂ 37.9 kHz =364 MHz [ 1/4 0 1/24.
| System clock Carrier wave
dividing ratio

-1
0.55 ms = (37.9 kHz) O (20+1)
Carrier wave Timer 1 count value
frequency

' 0.55ms

“0” it can be “0” or “1.”

Fig. 2.4.3 Carrier wave auto-control setting example 2

4551 Group User’s Manual 2-29



APPLICATION

2.4 Carrier generating circuit

Timer 1 start
v

Timer 1 underflow ‘ ‘ « ‘ ‘ ‘ ‘ (( ‘ ‘ ‘ ‘ ‘ ‘
T ' R 4 4 I I j j j j j

parar  tataiadt  tataibic i d i a

AAANANANA AN AAAAN X
Reload register R1 a: a . a . pa poa oa poa b pC o d a
c20 1 J

L) by
Port CARR output

H (s
1 : Ul > R ; . e T
7 16a | T @a 5»5'35'3505 d ~ia

00 =00 e—0— 0 {0 {0 0

A H
Carrier wave output start (STCR)

/D Initial value “a” is set to timer 1. )
O The carrier wave output is started with the STCR instruction.
C20 is set to “0” to continue the carrier wave output.
O After timer 1 underflow is counted to 15 times by software, C20 is set to “1.”
O After CARR output is turned OFF by timer 1 underflow, C20 is set to “0.”
O After timer 1 underflow is counted to 7 times by software, C20 is set to “1.”
O The next CARR OFF interval “b” is set to reload register R1.
O The next CARR output interval “c” is set to reload register R1.
O The next CARR OFF interval “d” is set to reload register R1.
\D The next CARR output interval “a” is set to reload register R1. )

Fig. 2.4.4 Carrier wave output interval setting example
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(2) Carrier wave generating by software

Carrier wave generating can be output by software count.

Outline: The carrier wave generating circuit is set to “no carrier wave” and carrier wave is generated
by software.

Specifications: The 37.9 kHz carrier wave is generated by using main clock frequency f(XIN) = 3.64
MHz.

Figure 2.4.5 shows the generating example of carrier wave by software.

O Set Carrier Wave Output Auto-control
Carrier wave output auto-control is set to be invalid.

Carrier wave output control register C20 “0”  Auto-control by timer 1 invalid (TC2A instruction)

O Set Carrier Generation Circuit
Carrier wave frequency and duty ratio is set.

. ) ) b3 bo
Carrier wave selection register C1[o] 10] 1] No carrier wave (TC1A instruction)

/—D Start Carrier Output ™~

Carrier output is started.

1 instruction (3.30us)
v ., 1.10ups : :

-

CARR output <1 : L el : : : : > : ' . :
: 1 8.79 s : : P 1758us : : : :
Description f ' ; : 1 : ' : ' - f - ; . f . :
instruction STCR NOP NOP SPCR NOP NOP NOP NOP STCR NOP NOP SPCR NOP
\example /

Fig.

2.4.5 Carrier wave by software generating example
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2.4.4 Notes on use

(1)

(2)

Note on the carrier generating circuit stop

In order to stop the carrier wave which has the cycle longer than that of the instruction clock with
the SPCR instruction, stop it at the point when the carrier wave outputs “L” level in the SPCR
instruction execution cycle.

If this condition is not satisfied, the last “H” output interval of carrier wave is shortened.

Notes when using the carrier wave output auto-control function
e Execute the STCR instruction after setting the timer 1 and register C2 in order to start the carrier
generating circuit operation.

e Stop the timer 1 (W20="0") after stopping the carrier generating circuit (SPCR instruction executed)
while the carrier wave output is disabled in order to stop the carrier wave output auto-control
operation.

e |f the carrier wave output auto-control function is invalidated (C20="0") while the carrier wave
output is auto-controlled, the output of port CARR retains the state when the auto-control is
invalidated regardless of timer 1 underflow. This state can be terminated by timer 1 stop (W20="0").
When the carrier wave output auto-control function is validated (C20="1") again after it is invalidated
(C20="0"), the auto-control of carrier wave output is started again when the next timer 1 underflow
occurs. However, when the carrier wave output auto-control bit is changed during timer 1 underflow,
the error-operation may occur.

e Use the carrier wave or the carrier wave divided by 2 as the timer 1 count source when the carrier
wave output auto-control function is selected.
If the ORCLK is used as the count source, a hazard wave may occur in port CARR output because
ORCLK is not synchronized with the carrier wave.

e When “no carrier wave” is selected with register C1 ((C13C12C11C10) = (0101), (1101)), the
disable/enable of the carrier wave output cannot be controlled by the carrier wave output auto-
control function.
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2.5

LCD function

The 4551 Group has an LCD (Liquid Crystal Display) controller/driver.
4 common signal output pins and 20 segment signal output pins can be used to drive the LCD. By using
these pins, up to 80 segments (when 1/4 duty and 1/3 bias are selected) can be controlled to display.

This section describes the LCD operation description, related registers, application examples using the LCD
and notes.

2.5.1 Operation description

(1) LCD duty and bias control
Table 2.5.1 shows the duty and maximum number of displayed pixels. Use bits 0 and 1 of LCD
control register (L1) to select the proper display method for the LCD panel being used. Also, when
using segment pins are 19 or less, SEG16—SEG19 can be used as an I/O port with register L2.

Table 2.5.1 Duty and maximum number of displayed pixels

Maximum number

Duty|Bias of displayed pixels Used COM pins

1/2|1/2 40 segments COMo, COM1 (Note)
1/3|1/3 60 segments COMo—-COM2 (Note)
1/4 | 1/3 80 segments COMo0—COMs3 (Note)

Note: Leave unused COM pins open.

(2) LCD drive timing
The frequency (F) of the LCD clock generating the LCD drive timing and frame frequency are shown

below. Figure 2.5.1 shows the structure of the LCD clock circuit.

e When the prescaler output (ORCLK) is used for the timer 2 count source (W23 = “1")

FzORCLKO —+— g —1 -1
0 00 0 0

e When f(XCIN) is used for the timer 2 count source (W23 = “0")

F=fxen) 0 - —2 -1
0 00 0 0

The frame frequency for each display method can be obtained by the following formula.

Frame frequency = —— (Hz) Frame period :%(s)
n

[F: Frame frequency, 1/n: Duty]

Timer 2

[] (Note 2) 3O(N0te D
Wa 0 Wi o 0 0
3 1 1 H
-z STCK—»01 1 ~Oo4—| Timer LC 1/2
XCINO—#5 0| | _o—wmo1 - [172}—LcD clock
. 1/16 "ooy T
ORCLK —»01 !

Notes 1: Count source is stopped by clearing W30 to “0.”
2: When the LCD function is used, set W31 to “0.”

Fig. 2.5.1 LCD clock control circuit structure
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(3) LCD display method
The 4551 Group has the LCD RAM area for the LCD display.
When “1” is written to a bit in the LCD RAM data, the display pixel which correspond to the bit
automatically turns on.
Figure 2.5.2 shows the LCD RAM map.

z 1
X 0 1 2
Y Bit| 3 2 1 0 3 2 1 0 3 2 1 0
8 SEGO | SEGO0| SEGO0 | SEG0O | SEG8| SEG8 | SEG8 | SEGS8 | SEG16| SEG16|SEG16|SEG16
9 SEG1| SEG1| SEG1 | SEG1| SEG9| SEG9 | SEG9 | SEG9 | SEG17| SEG17|SEG17|SEG17
10 SEG2 | SEG2| SEG2 | SEG2 |SEG10|SEG10| SEG10|SEG10| SEG18| SEG18|SEG18|SEG18
11 SEG3| SEG3| SEG3 | SEG3 |SEG11|SEG11|SEG11|SEG11| SEG19| SEG19|SEG19|SEG19
12 SEG4| SEG4| SEG4 | SEG4 |SEG12|SEG12| SEG12|SEG12
13 SEGS5 | SEG5 | SEG5 | SEG5 |SEG13|SEG13|SEG13|SEG13| | | |
14 SEG6 | SEG6| SEG6 | SEG6 |SEG14|SEG14| SEG14|SEG14
15 SEG7| SEG7| SEG7 | SEG7 |SEG15|SEG15| SEG15|SEG15
COM COM3|COM2 | COM1 | COMO | COM3 | COM2 | COM1|COMo | COM3| COM2| COM1 | COMO
Note: —— LCD display RAM is not assigned.

Fig. 2.5.2 LCD RAM map
2.5.2 Related registers

(1) LCD control register L1
The LCD duty and bias selection bits are assigned to bits 0 and 1. The LCD on/off bit is assigned
to the bit 2.
Set the contents of this register through register A with the TL1A instruction. The TAL1 instruction
can be used to transfer the contents of register L1 to register A.
Table 2.5.2 shows the LCD control register L1.

Table 2.5.2 LCD control register L1

LCD control register L1 at reset : 00002 at power down : state retained R/W
0 N . L
L13 |Not used 1 This bit has no function, but read/write is enabled.
. 0 Off
L12 |LCD on/off bit
1 On
L11|Llo Duty Bias
L1 00 Not available
LCD duty and bias selection bits| 0 | 1 1/2 1/2
Llo 10 1/3 1/3
1)1 1/4 1/3

Note: “R” represents read enabled, and “W” represents write enabled.
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(2) LCD control register L2
Port P2 function and segment pin function of pins P20/SEG16—P23/SEG19 can be switched by setting
register L2.
Set the contents of this register through register A with the TL2A instruction.
Table 2.5.3 shows the LCD control register L2.

