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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

Strong electric field, when exposed to a MOS device, can cause destruction of the gate oxide and
ultimately degrade the device operation. Steps must be taken to stop generation of static electricity
as much as possible, and quickly dissipate it once, when it has occurred. Environmental control
must be adequate. When it is dry, humidifier should be used. It is recommended to avoid using
insulators that easily build static electricity. Semiconductor devices must be stored and transported
in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work bench and floor should be grounded. The operator should be grounded using
wrist strap. Semiconductor devices must not be touched with bare hands. Similar precautions need
to be taken for PW boards with semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
to the input pins, itis possible that an internal input level may be generated due to noise, etc., hence
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Inputlevels
of CMOS devices must be fixed high or low by using a pull-up or pull-down circuitry. Each unused
pin should be connected to Voo or GND with a resistor, if it is considered to have a possibility of
being an output pin. All handling related to the unused pins must be judged device by device and
related specifications governing the devices.

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

Power-on does not necessarily define initial status of MOS device. Production process of MOS
does not define the initial operation status of the device. Immediately after the power source is
turned ON, the devices with reset function have not yet been initialized. Hence, power-on does
not guarantee out-pin levels, I/O settings or contents of registers. Device is notinitialized until the
reset signal is received. Reset operation must be executed immediately after power-on for devices
having reset function.
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The export of this product from Japan is regulated by the Japanese government. To export this product may be prohibited
without governmental license, the need for which must be judged by the customer. The export or re-export of this product
from a country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

e The information contained in this document is being issued in advance of the production cycle for the
device. The parameters for the device may change before final production or NEC Corporation, at its own
discretion, may withdraw the device prior to its production.

Not all devices/types available in every country. Please check with local NEC representative for availability
and additional information.

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in
this document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. No license, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

Descriptions of circuits, software, and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these circuits,
software, and information in the design of the customer's equipment shall be done under the full responsibility
of the customer. NEC Corporation assumes no responsibility for any losses incurred by the customer or third
parties arising from the use of these circuits, software, and information.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated "quality assurance program" for a specific application. The recommended applications of
a device depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special:  Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific:  Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
product in your application, please contact the NEC office in your country to obtain a list of authorized
representatives and distributors. They will verify:

» Device availability
« Ordering information

« Product release schedule

« Availability of related technical literature

« Development environment specifications (for example, specifications for third-party tools and
components, host computers, power plugs, AC supply voltages, and so forth)

» Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

NEC do Brasil S.A.
Electron Devices Division
Guarulhos-SP, Brasil
Tel: 11-6462-6810

Fax: 11-6462-6829

NEC Electronics (Europe) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 01

Fax: 0211-65 03 327

e Sucursal en Espaina
Madrid, Spain
Tel: 091-504 27 87
Fax: 091-504 28 60

e Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 58 00
Fax: 01-30-67 58 99

e Filiale ltaliana
Milano, Italy
Tel: 02-66 75 41
Fax: 02-66 75 42 99

e Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-244 58 45
Fax: 040-244 45 80

e Branch Sweden
Taeby, Sweden
Tel: 08-63 80 820
Fax: 08-63 80 388

¢ United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
Fax: 01908-670-290
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p.17 Addition of description to 1.2 (2) Page ROM connection function

pp.17, 18 Addition of power-saving SDRAM connection function, Caution, and Remark to 1.2. (3) SDRAM
connection function

p.18 Addition of 1.2 (5) DMA acknowledge, chip select, and terminal count handling functions

p.18 Change of description in 1.2 (7) Variable internal system clock function

p.19 Change of 1.3 Symbol Diagram

p.20 Change of 1.4.1 Internal block diagram

p.21 Change of description in 1.4.2 (2) Divider block

p.23 Addition of description to 1.4.2 (7) Data read control block

p.27 Addition and change of description in 1.6 Comparison with NT85E500 and NT85E502

pp.28 to 30 Change of 2.1 Pin Function List

p.31 Addition of Caution to 2.2.1 (1) (b) VSA25 to VSAO0

p.34 Addition of transfer response to Table 2-5 Transfer Response

p.35 Addition of description and Remark to 2.2.1 (2) (b) VPRETR

p.36 Change of description in 2.2.1 (3) (a) VBCLK

p.36 Addition of 2.2.1 (3) (b) VBCLK2

p.37 Change of description in 2.2.2 (2) CKMD1 and CKMDO

p.37 Change of Table 2-6 CKMD1 and DKMDO Pins

p.39 Addition of description to 2.2.3 (7) IORDZR and IORDZF

p.39 Addition of description to 2.2.3 (8) IOWRZ

p.40 Addition of Caution to 2.2.3 (15) BCYSTZ

p.41 Change of description in 2.2.3 (18) BUSCLK

p.41 Addition of 2.2.3 (19) BUSCLK2

pp.41, 42 Addition of description to 2.2.3 (20) SDRASZ, (21) SDCASZ, (22) SDWEZ, (23) CKE, and (24) DQM3
to DQMO

p.42 Change of 2.2.3 (26) ME7 to MEO to external memory connection pins

p.43 Addition of description to 2.2.4 (2) DMTCOM3 to DMTCOMO, (4) DMACTVM3 to DMACTVMO, (6)
DMXTCM13 to DMXTCM10 and DMXTCMO03 to DMXTCMO00, and (8) DMXCZM13 to DMXCZM10 and
DMXCZMO03 to DMXCZMO00

p.44 Addition of PHTDIN1, PHTDINO, VPTCLK, PHTDO1, and PHTDOO to 2.2.6 Pins reserved by NEC

p.45 Change of 2.3 Connection of Unused Pins

pp.46, 47 Change of Table 2-8 Pin Status in Each Operation Mode

pp.48, 49 Addition of BCP, ESCn register n to Table 3-1 Control Register List

p.53 Addition of 3.1.4 Flyby transfer strobe control register (BCP)

pp.64 to 66 Addition of 3.1.9 Setting register for MobileRAM expansion mode register n (ESCn)

p.68 Addition of 3.1.10 (1) Recommended setting of speculative read function

pp.69, 70 Change of 3.1.11 Bus mode control register (BMC)

p.71 Addition of Figure 3-14 Procedure of Setting PDWN Bit (1)

p.71 Addition of Figure 3-15 Procedure of Clearing PDWN Bit (0)
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Major Revisions in This Edition (2/2)
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p.72 Addition of Figure 3-16 Procedure of Setting CKM1 and CKMO Bits
pp.85, 86 Change and addition of description in 3.3 STOP Function
p.86 Addition of 3.3 (2) Timing of setting/releasing STOP mode
pp.87 to 90 Addition of Figure 3-27 Timing of Setting/Releasing STOP Mode (Without SDRAM Setting)
p.91 Addition of Caution to 3.4 Bus Hold Function
p.92 Modification of Figure 3-28 Bus Hold Timing
pp.93 to 98 Addition of 3.5 Cautions
pp.99 to 102 Addition of Table 4-1 Examples of Memory Access Timing

pp.104 to 118

Modification of Figure 4-1 Example of SRAM Access Timing (a) to (i) and (k) to (0), and addition of
@

pp.119to 132

Modification of Figure 4-2 Example of SDRAM Access Timing (a) to (I) and (n), and addition of (m)

pp.133 to 138

Modification of Figure 4-3 Example of Page ROM Access Timing (a) to (d), and addition of (e) and (f)

pp.139 to 154

Addition of Figures 4-4 to 4-13 Example of DMA Transfer Timing (Flyby Transfer)

pp.155t0 178

Addition of Figures 4-14 to 4-21 Example of DMA Transfer Timing (2-Cycle Transfer)

p.179 Modification of Figure 4-22 SDRAM CBR Refresh Timing

p.180 Modification of Figure 4-23 SDRAM Self-Refresh Timing (STOP Timing)

p.181 Addition of Figure 4-24 MobileRAM Deep Power Down Timing (STOP Timing)

p.182 Modification of Figure 4-25 SDRAM Mode Register Write Operation Timing

p.183 Addition of Figure 4-26 MobileRAM Expansion Mode Register Write Operation Timing

p.127 in old edition

Deletion of 5.1 Test in Peripheral Test Mode of NUS5E

p.186

Addition of 5.2 Notes on Wiring Test Bus

p.203
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The mark x shows major revised points.
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Target Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for users who wish to understand the functions of the memory
controllers NA85E535 and NBA85E535Vxx for the CBIC CPU cores NUSSEA,
NUBS5SET, and NDUB5SETVxx, and to design application systems using these memory
controllers.

o NA85E535 (CB-10 Family VX type): Target CPU core (NUS5EA, NUS5ET)
* NBA85E535Vxx (CB-12 Family M type): Target CPU core (NDUB5SETVxx)

This manual is intended to give users an understanding of the functions of the
NA85E535 and NBA8S5E535Vxx.

This manual consists of the following chapters.

e Overview

¢ Pin functions

® Bus control function

e Examples of memory access timing
e Test function

e Data flow

It is assumed that the reader of this manual has general knowledge in the fields of
electrical engineering, logic circuits, microcontrollers, SRAM, page ROM, and SDRAM.

To understand the overall functions of the NA85E535 and NBA85E535Vxx
— Read this manual in the order of the contents.

To learn the details of a function whose name is already known
— Refer to APPENDIX B GENERAL INDEX.

To learn the functions of the NUS5SEA
— Refer to NUS5E Hardware User’s Manual (A14874E).

To learn the functions of the NUS5ET and NDUS5ETV14
— Refer to NUS5ET Hardware User’s Manual (A15015E).

Unless otherwise specified, the NA85ES35 is treated as the representative memory
controller in this manual. When using the NBA85E535Vxx, read the macro name of the
memory controller (NA85E535) as “NBA85E535Vxx” and read the macro name of the
DMA controller (NA85E300) as “NBA85E300Vxx”. In addition, the NU85EA is treated
as the representative CPU core in this manual. When using the NUS5SET or
NDUBSETVxx, therefore, read the CPU core name as NUS5ET or NDU85ETVxx.
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Conventions

Related documents

Data significance: Higher digits on the left and lower digits on the right
Active low representation: xxxZ (Z suffixed to a pin or signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information

Numerical representation:  Binary ... xxxx or xxxxB
Decimal ... xxxx
Hexadecimal ... xxxxH
Prefix indicating power of 2 (address space and memory capacity):
K (kilo) ... 2" = 1024
M (mega) ... 2° = 1024°
G (giga) ... 2¥ = 1024°

Data type: Word ... 32 bits
Halfword ... 16 bits
Byte ... 8 bits

The related documents indicated in this publication may include preliminary versions.
However, preliminary versions are not marked as such.

o NUB5E Hardware User’'s Manual (A14874E)
 NUS5ET Hardware User's Manual (A15015E)
¢ CB-10 Family VX Type NU85E, NU85ET Design Manual (A15401E)
e CB-10 Family VX Type Core Library for CPU Core, Peripheral Design Manual  (A15133E)
¢ HOW TO USE SDRAM User’s Manual (JO123N™"*)
« SYNCHRONOUS DRAM User’s Manual (JO124N"™*)

Note This is a document published by Elpida Memory, Inc. (http://www.elpida-
memory.com/).

The related documents listed above are subject to change without notice. Be sure to use the
latest version of each document for designing.
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CHAPTER 1 OVERVIEW

1.1 General

The NAB5E535 is a macro that controls external memory and includes an SRAM/external 1/0O controller, a page
ROM controller, and a synchronous DRAM (SDRAM) controller.

This macro can start an external bus cycle to access various memories when it is connected to a CPU core via the
VSB.

When using the NA85E535, set the VSB data bus size to 32 bits regardless of the data bus width of the memory
(set by using the bus size configuration register (BSC) register of the NUS5EA).

Figure 1-1. Example of Connecting SRAM, Page ROM, and SDRAM

ASIC |
N SRAM
|
2 -
CPU core — >R NA85E535 —1 Page ROM
| I
_ SDRAM
I
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1.2 Features

)

)

3)

SRAM connection function
One SRAM/external I/0O controller is provided that controls access to the SRAM (or external 1/0) located in all
CSn areas (n =7 to 0). The major features of this SRAM/external I/O controller are as follows.

¢ Minimum 2-states access

¢ Insertion of up to seven data wait states by register setting

¢ Insertion of up to three address setting wait states by register setting

¢ Insertion of data wait by external pin input

¢ Insertion of up to three idle cycle states by register setting

¢ 2-cycle transfer and flyby transfer by DMA (SRAM — external I/O, external I/O — SRAM) supported

Page ROM connection function
One page ROM controller is provided that controls access to the page ROM located in all CSn areas. The
major features of this page ROM controller are listed below.

e Minimum 2-state access

¢ On-page identification function
Change of address to be compared by register setting
Insertion of up to seven off-page/on-page data wait states by register setting

e Read strobe signals (RDZR and RDZF) held active (low level) until a cycle in which the VSSEQ2 to
VSSEQO signals, which indicate the end of sequential transfer, are 000, if a sequential access is requested
by the CPU core.

e Insertion of data wait by external pin input

e 2-cycle transfer and flyby transfer by DMA (page ROM — external I/O) supported

* SRAM write cycle started if write cycle request is issued to CSn area where page ROM is located

Because the VSB data bus size is fixed to 32 bits, a VSB sequential access does not take place and on-page
identification is not performed if a cache and an external bus master is not connected to the CPU core
(however, access is executed on page if the speculative read function is used).

An efficient page access can be made to page ROM only when transfer is executed from page ROM to cache
in a system with cache mounted, or when speculative read is set.

SDRAM connection function
Four SDRAM controllers are provided that control access to the SDRAM located in the CS1, CS3, CS4, and
CS6 areas. The major features of these SDRAM controllers are as follows.

e Standard SDRAM (SDR SDRAM: Single data rate SDRAM) or power-saving SDRAM (MobileRAM) can be
connected.

¢ Single-access-only can be activated (burst length = 1) (however, dummy accessing is executed by issuing a
read/write command every clock if a continuous transfer is requested from a bus master, such as the CPU
core, by VSSEQ2 to VSSEQO input).

e CAS latency =1, 2, and 3 supported

¢ Insertion of up to three wait states by register setting

o Execution of register write operation each time SCRn register is accessed for write (n = 6, 4, 3, or 1).

¢ CBR (CAS-before-RAS) refresh command issued.

e 2-cycle transfer and flyby transfer by DMA (SRAM — external I/O, external I/O — SRAM) supported
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Caution SDR SDRAM and MobileRAM cannot be connected at the same time (must not be used
together). Connect either of them.

Remark Unless otherwise specified, both SDR SDRAM and MobileRAM are referred to as “SDRAM” in this
manual.

DMA flyby function

This function allows the DMA controller (DMAC) connected to the VSB to transfer data to external I/O when
data is read from SRAM, page ROM, or SDRAM, and to transfer data to SRAM or SDRAM when data is read
from the external 1/0. Up to four external I/Os can be connected.

Up to seven data wait states and up to three idle states can be inserted by register setting.

DMA acknowledge, chip select, and terminal count handling functions

After receiving an acknowledge signal, chip select signal, and terminal count signal input in synchronization
with the system clock (VBCLK) and matching them with the actual DMA memory cycle (handled), each signal
is output in synchronization with the bus clock (BUSCLK). (For the acknowledge signal and chip select signal,
the active level is output only during flyby transfer. The inactive level is always output during 2-cycle transfer.)

Speculative read/write buffer function

A read buffer and a write buffer consisting of 4 words (128 bits) are provided. If speculative read is enabled
by line buffer control registers 0 and 1 (LBCO and LBC1), data of up to 4 words can be read from addresses
whose lower 4 bits are OH to FH.

Remark In this manual, “32 bits” is defined as “1 word” and “4 words” is defined as “1 line”.

Variable internal system clock function

The memory controller can operate with a clock (internal system clock) that is divided by 1, 2, 3, or 4 for the
system clock (VBCLK). The divided clock is output to an external device as bus clock by BUSCLK pin. The
division ratio is determined at reset, according to the input levels of the CKMD1 and CKMDO pins (the division
ratio can be changed, after reset, by setting the BMC register).

Remark Only one internal system clock can be set for all memory controllers (it cannot be changed in each
CSn area (n =7 to 0)).

Separate unit test function

The NA85E535 can be set in separate unit test mode according to the combination of the signals of the TEST
and BUNRI pins and its internal circuitry can be tested by using the test bus of the NAS85E535.
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1.3 Symbol Diagram

in—C] VDCSZ (7:0)
in—— VSA (25:0)
in—C VSBENZ (3:0)
in—— VSCTYP (2:0)
in—— VBDO (31:0)

out—— VBDI (31:0)
in—{ VPRESZ
in—C VBRESZ
in—— VSSEQ (2:0)
in—— VSWRITE
in—({] VSSTzZ

out — VAEXREQ

out — VACBRRQ
in—— VAACK

out — VMLOCK

out — VSWAIT

out — VSAHLD

out —— VSLAST
in——{ VPSTB

out—— VPRETR
in—{ VPUBENZ
in—— VPA (13:0)
in—— VPWRITE
in—— VPDW (15:0)

out—— VPDR (15:0)

out—— VPDV
in—— VBCLK
in—— VBCLK2
in—— STPRQ

out — STPAK
in—— MCE
in—— MPXEN
in—— CKMD (1:0)
in—— LBS (1:0)
in—— V2EN

out—— A (25:0)
in—— DI (31:0)

out—— DO (31:0)

out — RDZR

out —({ RDZF

TBI TBO
(19:0) (15:0)

WRZ (3:0)
WRSTBZ
IORDZR
IORDZF
IOWRZ

WAITZ
HLDRQZ
HLDAKZ

DC (3:0) R

DC (3:0) F

CSZ (7:0)
BENZ (3:0)
BCYSTZ
REFRQZ
SELFREF
BUSCLK
BUSCLK2
SDRASZ
SDCASZ
SDWEZ

CKE

DQM (3:0)
WRSTZ
ASTBZ

DSTBZ
MWAITZ
MPXCZ

ME (7:0)
DMTCO (3:0)
DMTCOM (3:0)
DMACTV (3:0)
DMACTVM (3:0)
DMXTCO1 (3:0)
DMXTCOO (3:0)
DMXTCM1 (3:0)
DMXTCMO (3:0)
DMXCSZ1 (3:0)
DMXCSZ0 (3:0)
DMXCZM1 (3:0)
DMXCZMO (3:0)

PHTDIN PHTDO

TEST BUNRI PHTEST (1:0)

(1:0)  VPTCLK

in out

in in in in

out in
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1.4 Block Diagram

* 1.4.1 Internal block diagram

VBCLK2
VBCLK
NPB signal <) B
MCE ——» L Dt:;g‘iﬁr » BUSCLK2
MPXEN ——®
CKMD1 ———»
——m Register i
C'i";‘;? e P— Divider > BUSCLK
LBSO — | I > —» rRDZR
V2EN ——» [—®» RDZF
ME7 to MEO < | e —— > WRZ3to WRZ0
SRAM/external ——» WRSTBZ
i) I/O controller » |ORDZR
VSB signal < p — 1) ——® |ORDZF
ata rea >
VBDO31to VBDOO [ control [ - LSXYTRZZ
block
Internal bus
Data write control block
VBDI31 to VBDIO < control @ [t Page ROM
block controller
VAEXREQ —]
VACBRRQ ]
VAACK ———P
VMLOCK ~&—— ]
STPRQ — P o ™ SDRASZ
STPAK Bus arbitration controller SDRAM > SDCASZ
REFRQZ <4—— K| controller —» SDWEZ

™ CKE
DQM3 to DQMO

HLDRQZ — ™
HLDAKZ -&—
SELFREF —

TBIOtoTBIO [

TBO15t0 TBOO <___| A25 to AO
TEST —» DO31 to DOO

BUNRI —» DI31 to DIO
PHTDIN1, PHTDINO Test bus interface block -t <:> Address/data/ CSZ7 to CSZ0
PHTDO1, PHTDOO <: chip select controller BENZ3 to BENZO
PHTEST — DC3R to DCOR
VPTCLK —— DC3F to DCOF
VBCLK —— v ~J —® WRSTZ
e ) pcousto
A ) cTisee
DMXTCO13 to :> DMXTCM13 to
DMXTCO10 : DMXTCM10
DMXCSZ13 to DMA status signal controller DMXCZM13 to
DMXCSZ10 C DMXCZM10
DMXTCOO03 to :> DMXTCMO03 to
DMXTCOO00 DMXTCMO00
DMXCSZ03 to I :> DMXCZMO03 to
DMXCSZ00 DMXCZMO00
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1.4.2 Internal units

M

&)

3

@

Register block

This block incorporates the registers that control the bus cycle. These registers are used to specify the
operation of each controller, such as selecting an external memory type for each CSn area and setting the
number of idle/wait states (n = 7 to 0).

The registers are read or written via the NPB.

Divider block
This block divides system clocks (VBCLK, VBCLK2) input from external devices (the register that sets the
division ratio is in the register block).

SRAM/external I/0 controller and page ROM controller
These controllers control reading and writing of SRAM, external I/0, and page ROM. They control access to
all CSn areas (n =7 to 0).

SDRAM controllers

These controllers control read/write access to SDRAM, the register write cycle, and refresh. Four SDRAM
controllers are available, corresponding to each of the CS1, CS3, CS4, and CS6 areas.

Commands issued to initialize SDRAM and to access memory (including commands that select pages and
banks) are explained next (for the timing, refer to Figure 4-2 Example of SDRAM Access Timing).
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Figure 1-2. Status Transition of SDRAM Access

All-bank precharge
commmand
(power-on, refresh)

Bank A
active command

Note 1

Read/write command

'
P m e

On-page access

Read/write command

Page change Bank change
‘ [ et $ ----------------------- 1
Bank A Bank B

precharge command active command

L ¢ Note 3
i Bank B i
Note 2 active command : read/write command i
\ ' Bank A '
i precharge command !
BankA |+ TTTTTTTTTTmTmmmmpmoomensroosoooonmooees '

Bank change

i Bank A
| read/write command

Bank A
active command

!

Bank A
read/write command

Notes 1. An all-bank precharge command is always issued to SDRAM after power application and bus hold,
or during refresh. When accessing SDRAM after this command has been issued, therefore, an
active command and a read/write command are issued in that order.

2. If the page has been changed, a precharge command, active command, and read/write command
are issued in that order.

3. If the bank has been changed, an active command and a read/write command are issued in that
order to the bank to be accessed next. A precharge command is issued to the bank accessed
immediately before the bank that is currently being accessed, immediately after the read/write
command has been issued.

22
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Address/data/chip select controller
This controller controls the address and data bus signals that are output to the memory, and input/output of
various control signals, in synchronization with the internal system clock (BUSCLK).

Bus arbitration controller
This controller controls the bus mastership. Because the NA85E535 serves as a bus master, it asserts bus
request signals (VAEXREQ and VACBRRQ) at the following timing.

» VAEXREQ signal: When a STOP mode request (STPRQ signal) is generated by the CPU core"*®
When a self-refresh request (SELFREF signal) is generated
When an external bus hold request (HLDRQZ signal) is generated

¢ VACBRRQ signal: When a CBR refresh request is generated
When an SDRAM mode register write command is issued

Note When the NA8B5E535 acknowledges the STPRQ signal, it outputs an acknowledge signal (STPAK) to
the CPU core and stops operation (refer to 3.3 STOP Function for details). When the NA85E535
acknowledges the STPRQ signal while SDRAM is connected to it, the memory controller executes a
self-refresh cycle and then outputs the STPAK signal (refer to Figure 4-23 SDRAM Self-Refresh
Timing (STOP Timing)).

Data read control block

This block controls the local bus (bus connected from the NA85E535 to the external memory) in response to a
data read access from the VSB.

It has a read buffer of one address stage and 4-word data x 32 bits and controls speculative read operations.
The speculative read condition can be specified by using the LBCO and LBC1 registers. The read buffer
discards its contents under the following conditions.

e Writing to BCTO or BCT1 register

e Writing to LBS register

Writing to LBCO or LBC1 register

e Generation of bus hold

¢ Generation of DMA flyby cycle (not dependent on CS space)

o Memory write access to line address speculatively read

If data is written to the NPB during a speculative read operation, a retry request is generated by the VPRETR
signal.

The speculative read range is the addresses (xxxxxxOH to xxxxxxFH) on the same line as the address that
has been accessed (critical first access method).

For example, addresses “xxxxx00H”, “xxxxx04H”, and “xxxxx01H” are accessed in the following sequence,
and data is loaded to the read buffer (when speculative read is executed with the local bus size of 32 bits).

e When accessing address “xxxxx00H”: xxxxx00H — xxxxx04H — xxxxx08H — xxxxx0CH
¢ When accessing address “xxxxx04H”: xxxxx04H — xxxxx08H — xxxxx0CH — xxxxx00H

e When accessing address “xxxxx01H”: xxxxx01H — xxxxx05H — xxxxx09H — xxxxxO0DH

Remark Ciritical first access method is where the data necessary first is leaded when data of one line (4-
word data equivalent to address “xxxxxx0H to xxxxxxFH?”) is loaded from the external memory.
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Data write control block

This block controls the local bus in response to a data write access from the VSB.

It has a write buffer of four address stages, four chip select stages, and four data stages x 32 bits. This write
buffer has four stages. If a write request is made when the buffer is full, a wait response continues to be
output to the VSB until a vacancy is created in the buffer (until the cycle is completed once).

Internal bus control block

This block controls the internal bus using the signals from the read control block and write control block.

The internal bus is connected from the internal bus control block to each of the internal controllers of the
NAB85E535 (the local bus is connected from the NA85E535 to the external memory).

Local bus sizing is performed in this block.

The width of the bus to which an external bus is to be connected can be set to 32, 16, or 8 bits by using the
LBS register in each CSn area. When the data bus width is set to 16 or 32 bits, the lower address (AO or A1,
A0) cannot be used.

(10) DMA status signal controller

This controller outputs the status signals from the internal DMAC of the CPU core or an external DMAC
connected to the CPU core (such as the NA85E300) to the external device in accordance with the bus cycle
of the NA8B5E535.

(11) Test bus interface block

24

This block interfaces the signals that test the NAS5E535.
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1.5 System Configuration Example

1.5.1 2-cycle transfer by DMA (without flyby transfer)

ASIC
\'
CPU core S NAB5E535
B
8 External address : %
87 External data S
| | | |
% ﬁ F ﬁ F ﬂ F External control signal L S
SRAM,
external Page ROM SDRAMete 1 External bus
I/O maste rNote 2

Notes 1. SDRAM with 11 to 13 row address lines, eight to 11 column address lines, and a CAS latency of 1 to
3 can be connected to the NA8B5E535.
2. The NA85E535 has an external bus master arbitration function that is controlled by the HLDRQZ
and HLDAKZ signals.
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1.5.2 Flyby transfer by DMA

ASIC
\
CPU core S NAB5E535
B
8 External address : g
8 External data S
| | | | L
External control| | | S
L ‘ ‘ ‘ ‘ signal
' i
Note 3
SRAM,
external Page ROM SDRAM™®" External I/O External bus
I/0 master"*°*

Notes 1. SDRAM with 11 to 13 row address lines, eight to 11 column address lines, and a CAS latency of 1
to 3 can be connected to the NA8B5E535.
2. The NAB5E535 has an external bus master arbitration function that is controlled by the HLDRQZ
and HLDAKZ signals.
3. If the external I/O has a chip select function, the CSZn, DMACTVMx, DMXCZM1x, and DMXCZMOx
pins are used (n=7t0 0, x =310 0).

26
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1.6 Comparison with NT85E500 and NT85E502

The NAB5E535 has a functionally enhanced configuration in that it is connected to four additional NT85E502
SDRAM controllers as compared with the NT85E500 external memory controller.

The differences from the NT85E500 and NT85E502, and the enhanced functions of the NT85E535 are listed
below.

¢ Enables operation with the clock (internal system clock) which is divided by 1, 2, 3, or 4 for the system clock
(VBCLK)

¢ Controls address bus signals and data bus signals that are output from the NA85E535 to the memory, and I/O
of various control signals in synchronization with the internal system clock.

e Can connect SDRAM with 13 row address lines and 11 column address lines (the NT85E502 can connect
SDRAM with 12 row address lines and 10 column address lines).

e CAS latency can be set to 1 to 3 during a read operation, by using SDRAM configuration register n (SCRn) (the
latency of the NT85E502 is set to 2 or 3).

¢ Write access to the same page/bank of SDRAM is shorter by two clocks than that of the NT85E502.

o MobileRAM can be connected.

¢ Read buffer of 4 words is incorporated so that speculative read operations can be executed.

e Four stages (128 bits) write buffer is incorporated.

¢ Local bus sizing control register (LBS) is provided to change the size of the bus from VSB (32 bits) inside the
NAB5ES535, in accordance with the data bus width of the memory to be accessed.

¢ Can start a DMA flyby cycle for SDRAM.

¢ Can set the number of data wait cycles and the number of idle wait cycles during DMA flyby transfer.
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2.1 Pin Function List

CHAPTER 2 PIN FUNCTIONS

(1/3)
Pin Name I/0 Function
CPU core VDCSZ7 to VDCSZ0 Input Chip select input (for VSB)
connection pins | 505 15 ySAQ Input Address input (for VSB)
VSBENZ3 to VSBENZ0 Input Byte enable input (for VSB)
VSCTYP2 to VSCTYPO Input Bus cycle status input (for VSB)
VBDO31 to VBDOO Input Data input (for VSB)
VBDI31 to VBDIO Qutput Data output (for VSB)
VPRESZ Input System reset input (for VSB)
VSSEQ2 to VSSEQO Input Sequential status input (for VSB)
VSWRITE Input Read/write status input (for VSB)
VSSTZ Input Transfer start input (for VSB)
VAEXREQ Output Bus mastership request output other than CBR refresh (for VSB)
VACBRRQ Output Bus mastership request output of CBR refresh (for VSB)
VMLOCK Output Bus lock output
VAACK Input Bus mastership acknowledge input (for VSB)
VSWAIT Output Wait response output (for VSB)
VSAHLD Output Address hold response output (for VSB)
VSLAST Output Write response output (for VSB)
VPSTB Input Data strobe input (for NPB)
VPRETR Output Retry request output (for NPB)
VPUBENZ Input Upper byte enable input (for NPB)
VPA13 to VPAO Input Address input (for NPB)
VPWRITE Input Write access strobe input (for NPB)
VPDW15 to VPDWO Input Data input (for NPB)
VPDR15 to VPDRO Qutput Data output (for NPB)
VPDV Output Data output (VPDR15 to VPDRO) control output (for NPB)
VBCLK Input System clock input (for internal system clock, BUSCLK signal
generation)
VBCLK2 Input System clock input (for BUSCLK2 signal generation)
STPRQ Input STOP mode request input
STPAK Output Acknowledge output in response to STPRQ input
Initialization pins MCE Input MEn bit reset value control input of BCTO and BCT1 registers
(n=7t00)
CKMD1, CKMDO Input Reset value control input of BMC register
LBS1, LBSO Input Reset value control input of LBS register
V2EN Input VSB specification selection input

28
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(2/3)
Pin Name I/0 Function
External memory | A25to AO Output External memory address output
connection pins DI31 to DIO Input External memory data input
DO31 to DOO Output External memory data output
RDZR Output SRAM/page ROM read strobe output (output at rising edge of
BUSCLK signal)
RDZF Output SRAM/page ROM read strobe output (output at falling edge of
BUSCLK signal)
WRZ3 to WRZ0 Qutput SRAM/external I/O write strobe output
WRSTBZ Output SRAM/external 1/0O write strobe output
IORDZR Qutput External I/O read strobe output (output at rising edge of
BUSCLK signal)
IORDZF Output External I/O read strobe output (output at falling edge of
BUSCLK signal)
IOWRZ Qutput External I/O write strobe output
WAITZ Input Wait request input
HLDRQZ Input External bus hold request input
HLDAKZ Output External bus hold request acknowledge output
DCS3R to DCOR, Qutput Data bus control output
DCS3F to DCOF
CSZ7 to CSZ0 Output Chip select output
BENZ3 to BENZO OQutput Byte enable output
BCYSTZ Output Bus cycle start status output
REFRQZ Output Refresh status output
SELFREF Input Self-refresh request input
BUSCLK Qutput Bus clock output (generated from VBCLK)
BUSCLK2 Output Bus clock output (generated from VBCLK2)
SDRASZ Qutput SDRAM row address strobe output
SDCASZ Output SDRAM column address strobe output
SDWEZ Qutput SDRAM data write enable output
CKE Output Clock enable output
DQM3 to DQMO Output Data mask output
WRSTZ Output Read/write status output of memory cycle
ME7 to MEO Qutput MEn bit value output of BCTO and BCT1 registers (n =7 to 0)
DMA pins DMTCOS to DMTCOO0 Input Terminal count input from internal DMAC (DMAC connected to
CPU core)
DMTCOM3 to DMTCOMO Qutput Terminal count output of internal DMAC cycle
DMACTV3 to DMACTVO Input Acknowledge signal (DMAACK) input from internal DMAC
DMACTVMS to Qutput Acknowledge signal (DMAACK) output of internal DMAC cycle
DMACTVMO
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CHAPTER 2 PIN FUNCTIONS

(3/3)
Pin Name 1/0 Function
DMA pins DMXTCO13 to Input Terminal count input from NA8B5E300 (external DMAC connected
DMXTCO10, to CPU core)
DMXTCOO083 to
DMXTCOO00
DMXTCM13 to Output Terminal count output of NA85E300 cycle
DMXTCM10,
DMXTCMO3 to
DMXTCMO00
DMXCSZ13 to Input Chip select signal input from NA85E300
DMXCSZ10,
DMXCSZ03 to
DMXCSZ00
DMXCZM13 to Output Chip select signal output of NA85E300 cycle
DMXCZM10,
DMXCZMO03 to
DMXCZMO00
Pins for separate | TBI19 to TBI4 Input Shift data input for separate unit test
unit test mode TBI3 Input Reset input for separate unit test
TBI2 Input Clock input for separate unit test
TBI1 Input Chip select input for separate unit test
TBIO Input Enable input for separate unit test
TBO15 to TBOO Output Shift data output for separate unit test
BUNRI Input BUNRI input for separate unit test
TEST Input TEST input for separate unit test
Pins reserved by | MPXEN Input Reserved by NEC (input a low level to this pin)
NEC PHTEST Input
PHTDIN1, PHTDINO Input
VPTCLK Input
VBRESZ Input Reserved by NEC (input a high level to this pin)
MWAITZ Input
ASTBZ Output Reserved by NEC (leave these pins open)
DSTBZ Output
MPXCZ Output
PHTDO1, PHTDOO Output
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CHAPTER 2 PIN FUNCTIONS

2.2 Pin Functions

2.2.1 CPU core connection pins
For details of each pin, refer to NUS85E Hardware User’s Manual (A14874E).

(1) Pins for VSB

(a) VDCSZ7 to VDCSZO0 (input)

These are chip select pins. They input the VDCSZn signal for the CSn area set by the chip area select
control registers (CSCO and CSC1) of the CPU core (n = 7 to 0). For details, refer to NU85E Hardware
User’s Manual (A14874E).

(b) VSA25 to VSAO (input)

These pins form an address input bus for the VSB.

Caution The NA85E535 does not support the VMA27 and VMA26 pins of the target CPU core and
the VMA27 and VMA26 pins of the NA85E300 (nor does it support the VMA28 to VMA26
pins of the Nx85E2x (under development)). Therefore, up to 64 MB of space is
supported for one CS area.

(c) VSBENZS3 to VSBENZO0 (input)

These pins are active-low pins and indicate the valid byte data of the data bus (VBDI31 to VBDIO and
VBDO31 to VBDOO) divided into four.

Table 2-1. VSBENZ3 to VSBENZ0 Signals

Active (Low Level) Signal Valid Byte Data
VSBENZ3 VBDI31 to VBDI24, VBDO31 to VBDO24
VSBENZ2 VBDI23 to VBDI16, VBDO23 to VBDO16
VSBENZ1 VBDI15 to VBDI8, VBDO15 to VBDO8
VSBENZ0 VBDI7 to VBDIO, VBDO7 to VBDOO

(d) VSCTYP2 to VSCTYPO (input)

These input pins indicate the current bus cycle status.

Table 2-2. VSCTYP2 to VSCTYPO Signals

VSCTYP2 VSCTYP1 VSCTYPO Bus Cycle Status
0 0 0 Opcode fetch
0 0 1 Data access
0 1 0 Misalign access
0 1 1 Read-modify-write access
1 0 0 Fetching opcode of destination address of branch instruction
1 1 0 2-cycle DMA transfer
1 1 1 Flyby DMA transfer
1 0 1 (Reserved for future function expansion)

Remark 0: Low-level input, 1: High-level input
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(e) vBDO31 to VBDOO (input)
These pins form a data bus that inputs data from a macro connected to the VSB.

(f) VvBDI31 to VBDIO (output)
These pins form a data bus that outputs data to a macro connected to the VSB.

(g) VPRESZ (input)
This pin inputs the system reset signal output by the CPU core.
This signal asynchronously resets all registers (register settings are also reset).

(h) VSSEQ2 to VSSEQO (input)
These pins input a sequential status that indicates the transfer size during burst transfer.
They indicate “length of burst transfer” on starting burst transfer, “continuous” during burst transfer, and
“single transfer” at the end of burst transfer.

Table 2-3. VSSEQ2 to VSSEQO Signals

VSSEQ2 VSSEQ1 VSSEQO Sequential Status
0 0 0 Single transfer
0 0 1 Continuous (indicates that the next transfer address is related to the current

Note

transfer address)

0 1 0 Continuous 4 times (length of burst transfer: 4)

0 1 1 Continuous 8 times (length of burst transfer: 8)

1 0 0 Continuous 16 times (length of burst transfer: 16)

1 0 1 Continuous 32 times (length of burst transfer: 32)

1 1 0 Continuous 64 times (length of burst transfer: 64)

1 1 1 Continuous 128 times (length of burst transfer: 128)

Note This is output in the middle of continuous transfer of 2 times, or 4, 8, 16, 32, 64, or 128 times.

Remark 0: Low-level input, 1: High-level input

During sequential transfer, start transfer from the start address shown in Table 2-4, according to the
“number of transfers” value.

Table 2-4. Start Address for Sequential Transfer

VSSEQ2|VSSEQ1|VSSEQO | Number of Start Address
Transfers
0 0 1 2 VSA25t0 VSAO =x,x,%X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,%X,X,%X,%,0,0,0
0 1 0 4 VSA25t0 VSAO =x,x,x,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,X,%X,X,%,0,0,0,0
0 1 1 8 VSA25t0 VSAO =x,x,%x,X,X,X,X,X,%X,X,X,X,X,X,X,X,%X,X,X,%X,%X,0,0,0,0,0
1 0 0 16 VSA25to VSAO =x,x,x,X,X,X,X,X,X,X,X,X,X,X,X,X,%X,X,%x,%x,0,0,0,0,0,0
1 0 1 32 VSA25t0 VSAO =x,x,x,X,X,%X,X,X,%X,X,X,X,X,X,X,X,%X,%X,%x,0,0,0,0,0,0,0
1 1 0 64 VSA25to VSAO =x,x,x,X,%X,X,X,X,X,X,X,X,X,%X,X,%X,%Xx,%x,0,0,0,0,0,0,0,0
1 1 1 128 VSA25t0 VSAO=x,x,x,X,X,%X,X,X,%X,X,X,%X,X,%Xx,%X,%X,%x,0,0,0,0,0,0,0,0,0

Remark O0: Low-level input, 1: High-level input
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When using the read buffer (when “speculative read” is specified by the LBCO and LBC1 registers),
transfer may not be executed correctly if it is started from an address other than the start addresses
shown in Table 2-4. If the address sequence of the sequential transfer target is “xxxxx14H — xxxxx18H
— xxxxx1CH — xxxxx20H”, for example, the address sequence in which an access is actually made is
“xxxxx14H — xxxxx18H — xxxxx1CH — xxxxx10H”. This means that transfer returns to the first address
(xxxxx10H) on the same line. This is because data (4 words) on the same line is always read when
speculative read is executed.

When the read buffer is not used (when “no speculative read” is specified by the LBCO and LBC1
registers), transfer is correctly executed even if it is started from an address other than those listed in
Table 2-4.

(i) VSWRITE (input)
This input pin indicates the transfer direction.
A high level is input to this pin during write.

(j) VSSTZ (input)
This input pin indicates the start of transfer.

(k) VAEXREQ (output)
This pin outputs a bus mastership request signal as a result of a cause other than an SDRAM CBR
refresh.
The VAEXREQ signal becomes active (high-level output) in the following cases.

¢ If a STOP mode request (STPRQ signal) is generated from the CPU core
o If a self-refresh request (SELFREF signal) is generated
¢ If an external bus hold request (HLDRQZ signal) is generated

() VACBRRAQ (output)
This pin outputs a bus mastership request signal as a result of an SDRAM CBR refresh.
The VACBRRAQ signal is also output when the SDRAM mode register write command is executed.

Remark If no other bus master except the CPU core is used, OR the VAEXREQ and VACBRRAQ signals
and input the result to the VAREQ pin of the CPU core.

(m) VAACK (input)
This pin inputs a signal that indicates that the bus mastership request signal (VAREQ) has been
acknowledged.

(n) VMLOCK (output)
This output pin holds the bus mastership and is connected to the bus arbiter.
It is used to prohibit suspension of transfer due to an access by another bus master, between the current
transfer and the next transfer.
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VSWAIT (output)

This pin indicates a wait response. It is connected to the VMWAIT pin of the CPU core.