Table 2.5.3 LCD control register L2

LCD control register L2 at reset : 11112 at power down : state retained w
i i i 0 SEG19
L23 |P23/SEG19 function switch bit
1 P23
. . ) 0 SEG1s
L22 |P22/SEG1s8 function switch bit
1 P22
. . . 0 SEG17
L21 |P21/SEG17 function switch bit
1 P21
) . . 0 SEG16
L20 |P20/SEG16 function switch bit
1 P20

Note: “W” represents write enabled.

(3) Timer control register W3
The timer LC control bit is assigned to the bit 0, and the timer LC count source selection bit is
assigned to the bit 1.
When the LCD display function is used, set the bit 1 to “0.”
Set the contents of this register through register A with the TW3A instruction. The TAW3 instruction
can be used to transfer the contents of register W3 to register A.
Table 2.5.4 shows the timer control register W3.

Table 2.5.4 Timer control register W3

Timer control register W3 at reset : 002 at power down : state retained R/W
W3 Timer LC count source selection 0 Bit 3 of timer 2 is output (timer 2 count source divided by 16)
1
bit 1 System clock (STCK)
0 Stop (timer LC state retained)

W30 |Timer LC control bit

1 Operating
Note: “R” represents read enabled, “W” represents write enabled.
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2.5.3 LCD application examples

(1) LCD display
LCD display function can be used to display 80 pixels (maximum 4 common O 20 segment).

Outline: LCD can be displayed easily by using the LCD display function.

Specifications: 1/4 duty and 1/3 bias LCD is displayed by using LCD display panel example. Timer
2 is used for the LCD clock source, the sub-clock f(XCIN) = 32.768 kHz is used for
the timer 2 clock source, and the frame frequency is set to 85 Hz.

Figure 2.5.3 shows the LCD display panel example, Figure 2.5.4 shows the segment assignment example,
Figure 2.5.5 shows the LCD RAM assignment example, and Table 2.5.5 shows the frame frequency.

Every
=> Program Su. Mo. Tu. We. Th. Fr. Sa.weeks SP EP

© Start Stop U UU U
it ol D Dol D) &
v I e )

Fig. 2.5.3 LCD display panel example

Ever
f%ngram su. Mo. Tu. We, //Thn Fr. sa. W@@kys

i ﬁ ISEE i

W mm

[ [ D [ [ [ [ [

Fig. 2.5.4 Segment assignment example

z 1 a
X 0 1 2 (—
Y Bit| 3 2 1 0 3 2 1 0 3 2 1 0 f U U b
8 0-g| e | 0-d| Oc | Stat | Of | 0-b | 0-a| We. | Tu. | Mo. | su 2
9 O0-g| 0e | 0d| Oc |[Stop| Of | Ob | Oa |G| Sa | Fr. | Tu R U HC
10 Og|0Of | 0Od|Oc| - Of | Ob | Oa| BS | CH | EP | SP d
11 O-g| O-e | O-d | O-c Unused O-f | O-b | O-a| = | P.M. | AM. |Program f m—
12 O-g| O-e | O-d | O-c . d-f | O-b | O-a
13 O-g | O-e | O-d | O-c |Unused O-f | O-b | O-a
14 Og| Oe | O0d]| Oc [Unused Of [ O-b | O-a | | | |
15 O-g | U-e | O-d | O-c [Unused 0O-f | O-b | O-a
COM COM3| COM2 | COM1| COMo| COM3| COM2| COM1| COMO0| COM3| COM2| COM1| COMO
Note: —— LCD display RAM is not assigned.

Fig. 2.5.5 LCD RAM assignment example
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Initialization

O Operate Timer 2 _ _
Timer 2 count source is set to f(XCIN). (Refer to section “2.3 Timer.”)

'

0 Set SEG16—-SEG19
P20/SEG16—P23/SEG19 are set to output.

b3 b0
LCD control register L2[0[ 0] 0[0] SEG16-SEG19 selected (TL2A instruction)

'

0 Stop Timer LC
Timer LC operation is stopped.

bl bo
Timer control register W3 Timer LC stopped (TW3A instruction)

'

O Set Timer LC
Timer LC value is set. (The formula is shown OA below.)

Timer LC reload register RLC
Timer LC TLC “216” Timer count value 2 is set. (TLCA instruction)

'

O Initialization of LCD Display RAM
LCD display RAM is initialized.

LCD display RAM Initial data is set.

'

00 Set LCD Display Method
LCD duty and bias are set.

b3 b0
LCD trol i L1 . . .
CD control register EE 1/4 duty and 1/3 bias set. (TL1A instruction)

O Set Timer LC Count Source
Timer LC count source is changed.

Count source is set to bit 3 of timer 2 .

Timer LC start (TW3A instruction)

'

Timer control register W3

0 Display LCD
LCD display function is set to be valid.,; b0

LCD control register LC ﬂﬂﬂ LCD turned ON (TL1A instruction)

¢ to normal program
Display changed by rewriting LCD display RAM

0 A The timer LC count value when the frame frequency is set to 85.3 Hz is set as follows:

1 1 1 1

85.3Hz=(32.768kHZ)0 —— O 2+1) b —— 0 =
Sub-clock Bit 3 of Timer "Biu;;
timer 2 LC ratio

“0" : it can be “0” or “1.”

Fig. 2.5.6 Initial setting example
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Table 2.5.5 Frame frequency

LCD clock = XcIN: 32.768 kHz |LCD clock = ORCLK: 910 kHz/12 |LCD clock = ORCLK: 910 kHz/24
or or
= ORCLK:3.64 MHz/48 = ORCLK:3.64 MHz/96
LCD timer Duty LCD timer Duty LCD timer Duty
value 1/2 1/3 1/4 value 1/2 1/3 1/4 value 1/2 1/3 1/4

0 512 Hz |341 Hz | 256 Hz 0 1185 Hz|790 Hz | 592 Hz 0 592 Hz |395 Hz| 296 Hz
1 256 Hz |170 Hz |128 Hz 1 592 Hz |395 Hz| 296 Hz 1 296 Hz (197 Hz| 148 Hz
2 171 Hz [114 Hz| 85 Hz 2 395 Hz |263 Hz| 197 Hz 2 197 Hz |132 Hz| 99 Hz
3 128 Hz | 85 Hz | 64 Hz 3 296 Hz|197 Hz|148 Hz 3 148 Hz | 99 Hz | 74 Hz
4 102 Hz | 68 Hz | 51 Hz 4 237 Hz|158 Hz|118 Hz 4 118 Hz | 79 Hz | 59 Hz
5 85 Hz |57 Hz | 43 Hz 5 197 Hz |132 Hz| 99 Hz 5 99 Hz | 66 Hz | 49 Hz
6 73 Hz | 49 Hz | 37 Hz 6 169 Hz |113 Hz| 85 Hz 6 85 Hz |56 Hz | 42 Hz
7 64 Hz | 42 Hz | 32 Hz 7 148 Hz | 99 Hz | 74 Hz 7 74 Hz | 49 Hz | 37 Hz
8 57 Hz | 38 Hz | 28 Hz 8 131 Hz| 88 Hz | 66 Hz 8 66 Hz | 44 Hz | 33 Hz
9 51 Hz | 34 Hz | 27 Hz 9 118 Hz| 79 Hz | 59 Hz 9 59 Hz | 39 Hz | 30 Hz
10 47 Hz | 31 Hz | 23 Hz 10 108 Hz| 72 Hz | 54 Hz 10 54 Hz | 36 Hz | 27 Hz
11 43 Hz | 28 Hz | 21 Hz 11 99 Hz | 66 Hz | 49 Hz 11 49 Hz | 33 Hz | 25 Hz
12 39 Hz | 26 Hz | 20 Hz 12 91 Hz | 61 Hz | 46 Hz 12 46 Hz | 30 Hz | 23 Hz
13 37 Hz | 24 Hz | 18 Hz 13 85 Hz | 56 Hz | 42 Hz 13 42 Hz | 28 Hz | 21 Hz
14 34 Hz | 23 Hz | 17 Hz 14 79 Hz | 53 Hz | 39 Hz 14 39 Hz | 26 Hz | 20 Hz
15 32 Hz |21 Hz | 16 Hz 15 74 Hz | 49 Hz | 37 Hz 15 37 Hz | 25 Hz | 18 Hz

Note: Values in the table shows the frame frequency (however, the values are rounded off to the decimal
points).

2.5.4 Notes on use

(1) Timer LC count source
Stop each timer counting to change timer LC count source.
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2.6 Power down function

The 4551 Group has the clock operation mode and RAM back-up mode for the power down function. The
4551 Group enters 12 kinds of state which includes the reset state to reduce the power dissipation. Figure
2.6.1 shows the state transition, and Figure 2.6.2 shows the oscillation stabilizing time.

In this section, the clock control function, each power down function, related register and application example
for the power down function are described.

POF execution
ABEH— ')

(©.6)+«—
(Stabilizing time (©))

f(XlN):OsciIIatim

f(Xcin)/4
MR=(11012)

Stabilizing time @):
Stabilizing time ©) :
Stabilizing time (©):

f(Xin):Oscillation

System clock;

A 4

f(XcIN)
MR=(01012)

~

POF2 execution

B MRs - 1 «—(A),
Clock f(XcIN):Stop < f(Xcin):Stop
Return input 1 i MR3 - 0 Return input 1
U Input | operating System clock; EEEEEEEEE. System clock; etrm iy
, .<— mode f(XIN)/4 (Note 2) f(Xin) —>,
(Stabilizing time @) | f(XN):Stop MR=(10002) MR=(00002) (Stabilizing time @))
f(XcIN):Stop 5] 7y = A
| 2 o & — @
£ (Note2) & &7 £ o
_________ U= e
o £ o~ ~ | £
x| = 14 x|z g
=z 2| W 2|8 =
vo W v RAM
) 3 04,

POF execution B o g ] back-up POF2 execut|on
, J « IN):Oscillation 5 MR3 < 1 @ f(Xin):Oscillation mode
f(XcIN):Oscillation f(Xcin):Oscillation

i MR3 ~ .
Return input 1, 2 Clock System clock: L 2 < 2 - System clock; f(XIN).S.tOp Return input 1
) 4_ operating f(XiN)/4 (Note 2) fOXin f(Xe):Stop . .
(Stabilizing time @) | mode MR=(11002) MR=(01002) (Stabilizing time @))
7}
— o
f(XIN):Stop ! | ©u
f(XcIN) : o o ! WNote 2)
Oscillation % % g
v y =t

POF execution . ' /_ . POF2 execution
©.G— f(X):Oscillation MR . 1 f(X):Oscillation «—(C),G)
f(XciN):Oscillation f(Xcin):Oscillation

Return input 1, 2 System clock; MR3 <« 0 Return input 1

—(39.6

(Stabilizing time (b))

(Note 1) A A @
< ©°| & <1 ol E
! I =S ! I o
— < | 5 — | 5
add x| = [ad x| =
= =| 8 = S| s
POF execution v (4 v 2 POF2 execution
o
O EB— “ < «—(D.H)
f(Xin):Stop MR3 < 1 f(Xin):Stop
Return input 1, 2 f(XcIN):Oscillation f(Xcin):Oscillation Return input 1
@ ,4_ System clock; MRs - 0 »| System clock; —p : ,
ilizing ti f(Xciny/4 f(XcIN) it
(Stabilizing time (©) _ / - (Stabilizing time (b))
(Note 1)\ j MR=(11112) MR=(01112) K j

An interval required to stabilize the f(X IN) oscillation is automatically generated by hardware.
An interval required to stabilize the f(X cIN) oscillation is automatically generated by hardware.
Generate an interval required to stabilize the f(X IN) oscillation in state C or G by software at the

transitonD -C,D-G,H-C,H-G,J-C,orJ-G.
Generate an interval required to stabilize the f(X ciN) oscillation in state B, F by software at the
transition A -B,E-F, A-F,or E-B.
Return input 1: External wakeup signal (PO 0—P03, P10—P13)
Return input 2: Timer 2 interrupt request flag
Notes 1. MR3="1" -, The microcomputer starts its operation after counting f(X cin) clock signal 59 to 70 times.
MR3="0" - The microcomputer starts its operation after counting f(X cIN) clock signal 32 to 43 times.
2. When the following 2 conditions are satisfied, the transiton A -~ E, B-F, A-F, C-F, G- F represented
by “ = = = p-" can be executed.
(1) Vbb =2.2 Vto 5.5V (One Time PROM version: V bb = 2.5 V t0 5.5 V), f(XIN) < 1.0 MHz
(2) Vbb=4.5V105.5V, f(XIN) £ 2.0 MHz

Stabilizing time @):

Fig. 2.6.1 State transition
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e Oscillation stabilizing time @

e U NNV BBV VAV VAVAVAVAVAVAVAVAVAVAVAVAVAVAY

| |

, (Note) f(XiN) is counted 10757 to 10786 times.ﬁ"

Oscillation condition satisfied Software start
(address 0 in page 0)

e Oscillation stabilizing time ®

S — S

P
, (Note) f(XIN) is counted 10757 to 10786 times¢
Oscillation condition satisfied Software start

(address 0 in page 0)

e Oscillation stabilizing time©) (software operating)

L N

-

i f(XIN) oscillation
stabilizing time is
generated by software.

Oscillation condition satisfied

.} -
Ll Ll

"f(XIN) available

e Oscillation stabilizing time(©)(when returning from clock operating mode to state C, G)

R e LGt T T

i MR3="1": f(XcIN) is counted 59 to 70 times.; f(XIN) oscillation wait f(XIN) available
MR3="0": f(XCIN) is counted 32 to 43 times’|' time by software

Return input Software start
(address 0 in page 0)

e Oscillation stabilizing time @)

f(xcm) st VTV ATV AVRVAVAVIVRVAVAVAVVLVA

:—>
f(XciN) oscillation " f(XcIN) available
stabilizing time is
generated by software.

Oscillation condition satisfied

Note : Time until 4551 Group recognize oscillation.
:) expresses system clock.

Fig. 2.6.2 Oscillation stabilizing time in each mode
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2.6.1 Clock control function

The 4551 Group can reduce the power dissipation by controlling oscillation with the clock control register MR.
Refer to section “3.1 Electrical characteristics” for the oscillation frequency and power dissipation.

In Figure 2.6.1, directions in which state transition can be executed are expressed by the arrow. For
example, execute the transition A -~ B - ((XCIN) oscillation stabilizing wait) - G - H to execute the
transition from the state A (MR3MR2MR1MRo0 = 1000) after reset to the state H (MR3MR2MR1MRo = 0111).

Note: Do not stop the oscillation circuit selected by clock selection bit (MRo0).
Note the stop of the oscillation circuit selected with the clock selection bit (MRo) if the following
setting is performed.
Example 1: (MR3MR2MR1MRo0) = (0001) (f(XcIN) selected, f(XCIN) oscillation stop)
Example 2: (MR3MR2MR1MRo0) = (00O10) (f(XIN) selected, f(XIN) oscillation stop)
O: “0” or “1.”

2.6.2 Power down function

When the POF instruction or POF2 instruction is executed just after the EPOF instruction, system enters
the power down state. Table 2.6.1 shows the internal state at each mode. Also, Table 2.6.2 shows the
return source from this state.

(1) Clock operating mode
In this mode, current dissipation can be reduced by stopping XiN-XouUT oscillation and system clock
with the states of RAM, reset circuit, XCIN—XcouT oscillation, LCD display and timer 2 retained.

(2) RAM back-up mode
As oscillation stops with RAM, the state of reset circuit retained, current dissipation can be reduced
without losing the contents of RAM.
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Table 2.6.1 Functions and states retained at RAM back-up mode and the clock operating mode

Function Clock operating RAM back-up

Program counter (PC), registers A, B, . .
carry flag (CY), stack pointer (SP) (Note 2)

Contents of RAM 0] (e)
Port level @] (0]
Clock control register MR 0] (0]
Timer control register W1 O O
Timer control registers W2, W3 0] (6]
Interrupt control register V1 O O
Interrupt control register 11 (@] (0]
Carrier wave control registers and flag (C1, C2, CR) O O
LCD display function @] (Note 3)
LCD control registers L1, L2 @] (0]
Timer LC (@] (Note 4)
Timer 1 function a d
Timer 2 function O 0]
External O interrupt request flag (EXFO0) O O
Timer 1 interrupt request flag (T1F) O O
Timer 2 interrupt request flag (T2F) 0] (6]
Watchdog timer flag (WDF) 0] O
Watchdog timer enable flag (WEF) 0] (6]
Interrupt enable flag (INTE) O O
General-purpose register V2 O O

Notes 1. “O” represents that the function can be retained, and “00” represents that the function is initialized.
Registers and flags other than the above are undefined at power down, and set an initial value
after returning from power down state.

2: The stack pointer (SP) points the level of the stack register and is initialized to “1112" at power down.
3: LCD is turned off.
4: The state of timer is undefined.
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Table 2.6.2 Return source and return condition

Return source

Return condition

Remarks

Ports PO, P1

External wakeup
signal

Returns by an external falling
edge input (“H”-"“L").

Port PO shares the falling edge detection circuit with
port P1. The key-on wakeup function of port PO is always
valid. The only key-on wakeup function of the port P1
bit of which the pull-up transistor is turned on is valid.
Set all the port using the key-on wakeup function to “H”
level before going into the power down state.

Timer 2 interrupt
request flag

Returns by timer 2 underflow
and setting T2F flag to “1.”

The timer 2 interrupt request flag (T2F) can be used
only when system returns from the clock operating mode
(POF instruction execution). However, if the POF and
POF2 instructions are executed while the T2F flag = “1”,
its operation is recognized as the return condition and
system returns from the clock operating mode.

Note: P1 pin has the pull-up transistor which can be turned on/off by software.

(3) Start condition identification
When system returns from both power down and reset, software is started from address 0 in page

0.

The start condition (warm start or cold start) can be identified by examining the state of the power
down flag (P) with the SNZP instruction. Also, warm start condition (timer 2 or external wakeup
signal) can be identified by the state of the T2F flag. Table 2.6.3 shows the start condition identification,
and Figure 2.6.3 shows the start condition identified example.