The wait response is output to the bus master to request more bus cycles, because preparation for
outputting data is not completed.

When this signal goes high, the bus cycle enters the wait status.

This signal is asserted when a wait response, address hold response, disconnect response, or busy
response is output (the disconnect response and busy response are output when the V2EN bit of the
BMC register is set to 1).

VSAHLD (output)

This pin indicates an address hold response. It is connected to the VMAHLD pin of the CPU core.

The address hold response is output to the bus master to request more bus cycles when preparation for
outputting data is complete.

This signal is asserted when the address hold response or busy response is output (the busy response is
output when the V2EN bit of the BMC register is set to 1).

When this signal and VSWAIT signal go high, the bus cycle enters the address hold status.

In the address hold status, it is not necessary to latch an address because the address for data does not
change even in the middle of the read/write cycle of that data. Consequently, the circuit can be simplified.
If 1 or more idle states are set in the NA85E535, the VSAHLD signal is asserted during the idle state at
the end of the read cycle of SRAM, page ROM, or SDRAM.

VSLAST (output)

This pin indicates a write response. It is connected to the VMLAST pin of the CPU core. This pin is used
when the bus decoder requires a decode cycle.

This signal is asserted when the disconnect response or busy response is output (the disconnect
response and busy response are output when the V2EN bit of the BMC register is set to 1).

In a system in which two or more external slave devices are connected and selected by a bus decoder,
decoding to select the bus slave is usually executed during non-sequential transfer. Even if an attempt is
made to change the slave device during sequential transfer such as burst transfer, therefore, a decode
cycle to select the slave cannot be issued.

In this case, the slave device outputs a last response to notify the bus master that the slave select signal
will change. The bus master transfers the next bus cycle by non-sequential transfer if it has received the
last response from the slave device, so that a decode cycle can be issued.

Table 2-5. Transfer Response

VSWAIT VSAHLD VSLAST Transfer Response
0 0 0 Ready response (status where current transfer is complete)
1 0 0 Wait response
1 1 0 Address hold response (holds address and control signal)
1 0 1 Disconnect response™™®
1 1 1 Busy response"*®

Note These responses are output when the V2EN bit of the bus mode control register (BMC) is set to 1

(the target CPU core does not have a disconnect response and a busy response).

Remarks 1. 0:Low level, 1: High level

2. The NA85ES535 does not have a last response.
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(2) Pins for NPB

(@)

(b)

()

(d)

(e)

()

@

(h)

VPSTB (input)
This pin inputs the data strobe of the VPDW15 to VPDWO signals.

VPRETR (output)

This pin outputs a retry request for the NPB.

When a write access is made to the bus mode control register (BMC) or when a write request is issued to
the NPB register of the NA85E535 while memory is being accessed, a retry request is issued.

Remark With the target CPU core, the retry request by the VPRETR signal is not valid unless a high
level is input to the VPDACT pin. Therefore, connect an address decoder that outputs a high
level to the VPDACT pin while all the on-chip NPB registers of the NA85E535 are being
accessed to the CPU core, in the same manner as the other NPB peripheral macros (this
address decoder does not have to be connected to the Nx85E2x (under development)).

VPUBENZ (input)

This is the upper byte enable input pin. A low level is input to this pin when halfword data is accessed or
when an odd address is accessed for byte data.

Input a high level to this pin to access an even address in byte units.

VPA13 to VPAO (input)
These pins input an address for the NPB. Specify the lower 14 bits of the address.

VPWRITE (input)
This pin inputs the write access strobe of the VPDO15 to VPDOO signals.
Input a high level to this pin during write.

VPDW15 to VPDWO (input)
These pins form a bus that inputs data from the CPU core.

VPDR15 to VPDRO (output)
These pins form a bus that outputs data to the CPU core.

VPDV (output)

This pin outputs a signal that controls the data output (VPDR15 to VPDRO). It outputs a high level during
read. When a bidirectional data bus is configured, this pin is connected to the enable pin of the three-
state buffer connected to the data bus to control data output.
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(3) System control pins

(a) VBCLK (input)
This pin inputs the system clock. Input a stable clock with a duty factor of 50% from the external clock
generator to this pin.

(b) VBCLK2 (input)
This pin inputs a system clock that is used to generate the BUSCLK2 clock.
To improve the AC specification of the bus clock of a CBIC product, input a clock adjusting the delay
value to the VBCLK signal.

Cautions 1. When the BUSCLK2 signal is not used, clock input to the VBCLK2 pin is not
necessary (input a low level). However, be sure to input a clock to the VBCLK pin,
regardless of whether the BUSCLK and BUSCLK2 signals are used or not.

2. Use the same clock generator for for both the VBCLK and VBCLK2 pins (use the
common clock source).

3. The AC specification is defined for the delay difference between the VBCLK and
VBCLK2 signals (contact NEC for details).

Remark The BUSCLK signal that uses the VBCLK signal as a source clock is output to an external

device of the NA85E535 and is also used for the internal circuit. Therefore, the clock skew
with the bus master of VSB must be adjusted and the delay value of the VBCLK signal input to
the NAB5E535 cannot be made extremely faster than other macros.
In contrast, the BUSCLK2 signal, which uses the VBCLK2 signal as a source clock, is a signal
dedicated for the external output. It is therefore not necessary to adjust the clock skew of the
clock input to the VBCLK2 pin with the other macros on the VSB (the output delay value of the
bus clock output from a CBIC product can be improved).

(c) STPRQ (input)
This pin inputs a hardware/software STOP mode request from the CPU core.

(d) STPAK (output)
This pin inputs an acknowledge signal to the CPU core that has received the STPRQ signal.
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2.2.2 Initialization pins

Caution Do not change the input level of the following pins during operation (fix the input level).
Otherwise, the operation is not guaranteed.

(1) MCE (input)
This pin enables operation of the NA85E535 at reset.
Depending on the input level of this pin, the value of the MEn bits of the BCTO and BCT1 register at reset
(default value) changes as follows (n =7 to 0).

e Low level: 0 (Operation of the NA85E535 in the CSn area is disabled (no response to the CPU core))
¢ High level: 1 (Operation of the NA85E535 in the CSn area is enabled)

Make sure that the input level of this pin does not change before and after reset.

(2) CKMD1 and CKMDO (input)
These input pins are used to select the division ratio of the bus clock (BUSCLK/BUSCLK2) to the system
clock (VBCLK/VBCLK2) input from an external source after reset (the divided VBCLK signal is also used as
an internal system clock).
Depending on the input level of these pins, the value of the CKM1 and CKMO bits of the BMC register (default
value) changes as follows.

Table 2-6. CKMD1 and CKMDO Pins

Input Level of CKMD1 and Value of CKM1 and CKMO Bits After Division Ratio of BUSCLK/BUSCLK2
CKMDO Pins Reset (Default Value) Signal for VBCLK/VBCLK?2 Signal
CKMD1 CKMDO CKM1 Bit CKMO Bit
Low level Low level 0 0 1/1 (VBCLK/VBCLK?2 is divided by 1.)
Low level High level 0 1 1/2 (VBCLK/VBCLK?2 is divided by 2.)
High level Low level 1 0 1/3 (VBCLK/VBCLK?2 is divided by 3.)
High level High level 1 1 1/4 (VBCLK/VBCLK?2 is divided by 4.)

Make sure that the input levels of these pins do not change before and after reset.
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(3) LBS1 and LBSO (input)

38

@

These pins are used to set the data bus width for the memory to be accessed at reset.
Depending on the input levels of these pins, the value of the LBS register at reset (default value) changes as
follows.

Table 2-7. LBS1 and LBSO Pins

Input Level of LBS1 and LBSO Pins Value of LBS Register at Reset (Default Value)
LBS1 LBSO
0 0 AAAAH (data bus width: 32 bits)
0 1 5555H (data bus width: 16 bits)
1 0 0000H (data bus width: 8 bits)
1 1

Remark 0: Low-level input, 1: High-level input
Make sure that the input level of this pin does not change before and after reset.
V2EN (input)
This pin selects the specification of the VSB that connects the NA85E535. Set this pin in accordance with the

CPU core used. Input a low level to this pin if a CPU core specified in this manual is connected.

e NUB5SEA, NUS5ET, NDUBSETVxx: 0 (low-level input)
o Nx85E2x (under development): 1 (high-level input)

Depending on the input level of this pin, the value of the V2EN bit of the BMC register at reset (default value)
changes as follows.

e Low-level input: 0 (conforms to VSB specifications)
¢ High-level input: 1 (conforms to VSB2 specifications (support of bus reset, disconnect response, and busy

response))

Make sure that the input level of this pin does not change before and after reset.
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2.2.3 External memory connection pins

M

)

3

)

®)

(6)

@

(®)

©)

A25 to AO (output)
These pins form an address bus for external memory.

DI31 to DIO (input)
These pins form a data input bus for external memory.

D031 to DOO (output)
These pins form a data output bus for external memory.

RDZR and RDZF (output)

These pins output read strobe signals to make the SRAM and page ROM active.

The RDZR signal is asserted (low-level output) at the rising edge of the BUSCLK signal, and the RDZF signal
is asserted (low-level output) at the falling edge of the BUSCLK signal.

When connecting a memory, AND the RDZR and RDZF signals and use the resultant signal.

WRZ3 to WRZ0 (output)
These pins output write strobe signals to make the SRAM and external I/O active.

WRZ3 ... For DO31 to DO24
WRZ2 ... For DO23 to DO16
WRZ1 ... DO15 to DO8
WRZ0 ... DO7 to DOO0

WRSTBZ (output)
This pin outputs a write strobe signal to make the SRAM and external I/O active.
This signal is the result of ANDing WRZ3 to WRZ0.

IORDZR and IORDZF (output)

These pins output read strobe signals to make the external I/O active in the DMA flyby cycle.

The IORDZR signal is asserted (low-level output) at the rising edge of the BUSCLK signal and the IORDZF
signal is asserted (low-level output) at the falling edge of the BUSCLK signal.

The IORDZR signal and the IORDZF signals perform the same operation as the RDZR signal and RDZF
signal, respectively, in a cycle other than the DMA flyby cycle, only when the IOEN bit of the flyby transfer
strobe control register (BCP) is set to 1 (they do not operate when the IOEN bit is cleared to 0).

When connecting an external I/O, AND the IORDZR and IORDZF signals and use the resultant signal.

IOWRZ (output)

This pin outputs a write strobe signal to make the external 1/O active in the DMA flyby cycle.

It is asserted (low-level output) at the falling edge of the BUSCLK signal.

The IOWRZ signal performs the same operation as the WRSTB signal in a cycle other than the DMA flyby
cycle only when the IOEN bit of the flyby transfer strobe control register (BCP) is set to 1 (it does not operate
when the IOEN bit is cleared to 0).

WAITZ (input)
This pin inputs a wait request from external memory.
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(10)HLDRQZ (input)
This pin inputs a bus hold request from the external device.
It must be kept active during bus hold.

(11)HLDAKZ (output)
This pin outputs a bus hold acknowledge signal to an external device.
It indicates that bus hold is enabled.

(12) DC3R to DCOR and DC3F to DCOF (output)
These output pins control the direction of the 1/0 buffer of the data bus.

DC3R, DC3F ... For DI31 to DI24, DO31 to DO24
DC2R, DC2F ... For DI23 to DI16, DO23 to DO16
DC1R, DC1F ... For DI15 to DI8, DO15 to DO8
DCOR, DCOF ... For DI7 to DI0, DO7 to DOO

These pins output a high level during read and flyby transfer by DMA.

The DCnR signal is asserted (high-level output) at the rising edge of the BUSCLK signal, and the DCnF signal
is asserted (high-level output) at the falling edge of the BUSCLK signal (n = 3 to 0).

When connecting an external I/O, AND the DCnR and DCnF signals and use the resultant signal.

(13)CSZ7 to CSZ0 (output)
These are chip select output pins.
They output the value input to the VDCSZ7 to VDCSZ0 pins.

CSZ7 ... For CS7 area
CSZ6 ... For CS6 area
CSZ5 ... For CS5 area
CSZ4 ... For CS4 area
CSZ3 ... For CS3 area
CSZ2 ... For CS2 area
CSZ1 ... For CS1 area
CSZ0 ... For CSO area

(14) BENZ3 to BENZ0 (output)
These are byte enable output pins. They output the value input to the VMBENZ3 to VMBENZO0 pins of the
CPU core.

(15)BCYSTZ (output)
This pin indicates the bus cycle start status.

Caution A glitch is generated when SDRAM is successively accessed. Therefore, avoid circuit

configuration in which an operation is performed in synchronization with an edge of the
BCYSTZ signal (there is no problem when SRAM or page ROM is accessed).

Preliminary User’'s Manual A15555EJ2VOUM



CHAPTER 2 PIN FUNCTIONS

(16) REFRQZ (output)
This pin indicates the execution status of a refresh cycle to SDRAM.
It outputs a low level while the refresh cycle is being executed.
If this pin goes low during a bus hold, it indicates that a refresh request has been issued to the external bus
master.

(17) SELFREF (input)
This pin inputs a self-refresh request.
The input level of this pin indicates the presence or absence of the self-refresh request.

e Low-level input: No self-refresh request has been generated.
¢ High-level input: Self-refresh request has been generated.

(18) BUSCLK (output)
This pin outputs the bus clock generated from the VBCLK signal.
It outputs a clock with the division ratio set by the CKMD1 and CKMDO pins or the bus mode control register
(BMC). The bus clock output from this pin is identical to the internal system clock.

(19)BUSCLK2 (output)
This pin outputs the bus clock generated from the VBCLK2 signal.
The theoretical operation of this pin is the same as the BUSCLK pin. However, the delay value of this pin is
designed lower than that of the BUSCLK signal inside the NA85E535, use the clock output from this pin to
improve the bus clock output delay.

(20) SDRASZ (output)
This pin outputs a row address strobe signal for SDRAM.
This pin always outputs a high level if SDRAM is not set as a memory connected (by the BCTO and BCT1
registers).

(21) SDCASZ (output)
This pin outputs a column address strobe signal for SDRAM.
This pin always outputs a high level if SDRAM is not set as a memory connected (by the BCTO and BCT1
registers).

(22) SDWEZ (output)
This pin outputs a data write enable signal for SDRAM.
This pin always outputs a high level if SDRAM is not set as a memory connected (by the BCTO and BCT1
registers).

(23) CKE (output)
This pin outputs a clock enable signal for SDRAM.
It outputs an inactive level (low level) in the self-refresh cycle or during flyby transfer from SDRAM to external
1/0 (TF state).
This pin always outputs a high level if SDRAM is not set as a memory connected (by the BCTO and BCT1
registers).
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(24)DQM3 to DQMO (output)
These pins output data mask signals for SDRAM.
They output the same value as the VMBENZ3 to VMBENZO0 signals of the CPU core while a write command is
being executed. All these pins output a low level while a read command is being executed.

This pin always outputs a high level if SDRAM is not set as a memory connected (by the BCTO and BCT1
registers).

(25) WRSTZ (output)

This pin outputs the read/write status signal of a memory access cycle.
It outputs a low level in the write cycle.

*  (26)ME7 to MEO (output)
These pins output the value of the MEn bits of the BCTO and BCT1 registers (n =7 to 0).

Depending on the value of the MEn bits, the operation of the NA85E535 in each CSn area can be enabled or
disabled.
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2.2.4 DMA pins

Q)

)

3

)

®)

6)

@

()

DMTCO3 to DMTCOO (input)
These pins input a terminal count from the internal DMAC (of the CPU core).

DMTCOMS3 to DMTCOMO (output)

These pins output the terminal count of the internal DMAC cycle.

If the DMA transfer cycle issued by the on-chip DMAC is transfer involving the terminal counter (DMTCOn),
these pins output a high level during the first 1IBUSCLK period when the NA85E535 executes that transfer as
an actual memory cycle.

If terminal count is generated in DMA transfer cycle accessing the NPB area or RAM area directly connected
to the CPU core, however, terminal count (DMTCOn) from the DMA controller synchronized with VBCLK is
resynchronized with BUSCLK, and these pins are asserted for 1 BUSCLK period.

DMACTV3 to DMACTVO (input)
These pins input an acknowledge signal (DMAACK) from the internal DMAC.

DMACTVMS3 to DMACTVMO (output)
These pins output an acknowledge signal (DMAACK) of the internal DMAC cycle.
These pins become active (high-level output) during DMA flyby transfer.

DMXTCO13 to DMXTCO10 and DMXTCOO03 to DMXTCOO0O (input)
These pins input a terminal count from the NA85E300 (external DMAC connected to the CPU core).

DMXTCM13 to DMXTCM10 and DMXTCMO03 to DMXTCMOO0 (output)

These pins output the terminal count of the NA85E300 cycle.

If the DMA transfer cycle issued by the NA85E300 is for transfer involving the terminal count (DMXTCO1n,
DMXTCOOn), these pins output a high level during the first 1BUSCLK period in which the NA85E535 executes
the transfer as the first memory cycle (n = 3 to 0).

If terminal count occurs in the DMA transfer cycle accessing the NPB area or RAM area directly connected to
the CPU core, these pins becomes active during 1BUSCLK period immediately after the terminal count has
been acknowledged, regardless of the memory cycle.

DMXCSZ13 to DMXCSZ10 and DMXCSZ03 to DMXCSZ00 (input)
These pins input a chip select signal from the NAS5E300.

DMXCZM13 to DMXCZM10 and DMXCZMO03 to DMXCZMO00 (output)

These pins output the chip select signal of the NA85E300 cycle.
These pins becomes active (low-level output) during DMA flyby transfer.
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2.2.5 Separate unit test mode pins

(1) TBI9 to TBI4 (input)
These pins input shift data for the separate unit test.

(2) TBI3 (input)
This pin inputs a reset signal for the separate unit test.

(3) TBI2 (input)
This pin inputs a clock for the separate unit test.

(4) TBI1 (input)
This pin inputs a chip select signal for the separate unit test.

(5) TBIO (input)
This pin inputs an enable signal for the separate unit test.

(6) TBO15 to TBOO (output)
These pins output shift data for the separate unit test.

(7) BUNRI (input)
This pin inputs the BUNRI signal for the separate unit test.

(8) TEST (input)
This pin inputs the TEST signal for the separate unit test.

2.2.6 Pins reserved by NEC

* (1) MPXEN, PHTEST, PHTDIN1, PHTDINO, and VPTCLK (input)
This pin is reserved by NEC. Always input a low level to this pin.

*  (2) VBRESZ and MWAITZ (input)
This pin is reserved by NEC. Always input a high level to this pin.

*x (3) ASTBZ, DSTBZ, MPXCZ, PHTDO1, and PHTDOO (output)
These pins are reserved by NEC. Leave these pins open.
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2.3 Connection of Unused Pins

Pin Name I/0 Recommended Connection

CPU core VDCSZ7 to VDCSZ0, VSA25 to VSAO0, VSBENZ3 to Input — (Be sure to use these pins.)
connection VSBENZ0, VSCTYP2 to VSCTYPO, VBDO31 to VBDOO,
pins VPRESZ, VSSEQ2 to VSSEQO, VSWRITE, VSSTZ,

VAACK, VPSTB, VPUBENZ, VPA13 to VPAO,

VPWRITE, VPDW15 to VPDWO, VBCLK

VBDI31 to VBDIO, VAEXREQ, VACBRRQ, VSWAIT, Output

VSAHLD, VSLAST, VPRETR, VPDR15 to VPDRO

VPDV, VMLOCK, STPAK Output Leave these pins open.

VBCLK2, STPRQ Input Input a high level to this pin.
Initialization | MCE Input Input a high level to this pin.
pins CKMD1, CKMDO, V2EN Input Input a low level to these pins.

LBS1, LBSO Input Input a signal to these pins in

accordance with the external bus setting.

External A25 to A0, DO31 to DOO, RDZR, RDZF, WRZ3 to Output Leave these pins open.
memory WRZ0, WRSTBZ, IORDZR, IORDZF, IOWRZ, HLDAKZ,
connection DC3R to DCOR, DC3F to DCOF, CSZ7 to CSZ0, BENZ3
pins to BENZ0, BCYSTZ, REFRQZ, BUSCLK, BUSCLK2,

SDRASZ, SDCASZ, SDWEZ, CKE, DQM3 to DQMO,

WRSTZ, ME7 to MEO

DI31 to DIO, SELFREF Input Input a low level to these pins.

WAITZ, HLDRQZ Input Input a high level to these pins.
DMA pins DMTCOS to DMTCOO0, DMACTV3 to DMACTVO, Input Input a low level to these pins.

DMXTCO13 to DMXTCO10, DMXTCOO03 to DMXTCOO00

DMXCSZ13 to DMXCSZ10, DMXCSZ03 to DMXCSZ00 Input Input a high level to these pins.