Table 2.6.3 Start condition identification

Return condition P flag | T2F flag ( softwarestart )
External wakeup signal input 1
Timer 2 interrupt request flag 1
Reset 0
Cold start
Return by timer 2 Return by external
underflow wakeup signal
Fig. 2.6.3 Start condition identified example
4551 Group User’s Manual 2-43



APPLICATION

2.6 Power down function

2.6.3 Related register

(1) Clock control register MR

Clock control register MR controls the system clock.
Set the contents of this register through register A with the TMRA instruction. The TAMR instruction

can be used to transfer the contents of register MR to register A.
Table 2.6.4 shows the clock control register MR.

Table 2.6.4 Clock control register MR

Clock control register MR

at reset : 10002 at power down : state retained R/W

MRo0=0 f(XIN)

0
MR3 System clock (STCK) selection MRo=1 f(XCIN)
bit 1 MRo0=0 f(XIN)/4
MRo=1 f(XcIN)/4
VR2 f(XCIN) oscillation circuit control 0 f(XcIN) oscillation stop, ports Deé and D7 selected
bit 1 f(XcIN) oscillation enabled, ports De and D7 not selected
I o , 0 Oscillation enabled
MR1 |f(XIN) oscillation circuit control bit —
1 Oscillation stop
0 f(XIN
MRo |Clock selection bit (Xin)
1 f(XCIN)

Note: “R” represents read enabled, and “W” represents write enabled.

(2)

Pull-up control register PUO

Pull-up control register PUO controls the pull-up function and key-on wakeup function.

Set the contents of this register through register A with the TPUOA instruction. The TAPUO instruction
can be used to transfer the contents of register PUO to register A.

Table 2.6.5 shows the pull-up control register PUO.

Table 2.6.5 Pull-up control register PUO

Pull-up control register PUO

at reset : 00002 at power down : state retained R/W

PUO3 Port P13 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
control bit 1 Pull-up transistor ON, key-on wakeup
PUO2 Port P12 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
control bit 1 Pull-up transistor ON, key-on wakeup
PUOL Port P11 pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
control bit 1 Pull-up transistor ON, key-on wakeup
PUOO Port P1o pull-up transistor 0 Pull-up transistor OFF, no key-on wakeup
control bit 1 Pull-up transistor ON, key-on wakeup

Note: “R” represents read enabled, and “W” represents write enabled.
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2.6.4 Power down function application example

(1) Clock display

A clock which is high-accuracy and low-power dissipation can be set up by using a 32.768 kHz
quartz-crystal as a sub-clock and executing the POF instruction.

Outline: The power dissipation can be reduced by using the POF instruction.
Specifications: Time is displayed by the LCD and a 32.768 kHz quartz-crystal oscillator. The main

routine is executed by key input.

Figure 2.6.4 shows the software setting example.

( Software start ) Address 0 in page 0
|

| Initialization of register Z|

Yes

| Cold start initial setting | |Warm start initiai setting
| < ]
ToF =17 7 >>YeS
No 1

| Clock counter + 1

< |
LA

| Time display renewed |

No
v
+Yes oI
[Main routine initial setting EPOF
7 POF

To main routine

Fig. 2.6.4 Software setting example

2.6.5 Notes on use

(1)

(2)

(3)

Key-on wakeup function

After setting ports (P1 specified with register PUO and P0) which key-on wakeup function is valid to
“H,” execute the POF or POF2 instruction.

“L” level is input to the falling edge detection circuit even if one of ports which key-on wakeup
function is valid is in the “L” level state, and the edge is not detected.

Power down instruction

Execute the POF or POF2 instruction immediately after executing the EPOF instruction to enter the
power down state.

Note that system cannot enter the power down state when executing only the POF or POF2 instruction.
Be sure to disable interrupts by executing the DI instruction before executing the EPOF instruction.

POF2 instruction
If the POF and POF2 instructions are executed while the T2F flag = “1,” its operation is recognized
as the return condition and system returns from power down state.
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2.7 Reset

System reset is performed by applying “L” level to the RESET pin for 1 machine cycle or more when the
following conditions are satisfied;

e the value of supply voltage is the minimum value or more of the recommended operating conditions,

e oscillation is stabilized.

Then when “H” level is applied to the RESET pin, the software starts from address 0 in page 0 after elapsing
the internal oscillation stabilizing time (f(XIN) is counted 10757 to 10786 machine cycles). Figure 2.7.3
shows the oscillation stabilizing time.

2.7.1 Reset circuit
The 4551Group has the power-on reset circuit and voltage drop detection circuit.

(1) Power-on reset

Reset can be performed automatically at power on (power-on reset) by the built-in power-on reset
circuit. When the built-in power-on reset circuit is used, set the time until the supply voltage rises to
the minimum operation voltage to 100 us or less. When the rising time exceeds 100 us, connect a
capacitor between the RESET pin and Vss at the shortest distance, input “L” level to RESET pin until
the supply voltage reaches the minimum operation voltage.

Figure 2.7.1 shows the power-on reset example and Figure 2.7.2 shows the reset circuit example
when the supply voltage rising time exceeds 100 us.

Applied potential to RESET pin must
be VbD or less.

Power-on

/—VDD
—e— Pull-up
i transistor
A - };L_ Power-on reset circuit
. ! I—‘ output voltage
RESET O >o—p Internal reset
pin 1 Power-on signal
. reset circuit
x Voltage drop detection circuit | ; Reset
Note) Watchdog timer state
7 output
Internal reset signal
Note: -- - {4 - - - This symbol represents a parasitic
diode. *— Reset released

Fig. 2.7.1 Power-on reset circuit example
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2.7 Reset
Calculate the capacitor value to input “L” level until the supply voltage
reaches the minimum operation voltage.
-e- -i Pull-up
) transistor
x b
RESFI)Ei'Ir; N ; r' {}O_, Internal reset
Power-on Slgnal
; ! reset circuit
Z I Voltage drop detection circuit|
Note) Watchdog timer
Foea output
Note: - - - {& - - - This symbol represents a parasitic
diode.
Applied potential to RESET pin must
be VDD or less.
Fig. 2.7.2 Reset circuit example when the supply voltage rising time exceeds 100 us
Rese}llnput f(XIN) is counted
1machine cycle or more 10757 to 10786 times
0.85VDD ~~ |- :
.y Software start
; Address 0 in page O
RESET I ( page 0)
03VDD """ttt '
T Note: Keep the value of supply voltage the minimum value or more
(Note) of the recommended operating conditions.

Fig. 2.7.3 Oscillation stabilizing time after system is released from reset
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2.7.2 Internal state at reset
Figure 2.7.4 shows the internal state at reset. The contents of timers, registers, flags and RAM other than
shown in Figure 2.7.4 are undefined, so set them to initial values.

* Program Counter (PC) ........c.ooevveruevreeeereeeseeseseeeseeesieneneeias [0JoJoJoJoJoJoJoJoJoJoJoJoJo0]
Address 0 in page 0 is set to program counter.

e Interrupt enable flag (INTE) .....vuviieeiiiiee e e [ 0] (Interrupt disabled)

o Power doWn flag (P) .....coovieeieiee et [o]

« External 0 interrupt request flag (EXFO) .......oooiiiiiiiiiiiiiiee e [o]

o INterrupt Control FeGISIEr V1 ........ccccoveerverereeeeeceeeeeeeseseee e, (Interrupt disabled)

e Interrupt Control register 11 ........cccvvevieiirieicece e [0]JoJo 0]

e Timer 1 interrupt request flag (T1F) ....cocooiiiiiiiiiee e (0]

e Timer 2 interrupt request flag (T2F) .oooovvireeee e (o]

« Watchdog timer flag (WDF) ..........cceviereiieeieieceeeseeeeesee s [0]

« Watchdog timer enable flag (WEF) .......c.cceveueeerecereeeeeeeeeeeeeese e (0]

e Timer control register W1 ........coooveiieiiiiiiiie e (Prescaler stopped)

o Timer control register W2 ...........cccoceveuevereeeereseeseeseesesseneesenienenan, [0 ]o]o 0] (Timer1 stopped)

e Timer control regiSter W3 .......ooiiiiiiiiiieieee e (Timer LC stopped)

o Clock control register MR .........cc.ovoeeueieeeeeeeeeeeeee e [1]Jo]0]0]

« Carrier wave selection register C1 .........ccccovevveevievieviereeese e (0211 ]

« Carrier wave output control register C2..........cccvevveiiiniieiee it (o]

« Carrier wave generating control flag CR ..........cooiiiiiiiieiiiiieiee e [ 0] (Carrier wave output disabled)

e LCD CONLIOl rEQISTEr L1 .oveuvieiivicveiicieice e [0]0]0][0](LCD off)

o LCD CONIOl TEGISIEN L2 ..e.vocveeeeeeeveeeeeeeeeeeeseeee e, (Port P2 selected)

* Pull-up control register PUD ...........ccceeviveeeeeieeeeeseeeesevees s [0oJoJo]0]

o GeNneral-purpose regiSter V2 .........ccccceereririeieieeeeeeesesieieeesee s, [0[o]o]o0]

¢ CAITY FIAG (CY) ovoveeieieeeeee et ene s aen s (0]

@ REGISIEN A ..ottt ettt (0o]ofo]0]

S REGISIEN B ..ot [o]olo]o]

® REQISIEN D ..ottt lolol O]

L =11 =) o =R [oJololololololol

e Data POINIET X ...viviiviiiieeeie ettt [0JoJo]O]

@ DALA POINTET Y oottt ettt et [0]J0]O]O0]

@ DAA POINTET Z ... enenas

@ StACK POINET (SP) ..ttt ]

“00" represents undefined.

Fig. 2.7.4 Internal state at reset
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2.7.3 Voltage drop detection circuit
The built-in voltage drop detection circuit is designed to detect a drop in voltage and to reset the microcomputer
if the supply voltage drops below a set value.

Figure 2.7.5 shows the voltage drop detection reset circuit, and Figure 2.7.6 shows the operation waveform
example of the voltage drop detection circuit.

% Pull-up transistor
«
_‘

il

RESET pin O {}c » Internal reset signal

Power-on
reset circuit

Voltage drop detection circuit

Watchdog timer output

Fig. 2.7.5 Voltage drop detection reset circuit

VDD

Reset voltage ~====-======-===-mmmmmmm e QT s
(Note)

he microcomputer starts operation
after the f(XIN) is counted 10757 to

10786 times.
_>

Internal reset
signal

Note: Refer to section “3.1 Electrical characteristics” for the reset voltage
of the voltage drop detection circuit.

Fig. 2.7.6 Voltage drop detection circuit operation waveform
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2.8 Oscillation circuit

The 4551 Group has an internal oscillation circuit to produce the clock required for microcomputer operation.
The clock signal f(XIN) is obtained by connecting a ceramic resonator to XIN pin and XouT pin. The clock

signal f(XcIN) is obtained by connecting a quartz-crystal oscillator to XCIN pin and XcouT pin.

2.8.1 Oscillation circuit

(1) f(XIN) clock generating circuit
The clock signal f(XIN) is obtained by connecting a ceramic resonator externally.

Connect this external circuit to pins XIN and XouT at the shortest distance. A feed-back resistor is

built-in between XIN pin and XouT pin.
Figure 2.8.1 shows an example of an oscillation circuit connecting a ceramic resonator externally.
Keep the maximum value of oscillation frequency within the range listed Table 2.8.1.

(2) f(XcIN) clock generating circuit

The clock signal f(XcIN) is obtained by connecting a quartz-crystal externally.
Connect this external circuit to pins XCIN and XcouT at the shortest distance. A feed-back resistor
is built-in between XcIN pin and XcouT pin.

Figure 2.8.2 shows an example of an oscillation circuit connecting a quartz-crystal externally.

Table 2.8.1 Maximum value of oscillation frequency
and supply voltage

Supply voltage (System clock) Oscillation
frequency

45V to55V (f(XIN)/4) 8.0 MHz
45V to55V (f(XIN)) 2.0 MHz
2.2 V to 5.5 V (Note) (f(XIN)/4) 4.0 MHz
2.5V to 5.5 V (Note) (f(XIN)) 1.0 MHz

Note: 2.5V to 5.5 V for the One Timer PROM version.

M34551

XIN XouTt

0

CIN ——

Pk

Note: Externally connect a

damping resistor Rd de-
pending on the oscilla-
tion frequency. (A feed-
back resistor is built-in.)
Use the resonator
manufacturer’s recom-
mended value because
constants such as ca-
pacitance depend on the
resonator.

XCIN

M34551

Xcout

CIN _—

s

0

;

Rd

Court

Note: Externally connect a

damping resistor Rd de-
pending on the oscilla-
tion frequency. (A feed-
back resistor is built-in.)
Use the quartz-crystal
oscillator manufacturer’s
recommended value be-
cause constants such as
capacitance depend on
the oscillator.

Fig. 2.8.1 Oscillation circuit example connecting
ceramic resonator externally

Fig. 2.8.2 Oscillation circuit example connecting

quartz-crystal externally
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APPLICATION

2.8 Oscillation circuit

2.8.2 Oscillation operation
System clock is supplied to CPU and peripheral device as the standard clock for the microcomputer

operation. For the 4551 Group, the clock (f(XIN)), (f(XIN)/4), (f(XCIN)), or (f(XCIN))/4 which is supplied from
the oscillation circuit is selected with the register MR.
Figure 2.8.3 shows the structure of the clock control circuit.

MRO
X O——— Frequency
OSC dividing
XouT O—— Multiplexer| | | circuit Internal clock
A (divided by 4) | INSTCK
generating circuit |——p
(divided by 3)

MR1]
XCINO
OSC
XcouT &
A
POF instruction—R
Q
S
L/

POF2 instruction R o<} O RESET

<l_|7J T2F flag

I Falling detected |— Ports PO, P1

wn
o)

Fig. 2.8.3 Structure of clock control circuit

2.8.3 Notes on use

(1) Value of a part connected to an oscillator
Values of a capacitor and a resistor of the oscillation circuit depend on the connected oscillator and

the board. Accordingly, consult the oscillator manufacturer for values of each part connected the
oscillator.
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2.8 Oscillation circuit

MEMO
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APPENDIX

3.1 Electrical characteristics

3.1 Electrical characteristics

3.1.1 Absolute maximum ratings

Table 3.1.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
VoD Supply voltage -0.3t0 7.0 \%
Vi Input voltage PO, P1, P2, RESET, XIN, XcIN -0.3 to Voo+0.3 \Y
Vo Output voltage PO, P1, D Output transistors in cut-off state —0.3 to Vbp+0.3 \%
Vo Output voltage CARR, XouT, Xcout —0.3 to Vop+0.3 Vv
Vo Output voltage SEG, COM —0.3 to Vop+0.3 \%
Pd Power dissipation 300 mw
Topr Operating temperature range —-20to 70 °C
Tstg Storage temperature range —40 to 125 °C
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3.1.2 Recommended operating conditions

Table 3.1.2 Recommended operating conditions
(Mask ROM version:Ta =-20 °C to 70 °C, Vob = 2.2 V to 5.5 V, unless otherwise noted)
(One Time PROM version:Ta = —20 °C to 70 °C, Vop = 2.5 V to 5.5 V, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits
Symbol Parameter Conditions - Unit
Min. Typ. Max.
f(XIN) £ 4.0 MHz, ceramic resonator,
) STCK=f(Xin)/4
Mask ROM version f(Xin) < 1.0 MHz, ceramic resonator, 2.2 55
STCK=f(XIN)
f(XiN) < 4.0 MHz, ceramic resonator,
Vop Supply voltage|One Time PROM version STCK=(XN)/4 2.5 5.5 \%
f(XiN) £ 1.0 MHz, ceramic resonator,
STCK=f(Xin)
f(XiN) < 8.0 MHz, ceramic resonator,
STCK=f(Xin)/4
f(XiN) < 2.0 MHz, ceramic resonator, 45 55
STCK=f(XIN)
VRAM RAM back-up voltage RAM back-up 2.0 55 V
Vss Supply voltage 0 \%
ViH “H” level input voltage PO, P1, P2 0.8VbD DD \Y
ViH “H” level input voltage Xin 0.7VpD DD \Y
ViH “H” level input voltage RESET 0.85VDpD \VbD \
VIH “H” level input voltage INT 0.8VpD \VbD \
ViL “L” level input voltage PO, P1, P2 0 0.3Vop | V
ViL “L” level input voltage Xin 0 0.3Vop | V
ViL “L” level input voltage RESET 0 0.3Vop | V
ViL “L” level input voltage INT 0 0.2Vop | V
loL(peak) |“L” level peak output current Vbp=5.0 V 10 A
PO, P1, Do-D7, CARR Vop=3.0 V 4
loL(avg) |“L” level average output current Vbp=5.0 V 5 A
PO, P1, Do-D7, CARR (Note) Vbp=3.0 V 2
loH(peak) |“H” level peak output current Vop=5.0 V -30 A
CARR Vop=3.0 V 15
loH(avg) |“H” level average output current Vpp=5.0 V 15 A
CARR (Note) Vpp=3.0 V -7
f(Xcin)  [f(Xcin) clock frequency Quartz-crystal oscillator 50 kHz
VDET Voltage drop detection circuit Mask ROM version 1.15 2.15
1.30 1.65 2.00 v
One Time PROM version 1.00 2.00
1.15 1.50 1.85
TPON Valid power supply rising time for [ Mask ROM version Voo=0to 2.2V
power-on reset circuit One Time PROM version Vbp =0t0 2.5V 100 Hs
Note: The average output current is the average current value at the 100 ms interval.
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3.1 Electrical characteristics

3.1.3 Electrical characteristics

Table 3.1.3 Electrical characteristics
(Mask ROM version:Ta =-20 °C to 70 °C, Vbb = 2.2 V to 5.5 V, unless otherwise noted)
(One Time PROM version:Ta = -20 °C to 70 °C, Vbp = 2.5 V to 5.5 V, unless otherwise noted)