DMTCOM3 to DMTCOMO, DMACTVM3 to DMACTVMO, Output Leave these pins open.

DMXTCM13 to DMXTCM10,

DMXTCMO03 to DMXTCMO00, DMXCZM13 to

DMXCZM10, DMXCZMO03 to DMXCZMO00
Separate TBI19 to TBI2 Input Input a low or high level to these pins.
unit test TBI1, TBIO Input Input a high level to these pins.
mode pins

TBO15 to TBOO Output | Leave these pins open.

BUNRI, TEST Input Input a low level to these pins.
Pins MPXEN, PHTEST, PHTDIN1, PHTDINO, VPTCLK Input Input a low level to this pin.
;\T;g"ed bY | VBRESZ, MWAITZ Input | Input a high level to this pin.

ASTBZ, DSTBZ, MPXCZ, PHTDO1, PHTDOO Output Leave these pins open.
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2.4 Pin Status

The following table shows the status of pins with an output function in each operation mode.

Table 2-8. Pin Status in Each Operation Mode (1/2)

Pin Name Pin Status
Normal Mode Test Mode
Reset STOP Mode | HALT Mode Bus Hold | Standby Test| Unit Test
Mode "' Mode "'
CPU core VBDI31 to VBDIO 0 0 Operates™™** | 0 Undefined Operates
cF)nnection VAEXREQ 0 1 Operates™™*? |1 Undefined Operates
P VACBRRQ 0 0 Operates 0 Undefined Operates
VMLOCK 0 1 Operates 1 Undefined Operates
VSWAIT 0 0 Operates™*? | 0 Undefined Operates
VSAHLD 0 0 Operates™™*? |0 Undefined Operates
VSLAST 0 0 Operates™™*? | 0 Undefined Operates
VPRETR 0 0 0 0 Undefined Operates
VPDR15to VPDRO |0 0 Operates™*? | 0 Undefined Operates
VPDV 0 0 Operates™™*? |0 Undefined Operates
STPAK 0 1 Operates 0 Undefined Operates
External A25 to AO 0 0 Operates 0 Undefined Operates
memory‘ DO31 to DOO 0 Held Operates Held Undefined Operates
connection
pins RDZR 1 1 Operates 1 Undefined Operates
RDZF 1 1 Operates 1 Undefined Operates
WRZ3 to WRZ0 1 1 Operates 1 Undefined Operates
WRSTBZ 1 1 Operates 1 Undefined Operates
IORDZR 1 1 Operates 1 Undefined Operates
IORDZF 1 1 Operates 1 Undefined Operates
IOWRZ 1 1 Operates 1 Undefined Operates
HLDAKZ 1 1 Operates 0 Undefined Operates
DC3R to DCOR 1 1 Operates 1 Undefined Operates
DC3F to DCOF 1 0 Operates 0 Undefined Operates
CSZ7 to CSZ0 1 1 Operates 1 Undefined Operates
BENZ3 to BENZ0 1 1 Operates 1 Undefined Operates
BCYSTZ 1 1 Operates 1 Undefined Operates
REFRQZ 1 0 Operates Operates Undefined Operates
BUSCLK Note 3 0 Operates Operates Undefined Operates
BUSCLK2 Note 4 0 Operates Operates Undefined Operates
SDRASZ 1 1 Operates 1 Undefined Operates
SDCASZ 1 1 Operates 1 Undefined Operates
SDWEZ 1 1 Operates 1 Undefined Operates
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Table 2-8. Pin Status in Each Operation Mode (2/2)

Pin Name Pin Status
Normal Mode Test Mode
Reset STOP Mode | HALT Mode Bus Hold | Standby Test| Unit Test
ModeNotel ModeNole1

External CKE 1 0 Operates 1 Undefined Operates
memory DQM3 to DQMO 1 1 Operates 1 Undefined Operates
connection
pins WRSTZ 0 0 Operates 0 Undefined Operates

ME7 to MEO Note 5 Held Operates Held Undefined Operates
DMA pins DMTCOMS to 0 0 Operates 0 Undefined Operates

DMTCOMO

DMACTVMS to 0 0 Operates 0 Undefined Operates

DMACTVMO

DMXTCM13 to 0 0 Operates 0 Undefined Operates

DMXTCM10,

DMXTCMO3 to

DMXTCMO00

DMXCZM13 to 1 1 Operates 1 Undefined Operates

DMXCZM10,

DMXCZMO03 to

DMXCZMO00
Separate unit | TBO15 to | CB-10VX | Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Operates
testmode | TBOO | qom |0 0 0 0 0 Operates
pins

Notes 1. The standby test mode or unit test mode can be selected by the input levels of the BUNRI and TEST

Remark

pins.
Test Mode BUNRI Pin Input Level TEST Pin Input Level
Standby test mode High level Low level
Unit test mode High level High level

. If a refresh occurs in the HALT mode and the NA85E535 is the bus master, the same value as in the
STOP mode is output.

. If a low level (divided by one setting) is input to the CKMD1 and CKMDO pins, the level input to the
VBCLK pin is output.

In other cases, the operation is undefined until a VBCLK signal of 1 clock or

longer is input during the reset period (in which a low level is input to the VPRESZ pin). A low level is
output when a VBCLK signal of 1 clock or longer is input.

. If a low level (divided by one setting) is input to the CKMD1 and CKMDO pins, the level input to the

VBCLK?2 pin is output. In other cases, the operation is undefined until a VBCLK2 signal of 1 clock or
longer is input during the reset period (in which a low level is input to the VPRESZ pin). A low level is
output when a VBCLK2 signal of 1 clock or longer is input.

. When a low level is input to the MCE pin: 0

When a high level is input to the MCE pin: 1

0: Low-level output, 1: High-level output, Hi-Z: High impedance, Operates: Outputs valid signal
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CHAPTER 3 BUS CONTROL FUNCTION

3.1 Control Registers
The bus cycle function of the NA85ES535 is specified by the operation mode setting pins and the control registers
listed below.

Each control register is allocated to the peripheral 1/0 area of the CPU core.

Remark The setting of the control registers is invalid for ROM connected to VFB (V850E fetch bus) of the CPU
core or RAM connected to VDB (V850E data bus).

Table 3-1. Control Register List (1/2)

Address Register Name Symbol | R'W Bit Unit for Manipulation Default
1Bt | 8Bits | 16Bits | VaUe
FFFFF480H Bus cycle type configuration register 0 BCTO R/W - - v 8888H/
0000H
FFFFF482H Bus cycle type configuration register 1 BCT1 R/W - - v 8888H/
0000H
FFFFF484H Data wait control register O DWCO R/W - - N 7777TH
FFFFF486H Data wait control register 1 DWCH1 R/W - - \/ 7777H
FFFFF488H Bus cycle control register BCC R/W - - v FFFFH
FFFFF48AH Address setting wait control register ASC R/W - - v FFFFH
FFFFF48CH Flyby transfer strobe control register BCP R/W - ol - 00H
FFFFF48EH Local bus sizing control register LBS R/W - - v 0000H/
5555H/
AAAAH
FFFFF490H Line buffer control register 0 LBCO R/W - - N 0000H
FFFFF492H Line buffer control register 1 LBC1 R/W - - \/ 0000H
FFFFF494H DMA flyby transfer wait control register FWC R/W - - v 7777TH
FFFFF496H DMA flyby transfer idle control register FIC R/W - - v 3333H
FFFFF498H Bus mode control register BMC R/W - ol - 00H/01H/
02H/03H/
80H/81H/
82H/83H
FFFFF49AH Page ROM configuration register PRC R/W - - v 7000H
FFFFF4A4H SDRAM configuration register 1 SCR1 R/W - - v 30COH
FFFFF4A6H SDRAM refresh control register 1 RFS1 R/W - - \/ 0000H
FFFFF4ACH SDRAM configuration register 3 SCR3 R/W - - v 30COH
FFFFF4AEH SDRAM refresh control register 3 RFS3 R/W - - \/ 0000H
FFFFF4BOH SDRAM configuration register 4 SCR4 R/W - - v 30COH
FFFFF4B2H SDRAM refresh control register 4 RFS4 R/W - - \/ 0000H
FFFFF4B8H SDRAM configuration register 6 SCR6 R/W - - v 30COH
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Table 3-1. Control Register List (2/2)

Address Register Name Symbol | R/W Bit Unit for Manipulation Default
1Bit | 8Bits | 16Bits | ValUe
FFFFF4BAH SDRAM refresh control register 6 RFS6 R/W - - v 0000H
FFFFF4C4H Setting register for MobileRAM expansion mode | ESC1 R/W - - v 0000H
register 1
FFFFF4CCH Setting register for MobileRAM expansion mode | ESC3 R/W - - v 0000H
register 3
FFFFF4DOH Setting register for MobileRAM expansion mode | ESC4 R/W - - v 0000H
register 4
FFFFF4D8H Setting register for MobileRAM expansion mode | ESC6 R/W - - v 0000H
register 6
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3.1.1 Bus cycle type configuration registers 0 and 1 (BCTO0 and BCT1)
The BCTO and BCT1 registers enable operation of the NA85E535 in each CSn area and specify the type of
memory to be connected (n =7 to 0).

These registers can be read or written in 16-bit units.

Figure 3-1. Bus Cycle Type Configuration Registers 0 and 1 (BCT0 and BCT1)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BT3|BT. BT2|BT2 BT1|BT1 BTO | BT Ad Default val
BcTo |[mes| o |B7° |3 vz o ME1| 0 meo| o |P10|BTO| Address  Default value
1 0 1 0 1 0 1 0 |FFFFF480H Note
BT7|BT7 BT6 | BT BT5| BT BT4|BT4| Ad Default val
BCT1 |ME7| 0 mes| o |20 BT mes| o |BT°|BT° Mea| o dress  Default value
1 0 1 0 1 0 1 0 |FFFFF482H Note
Bit position | Bit name Meaning
15,11,7,3 | MEn Enables or disables operation of NA85E535 in each CSn area.
0: Disabled (no response to CPU core)
1: Enabled
13,12, 9,8, | BTn1, Sets the type of memory to be connected for each CSn area
5,4,1,0 BTn0O
BTn1 BTnO Connected memory
0 0 SRAM (or external I/O)
0 1 Page ROM
1 0 Setting prohibited

When n =6, 4, 3, or 1: SDRAM
When n =7, 5, 2, or 0: Setting prohibited

Note The default value differs as follows depending on the input level of the MCE pin at reset.

MCE pin input level MPXEN pin input level Default value

High level Low level 8888H

Low level Low level 0000H

Cautions 1.
2.
3.

Be sure to input a low level to the MPXEN pin.

Be sure to clear bits 14, 10, 6, and 2 to 0 (otherwise, the operation is not guaranteed).

Set the BCTO and BCT1 registers immediately after reset. Do not change the set values
of these registers (however, the MEn bit may be changed).

Remark n=71t00
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3.1.2 Address setting wait control register (ASC)
The ASC register specifies the number of address setting wait states to be inserted at the beginning of the SRAM

read/write cycle or page ROM read cycle, for each CSn area (n =7 to 0).
This register can be read or written in 16-bit units.

Remarks 1. The setting of this register is invalid when SDRAM is accessed.
2. The external wait function by the WAITZ pin is invalid during the address setting wait period.

Figure 3-2. Address Setting Wait Control Register (ASC)
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ASC AC7|AC7|AC6|AC6|AC5|AC5|AC4|AC4|AC3|AC3|AC2|AC2|AC1|AC1|ACO|ACO| Address Default value
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 | FFFFF48AH FFFFH
Bit position | Bit name Meaning
15t00 ACn1, Sets the number of address setting wait states for each CSn area.
ACnO
ACn1 ACnO Number of address setting wait states
0 0 0
0 1 1
1 0 2
1 1 3 (default value)
Remark n=7t00
51



CHAPTER 3 BUS CONTROL FUNCTION

3.1.3 Bus cycle control register (BCC)
The BCC register specifies the number of idle states to be inserted at the end of the SRAM read/write cycle, page

ROM read cycle, or SDRAM read cycle, for each CSn area (n =7 to 0).
This register is used to make sure that the time required for the memory to release the external data bus elapses.

The next bus cycle starts in the state following the idle states.
The chip select signal (CSZn) is not asserted in the idle states.
This register can be read or written in 16-bit units.

Figure 3-3. Bus Cycle Control Register (BCC)

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BC2|BC2|BC1|BC1|BC0|BCO Address Default value

BC7|BC7|BC6|BC6|BC5|BC5|BC4|BC4|BC3|BC3

BCC 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 | FFFFF488H FFFFH
Bit position | Bit name Meaning
15t0 0 BCnf1, Sets the number of idle states for each CSn area.
BCnO
BCn1 BCnO Number of idle states
0 0 0
0 1 1
1 0 2
1 1 3 (default value)

Remark n=71t00
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3.1.4 Flyby transfer strobe control register (BCP)

The BCP register is used to specify the operations of the IORDZR, IORDZF, and IOWRZ signals during the
read/write cycle when DMA flyby transfer is not executed.

When the IOEN bit of this register is cleared to 0, the IORDZR, IORDZF, and IOWRZ signals do not operate
during the read/write cycle when DMA flyby transfer is not executed.

When the IOEN bit is set to 1, the IORDZR, IORDZF, and IOWRZ signals perform the same operations as the
RDZR, RDZF, and WRSTB signals, respectively, during the read/write cycle when DMA flyby transfer is not
executed.

These signals operate, regardless of the value of the IOEN bit, when DMA flyby transfer is executed (the operation
is the same).

This register can be read or written in 8-bit units.

Figure 3-4. Flyby Transfer Strobe Control Register (BCP)

7 6 5 4 3 2 1 0
Address Default value
BCP 0 0 0 0 IOEN 0 0 0
FFFFF48CH 00H
Bit position | Bit name Meaning
3 IOEN Specifies operations of the IORDZR, IORDZF, and IOWRZ signals during the read/write cycle

when DMA flyby transfer is not executed.
0: Does not operate.
1: Operates.

Remark Bits 7 to 4 and 2 to 0 are fixed to O (setting these bits to 1 is ignored).
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3.1.5 Data wait control registers 0 and 1 (DWCO0 and DWC1)

The DWCO and DWC1 registers specify the number of data wait cycle states to be inserted in the SRAM
read/write cycle or page ROM read cycle (off-page) for each CSn area (n =7 to 0).

These registers can be read or written in 16-bit units.

Caution The number of wait states for the on-page cycle of page ROM is set by the Page ROM
configuration register (PRC).

Figure 3-5. Data Wait Control Registers 0 and 1 (DWCO0 and DWC1)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oweo | o DW3|DW3(DW3 0 DW2|DW2|DW2 0 DW1|DW1|DW1 0 DWO(DWO|DWO| Address Default value
2 1 0 2 1 0 2 1 0 2 1 0 |FFFFF484H 7777TH
DWCT 0 DW7|DW7|DW7 0 DW6|DW6|DW6 0 DW5|DW5|DW5 0 DW4(DW4|DW4| Address Default value
2 1 0 2 1 0 2 1 0 2 1 0 |FFFFF486H 7777TH
Bit position | Bit name Meaning
14 to 12, DWn2to | Sets the number of wait states for each CSn area.
10to 8, DWnO
6 to 4, .
DWn2 DWn1 DWnO Number of wait states
2to0
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7 (default value)
Remarks 1. n=71t00
2. Bits 15, 11, 7, and 3 are fixed to 0 (setting these bits to 1 is ignored).
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(1) External wait function
When the NA85E535 is connected to a low-speed macro or an asynchronous system, wait states (external
wait states) can be inserted in the bus cycle by using the external wait pin (WAITZ).
The external wait states are inserted only in the data wait cycle.
The external wait pin (WAITZ) is sampled at the rising edge of the BUSCLK signal.

(2) Data wait control registers and external wait
The number of wait states set by data wait control registers 0 and 1 (DWCO and DWC1) is ORed with the
number of external wait states set by WAITZ input, and the resultant number of wait states is inserted. This
means that the greater of the two values is inserted.

Programmable wait ) Wait control
Wait by WAITZ input

For example, three wait states are inserted in the bus cycle if the programmable wait and input to WAITZ pin occur
at the following timing.

T1 TW TW TW T2

Busclk /" \/ ./ ./ S S
WAITZinput |/ | O\ // T\

Wait by WAITZ input

Programmable wait

Wait control
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3.1.6 Page ROM configuration register (PRC)

If a page ROM sequential bus cycle is generated, the NAB5E535 compares the current address with the address
immediately after the generated page ROM cycle to identify whether the access is on-page access.

The PRC register sets a width for address comparison and the number of wait states to be inserted in the on-page
cycle.

This register can be read or written in 16-bit units.

Caution The number of wait states to be inserted in the off-page cycle is set by the data wait control
registers 0 and 1 (DWCO0 and DWC1).

Figure 3-6. Page ROM Configuration Register (PRC)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRW|PRW|PRW Address  Default value
PRC 0 o 1 0 0 0 0 0 0 0 0 0 |MA6|MA5|MA4 | MA3 FEEFF49AH 7000H
Bit position | Bit name Meaning
14to0 12 PRW2to | Sets the number of data wait states for on-page cycle of page ROM.
PRWO
PRW2 PRW1 PRWO Number of data wait states
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7 (default value)
3to0 MAG to Sets mask bits for address comparison.
MAS3
MA6 MA5 MA4 MA3 Number of bits successively read
0 0 0 0 32 bits x 2, 16 bits x 4, 8 bits x 8 (default value)
0 0 0 1 32 bits x 4, 16 bits x 8, 8 bits x 16
0 0 1 1 32 bits x 8, 16 bits x 16, 8 bits x 32
0 1 1 1 32 bits x 16, 16 bits x 32, 8 bits x 64
1 1 1 1 32 bits x 32, 16 bits x 64, 8 bits x 128
Other than above Setting prohibited (Operation is not guaranteed if
this setting is made.)
Remark Bits 15 and 11 to 4 are fixed to 0 (setting these bits is ignored).
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An example of address mask control if four page ROMs of 1 Mwords x 8 bits are connected is illustrated below.

Figure 3-7. Example of Control by MA6 to MA3 Bits

Internal address latch | oo5 | . | A21 | .. | A8 | A7 | A6 | A5 | A4 | A3
(address immediately
before) A [
PRC register MA6 | MA5 | MA4 | MA3
0 0 0 1
[ Comparison ]
Note
y A A A A A
Output address A25 | ... | A21| ... A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
¢ Y Y ¢ ¢ Y
Page ROM address A19 | ... A6 | A5 | A4 | A3 | A2 | A1 A0
Off-page address On-page address

Note These bits are not used if the data bus width is 32 bits.
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3.1.7 SDRAM configuration register n (SCRn)

The SCRn register sets the number of wait states for accessing SDRAM and an address multiplex width for each
CSn area (n = 6, 4, 3, or 1). If data is written to this register, the NA85E535 starts a register write operation. This
register can be read or written in 16-bit units.

Cautions 1.

Remarks 1.

The SDRAM read/write cycle is not generated before execution of the register write operation.
Read the value of the SCRn register to check if the WCF bit is set to 1, before accessing
SDRAM.

Before writing data to the SCRn register again after accessing SDRAM, be sure to clear the
ME bit of the BCTO and BCT1 registers to 0 and then re-set to 1.

Do not consecutively execute instructions that write data to the SCRn registers. Be sure to
insert another instruction between the instructions that write data to the SCRn register.
Before accessing SDRAM, make sure that all settings of the SCRn register are complete.

n of the register name corresponds to a CSn area number (n =6, 4, 3, or 1).
Be sure to clear bit 15 to 0. Otherwise, the operation is not guaranteed.

Bits 11 to 9 are fixed to 0 (setting these bits is ignored).