» Limits .
Symbol Parameter Test conditions - Unit
Min. | Typ. | Max.
v “L” level output voltage loL =5 mA Vop =5.0V 0.9 v
o PO, P1, Do-D7, CARR, RESET loL = 2 mA Vo= 3.0 V 0.9
loH = -15 mA Vop =5.0 V 2.4
VoH “H” level output voltage CARR \%
loH = -7 mA Vop = 3.0 V 1.0
IiH “H" level input current PO, P1, P2, RESET | Vi= Voo (Note 1) 1 | uA
liL “L” level input current P1, P2 Vi=0V (Note 1) -1 LA
loz Output current at off-state Do—D7 Vo = Vop 1 HA
Vop = 5.0V, f(Xcin) = 32 kHz, f(XiN) = 8 MHz
STCK = f(Xi)/4 25 1 50
Vo =5.0V f(Xin) = 2 MHz 23 | 46
at active high-speed mode f(Xew) = 32 kHz f(XIN) = 1 MHz 1.4 2.8
. . . STCK = f(XIn) - : ’
while LCD is operating mA
Vob = 3.0V, f(XciN) = 32 kHz, f(Xin) = 4 MHz
(SEGO—SEGIS) 0.7 1.4
STCK = f(Xin)/4 ’ ’
Vop =3.0V f(XN) = 1 MHz 0.6 | 12
f(XciN) = 32 kHz
STCK = f(XIN) f(XIN) =500 kHz 0.4 0.8
oo Supply current Voo =5.0 V STCK = f(Xcm)/4 70 | 140
Note 2 . f(XiN) = stop
( ) at active low-speed mode B STCK = f(Xcin) 90 180
. . . f(Xcin) = 32 kHz
while LCD is operating LA
(SEGo-SEG1s) Voo =3.0V STCK = f(Xci)/4 30 | 60
f(XiN) = stop
f(XciN) = 32 kHz STCK = f(XcIN) 40 80
f(Xin) = stop Voo =5.0V 27.5 | 60
at clock operating mode f(XciN) = 32 kHz
while LCD is operating Ta=25°C Voo =3.0V 10 175 LA
(SEGo—SEG15) f(Xin) = stop Vob =5.0V 65
f(Xcin) = 32 kHz Vop =3.0V 20
at RAM back-up mode f(XiN) = stop, f(Xcin) = stop, Ta =25 °C 0.1 1.0 A
f(XIN) = stop, f(XcIN) = stop 10 H
PO, P1 Vob=5.0V,Vi=0V 20 50 125 KO
Pu”_up resistor Vobp = 3.0 V, Vi=0V 40 100 250
RPH value RESET Vob=5.0V,Vi=0V 12 |30 | 70 |,
Vob=3.0V,Vi=0V 25 60 130
INT Vop = 5.0 V 0.5 v
v v | Hysteresis Vop = 3.0V 0.4
TV Y RESET Voo = 5.0 V 15 v
Vob=3.0V 0.6
) Vop =5.0 V 1.3 6.5
COM output impedance kQ
Reow putimp Vop=3.0V 16 | 8
. Vob=5.0V 1.8 9
R SEG output impedance kQ
see putimp VoD =3.0V 22 | 11
LCD power supply internal resistor value Impedance between Vics and Vss
Rvic P 300 | 600 | 1200 | kQ
(Note 3) Ta=25°C

Notes 1: In this case, the pull-up transistor of port P1 is turned off and the port P2 function is selected by software.

2: The current value includes the current dissipation of the LCD power supply internal resistor (RvLc).

3: ViLc3=Vop.
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3.1.4 Basic timing diagram

APPENDIX

3.1 Electrical characteristics

Machine cycle

Mi Mi+1
Parameter Pin name
System clock STCK |
Port D output Do—D7
P0o—PO03
Ports PO, P1 output
Ofs FE,FLOUBUE 1 b1y p1s
P00—PO0s3
Por.ts PO, P1 and Plo—P1s
P2 input P20—P23
Interrupt input INT

4551 Group User’'s Manual
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3.2 Typical characteristics

3.2 Typical characteristics

3.2.1 VpoD-IDD characteristics

(1) CPU high-speed operating (system clock: f(XIN))
[measurement condition]
XIN: operating, XCIN: 32 kHz, timer 2 count source: XCIN, system clock: f(XINn), LCD clock: 1 kHz,
duty: 1/4, bias: 1/3
Ta = 25°C

5.0

4.5
4.0
35
f(XIN) = 2 MHz

3.0

25

IDD (MA)

W

f(XIN) = 1 MHz

f(XIN) = 500 kHz

1.0

0.5

0.0

VDD (V)

(2) CPU high-speed operating (system clock: f(XiN)/4)
[measurement condition]
XIN: operating, XCIN: 32 kHz, timer 2 count source: XCIN, system clock: f(XiN)/4, LCD clock: 1 kHz,
duty: 1/4, bias: 1/3
Ta = 25°C

5.0

| f(XIN) = 8 MHz

3.0

25

IDD (MA)

\

f(XIN) = 4 MHz

2.0

0.5

0.0

o
~

0 1 2 3 4 5

VDD (V)
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3.2 Typical characteristics

(3) CPU low-speed operating (system clock: f(X  CIN))

IDD (HA)

[measurement condition]

XIN: stop, XCIN: 32 kHz, timer 2 count source: XCIN, system clock: f(XcIN), LCD clock: 1 kHz,
duty: 1/4, bias: 1/3

Ta = 25 °C

100

50

0.0 1.0 2.0 3.0 4.0 5.0

VDD (V)

(4) CPU low-speed operating (system clock: f(X  cIN)/4)

IDD (HA)

[measurement condition]

XIN: stop, XCIN: 32 kHz, timer 2 count source: XCIN, system clock: f(XcIn)/4, LCD clock: 1 kHz,
duty: 1/4, bias: 1/3

Ta = 25 °C
150

100

50

0.0 1.0 2.0 3.0 4.0 5.0

VDD (V)
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3.2 Typical characteristics

(5) Clock operating
[measurement condition]
XIN: stop, XCIN: 32 kHz, timer 2 count source: XCIN, system clock: stop, LCD clock: 1 kHz,
duty: 1/4, bias: 1/3
Ta = 25 °C

100

80

60

IDD (HA)

40

20

VDD V)
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3.2 Typical characteristics

3.2.2 VoH-loH characteristics (port CARR)

(1) vbb=3.0V Ta = 25°C

-50.0

-45.0

-40.0

-35.0

-30.0 m—

-25.0 T~

-20.0 \\
-15.0 \
-10.0 \

loH (MA)

0 0.3 0.6 0.9 1.2 15 18 2.1 24 2.7 3.0
VoH (V)

(2) Vvbb=5.0V Ta = 25 °C

100.0

-90.0

-80.0

-70.0 N

-60.0 AN
-50.0 N

N\
-30.0 \

-20.0

loH (MA)

-10.0

0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0
VoH (V)
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3.2 Typical characteristics

3.2.3 VoL-loL characteristics (Ports PO, P1, D 0-D7, CARR, RESET)

(1) vbb=3.0V

(2) Vvbb=5.0V

loL (MA)

loL (MA)

50.0

45.0

40.0

35.0

30.0

25.0

20.0

15.0

10.0

5.0

0

100.0

90.0

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

VoL (V)

Ta = 25 °C
//
//
//
0.3 0.6 0.9 1.2 15 1.8 2.1 2.4 2.7 3.0
VoL (V)
Ta = 25 °C
//
0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0
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3.2 Typical characteristics

3.2.4 Voltage drop detection circuit temperature characteristics

(1) M34551Mx-XXXFP

25

Supply voltage (V)

R RE RN RN R R

15

-20 -10 0 10 20 30 40
Operating temperature range (°C)

50 60 70

(2) M34551E8-XXXFP

25

Supply voltage (V)

-20 -10 0 10 20 30 40 50 60 70

Operating temperature range (°C)

4551 Group User’'s Manual 3-11



APPENDIX

3.3 List of precautions

3.3 List of precautions

EI|Noise and latch-up prevention|
Connect a capacitor on the following condition to prevent noise
and latch-up;
e connect a bypass capacitor (approx. 0.1 uF) between pins

Vop and Vss at the shortest distance,

e equalize its wiring in width and length, and
 use the thickest wire.
In the built-in PROM version, CNVss pin is also used as Vpp
pin. Accordingly, when using this pin, connect this pin to Vss
through a resistor about 5 kQ (connect this resistor to CNVss/
Vpp pin as close as possible).

O|Prescaler

Stop the prescaler operation to change its frequency dividing
ratio.

O|Count source

Stop timer 1 or timer LC counting to change its count source.
When timer 2 count source changes from f(Xcin) to ORCLK
(W23 ="0" - W23 ="1"), the count value of timer 2 is initialized.
However, when timer 2 count source changes from ORCLK to
f(Xcin) (W23 = “1" - W23 = “0") or the same count source is
set again (W23 ="0" - W23 ="0"or W23 =“1" - W23 ="1"),
the count value of timer 2 is not initialized.

“fimer]

Timer 2 has the watchdog timer function (WDT). When timer 2
is used as the WDT, note that the processing to initialize the
count value and the execution of the WRST instruction.

D|Reading the count value|
Stop the prescaler and then execute the TABL1 instruction to
read timer 1 data.

0| writing to reload register R1|
Write the data to reload register R1 while timer 1 is operating,
avoid a timing when timer 1 underflows.

O | Notes when using the carrier wave output auto-control function|

* Execute the STCR instruction after setting the timer 1 and

register C2 in order to start the carrier generating circuit
operation.

e Stop the timer 1 (W20="0") after stopping the carrier
generating circuit (SPCR instruction executed) while the
carrier wave output is disabled in order to stop the carrier
wave output auto-control operation.

« If the carrier wave output auto-control function is invalidated

(C20="0") while the carrier wave output is auto-controlled,
the output of port CARR retains the state when the auto-
control is invalidated regardless of timer 1 underflow. This
state is released by timer 1 stop (W20="0").
When the carrier wave output auto-control function is
validated (C20="1") again after it is invalidated (C20="0"),
the auto-control of carrier wave output is started again when
the next timer 1 underflow occurs. However, when the carrier
wave output auto-control bit is changed during timer 1
underflow, the error-operation may occur.