Figure 3-8. SDRAM Configuration Register n (SCRn) (1/3)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Default value
LTM|LTM|LTM BCW[BCW|SSO |SSO|RAW|RAW|SAW|SAW| FFFFF4A0H
SCRn | O 0 0 0 |WCF 30COH
1 0 1 0 1 0 1 0 1 0 +4n
Bit position | Bit name Meaning
14t0 12 LTM2 to Sets the value of CAS latency during read.
LTMO
LTM2 LTM1 LTMO CAS latency
0 0 0 Setting prohibited
0 0 1 1 (setting prohibited during DMA flyby transfer)
0 1 0 2
0 1 1 3 (default value)
1 Any Any Setting prohibited
8 WCF Indicates that a register write command was completely executed to SDRAM after the SCRn
register was set. If the register write command is generated, this bit is set to 1. This bit can
only be read.
0: Setting not completed (default value)
1: Setting completed
Remark n=6,4,3,o0r1
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Figure 3-8. SDRAM Configuration Register n (SCRn) (2/3)

Bit position | Bit name Meaning
7,6 BCW1, Sets the number of wait states from a bank active command to a read/write command, or
BCWO from a precharge command to a bank active command.
BCW1 BCWO Number of wait states
0 0 Setting prohibited
0 1 1
1 0 2
1 1 3 (default value)
5,4 SSO1, Sets the shift width of an address for identifying on-page access.
SSO0 If the data bus width is set to 16 or 32 bits, the system does not use the lower address (A0 or
A1, AO). Set these bits in accordance with the contents of the LBS register corresponding to
the chip select area.
SSO1 SSO0 Address shift width
0 0 0 bit (data bus width: 8 bits) (default value)
0 1 1 bit (data bus width: 16 bits)"™
1 0 2 bits (data bus width: 32 bits)""*®
1 1 Setting prohibited
3,2 RAW1, Sets a row address width.
RAWO
RAWA1 RAWO Row address width
0 0 11 bits (default value)
0 1 12 bits"™
1 0 13 bits"*
1 1 Setting prohibited
1,0 SAWT1, Sets an address multiplex width (column address width) for accessing SDRAM.
SAWO0

SAWA1 SAWO Address multiplex width (column address width)
0 0 8 bits (default value)
0 1 9 bits
1 0 10 bits"*
1 1 11 bits"*®

Note Refer to the next page for explanation.
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Figure 3-8. SDRAM Configuration Register n (SCRn) (3/3)

Note The following setting is prohibited because the upper limit of the address is exceeded.

SSO1 SSO0 RAWA1 RAWO SAW1 SAWO0 Setting

0 1 1 0 1 1 Data bus width: 16 bits
Row address width: 13 bits
Column address width: 11 bits

1 0 0 1 1 1 Data bus width: 32 bits
Row address width: 12 bits
Column address width: 11 bits

1 0 1 0 1 0 Data bus width: 32 bits
Row address width: 13 bits
Column address width: 10 bits

1 Data bus width: 32 bits
Row address width: 13 bits
Column address width: 11 bits
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Table 3-2. Row Address Output

Bit Setting Address Pin
SAW1[SAWO|A25 to| A17 | A16 | A15 | A14 | A13 | A12 | A11 |A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO
A18
0 0 |a25to| a25 | a24 |a23 |a22 | a21 |a20|al9 (al18|al7|al6|al5|al4|al3|al2|all1|al0| a9 | a8
al8
0 1 |a25to| a17 | a25 | a24 | a23 | a22 | a21 | a20 | a19 | al18 |al17 | al16 | al5 | al4 | al3 |al2 | al1 |[al0| a9
al8
1 0 |a25to| al17 |a16 | a25 | a24 | a23 | a22 |a21 |a20 | a19 | al8 | al17 |al6 | al5|al4 |al3 | al2|all | al0
al8
1 1 |a25to| a17 | a16 | al5 | a25 | a24 | a23 | a22 | a21 | a20 | a19 | a18 | a17 | a16 | al5 | a14 | a13 | a12 | al1
al8
Table 3-3. Column Address Output
(a) For all bank precharge commands
Bit Setting Address Pin
SS0O1|{SSO0|A25to| A17 | A16 | A15 | A14 | A13 | A12 | A11 |A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD
A18
0 0 |a25to|al7|al6|al5|al4|al3|al2|all| 1 a9 | a8 | a7 | a6 | a5 | a4 | a3 | a2 | a1 | a0
al8
0 1 a25to| al7 |al6 | al5|al4|ai3|al2| 1 al0| a9 | a8 | a7 | a6 | a5 | a4 | a3 | a2 | a1 | a0
al8
1 0 |a25to|al7|al6|al5|al4|al3| 1 |al1|al0| a9 | a8 | a7 | a6 | a5 | a4 | a3 | a2 | a1l | a0
al8
(b) For register write command
Bit Setting Address Pin
SSO1|{SSO0|A25to| A17 | A16 | A15 | A14 | A13 | A12 | A11 |A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD
A18
0 0 0 0 0 0 0 0 0 0 0 0 0 0 |LTM2LTM1LTMO O 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0 0 |LTM2LTM1LTMO| O 0 0 0 0
1 0 0 0 0 0 0 0 0 0 0 0 |LTM2LTM1ILTMO, O 0 0 0 0 0
(c) For read/write command
Bit Setting Address Pin
SS0O1|{SSO0|A25to| A17 | A16 | A15 | A14 | A13 | A12 | A11 |A10| A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD
A18
0 0 |a25to|al7|al6|al5|al4|al2|al1|al0| O a9 | a8 | a7 | a6 | a5 | a4 | a3 | a2 | a1 | a0
al8
0 1 a25to|al7 |al6|al5|al4|al2|al1| O |al0| a9 | a8 | a7 | a6 | a5 | a4 | a8 | a2 | a1l | a0
al8
1 0 |a25to|al7|al6|al5|al4|al2| O |al1|al0| a9 | a8 | a7 | a6 | a5 | a4 | a3 | a2 | a1l | a0
al8
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3.1.8 SDRAM refresh control register n (RFSn)
The NA85E535 can generate the SDRAM CBR refresh and self-refresh cycles.
The RFSn register enables refresh and sets the refresh interval for each CSn area (n =6, 4, 3, or 1).

This register can be read or written in 16-bit units.

Remark n of the register name corresponds to a CSn area number (n =6, 4, 3, or 1).

Figure 3-9. SDRAM Refresh Control Register n (RFSn) (1/2)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address  Default value
rFsn |renl o 0 0 0 0 RCC|RCC 0 0 RIN [ RIN | RIN | RIN | RIN | RIN | FFFFF4A2H 0000H
1 0 5 4 3 2 1 0 +4n
Bit position | Bit name Meaning
15 REN Enables refresh.
REN Refresh setting

0 Disables refresh (default value).

1 Enables refresh.
9,8 RCCH1, Sets a source clock factor for the refresh interval counter.

RCCO

RCCH1 RCCO Count source clock factor (Cfac)
0 0 32 (default value)
0 1 128
1 0 256
1 1 Setting prohibited

Remark Refresh count clock (Trcy) = Cfac/¢
¢: Operating clock (BUSCLK)

Remarks 1. n=6,4, 3, or 1
2. Bits 1410 10, 7, and 6 are fixed to O (setting these bits is ignored).
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Figure 3-9. SDRAM Refresh Control Register n (RFSn) (2/2)

Bit position | Bit name Meaning
5t00 RINS5 to Sets a refresh interval factor.
RINO
RIN5 RIN4 RIN3 RIN2 RIN1 RINO Interval factor (Ifac)

0 0 0 0 0 0 1 (default value)
0 0 0 0 0 1 2
0 0 0 0 1 0 3
0 0 0 0 1 1 4
1 1 1 1 1 1 64

Caution To change the setting of the RFSn register, follow these steps (n =6, 4, 3, or 1).

<1> Clear the MEn bit of the BCT register to 0.

<2> Clear the REN bit to 0.

<3> Set the MEn bit of the BCT register to 1.

<4> Set a new value to the RCC1, RCCO, and RIN5 to RINO bits, and set the REN bit to 1.

To change the refresh interval, set a value that allows refresh to be performed in time even

when the interval is changed.

Table 3-4. Example of SDRAM Refresh Interval

Default Refresh Refresh Count Clock Interval Factor (Ifac)Note
Interval (us) (Troy) 6 =20 MHz ¢ =33 MHz 6= 50 MHz ¢ =66 MHz

15.6 32/¢ 9 (14.4) 16 (15.5) 24 (15.4) 32 (15.5)
128/¢ 2(12.8) 4 (15.5) 6 (15.4) 8 (15.5)
256/¢ 1 (12.8) 2 (15.5) 3(15.4) 4 (15.5)

Note ( ): Calculated refresh interval (us)

Refresh interval (us) = Trcy x Ifac
Remark ¢: Operating clock (BUSCLK)
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* 3.1.9 Setting register for MobileRAM expansion mode register n (ESCn)
The ESCn register sets the MobileRAM operation for each CSn area (n =6, 4, 3, or 1).
This register can be read or written in 16-bit units.

Cautions 1. The ESCn register does not have to be set when MobileRAM is not connected.
2. Be sure to set the ESCn register before setting the SCRn register.
3. Be sure to re-set the ESCn and SCRn registers and start a register write operation after the
deep power down mode has been released.

Remark n of the register name corresponds to a CSn area number (n =6, 4, 3, or 1).

Figure 3-10. Setting Register for MobileRAM Expansion Mode Register n (ESCn) (1/2)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address Default value

EMB|EMB|EMB|EMB|EMB|EMB|EMB|EMB |EMB|EMB|EMB|EMB |EMB| FFFFF4COH
ESCn (ERS|DPD| O 0000H
12|11 |10 | 9 8 7 6 5 4 3 2 1 0 +4n
Bit position | Bit name Meaning
15 ERS Specifies a write operation to the expansion mode register of MobileRAM during a register
write operation.
0: Does not write to the expansion mode register (default value).
1: Writes to the expansion mode register.
14 DPD Specifies the operation mode of MobileRAM when the CPU core enters the STOP mode or

when a high level is input to the SELFREF pin.
0: Self-refresh cycle mode (default value)"™®
1: Deep power down mode

12t07 EMB12 Specifies the expansion mode register (bits 12 to 7) of MobileRAM (default value: 0).
to EMB7 | Set these bits in accordance with the specifications of the MobileRAM connected.

Note When the DPD bits of any of the ESCn registers is set to 1, even if the DPD bit of other registers is
cleared to 0, the operation is changed to the deep power down mode. To operate MobileRAM in the
self-refresh mode, therefore, clear the DPD bit of all the ESCn registers to 0.

Remarks 1. n=6,4, 3,or 1
2. Bit 13 is fixed to 0 (setting this bit is ignored).
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Figure 3-10. Setting Register for MobileRAM Expansion Mode Register n (ESCn) (2/2)

Bit position | Bit name Meaning
6,5 EMBS6, Sets bits 6 and 5 of the expansion mode register of MobileRAM.
EMB5 Set these bits in accordance with the specifications of MobileRAM connected.

Set these bits as follows when MobileRAM of Elpida Memory.

EMB6 EMB5 Drive strength
0 0 Normal (default value)
0 1 1/2 strength
1 0 1/4 strength
1 1 Reserved
4,3 EMB4, Sets bits 4 and 3 of the expansion mode register of MobileRAM.
EMB3 Set these bits in accordance with the specifications of MobileRAM connected.

Set these bits as follows when MobileRAM of Elpida Memory.

EMB4 EMB3 Self-refresh guarantee temperature
0 0 70°C (default value)
0 1 45°C
1 0 15°C
1 1 85°C
2t00 EMB2to | Sets bits 2 to 0 of the expansion mode register of MobileRAM.
EMBO Set these bits in accordance with the specifications of MobileRAM connected.

Set these bits as follows when MobileRAM of Elpida Memory.

EMB2 EMBH1 EMBO Self-refresh operation area
0 0 0 All Banks (default value)
0 0 1 Bank A & Bank B
0 1 0 Bank A
0 1 1 Reserved
1 0 0 Reserved
1 0 1 1/2 of Bank A
1 1 0 1/4 of Bank B
1 1 1 Reserved
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The following figure shows a flow from setting the ESCn and SCRn registers to completion of a register write
operation.

Figure 3-11. Flow from Setting ESCn and SCRn Register to Register Write Operation

Set ESCn register (when
MobileRAM is connected).

Set SCRn register.

Start
register write operation.

ESCN.ERS = 1? No

Register write operation

All bank All bank
precharge command precharge command

Refresh command (x8) Refresh command (x8)

Set mode register. Set mode register.

Set
expansion mode register.

End of
register write operation
(access enabled)

Remark n=6,4,3,or1
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3.1.10 Line buffer control registers 0 and 1 (LBCO and LBC1)

The NA85E535 includes a read buffer.

The LBCO and LBC1 registers set the operation conditions of the read buffer included in the NA85E535 for each
CSnarea (n=7100).

These registers can be read or written in 16-bit units.

Figure 3-12. Line Buffer Control Registers 0 and 1 (LBCO and LBC1)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RB | RB RB | RB RB | RB RB | RB Address Default value
LBCO| O | O 0|0 0 0 0 0
31 | 30 21 | 20 11 | 10 01 | 00 | FFFFF490H 0000H
RB | RB RB | RB RB | RB RB | RB Address Default value
LBC1 | 0 | O 0|0 0 0 0 0
71 | 70 61 | 60 51 | 50 41 | 40 | FFFFF492H 0000H
Bit position | Bit name Meaning
13,12, 9, RBn1, Sets the operating conditions (timing to execute speculative read) of the read buffer for each
8,5,4,1, RBnO CSn area.
0
RBn1 RBnO Timing of speculative read
0 0 No speculative read (operation of read buffer prohibited)

(default value)

0 1 No speculative read (operation of read buffer prohibited)
1 0 In DMA/fetch cycle
1 1 In all cycles

Remarks 1. n=71t00
2. Be sure to clear bits 15, 11, 7, and 3 to 0. Otherwise, the operation is not guaranteed.
3. Bits 14, 10, 6, and 2 are fixed to 0 (setting these bits is ignored).
4. If the setting of the RBn1 and RBnO bits is changed, the data retained in the read buffer
becomes invalid immediately after changing.

The read buffer has a capacity of 4 words (128 bits) and enables execution of speculative read operations. The
speculative read range is the addresses (xxxxxxOH to xxxxxxFH) on the same line as the address that has been
accessed (critical first access method). For example, addresses “xxxxx00H”, “xxxxx04H”, and “xxxxx01H” are
accessed in the following sequence, and data is loaded to the read buffer (when speculative read is executed with
the local bus size of 32 bits).

e When accessing address “xxxxx00H": xxxxx00H — xxxxx04H — xxxxx08H — xxxxx0CH
e When accessing address “xxxxx04H”: xxxxx04H — xxxxx08H — xxxxx0CH — xxxxx00H

e When accessing address “xxxxx01H”: xxxxx01H — xxxxx05H — xxxxx09H — xxxxx0DH

The NA85ES535 has an internal buffer of four stages (128 bits) and, if a write request is generated while the buffer
is full, outputs a wait response until a vacancy is available in the buffer.
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* (1) Recommended setting of speculative read function
The following explanation shows the cases indicating whether or not speculative read should be set for an
individual memory type. Note, however, that the following explanation only indicates whether the probability
that speculative read improves the performance is high or low, and does not guarantee that the performance
is improved. Whether speculative read is actually executed or not must be determined based on the access
condition of the system and the set value of each wait cycle.

(a) SRAM

¢ Case where speculative read should be set
« 2-cycle transfer by using the DMA controller with on-chip CPU core™*®
o DMA 2-cycle transfer when using the NAS5E300

¢ Case where speculative read should not be set
e Random data access by CPU
e Fetch access
e Transfer involving sequential status (cache refill)

Note Especially when performing line transfer and setting wait, setting speculative read is advantageous.
(b) Page ROM/SDRAM

e Case where speculative read should be set
e 2-cycle transfer by using the DMA controller with on-chip CPU core™*"
o DMA 2-cycle transfer when using the NAS5E300
e Fetch access™™?
(When setting address setup wait/idle wait)

e Case where speculative read should not be set
e Random data access by CPU

« Transfer involving sequential status™®® (

cache refill)

Notes 1. Especially when performing line transfer and setting wait, setting speculative read is
advantageous.
2. Depending on the branch rate of the program to be fetched, speculative read should not be
set.
3. If a sequential access occurs from VSB, there is no problem if speculative read is set
because the NA85E535 gives priority to the request from VSB.
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3.1.11 Bus mode control register (BMC)

The BMC register is used to select the VSB specifications and set the rate by which the VBCLK/VBCLK2 signal is
to be divided. The divided VBCLK/VBCLK2 signal is output from the BUSCLK/BUSCLK2 pin as the bus clock. The
divided BUSCLK signal is also used as an internal system clock.

When the BMC register is written, an NPB write retry cycle is always generated, and the BUSCLK/BUSCLK2
signal stops once for the duration of 12 clocks of the VBCLK/VBCLK2 signal. The BUSCLK/BUSCLK2 signal
resumes its operation with the divided clock set after it had stopped. While the BUSCLK/BUSCLK?2 signal is stopped,
the SDRAM refresh control register (RFSn) of SDRAM also stops operating. Therefore, re-set the refresh cycle
before setting the BMC register so that refresh occurs correctly within the refresh interval required by the SDRAM to
be connected (n =6, 4, 3, or 1).

If the power-saving mode is selected by setting the PDWN bit to 1, the internal system clock is stopped, and all
the internal registers are initialized.

This register can be read or written in 8-bit units.

Cautions 1. Immediately before setting the PDWN bit to 1, be sure to clear (0) all the MEn bits of bus
cycle type configuration registers 0 and 1 (BCT1 and BCTO0) to 0 (clear the MEn bits to 0 and
set the PDWN bit to 1 successively) (n =7 to 0).

The operation is not guaranteed if another bus cycle occurs between clearing the MEn bits to
0 and setting the PDWN bit to 1.

For the setting procedure, refer to Figure 3-14 (the operation is not guaranteed if the setting
is made in a way other than the procedure shown in Figure 3-14).

2. When the PDWN bit is set to 1, all the internal settings of the NA85E535 are initialized. To
change the division ratio of the internal system clock set by the CKMD1 and CKMDO pins by
using the CKm1 and CKMO bits, set the normal operation mode (by clearing the PDWN bit to
0) and then set the CKM1 and CKMO bits again.

For the setting procedure, refer to Figure 3-15 (the operation is not guaranteed if the setting
is made in a way other than the procedure shown in Figure 3-15).

When using the division ratio of the internal system clock by changing the setting of the
CKM1 and CKMO bits, a clock whose frequency is different from the set division ratio is
output if the PWDN bit is set to 1 (a glitch is generated on the BUSCLK/BUSCLK2 signal).
Therefore, the external circuit using the BUSCLK/BUSCLK2 signal must be initialized,
depending on whether the PDWN bit is set to 1.

3. Change the division ratio by changing the setting of the CKM1 and CKMO bits in the
procedure shown in Figure 3-16 (the operation is not guaranteed if the setting is made in a
way other than the procedure shown in Figure 3-16).

In this case, an NPB write retry cycle may be repeatedly issued until the phase relationship of
the clock is stabilized.
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Figure 3-13. Bus Mode Control Register (BMC)

7 6 5 4 3 2 1 0
Address Default value
BMC V2EN 0 0 0 0 PDWN CKM1 CKMO
FFFFF498H Note
Bit position | Bit name Meaning
7 V2EN Selects the specification of the VSB that connects the NA85E535. Set this bit in accordance
with the CPU core to be used. If a CPU core covered by this manual is used, input a low
level to this bit.
0: Conforms to VSB specifications.
1: Conforms to VSB2 specifications (support of bus reset, disconnect response, and busy
response).
2 PDWN Selects an operation mode of the NA85E535. When this bit is set to 1, the internal system
clock stops.
0: Normal operation mode (default value)
1: Power-saving mode (Operation stops.)
1,0 CKM1, Sets the division ratio by which the VBCLK/VBCLK?2 signal is to be divided to generate the
CKMO bus clock (BUSCLK/BUSCLK2). Divided BUSCLK signal is used as an internal system clock.

CKM1 CKMO Division ratio of VBCLK/VBCLK?2 signal to generate
BUSCLK/BUSCLK?2 signal
0 0 1/1 (VBCLK/VBCLK?2 is divided by 1.)
0 1 1/2 (VBCLK/VBCLK?2 is divided by 2.)
1 0 1/3 (VBCLK/VBCLK?2 is divided by 3.)
1 1 1/4 (VBCLK/VBCLK?2 is divided by 4.)

pins at reset.

Note The default value differs as follows, depending on the input levels of the V2EN, CKMD1, and CKMDO

V2EN pin input level CKMD1 pin input level CKMDO pin input level Default value

High level High level High level 83H
Low level 82H

Low level High level 81H

Low level 80H

Low level High level High level 03H
Low level 02H

Low level High level 01H

Low level O00H

Remark Bits 6 to 3 are fixed to 0 (setting these bits is ignored).
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Figure 3-14. Procedure of Setting PDWN Bit (1)

Clear all ME7 to MEO bits of BCTO and BCT1 registers.

\
(Do not allow other bus cycles to occur during this time.)
|

Set PDWN bit of BMC register to 1.

Stop internal clock of NA85E535 and BUSCLK/BUSCLK?2 signal.
(Glitch is generated on BUSCLK/BUSCLK2 signal when it is stopped.)

Initialize internal circuit.

Figure 3-15. Procedure of Clearing PDWN Bit (0)

Stop internal clock of NA85E535 and BUSCLK/BUSCLK?2 signal.
(Slave (circuit) using BUSCLK/BUSCLK?2 signal must be initialized.)

Initialize internal circuit.

Clear PDWN bit of BMC register to 0.

(CKM1 and CKMO bits of BMC register are automatically set to default value.)
|

If division ratio other than default value is used,
set CKM1 and CKMO bits of BMC register (refer to Figure 3-17).

Set each control register.
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Figure 3-16. Procedure of Setting CKM1 and CKMO Bits

Save set value of NPB strobe wait control register (VSWC).

Set all VSWLn bits of VSWC register to 1.
(Target CPU core: n = 2 to 0/Nx85E2x (under development): n = 3 to 0)

Set CKM1 and CKMO bits of BMC register.

I
(BUSCLK/BUSCLK?2 signal stops once during this time.)
|

Restore set value of VSWC register saved.
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3.1.12 Local bus sizing control register (LBS)

The LBS register sets the data bus width of the memory to be accessed, for each CSn area (n =7 to 0).
This register can be read or written in 16-bit units.

Figure 3-17. Local Bus Sizing Control Register (LBS)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LBS LB|{LB|LB|LB|LB|LB|LB|LB|LB|LB|LB|LB|LB|LB|LB|LB Address Default value
71|70 | 61 | 60 | 51 | 50 | 41 |40 | 31 |30 |21 |20 | 11 | 10 | O1 | 00 | FFFFF48EH Note 1
Bit position | Bit name Meaning
15100 LBn1, Sets the data bus width of the connected memory for each CSn area.
LBnO

LBn1 LBnO Data bus width Maximum number of times of
successive transfer**®?
0 0 8 bits 32 times (VSSEQ2 to VSSEQO =1, 0, 1)
0 1 16 bits 64 times (VSSEQ2 to VSSEQO =1, 1, 0)
1 Any 32 bits 128 times (VSSEQ2 to VSSEQ0 =1, 1, 1)

Notes 1. The default value differs as follows depending on the input levels of the LBS1 and LBSO pins reset.

LBS1 pin input level

LBSO0 pin input level

Default value

Low level Low level AAAAH
Low level High level 5555H
High level Any 0000H

Remark n=71t00

2. The maximum number of times of successive transfer VSB can request from the NA85E535 differs
depending on the data bus width setting (specify the maximum number of times of successive
transfer by using VSSEQ2 to VSSEQO, and do not input a value other than the above).
Successive transfers exceeding a page of SDRAM are prohibited.
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3.1.13 DMA flyby transfer wait control register (FWC)

The FWC register sets the number of data wait states for channel n (n = 3 to 0) during DMA flyby transfer.

The set value of this register is valid during DMA flyby transfer, and the set values of the DWCO0, DWC1, and PRC
registers are invalid.

This register can be read or written in 16-bit units.

Figure 3-18. DMA Flyby Transfer Wait Control Register (FWC)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ewe | o FW | FW | FW 0 FW | FW | FW 0 FW | FW | FW 0 FW | FW | FW Address Default value
32 | 31| 30 22 | 21| 20 12 | 11 | 10 02 | 01 | 00 | FFFFF494H 7777H
Bit position | Bit name Meaning
14 to0 12, FWn2 to Sets the number of data wait states for DMA flyby transfer for channel n.
10to 8, FWnO
Z :Z g FWn2 FWn1 FWno Number of data wait states
0 0 0 0
0 0 1 1
0 1 0 2
0 1 1 3
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 7 (default value)
Remarks 1. n=31t00
2. Bits 15, 11, 7, and 3 are fixed to 0 (setting these bits is ignored).

74 Preliminary User’'s Manual A15555EJ2VOUM



CHAPTER 3 BUS CONTROL FUNCTION

3.1.14 DMA flyby transfer idle control register (FIC)
The FIC register sets the number of idle states for channel n (n = 3 to 0) during DMA flyby transfer.
The set value of this register is valid during DMA flyby transfer, and the set value of the BCC register is invalid.
This register can be read or written in 16-bit units.

Figure 3-19. DMA Flyby Transfer Idle Control Register (FIC)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

FI | FI Fl | FI Fl | FI Fl | FI Address Default value
Fl
clo 0 31 | 30 0 0 21 | 20 0 0 11 | 10 0 0 01 | 00 | FFFFF496H 3333H

Bit position | Bit name Meaning
13,12, 9, FiIn1, Sets the number of idle states for DMA flyby transfer for channel n.
8,54, 1, FInO
0 Fin1 FInO Number of idle states
0 0 0
0 1 1
1 0 2
1 1 3 (default value)

Remarks 1. n=31t00
2. Bits 15, 14,11,10, 7, 6, 3, and 2 are fixed to 0 (setting these bits is ignored).
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3.2 Examples of Memory Connection

3.2.1 Example of SRAM connection

Figure 3-20. SRAM Connection Example 1

NA85E535

A18 to A2

DI31 to DI24
DO31 to DO24

DC3R
DC3F
Csz
RDZR
RDZF
WRZ3

DI23 to DI16
D023 to DO16

DC2R
DC2F

WRZ2

DI15 to DI8
DO15 to DO8

DC1R
DC1F

WRZ1

DO7 to DOO
DI7 to DIO

DCOR
DCOF

WRZ0

1/0
buffer

3

SRAM
(128 Kwords x 8 bits)

A16to A0

1/08 to 1/01

1/0
buffer

SRAM
(128 Kwords x 8 bits)

A16 to A0

1/08 to 1/01

1/0
buffer

SRAM
(128 Kwords x 8 bits)

A16 to A0

1/08 to 1/01

I/0
buffer

A

D

SRAM
(128 Kwords x 8 bits)

A16 to A0

1/08 to 1/01
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Figure 3-21. SRAM Connection Example 2

SRAM
NAB5E535 (256 Kwords x 16 bits)
A18to A1 A17 to AO

DI31 to DI16 o N PEN
11016 to /O1
DO31 to DO16 buffer [\——| V0161010

iRl ;
1o

U

DC2R
DC2F
Csz cs
RDZR |— \ o=
RDZF |— J
BENZ3 » B
BENZ2 » B
WRSTBZ WE
SRAM
(256 Kwords x 16 bits)
A17 to A0
DI15 to DIO /0 L
DO15 to DOO [T 1 buffer [« ] /016 to /01
DC1R 4
DC1F
DCOR
DCOF
cs
OE
BENZ1 » B
BENZO B
> WE
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3.2.2 Example of page ROM connection

Figure 3-22. Page ROM Connection Example 1 (Data Bus Width: 16 Bits)

NAB5E535

A21 to A2

DI31to DI16

DC3R
DC3F

DC2R
DC2F

CSz
RDZR
RDZF

DI15 to DIO

DC1R
DC1F

DCOR
DCOF

W

0

[/[O T /E—
buffer [N

Page ROM
(1 Mwords x 16 bits)

A19 to AO

01510 00

W

U

1/0 ]
buffer [N

Page ROM
(1 Mwords x 16 bits)

A19to AO

015to O0
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Figure 3-23. Page ROM Connection Example 2 (Data Bus Width: 8 Bits)

NA85E535 Page ROM
(2 Mwords x 8 bits)
A22 to A2 A20 to A0
I/0
DI31 to DI24 buffer 07 to O0
DC3R 4
DC3F
csz CE
RDZR \ O
RDZF J
Page ROM
(2 Mwords x 8 bits)
A20 to A0
I/0
DI23 to DI16 buffer 07 to 00
DC2R 4
DC2F
CE
OE
Page ROM
(2 Mwords x 8 bits)
A20 to A0
I/0
DI15 to DI8 buffer 07 to O0
DC1R +
DC1F
CE
OE
Page ROM
(2 Mwords x 8 bits)
A20 to A0
I/0
DI7 to DIO buffer 07 to O0
DCOR +
DCOF
CE
OE
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3.2.3 Example of SDRAM connection

Figure 3-24. Example of 64Mb SDRAM Connection

NA85E535

A13to A2
A23, A22

DI31 to DI16
DO31 to DO16

DC3R
DC3F

DC2R
DC2F
BUSCLK
CKE
Ccsz
SDRASZ
SDCASZ
DQM3
DQM2
SDWEZ

DI15 to DIO
DO15 to DOO

DC1R
DC1F

DCOR
DCOF

DQM1
DQMO

1/0
buffer

D
D,

SDRAM
(1 Mwords x 16 bits x 4)

A11to AO
A13, A12

DQ15 to DQO

CLK
CKE
cs
RAS
CAS
HDQM
LDQM
WE

1/0
buffer

U0

SDRAM
(1 Mwords x 16 bits x 4)

A11to AO

A13, A12

DQ15 to DQO

CLK
CKE
cs
RAS
CAS
HDQM
LDQM
'WE
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(1) Output of each address and connection of SDRAM
The setting of SDRAM configuration register n (SCRn) for each data bus width (8 bits, 16 bits, and 32 bits),
physical address, address output from the NA85E535, and connection of SDRAM to the NA85E535 are
explained below.

(a) With data bus width of 8 bits
Here is an example of connecting 64 Mb SDRAM (2 Mwords x 8 bits x 4 banks) when the data bus width
is 8 bits:

¢ Setting of SCRn register
SS01, SSO0 = 00: Data bus width = 8 bits
RAW1, RAWO = 01: Row address width = 12 bits
SAW1, SAWO0 = 01: Column address width = 9 bits

¢ Physical address
A22, A21: Bank address
A20 to A9: Row address
A8 to AO: Column address

¢ Address output from NA85E535
A22, A21: Bank address
A11 to AO: Row address (12 bits), column address (9 bits)

Row address and bank address output with active command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6_A5 A4 A3 A2 A1 A0

|a25‘a24‘a23 a22‘a21 a20‘a19 ‘a18‘a17‘a25‘a24‘a23‘a22‘a21 a20‘a19‘a18‘a17‘a16~a15~a14~a13~a12~a11 ‘aw‘ a9

- - - -

Bank address Row address

Column address output with read/write command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

|a25‘a24‘a23‘a22‘a21 ‘a20‘a19‘a18‘a17‘a16‘a15‘a14‘a12‘a11 ‘aw‘ 0 ‘ag a8 ‘a7 ‘ a6 ‘a5 ‘a4 ‘ a3 ‘ a2 ‘a1 ‘ao

- -
-

Column address

e Connection of SDRAM to NA85E535
A22, A1 (NAB5E535) — BAO (A13), BA1 (A12) (SDRAM)
A11 to A0 (NA85E535) — A11 to A0 (SDRAM)
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(b) With data bus width of 16 bits
Here is an example of connecting 512 Mb SDRAM (8 Mwords x 16 bits x 4 banks) when the data bus
width is 16 bits:

o Setting of SCRn register
SSO1, SSO0 = 01: Data bus width = 16 bits
RAW1, RAWO = 10: Row address width = 13 bits
SAW1, SAWO0 = 10: Column address width = 10 bits

¢ Physical address
A25, A24: Bank address
A23 to A11: Row address
A10to A1: Column address

e Address output from NA85E535
A25, A24: Bank address
A13 to A1: Row address (13 bits), column address (10 bits)

Row address and bank address output with active command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1l A0

a24 |a23 all |a10

-
- -

Bank address Row address

a25 a22 al9 al6 |a25 a20 al7 al4

a24 ‘a23 a21 ‘a20 al8 ‘a17 a22 ‘a21 al9 ‘a18 al6 ‘a15 al3 ‘a12

Column address output with active command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
a25‘a24~a23‘a22‘a21 ‘a20‘a19‘a18‘a17‘a16‘a15 ‘a14‘a12‘a11 ‘ 0 a10‘ a9 ‘ a8 ‘ a7 ‘ a6 ‘ a5 ‘ a4 ‘ a3 ‘ a2 ‘ al | a0

-

-

Column address

e Connection of SDRAM to NA85E535
A25, A24 (NAB5E535) — BAO (A14), BA1 (A13) (SDRAM)
A13 to A1 (NAB5E535) —A12 to A0 (SDRAM)
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(c) With data bus width of 32 bits
Here is an example of connecting 512 Mb SDRAM (256 Mb SDRAM (4 Mwords x 16 bits x 4 banks) x 2)
when the data bus width is 32 bits:

o Setting of SCRn register
SSO1, SSO0 = 10: Data bus width = 32 bits
RAW1, RAWO = 10: Row address width = 13 bits
SAW1, SAWO0 = 01: Column address width = 9 bits

¢ Physical address
A25, A24: Bank address
A23 to A11: Row address
A10to A2: Column address

e Address output from NA85E535
A25, A24: Bank address
A14 to A2: Row address (13 bits), column address (9 bits)

Row address and bank address output with active command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
a25 ‘a24 ‘azs ‘a22 ‘a21 ‘a20 ‘a19 ‘a18 ‘a17 ‘a25 ‘a24 a23 ‘a22 ‘a21 ‘azo ‘a19 ‘a18 ‘a17 ‘a16 ‘a15 ‘a14 ‘a13 ‘a12 ‘a11 al0 ‘ a9 |

- .

Bank address Row address

Column address output with active command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

all a10‘39 a8 | a7 | a6 | a5 a4‘a3 a2 | al | a0

- -
- -

a25‘a24 a23 a22‘321 a20 a19‘a18 al7 a16‘a15 al4 a12‘ 0

Column address
e Connection of SDRAM to NA85E535

A25, A4 (NABSE535) — BAO (A14), BA1 (A13) (SDRAM)
A14 to A2 (NAB5E535) — A12 to A0 (SDRAM)
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(2) Bank address output

84

The NA85E535 precharges the bank it is about to access when it outputs a row address immediately after
page change as a bank precharge command. After bank change, the NA85E535 also precharges the bank
previously accessed when it outputs a column address. Therefore, the bank is precharged both when a row
address is output and when a column address is output. For this reason, always connect the pins of
NAB85E535 that output a bank address (A22 and A21) to the bank address pins (A13 and A12) of SDRAM
when SDRAM is connected as explained in 3.2.3 (1) (a) With data bus width of 8 bits.

An example of address output when the bank precharge command is executed to change the page and bank
with the connection introduced in 3.2.3 (1) (a) With data bus width of 8 bits is shown below.

(a) To change page (with data bus width of 8 bits)
Because the bank to be accessed is precharged, the physical addresses (A25 to A9) are output from the
A25 to A0 pins of the NA85ES535.

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1
|a25‘a24‘a23 a22‘a21 aZO‘a19‘a18‘a17‘a25‘a24‘a23‘a22‘a21 aZO‘ 0 ‘a18‘a17‘a16‘a15‘a14‘a13‘a12‘a11‘a10‘ a9

Bank address to be accessed Row address

(b) To change bank (with data bus width of 8 bits)
Because the bank previously accessed is precharged, the physical addresses previously accessed (A25
to A9) are output from the A25 to A9 pins of the NA8S5E535.

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1
a25‘a24‘a23 a22‘a21 a20‘a19‘a18‘a17‘a16‘a15‘a14‘a12‘a11‘a10‘ 0 ‘ a9 | a8 ‘ a7 ‘ a6 ‘ ab ‘ a4 ‘ a3 ‘ a2 ‘ al ‘ a0

- - -
- - -

Bank address previously accessed Column address
The bits that determine the precharge mode (A10: 8-bit data bus width, A11: 16-bit data bus width, A12: 32-bit

data bus width) output a high level when the all-bank precharge command is executed, and a low level when
any other precharge command is executed.
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3.3 STOP Function

When the CPU core enters the STOP mode, the NA85E535 operates in the following sequence (refer to Figure 3-

25).
<1>
<2>
<3>

<4>

<5>

When hardware STOP or software STOP instruction is executed, the CPU core inputs the STOP mode
request signal (STPRQ) to the NA85E535.

The NA85E535 outputs the VSB mastership request signal (VAEXREQ) to the CPU core.

The CPU core inputs an acknowledge signal (VAACK) to the NAB5E535 in response to the VAREQ signal.

If there is a CSn area set as SDRAM, the all bank precharge command, NOP command, and self-refresh
command are output.

The NA85E535 returns an acknowledge signal (STPAK) to the CPU core in response to the STPRQ signal.

The NA85ES535 returns the STPAK signal two clocks, at the earliest, after it has received the STPRQ signal.
If SDRAM is connected, the NAB5E535 enters the STOP status when the REFRQZ signal and CKE signal go low.

Figure 3-25. Operation of NA85E535 in STOP Mode

CPU core NA85E535 SDRAM
<2> <4>
VAREQ VAEXREQ SDRASZ SDRASZ
<3> <4>
VAACK »{ VAACK SDCASzZ SDCASZ
<4>
<> SDWEZ SDWEZ
4
STPRQ - STPRQ CKE <4> CKE
4. __
STPAK STPAK cszn <4> cs

Remark n=6,4,3,or1
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When releasing the STOP mode, the NA85E535 operates in the following sequence (refer to Figure 3-26).

<1>

<2>

<3>

<4>

<5>

The STOP mode request signal (STPRQ) from the CPU core is cleared.

After the STPRQ has been cleared, the NA85E535 clears its acknowledge signal (STPAK) in response to
the STPRQ signal at the next rising edge of VBCLK.

If there is a CSn area that is set as SDRAM, a NOP command is output and an idle state (BCW wait x 4
BUSCLK clocks) is inserted (n = 6, 4, 3, or 1).

The VSB mastership request signal (VAEXREQ) is cleared.

The acknowledge signal (VAACK) from the CPU core in response to the VAEXREQ signal is cleared.

If SDRAM is not set, <3> is not executed (for details, refer to Figure 4-23 SDRAM Self-Refresh Timing (STOP

Timing)).
Figure 3-26. Operation of NA85E535 When STOP Mode Is Released
CPU core NA85E535 SDRAM

<4> <3> __

VAREQ VAEXREQ CSzZn Cs

VAACK <> plvAACK

STPRQ <t> STPRQ

STPAK 2 STPAK

Remark n=6,4,3,or1

86

(2) Timing of setting/releasing STOP mode

Figure 3-27 shows the timing of setting and releasing the STOP mode.

Remark For details of the VSB signals, refer to NU85E Hardware User’s Manual (A14874E).
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*Figure 3-27. Timing of Setting/Releasing STOP Mode (Without SDRAM Setting) (1/4)

VBCLK (input) \__/

BUSCLK
(output)

STPRQ
(input)

N\
N\

(a) Division by 1

N\
N\

STPAK
(output)

7

VAEXREQ
(output)

VAACK
(input)

VMLOCK
(output)

REFRQZ
(output)

VBDI31 to VBDIO

(output)

VBDO31 to VBDOO
(input)

VDCSZ7 to VDCSZ0
(input)

A25 to A0
(output)

CSZ7 to CSZ0
(output)

SDRASZ
(output)

SDCASZ
(output)

SDWEZ
(output)

DQM3 to DQMO
(output)

CKE
(output)

RDZF, RDZR
(output)

WRZ3 to WRZ0
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)
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*Figure 3-27. Timing of Setting/Releasing STOP Mode (Without SDRAM Setting) (2/4)

VBCLK (input) \

BUSCLK
(output) —

STPRQ

N\

(b) Division by 2

(input)

STPAK

(output)

VAEXREQ
(output)

VAACK
(input)

VMLOCK
(output)

REFRQZ
(output)

VBDI31 to VBDIO
(output)

VBDO31 to VBDOO
(input)

VDCSZ7 to VDCSZ0
(input)

A25 to A0

(output)

CSZ7 to CSZ0
(output)

SDRASZ
(output)

SDCASZ
(output)

SDWEZ
(output)

DQM3 to DQMO
(output)

CKE
(output)

RDZF, RDZR
(output)

WRZ3 to WRZ0
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

NOILONN4 TO0HINOD SN9 € 431dVHO



INNOAZMISSSSHY [enuep sJesn Areulwield

68

*Figure 3-27. Timing of Setting/Releasing STOP Mode (Without SDRAM Setting) (3/4)

VBCLK (input) \  /

BUSCLK
(output) —

STPRQ
(input)

N\
N\

(c) Division by 3

STPAK

N\
-

7

(output)

VAEXREQ

(output)

VAACK

(input)

VMLOCK
(output)

REFRQZ
(output)

VBDI31 to VBDIO
(output)

VBDO31 to VBDOO
(input)

VDCSZ7 to VDCSZ0
(input)

A25 to A0
(output)

CSZ7 to CSZ0
(output)

SDRASZ
(output)

SDCASZ
(output)

SDWEZ
(output)

DQM3 to DQMO
(output)

CKE
(output)

RDZF, RDZR
(output)

WRZ3 to WRZ0
(output)

DC3R to DCOR
(output)

DC3F to DCOF

(output)
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*Figure 3-27. Timing of Setting/Releasing STOP Mode (Without SDRAM Setting) (4/4)

VBCLK (input) \

BUSCLK
(output) —

STPRQ

N\

N\

(d) Division by 4

(input)

STPAK

(output)

VAEXREQ

(output)

VAACK
(input)

VMLOCK
(output)

REFRQZ
(output)

VBDI31 to VBDIO
(output)

VBDO31 to VBDOO
(input)

VDCSZ7 to VDCSZ0
(input)

A25 to A0

(output)

CSZ7 to CSZ0
(output)

SDRASZ
(output)

SDCASZ
(output)

SDWEZ
(output)

DQM3 to DQMO
(output)

CKE
(output)

RDZF, RDZR
(output)

WRZ3 to WRZ0
(output)

DC3R to DCOR
(output)

DC3F to DCOF

(output)

NOILONN4 TO0HINOD SN9 € 431dVHO



CHAPTER 3 BUS CONTROL FUNCTION

3.4 Bus Hold Function

When the HLDRQZ signal is asserted, the NA85E535 enters the bus hold status. When the NA85E535 has
completely entered the bus hold status, the HLDAKZ signal is asserted. While the NA85E535 is in the bus hold
status, the HLDAKZ signal stays active.