« Use the carrier wave or the carrier wave divided by 2 as the
timer 1 count source when the carrier wave output auto-
control function is selected.

If the ORCLK is used as the count source, a hazard may
occur in port CARR output because ORCLK is not
synchronized with the carrier wave.

« When “no carrier wave” is selected with register C1
((C13C12C11C10) = (0101), (1101)), the enable/disable of
the carrier wave output cannot be controlled by the carrier
wave output auto-control function.

BT o

When the interrupt valid waveform of Ds/INT pin is changed
with the bit 2 of register 11 in software, be careful about the
following notes.

» Clear the bit 0 of register V1 to “0” and then change the
interrupt valid waveform of Ds/INT pin with the bit 2 of register
11 (refer to Figure 400]).

* Clear the bit 2 of register 11 to “0” and execute the SNZ0
instruction to clear the EXFO flag after executing at least
one instruction (refer to Figure 4001). Depending on the input
state of the Ds/INT pin, the external O interrupt request flag
(EXF0) may be set to “1” when the interrupt valid waveform
is changed.

LA 4 (0000

TV1A ; The SNZO instruction is valid 0

LA 4

TI1A ; Change of the interrupt valid waveform
NOP a
SNz0 ;The SNZO instruction is executed

NOP

[ : this bit is not related to the setting of INT.

Fig. 40 External O interrupt program example

O |One Time PROM version

The operating power voltage of the One Time PROM version
is within the range of 2.5 Vto 5.5 V.

O Multifunction

Note that the port Ds output function can be used even when
INT function is selected.

®|Power down instruction (POF instruction, POF2 instruction)|

Execute the POF or POF2 instruction immediately after
executing the EPOF instruction to enter the power down state.
Note that system cannot enter the power down state when
executing only the POF or POF2 instruction.

Be sure to disable interrupts by executing the DI instruction
before executing the EPOF instrcution.

fprogram counter

Make sure that the PCH does not specify after the last page of
the built-in ROM.
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3.4 Notes on noise

3.4 Notes on noise

Countermeasures against noise are described below.
The following countermeasures are effective against
noise in theory, however, it is necessary not only to
take measures as follows but to evaluate before actual
use.

3.4.1 Shortest wiring length

The wiring on a printed circuit board can function
as an antenna which feeds noise into the
microcomputer.

The shorter the total wiring length (by mm unit), the
less the possibility of noise insertion into a
microcomputer.

(1) Package
Select the smallest possible package to make
the total wiring length short.

e Reason
The wiring length depends on a microcom-
puter package. Use of a small package,
for example QFP and not DIP, makes the
total wiring length short to reduce influence

of noise.
DIP
——
- —1
[ = SDIP
- —1
= = SOP
- —1
- —1 -
SRS - [
1 F ~LJ

Fig. 3.4.1 Selection of packages

(2) Wiring for RESET input pin
Make the length of wiring which is connected
to the RESET input pin as short as possible.
Especially, connect a capacitor across the
RESET input pin and the Vss pin with the
shortest possible wiring (within 20mm).

e Reason

The width of a pulse input into the RESET
pin is determined by the timing necessary
conditions. If noise having a shorter pulse
width than the standard is input to the
RESET input pin, the reset is released before
the internal state of the microcomputer is
completely initialized. This may cause a
program runaway.

Noise
/
Reset é J
circuit ¢ RESET
Vss Vss
N.G.
/
Reset__
circuit | RESET
Vss“T Vss
O.K.

Fig. 3.4.2 Wiring for the RESET input pin

4551 Group User’'s Manual
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3.4 Notes on noise

(3) Wiring for clock input/output pins (4) Wiring to CNV ss pin
* Make the length of wiring which is connected Connect the CNVss pin to the Vss pin with
to clock 1/0 pins as short as possible. the shortest possible wiring.

e Make the length of wiring across the

grounding lead of a capacitor which is e Reason

connected to an oscillator and the Vss pin
of a microcomputer as short as possible.

» Separate the Vss pattern only for oscillation
from other Vss patterns.

The processor mode of a microcomputer is
influenced by a potential at the CNVss pin.
If a potential difference is caused by the
noise between pins CNVss and Vss, the
processor mode may become unstable. This

may cause a microcomputer malfunction or
Noise a program runaway.
\J 14 Noise
_u_ _U_
1 & XIN '%-_X'N CNVss é CNVss
T+ Xout F—{Xout
Vss Vss V/ss \/ss
77T
N.G. O.K. 1
Fig. 3.4.3 Wiring for clock I/O pins N.G. O.K.
e Reason Fig. 3.4.4 Wiring for CNV ss pin

If noise enters clock 1/O pins, clock
waveforms may be deformed. This may
cause a program failure or program runaway.
Also, if a potential difference is caused by
the noise between the Vss level of a
microcomputer and the Vss level of an
oscillator, the correct clock will not be input
in the microcomputer.
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3.4 Notes on noise

(5) Wiring to V PP pin of One Time PROM version

e When the VPP pin is also used as the

CNVss pin

Connect an approximately 5 kQ resistor to
the VPP pin the shortest possible in series
and also to the Vss pin. When not
connecting the resistor, make the length of
wiring between the VPP pin and the Vss
pin the shortest possible (refer to Figure
3.4.5)

Even when a circuit which included an
approximately 5 kQ resistor is used in the
Mask ROM version, the microcomputer
operates correctly.

Note:

e Reason

The VPP pin of the One Time PROM ver-
sion is the power source input pin for the
built-in PROM. When programming in the
built-in PROM, the impedance of the Vpp
pin is low to allow the electric current for
writing flow into the PROM. Because of
this, noise can enter easily. If noise enters
the VPP pin, abnormal instruction codes or
data are read from the built-in PROM, which
may cause a program runaway.

When the Vep pin is also used as the CNVss pin

Approximately
5kQ

CNVss/VprpP

Vss 1

In the shortest
distance

Fig. 3.4.5 Wiring for the V PP pin of the One Time
PROM version

3.4.2 Connection of bypass capacitor across V. ss
line and V cc line

Connect an approximately 0.1 uF bypass capacitor

across the Vss line and the Vcc line as follows:

e Connect a bypass capacitor across the Vss pin
and the Vcc pin at equal length.

e Connect a bypass capacitor across the Vss pin
and the Vcc pin with the shortest possible wiring.

e Use lines with a larger diameter than other signal
lines for Vss line and Vcc line.

e Connect the power source wiring via a bypass
capacitor to the Vss pin and the Vcc pin.

ZEZTE\/ce Vce
lx] zZ4
A 3
FErEe Vss Vss
N.G. O.K.

Fig. 3.4.6 Bypass capacitor across the V ss line
and the V cc line

4551 Group User’'s Manual
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3.4.3 Oscillator concerns
Take care to prevent an oscillator that generates
clocks for a microcomputer operation from being
affected by other signals.

(1) Keeping oscillator away from large current
signal lines
Install a microcomputer (and especially an
oscillator) as far as possible from signal lines
where a current larger than the tolerance of
current value flows.

e Reason
In the system using a microcomputer, there
are signal lines for controlling motors, LEDs,
and thermal heads or others. When a large
current flows through those signal lines,
strong noise occurs because of mutual
inductance.

Mﬂmﬂ

Z[XIN
Xout
Vss

GND

1

Large
current

, Microcomputer
Mutual inductance [ ({
—

Fig. 3.4.7 Wiring for a large current signal line

(2) Installing oscillator away from signal lines
where potential levels change frequently
Install an oscillator and a connecting pattern
of an oscillator away from signal lines where
potential levels change frequently. Also, do
not cross such signal lines over the clock lines
or the signal lines which are sensitive to noise.

e Reason

Signal lines where potential levels change
frequently (such as the CARR pin signal
line) may affect other lines at signal rising
edge or falling edge. If such lines cross
over a clock line, clock waveforms may be
deformed, which causes a microcomputer
failure or a program runaway.

o
N.G.

Do not cross CNTR
ErZ XN
FH—+—XouT

717 Vss

\/

Fig. 3.4.8 Wiring to a signal line where potential
levels change frequently

(3) Oscillator protection using V.  ss pattern

As for a two-sided printed circuit board, print
a Vss pattern on the underside (soldering side)
of the position (on the component side) where
an oscillator is mounted.

Connect the Vss pattern to the microcomputer
Vss pin with the shortest possible wiring.
Besides, separate this Vss pattern from other
Vss patterns.

An example of Vss patterns on the
underside of a printed circuit board

——
Oscillator wiring
pattern example e,
O
s XIN
—3 ':']' : Xout
o %
SS
s

Separate the Vss line for oscillation from other Vss lines

Fig. 3.4.9 Vss pattern on the underside of an
oscillator
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3.4.4 Setup for 1/O ports

Setup 1/O ports using hardware and software as

follows:

<Hardware>

» Connect a resistor of 100 Q or more to an 1/O port
in series.

<Software>

» As for an input port, read data several times by
a program for checking whether input levels are
equal or not.

* As for an output port or an I/O port, since the
output data may reverse because of noise, rewrite
data to its output latch at fixed periods.

* Rewrite data to pull-up control registers at fixed
periods.