In the bus hold status, the NA85ES535 is the bus master of the VSB. The external memory connection pins of the
NAB85E535 must be designed on the user logic side so that the signals do not conflict in the bus hold status. For the
details of the pin statuses in the bus hold status, refer to Table 2-8 Pin Status in Each Operation Mode.

When the HLDRQZ signal is inactive, the NA85E535 enters the normal status.

Caution Make sure that the external bus master accesses SDRAM during bus hold after the bank

precharge command has been executed.

(1) Bus hold procedure

<1>
<2>
<3>

<4>

<5>

<6>

<7>

<8>

<9>

The external memory inputs an external bus hold request signal (HLDRQZ) to the NA85E535.

The NAB5E535 outputs the VSB mastership request signal (VAEXREQ) to the CPU core.

The current bus cycle is completed.

The CPU core inputs an acknowledge signal (VAACK) to the NA85ES535 in response to the VAEXREQ
signal.

The NA85E535 returns an acknowledge signal (HLDAKZ) to the external memory in response to the
HLDRQZ signal.

Bus hold status

The HLDRQZ signal is deasserted.

Because the bus hold request from the external memory has been cleared, the HLDAKZ signal is
inactive.

When the bus cycle in the bus hold status is complete, the VAEXREQ signal is inactive.

The VAACK signal from the CPU core is deasserted, and the bus hold status ends.

<10> The CPU core is now the master and starts a VSB bus cycle.

(2) Bus hold timing
An example of the bus hold timing is illustrated on the next page.

Remarks 1. XXXXX: Undetermined status (output), or any level (input)

2. For details of the VSB signals, refer to NU85E Hardware User’s Manual (A14874E).
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*Figure 3-28. Bus Hold Timing

VBCLK (input)
BUSCLK (output) \—/

VSA25 to VSAQ —
(input) —

VSSTZ —

(input)

VDCSZ7 to VDCSZ0 —
(input) ——

VSWRITE
(input)

Bus hold status

YA AN AN SN AN SN AAND

VSBENZ3 to VSBENZO —
(input) ——

VSSEQ2 to VSSEQD ——
(input) ——

VBDO31 to VBDOO
(input)

=<

X XN X <
\ [
N

VBDI31 to VBDIO
(output) XX

Transfer response

VAEXREQ
(output)

Wait

X Ready

Wait

VAACK
(input)

VMLOCK
(output)

HLDRQZ _—\

(input)

HLDAKZ
(output)

A25 to AO
(output)

<

<

BCYSTZ

(output)

RDZF
(output)

RDZR
(output)

DI31 to DI0
(input) XXX

CSZ7 to CSZ0

(output)
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3.5 Cautions

3.5.1 Connection to VSB

In a system where two or more bus masters exist on the VSB (VSB multi-master configuration), make sure that the
logical sum (OR) of each bus master output data (VBDOn) and the NA85E535 output data (VBDIn) is not input to the
input pin (VBDOn) of the NA85E535.

Figure 3-29. Example of Connection of MEMC and Bus Master in VSB Multi-Master Configuration

(a) Example of recommended connection

Bus master 1 /\ NAB5E535

VB
On VBDOn
VBDIn
VEDIn

Bus masten 2
VBD
VB -t

(b) Example of prohibited connection

Bus ast«.}v\ NABBE535
VBD

VBDIn tf ’
VBDIn

Bus master 2

VBDO

VBDIn

G

Remark n=311t00
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In the following memory access timing, for example, correct data is not input to the NA85E535 in a system with the
prohibited connection shown in Figure 3-29 (b), because the logical sum (OR) of the input data ‘DO’ from the memory
and the input data ‘D1’ from the VSB is latched at the timing <b> in Figure 3-30.

Figure 3-30. Example of Memory Access Timing

P Read cycle ol Write cycle o
A |
veck (npu) _/~ N/ N/ \_/ 7/ \_V \/
VSA25 to VSAO (input) _>( AO A1
VSSTZ (input) |
VSB<> . — —
NAB5E535 VDCSZ7 to VDCSZO0 (input)
VSWRITE (input) |
VBDI31 to VBDIO (output) DO (NAS5E535 — VSB)
VBDO31 to VBDOO (input) / D1 \
— (VSB — NA85E535)
vy ’
A25 to A0 (output) A0 Al
BCYSTZ (output) o
CSZ7 to CSZ0 (output)
RDZF (output
NAS5E535 <> (output) i/
Memory
RDZR (output)
WRZ3 to WRZ0 (output) \ /1
DI31 to DIO (input) / DO (Memory — NA85E535)
y DO31 to DOO (output) D1
X (NA85E53 — Memory

<a> <b>

Remark <a>: Data from memory is latched and output to the VSB.
<b>: Data from the VSB is latched and output to memory.
O: Sampling timing
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CHAPTER 3 BUS CONTROL FUNCTION

3.5.2 Designing high-speed circuit

When designing an interface with high-speed clocked external memory (especially SDRAM) by using the
NAB5ES35, the external read data setup time is very critical. This data setup time can be relaxed in the following
ways.

¢ Output the bus clock as quickly as possible (minimize the delay value with respect to the system clock).
e Locate the BUSCLK2 and DI31 to DIO pins of the NA85E535 and the external pins of the CBIC product as
closely as possible (as shown in <1> and <2> in Figure 3-31), to minimize the delay value.

The NAB5ES535 has a system clock input pin (VBCLK2) and a bus clock output pin (BUSCLK2) to support a high-
speed memory interface, in addition to the normal system clock input pin (VBCLK) and bus clock output pin
(BUSCLK). The VBCLK2 pin is a clock input pin dedicated to generation of the bus clock output by the BUSCLK2 pin
(the logical operations of the BUSCLK2 and BUSCLK signals are the same).

The delay time from input of the VBCLK2 signal to output of the BUSCLK2 signal is designed to be shorter than
the delay time from input of the VBCLK signal to output of the BUSCLK signal. To improve the bus clock output
delay value of a CBIC product, therefore, use the BUSCLK?2 signal as the bus clock.

Figure 3-31. Example of Measures to Relax Data Setup Time (1/2)

(a) Configuration

CBIC
VBCLK root NAB5E535

buffer <1>

I Delay adjuster VBCLK2 BUSCLK2|—»[__> BUSCLK
(external pin)

Delay adjuster VBCLK BUSCLK [
<2>
DI31 to DIO [«
DO31 to DOO [ [—»<__> D31 to DO

(external pins)

Remarks 1. The specification of the BUSCLK signal of a CBIC product can be adjusted by the delay
adjuster.
2. Shorten the distances between the BUSCLK2 pin of the NA85E535 and external BUSCLK pin
(<1>) and between the DI31 to DIO pins of the NA85E535 and external D31 to DO pins (<2>) as
much as possible.
3. Be sure to input the clock to the VBCLK pin.
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CHAPTER 3 BUS CONTROL FUNCTION

Figure 3-31. Example of Measures to Relax Data Setup Time (2/2)

(b) Timing chart
VBCLK I | I | I | I |
(root buffer)
VBCLK I | I | I | I |
(NA85E535 input)
VBCLK I | I | | | I |
(inside NA8B5E535) ‘
BUSCLK I | | | I | I |
(NA85E535 output) ‘
VBCLK2
(NAB5E535 input) I | I | I | I |
BUSCLK2 I | | I | I |
(NA85E535 output) \‘
DI31 to DIO
(SDRAM — NAB5E535) >< ><

\

Latch timing of DI31 to DIO signals

The data read timing can be improved by outputting the BUSCLK2
signal quickly and quickening the data output timing of SDRAM.

Remark The AC specifications are defined for the delay difference between the VBCLK signal output by the
root buffer and the VBCLK and VBCLK2 signals input to the NA85E535 (for details, contact NEC).
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CHAPTER 3 BUS CONTROL FUNCTION

3.5.3 Processing of data bus

The NAB5ES535 has the DC3R to DCOR and DC3F to DCOF pins to control the data output pins, and the logical
sum (OR) of these signals can be used to control output of the data I/O pins of the CBIC product.

However, because these control signals are always high level, except when the external memory is written (the
output buffer goes into a high-impedance state), when the internal peripheral 1/O is accessed or internal ROM is
fetched, for example, the data bus goes into a high-impedance state. This means that the DC3R to DCOR and DC3F
to DCOF pins can be used to select an output buffer but not to enable an input buffer.

To prevent through-current and malfunction of the memory, therefore, externally connect (on the user set board) a
buffer with a pull-up function to the 1/O buffer for the data bus to pull up the buffer.

Figure 3-32. Processing of Data Bus

CBIC
Either of these
NABSES35 is necessary
BN
DIn
DOn
Dn
DCmR (external pin)

Remark n=31t00,m=3to0
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CHAPTER 3 BUS CONTROL FUNCTION

3.5.4 DMA acknowledge/chip select handling function

Memory access using the NA85E535 does not execute the VSB cycle and external memory access cycle
simultaneously. Therefore, the acknowledge/chip select signal output by the DMA controller is input to the
NA85E535, matched with the actual DMA memory cycle, and output in synchronization with the bus clock (BUSCLK).
(For details, refer to Figures 4-4 to 4-13.) However, the active level of the acknowledge/chip select signal is output
only during flyby transfer, and is not output during 2-cycle transfer. For this reason, a selector circuit with the
following specifications must be externally connected when 2-cycle transfer and flyby transfer by DMA are used
together.

¢ During 2-cycle transfer: Outputs the acknowledge/chip select signal output by the DMA controller.
¢ During flyby transfer: Outputs the acknowledge/chip select signal output by the NAS5E535.

This selector circuit must be of a configuration that it has a copy bit of the bit that sets the transfer type of each
transfer channel of the DMA controller™ and selects the corresponding acknowledge/chip select signal.

Note Internal DMA controller of CPU core: TTYP bit of DADCO to DADCS registers
NA85E300: TTYP bit of DXADCO to DXADCS registers

An example of a circuit that selects the acknowledge/chip select signal when the NA85E300 is used is shown
below.

Figure 3-33. Example of Circuit Selecting Acknowledge/Chip Select Signal (with NAS85E300)

CBIC

NA85E300 NA85E535

(During flyby transfer)

DMXCSZn DMXCSZmn DMXCZMmn

Selector [—__ >

(During 2-cycle transfer)

TTYP bit of external DMA address control register

(DXADCNn) (copy register)

Remark n=3to0,m=1,0

In the following cases, handling cannot be performed because the internal system clock is stopped (do not
execute DMA transfer).

¢ While the division ratio set by the bus mode control register (BMC) is being switched
e When the PDWN bit of the BMC register is set to 1
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CHAPTER 4 MEMORY ACCESS TIMING EXAMPLES

The following pages show examples of memory access timing.

Table 4-1. Examples of Memory Access Timing (1/4)

(a) Example of SRAM access timing

Figure No. | Read/Write Cycle Access Condition Page
4-1 a | Read cycle - 104
b | Write cycle - 105
¢ | Read cycle Without wait/sequential transfer 106
T Without wait/with speculative read 107
T Without wait/single transfer/with speculative read/read access to line 108
T Without wait/single transfer/with speculative read/read access to another line 109
T Without wait/single transfer/with speculative read/write access to line 110
T Without wait/single transfer/with speculative read/write access to another line 111
T Without wait/single transfer/with speculative read/write access to NA85E535 register 112
j Without wait/eight sequential transfers from speculative read hit address/local bus 113
size: 32 bits
k | Write cycle Without wait/sequential transfer 114
T Data wait = 1/sequential transfer 115
T Without wait/non-sequential transfer 116
T Data wait = 1/non-sequential transfer 117
T Without wait/sequential transfer/local bus size: 16 bits 118
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CHAPTER 4 MEMORY ACCESS TIMING EXAMPLES

Table 4-1. Examples of Memory Access Timing (2/4)

(b) Example of SDRAM access timing

Figure No. | Read/Write Cycle Access Condition Page
4-2 a | Read cycle CL = 2/BCW = 2/single transfer 119
T Without wait/CL = 2/sequential transfer/without page and bank change 120
¢ | Write cycle CL = 2/BCW = 2/single transfer/with page and bank change 121
T Without wait/sequential transfer/without page and bank change 122
T Without wait/sequential transfer/with bank change 123
T Without wait/non-sequential transfer/without page and bank change 124
g | Write cycle —» CL = 2/BCW = 2/single transfer 125
read cycle
h | Read cycle —» Without wait/CL = 2/single transfer/without page and bank change/with speculative 126
write cycle read
i | Read cycle Without wait/CL = 2/non-sequential transfer/without page and bank change/without 127
speculative read/local bus size: 16 bits
T Without wait/CL = 2/non-sequential transfer/without page and bank change/with 128
speculative read/local bus size: 8 bits
T Without wait/CL = 3/sequential transfer/without page and bank change/without 129
speculative read/local bus size: 16 bits
N Without wait/CL = 3/sequential transfer/without page and bank change/without 130
speculative read/local bus size: 8 bits
m Without wait/CL = 2/16 sequential transfers from speculative read hit address/local 131
bus size: 32 bits
n | Write cycle Without wait/sequential transfer/without page and bank change/local bus size: 8 bits 132
(c) Example of page ROM access timing
Figure No. Access Condition Page
4-3 a | Without speculative read/non-sequential transfer 133
b | Without speculative read/sequential transfer 134
¢ | With speculative read/non-sequential transfer 135
d | With speculative read/sequential transfer 136
e | With speculative read/off-page wait = 1/without on-page wait/local bus size: 32 bits (1) 137
f | With speculative read/off-page wait = 1/without on-page wait/local bus size: 32 bits (2) 138
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CHAPTER 4 MEMORY ACCESS TIMING EXAMPLES

Table 4-1. Examples of Memory Access Timing (3/4)

(d) Example of DMA transfer timing (1/2)

Figure No. Transfer Type DMAC Transfer Direction Transfer Condition Page
4-4 a | Flyby transfer*™' | DMAC with SRAM — external I/O Single transfer 139
T on-chip CPU Single transfer/transfer request during | 140
core speculative read
T Single transfer/division by 2 (1) 141
T Single transfer/division by 2 (2) 142
4-5 a External I/O — SRAM Single transfer 143
T Single transfer/flyby transfer request 144
during write
4-6 Page ROM — external I/O | Single transfer 145
4-7 SDRAM — external 1/0 Single transfer 146
4-8 External I/O — SDRAM Single transfer 147
4-9 a NA85E300 SRAM — external I/O Single transfer 148
T Single transfer (4 words) 149
4-10 | a External I/O — SRAM Single transfer 150
T Single transfer (4 words) 151
4-11 Page ROM — external I/O | Single transfer (4 words) 152
4-12 SDRAM — external I/O Single transfer (4 words) 153
4-13 External /O —» SDRAM Single transfer (4 words) 154
4-14 | a | 2-cycle transfer"* | DMAC with SRAM — SRAM Single transfer/without wait/without 155
on-chip CPU speculative read
b core Block transfer/with speculative read 156
T Block transfer/without speculative 157
read
T Line transfer/with speculative read 158
e Line transfer/without speculative read | 159
4-15 | a SDRAM — SDRAM Single transfer/without wait/CL = 2/ 160
without speculative read
T Block transfer/with speculative read 161
T Block transfer/without speculative 162
read
T Line transfer/with speculative read 163
T Line transfer/without speculative read | 164
4-16 SRAM — NPB Single transfer/with speculative read 165
4-17 NPB — SRAM Single transfer 166
4-18 NPB — NPB Single transfer/during speculative 167

read

Notes 1. The same cycle is generated in the VSB and local bus regardless of whether speculative read is set.
2. Local bus size: 32 bits
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CHAPTER 4 MEMORY ACCESS TIMING EXAMPLES

Table 4-1. Examples of Memory Access Timing (4/4)

(d) Example of DMA transfer timing (2/2)

Figure No. Transfer Type DMAC Transfer Direction Transfer Condition Page
4-19 2-cycle transfer™®' | DMAC with on- | NPB — RAM Single transfer/during speculative 168
chip CPU core read
4-20 | a NA85E300 SRAM — SRAM Single transfer/without wait/without 169
speculative read
b Block transfer/with speculative read 170
[ Block transfer/without speculative 171
read
d Single transfer (4 words)/with 172
speculative read
e Single transfer (4 words)/without 173
speculative read
4-21 | a SDRAM — SDRAM Single transfer/without wait/CL = 174
2/without speculative read
b Block transfer/with speculative read 175
c Block transfer/without speculative 176
read
d Single transfer (4 words)/with 177
speculative read"*°?
e Single transfer (4 words)/without 178
speculative read"*?
Notes 1. Local bus size: 32 bits
2. The timing is the same regardless of whether speculative read is set.
(e) Other
Figure No. Title Page
4-22 SDRAM CBR refresh timing 179
4-23 SDRAM self-refresh timing (STOP timing) 180
4-24 MobileRAM deep power down timing (STOP timing) 181
4-25 SDRAM mode register write operation timing 182
4-26 MobileRAM expansion mode register write operation timing 183
4-27 BMC register change timing (setting of division by 1 — division by 2) 184
4-28 SRAM write access timing example (if division ratio of BUSCLK for VBCLK signal is 1/2) 185
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CHAPTER 4 MEMORY ACCESS TIMING EXAMPLES

Each timing chart consists of the following states.

TO state:

T1 and T2 states:
TA state:

TW state:

TACT state:
TBCW state:
TREAD state:
TLATE state:

VSB start state from CPU core
Basic states

Address setting wait state

Wait state

State of bank active command
Wait state inserted if BCW =2 or 3
State of read command

Wait state of latency

TPREC state: State of bank precharge command

TWR state: State indicating write command

WPRE state: Precharge state after write command

WEND state: State indicating end of write cycle
e TF state: State during DMA flyby transfer between SDRAM and external 1/0
o TRPW state: State inserted while NA85E535 waits for cycle generation

Remarks 1. XXXXX: Undetermined status (output), or any level (input)
2. O: Sampling timing
3. For details of the VSB signals, refer to NUB5E Hardware User’s Manual (A14874E).
4. The shaded part in the VSB figure is the same shading of the memory cycle of the corresponding
VSB cycle.

The transfer response is changed by the VSWAIT, VSAHLD, and VSLAST signals as shown in Table 4-2.