3.4.5 Providing of watchdog timer function by
software
If a microcomputer runs away because of noise or
others, it can be detected by a software watchdog
timer and the microcomputer can be reset to normal
operation. This is equal to or more effective than
program runaway detection by a hardware watchdog
timer. The following shows an example of a watchdog
timer provided by software.
In the following example, to reset a microcomputer
to normal operation, the main routine detects errors
of the interrupt processing routine and the interrupt
processing routine detects errors of the main routine.
This example assumes that interrupt processing is
repeated multiple times in a single main routine
processing.
<The main routine>
Assigns a single byte of RAM to a software
watchdog timer (SWDT) and writes the initial value
N in the SWDT once at each execution of the
main routine. The initial value N should satisfy
the following condition:

N+l > (Counts of interrupt processing executed in
~ each main routine)

As the main routine execution cycle may change
because of an interrupt processing or others, the
initial value N should have a margin.

» Watches the operation of the interrupt processing
routine by comparing the SWDT contents with
counts of interrupt processing after the initial value
N has been set.

» Detects that the interrupt processing routine has
failed and determines to branch to the program

APPENDIX

3.4 Notes on noise

initialization routine for recovery processing in the
following case:

If the SWDT contents do not change after interrupt
processing.

<The interrupt processing routine>

* Decrements the SWDT contents by 1 at each
interrupt processing.

» Determines that the main routine operates normally
when the SWDT contents are reset to the initial
value N at almost fixed cycles (at the fixed interrupt
processing count).

» Detects that the main routine has failed and
determines to branch to the program initialization
routine for recovery processing in the following
case:

If the SWDT contents are not initialized to the
initial value N but continued to decrement and if
they reach 0 or less.

(' Main routine ) Qnterrupt processing routine)
(SWDT) ~ N

[(swDT) - (swDT)—1]

Main routine
errors

Interrupt processing
routine errors

Fig. 3.4.10 Watchdog timer by software
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3.5 Mask ROM order confirmation form

3.5 Mask ROM order confirmation form

GZZ-SH10-66B <63A0>
Mask ROM number
4500 SERIES MASK ROM ORDER CONFIRMATION FORM 5 -
SINGLE-CHIP MICROCOMPUTER M34551M4-XXXFP S a:e. TS .
MITSUBISHI ELECTRIC = lsenatre - |sgnature
o
‘©
Please fill in all items marked [. é
Company :
name Sf?izgronsmle Supervisor
0 (Customer TEL ( )y | g8
c 2
5 g
Date . n o
issued Date: 2o

1. Confirmation
Specify the type of EPROMs submitted.

Three sets of EPROMs are required for each pattern (check in the approximate box).

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce
masks based on this data. We shall assume the responsibility for errors only if the mask ROM data
on the products we produce differ from this data. Thus, the customer must be especially careful in

verifying the data contained in the EPROMs submitted.

Checksum code for entire EPROM area

(hexadecimal notation)

EPROM Type: [ Je7c2se [ J27cs12
000016 000016
oo i 400K o i 400K
OFFF16 OFFF16
. 400016 . 400016
-bit data | ,-r-c I 1 T
7FFF16 FFFF16

Set “FF16” in the shaded area.

Set *1112” in the area [ of low-order and high-order 5-bit data.

0 2. Mark Specification

Mark specification must be submitted using the correct form for the type of package being ordered.
Fill out the approximate Mark Specification Form (48P6S-A for M34551M4-XXXFP) and attach to

the Mask ROM Order Confirmation Form.

0 3. Comments
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3.5 Mask ROM order confirmation form

GZZ-SH52-94B <85A0>
Mask ROM number
4500 SERIES MASK ROM ORDER CONFIRMATION FORM 5 -
SINGLE-CHIP MICROCOMPUTER M34551M8-XXXFP S a:e. TS .
MITSUBISHI ELECTRIC = lsenatre - |sgnature
o
‘©
Please fill in all items marked [. é
Company :
name Sf?izgronsmle Supervisor
0 (Customer TEL ( )y | g8
c 2
5 g
Date . n o
issued Date: 2o

0 1. Confirmation
Specify the type of EPROMSs submitted.

Three sets of EPROMs are required for each pattern (check in the approximate box).

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce
masks based on this data. We shall assume the responsibility for errors only if the mask ROM data
on the products we produce differ from this data. Thus, the customer must be especially careful in

verifying the data contained in the EPROMs submitted.

Checksum code for entire EPROM area

(hexadecimal notation)

EPROM Type: [ Je7c2se [ J27cs12
000016 000016
oot data B.00K oot data B.00K
1FFF16 1FFF16
; 400016 ; 400016
OO | 5eppg Rl N5 =10
7FFF16 FFFF16

Set “FF16” in the shaded area.

Set *1112” in the area [ of low-order and high-order 5-bit data.

0 2. Mark Specification

Mark specification must be submitted using the correct form for the type of package being ordered.
Fill out the approximate Mark Specification Form (48P6S-A for M34551M4-XXXFP) and attach to

the Mask ROM Order Confirmation Form.

0 3. Comments
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3.6 ROM programming order confirmation form

3.6 ROM programming order confirmation form

GZZ-SH10-69B <64A0>

ROM number
4500 SERIES ROM PROGRAMMING ORDER CONFIRMATION FORM Date.
SINGLE-CHIP MICROCOMPUTER M34551E8-XXXFP — ,
Section head|Supervisor
MITSUBISHI ELECTRIC - signature Signature
Q
‘©
Please fill in all items marked . 3
o
Company .
name szzsronsmle Supervisor
O[Customer TEL ( ) o0
g3
Date Sc
. D . n o
issued ate 2

00 1. Confirmation
Specify the type of EPROMs submitted.

Three sets of EPROMs are required for each pattern (check in the approximate box).
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce
programming based on this data. We shall assume the responsibility for errors only if the ROM data
on the products we produce differ from this data. Thus, the customer must be especially careful in

verifying the data contained in the EPROMs submitted.

Checksum code for entire EPROM area

EPROM Type: [ ]27c2s6 [ J27cs12
000016 000016
oot data 8.00K bt data 8.00K
1FFF16 1FFF16
; 400016 ; 400016
O 988 | Brrre O 988 | Berre
7FFF16 FFFF16

Set “FF16” in the shaded area.

Set “1112" in the area [ of low-order and high-order 5-bit data.

0 2. Mark Specification

(hexadecimal notation)

Mark specification must be submitted using the correct form for the type of package being ordered.
Fill out the approximate Mark Specification Form (48P6S-A for M34551E8-XXXFP) and attach to the

ROM Programming Order Confirmation Form.

0 3. Comments
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3.7 Mark specification form

3.7 Mark specification form

48P6S-A (48-PIN QFP) MARK SPECIFICATION FORM

Mitsubishi IC catalog nhame

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if needed).

A. Standard Mitsubishi Mark

@
HAAHAAHAAHHAAAAA

@ @
1T [0
1T [0
| . [T0) . L
I Mitsubishi IC catalog name
1T [0 g
1T [0
- <='IE] ***************** Mitsubishi IC catalog name
Mitsubishi lot number
T (6-digit or 7-digit) D
1T [0
@3 min](E)

HEHEHHEHHEBHEEH
@
B. Customer’s Parts Number + Mitsubishi IC Catalog Name

@
ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ (== Customer’s Parts Number

|
EI 15 i Note : The fonts and size of characters are standard Mitsubishi type.
min m
o m Mitsubishi IC catalog name . . .
i o i Notes 1 : The mark field should be written right aligned.
|| & N ! 2 : The fonts and size of characters are standard Mitsubishi type.
o — o 3 : Customer’s parts number can be up to 9 characters: Only 0 to
Mitsubishi lot number )
o (6-digit or 7-digit) min| 9,Ato Z, +,—,/,(,), & 0O, . (periods), , (commas) are usable.
| i 4 : If the Mitsubishi logo # is not required, check the box below.
E[E ;ID@ A Mitsubishi logo is not required

HESEHEHEEHEEEHE
e

C. Special Mark Required

@ Notes1 :If Special Mark is to be Printed, indicate the desired lay-
ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ out of the mark in the left figure. The layout will be
duplicated technically as close as possible.
Mitsubishi lot number (6-digit, or 7-digit) and Mask ROM
number (3-digit) are always marked.
2 : If the cunstomer’s trade mark logo must be used in the
Special Mark, check the box below.
Please submit a clean original of the logo.
For the new special character fonts, a clean font original
(ideally logo drawing) must be submitted.

®
®

HEHEHHEHHE

®

HEHHHHHHAH

®

Special logo required

HESEHEHEEHEEEHB
©)
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3.8 Package outline

3.8 Package outline

48P6S-A Plastic 48pin 7010mm body QFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP48-P-710-0.65 — 0.29 Alloy 42
HD
D
Do Do
Ll
HAHAHAAHAS Tt 2
— 8 b
(O)]=m= Q ) %: ! ||
- 13 . ey
- e O T
- 13
| 13
p— — Recommended Mount Pad
o [ - w " n n A
= - e - Symbol Dimension in Millimeters
] 1 y Min Nom Max
] ) A — - 2.15
= = A1l 0 0.1 0.2
;E E A2 — 1.85 -
b 0.2 0.25 0.35
@ @ L c | 013 | 015 | 02
IGLEELELE] S— o5 100 100
© LA €] - 0.65 -
L1 Hp 8.7 9.0 9.3
HE 11.7 12.0 12.3
L 0.3 0.5 0.7
Y] | L1 — 1.0 -
< . y - - 0.1
0 0° - 10°
b2 - 0.35 -
z 12 1.0 - -
Detail F Mb - 7.4 -
ME — 10.4
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