Table 4-2. Transfer Response

VSWAIT VSAHLD VSLAST Transfer Response
0 0 0 Ready (ready response: Current transfer is completed)
1 0 0 Wait (wait response)

1 1 0 Ahold (Address hold response: Holds address and control signal)

Remarks 1. O: Low level, 1: High level

2. The NAB5E535 does not have Last (last response).
3. If a cache or external bus master is not connected to the CPU core, the VSB data bus size is fixed

to 32 bits. As a result, sequential transfer does not take place.
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*Figure 4-1. Example of SRAM Access Timing (1/15)

CPU core>
NAB5ES35

NAB5E535¢>
SRAM

VBOLK (input)
BUSCLK (output) —
VSAZ510 VSA) —

(input) —

(a) Read cycle

[\

=

VSBENZ3 to VSBENZO —
(input) —

Transfer response :
VBDI31 to VBDIO

=

Wait Ready

Wait

Ready

Wait

Ready

Ahold

Ready

Wait

Ready

D1

D2

(output)

TO T T2

TA T

T0 ™ W T2

TO ™ T2

Tl

TO T

A25t0 AO

(output)

BCYSTZ
(output)

CSZ7t0 CSZ20

(output)

RDZF
(output)

RDZR
(output)

WRZ3 to WRZ0

1,1,1,1)

(output)
BENZS3 to BENZO

(output)

DC3Rto DCOR

(output)

1,1,1,1)

DC3F to DCOF

(output)

(0,0,0,0

X Giil  X@oooX (i

)

X000 it

X(©.0.0.0X

DI31toDI0 —

(input)

X0

X

X

WAITZ

(input) —;

\

7

\

i3]
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SOl

CPU core«>
NAB5E535

NAB5E535«>
SRAM

k- VBCLK (input) N
BUSCLK (output)

*Figure 4-1. Example of SRAM Access Timing (2/15)

(b) Write cycle

20 A A N A N

VSA25 to VSAO j(
(input)

VSSTZ —\ e
(input) f

VDCSZ7 to VDCSZ0
(o) —
VSWRITE
(input)

VSCTYP2 to VSCTYPO :x

(input) 1
VSBENZ3 to VSBENZO :X

(input) {

Transfer response _X Wait

Ready

Wait

Ready

Ready

Wait

Ready Wait

Ready

VBDO31 to VBDOO /

DO

D1

D2

D3 X

D4

Y (input)

_ TO

T

T2

TA

T2

T

T

Tl

T

T2

A A25 to AO
(output)

BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF, RDZR

(output) H

WRZ3 to WRZ0 (4, 1,1,1)

\

NS

(1,1,1,1)

L

1)

N

(1,1,1,1)

EERT

(output)

WRSTBZ
(output)

i/

1E

BENZ3 to BENZO
(output)

DC3R to DCOR

(output) }(1’ 11.1)

(1,1,1,1)

DC3F to DCOF
(output)

DO31 to DOO
(output)

D1

D3

D4

WAITZ

2 (input)
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*Figure 4-1. Example of SRAM Access Timing (3/15)

CPU core
NAB5E535

NABSE535¢>
SRAM

Lt
-

Lt
-

!
lal

A VBCLK (input)

BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO
(output)

A25to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

(c) Read cycle/without wait/sequential transfer

X —_ A0 ‘ A0 +4H A0 +8H A0 + CH
X
X (0,0,0,0)
X 01,0 X 0,0, 1) ©,0,1) 0,0,0) X
:X Vi/ait : Ready = Wait ‘X Ready Wait Ready Wait IX Ready \
Do\ D1 D2\ 03
T0 T1 2 T1 2 Ti T T T2
A0 AO +4H A+ 8H A0 +CH
AN VN N S 2 B N RV L W S 4
1,1, 1)
. | . o I . . ’
! . I ! ! ! .
00,00 ' ' ' @110 ' ' Yoo
Do A [/ / R
i/ 7/ L/
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*Figure 4-1. Example of SRAM Access Timing (4/15)

CPU core>
NAB5E5S35

NAB5ES35«>
SRAM

Y VBCLK (input)
BUSCLK (output)
VSAZ5 to VSAQ

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2to VSCTYPO
(input)

VSBENZ3 to VSBENZD
(input)

VSSEQ2 to VSSEQD
(input)

Transfer response

VBDI31 to VBDIO
(output)

A25t0 A0
(output)
BCYSTZ
(output)
CSZ7to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

(d) Read cycle/without wait/with speculative read

Sequential transfer Non-sequential transfer
X A0 AQ +4H A0 +8H AD+CH ) X B0 +4H
X
X : . 0000 : ‘ ‘ 0000
:X I (0,1,0)I (O,VO, 1) (O,VO, 1) X (0,‘0, 0) I 0.0, O)V
X Wan \ Ready X Wat X Ready X Watt x Ready} Wait x Ready Wan Ready
o o\ [\ & o
T0 T T2 ™ T2 ™ T2 T T2 T0 ™ T2 ™ T2 T T2 T T2
A0 +4H AQ +8H A0 +CH B0 +4H BO +8H B0 +CH BO
L/ L/ \ / \ / /TN / \ / \ /i
A -/
(1,1,1,1) (1,1,1,1)
L — f L ————
. A — . 1 E—
: (0,0,0,0= X i i =(1,1,1,1)i j j ‘ X(0,0,0,0) (0,0,0,0: X : : i j(1,1,1,1)j : : i
[~ f— [N [y Yo - - . U - 2.
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*Figure 4-1. Example of SRAM Access Timing (5/15)

CPU core«>
NAB5E535

NAB5E535¢>
SRAM

(e) Read cycle/without wait/single transfer/with speculative read/read access to line

Y VBCLK (input)

BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO

\ A (output)

4 A25 to A

(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

2 (input)

X 20 AO + CH A0+ 4
_X
X (0,0,0,0) (0,0,0,0)
:>( 0,00 X ' ‘ ©.0,0) ' ' \
:x Wait Ready Wait Ready Wait Ready
DO D3 ! D1
N Read (onto line) . Read (data bit)
T0 T T2 T T2 T T2 T T2
AO AO + 4H A0 +8H A0 +CH
/T N/ L /T L/
(1,1,1,1)
' ' ' o, 6, 0,0) I ' ' X
i ] i i — - ~ { : ]
' (0,0,0,0)' ' ' ' ‘ R ' ' ' X (o,odo)
Do C‘{ / D1 / D2 / D3 CK
N ./ L/ \

Speculative read cycle
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*Figure 4-1. Example of SRAM Access Timing (6/15)

|

l
\
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»l
=1

[
\

601

VBCLK (input)
BUSCLK (output)
VSAZ5 to VSAD

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO

(input) —

VSSEQ2 to VSSEQD
(input)

Transfer response

VBDI31 to VBDIO
(output)

A25to A
(output)
BCYSTZ
(output)

CSZ7 10 CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
BENZ3 to BENZO
(output)
DC3Rto DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

/ O\

(f) Read cycle/without wait/single transfer/with speculative read/read access to another line

/N

B0

+4H

(0,0,0,0)

Read (miss-hit)

™

™

Speculative read cycle

0,0
Ready
D5
T2 T
+4H BO
/_
D5
|
Speculative read cycle
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*Figure 4-1. Example of SRAM Access Timing (7/15)

CPU coree>
NAB5E535

NAB5E535¢>
SRAM

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO
(output)

VBDO31 to VBDOO
(input)

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
WRSTBZ
(output)
BENZ3 to BENZ0
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

DO31 to DOO
(output)
WAITZ

(input)

(g) Read cycle/without wait/single transfer/with speculative read/write access to line

_ —0 RO+ 8 RorcH ‘ ‘ ‘ RO+ 4 ‘ ‘ ‘
_ 0,000 ‘ (0.0.0.0) ‘ ‘ ‘ ‘ (0.0.0.0) ‘ ‘ ‘
_ : (0,0,0) : : (0, ‘0, 0) : : : : (0, ‘0, 0) : : :
- V\)ait Ready Wait Ready Wait Ready : : : Wait : : : Ready
DO D1
/ D5__ X D6 _ \
Write buf‘ fering (onto ;peculative ‘ead line) - Read (onto speculative read line)
To T T2 T T2 T T2 T T2 T T2 T T2 T T2 T T2 T T2 T T2
A0 AO + 4H AO + 8H A0 + CH AO + 8H A0 + CH AO + 4H AO + 8H AO + CH A0
\ / \ / \ / \ / \ / \ / \ /ST
(1.1.1,1) AN YA\ / (1.1.1,1)
_/ _/
: : : : : : : ‘ —— 000 : : : : : : : :
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ (1.1.1,1) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
| T X | | | | | | | | 1(1v1v1v1) | | | | | | | |
/7} DO / D1 / D2 D3 / : D1 / D5 D6 / DO
5 6
/ \ / \ / \ / 7/ \ / \ / \ / \ / |/ |

Speculative read cycle

Speculative read cycle (re-execution)
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*Figure 4-1. Example of SRAM Access Timing (8/15)

CPU core«>
NAB5E535

NAB5E535¢>
SRAM

(h) Read cycle/without wait/single transfer/with speculative read/write access to another line

A VBCLK (input)

BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO
(output)

VBDO31 to VBDOO
(input)

k- A25 to AD

(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
WRSTBZ
(output)
BENZ3 to BENZ0
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

DO31 to DOO
(output)

WAITZ
(input)

X A0 BO B1 A0+ 4H
X
X (0,0,0,0) (0,0,0,0) (0,0,0,0)
X 0,00 X ' ©.0,0) ' \ ©0.0,0)
:X Wait Ready Wait X Ready Wait Ready Wait Ready
DO\ D1
&
/ DO X D1 \
Write buffering Data hit
T0 T T2 T T2 T T2 T T2 T T2 T T2
A0 AO + 4H AO + 8H AO + CH BO B1
| / i/ i/ |/
(1,1,1,1) \ /(1,1,1,)\ /[ (1,1,1,1)
L/ |/
(0,0,0,0)
‘ ‘ ) ‘ X ' 0,0,0,0) ‘ X(1,1,1,1)
(0,0,0,0) X A,1,1,1) X (0,0,0,0) X
= By
DO D1 D2 / D3\
DO D1
/ \ / \ / \ / \ / \ / \

Speculative read cycle
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*Figure 4-1. Example of SRAM Access Timing (9/15)

(i) Read cycle/without wait/single transfer/with speculative read/write access to NA85E535 register

A VBOLK (i i i E ! E
BUSCLK (cfmsldg _/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_

VSA25 to VSAQ _X

(input) — A0 (3FFF480H)

VSSTZ —
(input)

VSWRITE —
(input)

CPU core«> VDCSZ7 to VDCSZ0 —
NAB5E535 (input)

oo Vo N V2 e N V/n mn N

VPRETR
(output)

Transfer response X Wait Ready Wait

Ready

VBDI31 to VBDIO

(output) Do

[
-

Retry to NPB

TO T T2 T T2 T T2 T

»|
l

T2

A25 to A0
(output)

A0 A0 + 4H A0 + 8H A0 + CH

BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZR
(output)

(oot /T N\ /TN TN/

NA85E535+> WRZ3 to WRZ0

SRAM (output) . : , — r

BENZ3 to BENZO
(output) . - - —— 7 T T

DC3R to DCOR
(output) — ; . : T

DC3F to DCOF : : I ' ' I I I '
(output) ©.0,0.0

0,0, :3 0)

DI31 to DIO / lDO R / 'D1 / 'D2 .

NS

(input)

! noun 7 7 N N

Speculative read cycle
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*Figure 4-1. Example of SRAM Access Timing (10/15)
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€Ll

(i) Read cycle/without wait/8 times of sequential transfer from speculative read hit address/local bus size: 32 bits

BRSO\
VSAZ5 10840 —, - ‘

o\

CPU corecs
NABSES35| \iSCTYP2 to VSC(i'I':IYPO -
VSBENZ3 0 VSBEND —y g ‘
VSSEQRoVERER — 000 x - : : : : 00T, : : : : : 000 )
Transer response X Walt : : Ready X Wait X Rea VWGl Ready ¥_Wait X Ready Wt ) : : " Ready : - X Wit
VEDIST o VEOY Do\ o 3] 02 03\ D4 /D5 D6 o7

Speculative read hif

- - TO 0 0T T2 | T T T T T T ™ T2 | ™| T2 T T2 T T
ot A0 +4H AO+8H A0+CH A0+ 10H A0+ 14H A0+ 18H A0+ 1CH

,
‘
)
‘
,
Jel [
,
Jel [

/] N
VAN \ |/ .
(output) N/ N 2 N

NABSEee WRZ3to 2y ) : : B 5 5 : : : : : : B 5 : : : : ; : : AR
B o ) e— : 0000 _ : : : : : : B ) : : : : ) G— : 0000 : : )
L —— ) E— XYL S G | % | E— XXX

Doy —10.0:0.0] X : : AT : X 00,0 X : : N : : G500

: i 7 T oz 53 63 7

Speculative read cycle Speculative read cycle
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*Figure 4-1. Example of SRAM Access Timing (11/15)

CPU coree>
NAB5E535

— TO

NAB5ES535¢>
SRAM

VSA25 to VSAOQ

Ky VBCLK (input) _/—\_/—\_
BUSCLK (output) 4

(k) Write cycle/without wait/sequential transfer

A0

A0 +4H X A0+8H X AO+CH

A0 + 4H

A0 +8H

A0 + CH BO

(input)
VSSTZ —)

:X Ao

(nput) |

VSWRITE
(input)
VDCSZ7 to VDCSZ0
(input)

BO +4H

B0 + 8H

x EO+CH‘X

VSCTYP2 to VSCTYPO

(input) —

VSBENZ3 to VSBENZO

(input) —

(0,0,0,0)

(0,0,0,0)

VSSEQ2to VSSEQD —

(0,0,0,0)

.0, 1)

(input) —

(o,l|,0) X ©0.01) X ©.01) X 0,00 X

,ILU) X (0,0, 1) X 0.0,1) X 0,0,0) X

X ©.0.1) X

EX (0, 0, 0) :X

Transfer response X Wait X

Ready

X

Rs_ad

Wait

Ready

VBDO31 to VBDOO

(input)

DO

X

/VDO

A251t0 AO

m

T2 l

X bt X [ X 05

T2 | 0T

T2

T

TO hal

T2

T ™ T

X BT X T X 55 X

(output)

A0 + 4H

A0 + 8H

A0 + CH

A0 + 4H

A0 + 8H

BCYSTZ

B7_\

Lo
B0

T T2 T

T2 T

X B0 + 4H

B0 + 8H

+CH

(output)

€s2710 CS20
(output)

RDZF, RDZR

(output)
WRZ3 to WRZ0

(output) 111

(1,1, 1, D\

1)

/0.1, 1D\

11

11,11

(.11,

D\

RN

1)

[0, 1, 1D\

(1,1, 1, D\

/ Q.

111

WRSTBZ

/01,1, D\

/0.1, 1D\

(output)
BENZ3 to BENZO

/

=

/

\

T \

/\

(output)

. 0, 0)

. 0, 0)

DC3R to DCOR

(output)

,0,0)

1,111

,0,0)

(1,1,1,1)

T1.1.1)
DCBF to DCOF — .

(output)

, 0)

, 0)

DO31 to DOO

(output)

D2

WAITZ

(input)

I S P
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*Figure 4-1. Example of SRAM Access Timing (12/15)

CPU core>
NASSE5S35

NABSE535¢>

VBCLK (input)

(I) Write cycle/data wait = 1/sequential transfer

AD A0+4H X A0+8H
-/
B
(0,0,0,0)
(0.:1. 0) :X (0,0,1) =X (0,0,1) jX (0,0,0 }X (0.:1. 0) X (0,0,1) }X (0.}0. 1) }X (0,0,0 -
- }x : %_gdy } v :x Régw = Ve :x Feady
- S G 10 G 200 5 300 G- S G2 R S A—
T0 T W T2 T W T2 T W T | T W T2 T W T2 T T™w T2 T W T2 T W T2
AD A0 +4H AD+8H A0 +CH BO B0 +4H B0 +8H B0 +CH
H
1,1,1,1 \ (1,1,1, )\ /0,1, 1,1\ (1,1,1, )\ /(1,1,1,1) /3,1, 1,1\ /(,1,1,1) /0,1, 1,1\ / (1,1,1,1)
\ /T \ /T \ /T \ /1 \ /T \ /1 \ /T \ /T
(0,0,0,0) (0,0,0,0)
()} x i : 0.000) iX“"I"
! i ! f ! @QQb : i ‘ : :
DO i D1 i .X D2 i x i D3 i i D4 "X i D5 )( D6 i D7 E
7 AN A S i 7\ - o o 7 \ T

S3TdINVX3 DNINIL SS3OJV AHOW3IN ¥ H31dVHO
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*Figure 4-1. Example of SRAM Access Timing (13/15)

»!

CPU core«>
NAB5E535

»!
el

NAB5E535>
SRAM

[
|-

3 VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDO31 to VBDOO
Y (input)

A25 10 A
(output)

BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF, RDZR
(output)

WRZ3 to WRZ0
(output)
WRSTBZ
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DO31 to DOO
(output)

WAITZ

(input)

(m) Write cycle/without wait/non-sequential transfer

/Y Y N\
X A0 A0 +4H A0 +8H A0+CH
X
X (0,0,0,0)
X ' | | 000 ' ' X
:X Wait X Ready IX Wait I)( Ready I)( Wait IX Ready IX Wait I)( Ready I)(
A : A i A : A i
/ DO X D1 X D2 X D3 \
TO 1 T2 T T2 T T T T2
A0 A0 +4H A0 +8H A0+CH
H
1,110\ (1,1,1,1) (1,1,1,1) (,1,1,1) (1,1,1,1)
. / DN \ . / S
(0,0,0,0)
(1,1,1,1) ' ' ' 0.0,0,0) ' ' ' X(1,1,1,1)
' ' ' ' (0,000 ' ' ' '
Do ' D1 ' D2 ' DS \
/ -/ \_ / n_/ \_
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*Figure 4-1. Example of SRAM Access Timing (14/15)

(n) Write cycle/data wait = 1/non-sequential transfer

Ey i ! ! !
susocoupy —/ N/ N/ N/ N/ /N
VSA25 to VSAO —>( :
(input) —

A0 AO + 4H AO + 8H AO + CH

VSSTZ —
(input)
VSWRITE
(input) —
VDCSZ7 to VDCSZ0 —
CPU core> (input)
NABSES35| vSCTYP2 to VSCTYPO _X
(input) —
VSBENZ3 to VSBENZ0 _X
(input) —
VSSEQ2 to VSSEQO —X . . . - . . .

(input) —

Transfer response Wait Ready Wait Ready Wait Ready Wait Ready

VBDO31 to VBDOO
v (input) / DO X D1 X D2 X D3 \

TO T T™W T2 T W T2 T T™W™W T2 T W T2
A0 AO + 4H AO + 8H AO + CH

'y A25 to A
(output)
BCYSTZ
(output)

CSZ7 to CSZ0 —
(output)
RDZF, RDZR
(output)

WRZ3 to WRZ0
(output) (RN

(1,1,1,1) (1,1,1,1) (1,1,1,1) (1,1,1,1)

N\

0,0,0,0)

(1,1,1,1) 0,0,0,0) (1.1,1,1)

NABSE535¢> WRSTBZ
SRAM (output)

BENZ3 to BENZ0
(output) r r T T T

DC3R to DCOR
(output)
DC3F to DCOF
(output)

DOo31 (:;’u?p(jg DO D1 D2 D3

s 7N 7 TN A s —

.
J
]
J
]

(0, 0,0, IO)
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*Figure 4-1. Example of SRAM Access Timing (15/15)

CPU core>
NAB5E535

NABSE535¢>
SRAM

k- VBCLK (input)
BUSCLK (output)
VSA25 to VSAD

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD
(input)

Transfer response

VBDOB1 to VBDOO
v (input)

k- A5 10 AD
(output)
BCYSTZ
(output)
CSZ7t0 CSZ0
(output)
RDZF, RDZR
(output)

WRZ3 to WRZ0
(output)
WRSTBZ
(output)

BENZ3 to BENZO
(output)

DC3Rto DCOR
(output)

DC3F to DOOF
(output)

D031 to DOO
(output)

WAITZ

v (input)

(o) Write cycle/without wait/sequential transfer/local bus size: 16 bits

72N 2 U 2 U N/ N 2 U 2 U 5 VS N/ W 2 U 2 U/ V2 W2 U 2 U W A
X AD A0+4H X A0+8H X A0 +CH
X
_ . (0,0,0,0) ‘ .
. (o,=1,0) ©0,0,1) X (0,0,1) X (0,0,0) X
X wait Ready : )(
/DO : X %1 X E X Bé \
TO T T T T T T T T T T T T T T T ™
AO A0 +2H A0 +4H AQ +6H A0+8H A0+AH A0 +CH A0+EH
]
(1,1,1,1) X(1,1,00X1, 1,1, )X(1,1,00X 11,1, HX11.00XA, 1,1, DX 1. 1,00X 11,1, HX 1 1,00X (A, 1,1, HX(1,1,00X (11,1, )X, 1,00 X (1. 1,1, )X (11,00 X (1,1.1,1)
N/ i/ \ /T N\ / \ /T \ / ./ N/
(1.1,0.0)
(111 . . (1,1i,0,0) . i)((1,1,1,1)
' . . 1 ——— —
DO:(AO) DO(A:0+2H) D1(A:0+4H) D1(A}0+6H) \ D2(A=0+8H) D2(Ai:)+AH) DG(A:O+CH) DG(Ai:)+EH)
/ \ / \ / 7/ |/ |/ L 7/ N/ |
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*Figure 4-2. Example of SDRAM Access Timing (1/14)

CPU coree>
NABSE535

NABSES35-
SDRAM

VBCLK (input)
BUSCLK (output)
VSA25 to VSAQ
(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD
(input)

Transfer response

VBDI31 to VBDIO
(output)

A25to AD
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)

SDCASZ
(output)
SDWEZ
(output)

DQM3 to DQMO
(output)

BENZ3 to BENZO
(output)
DC3Rto DCOR
(output)

DC3F to DCOF
(output)

DI31to DIO
(input)

(a) Read cycle/CL = 2/BCW = 2/single transfer

/Y
X
X
— (0,0,0,0)
_ ‘ ‘ (0,‘0, 0 ‘ ‘ X ‘ ‘ ‘ (0,‘0, 0 ‘ ‘ ‘ X ‘ ‘ (0,‘0, 0 ‘ ‘ X
_ ‘ - ‘ ‘ Ready ‘ ‘ ‘ T ‘ ‘ ‘ Ready \ ‘ T ‘ ‘ Fi‘eady
m\ o\ >
Page cI‘wange Bank c;lange
T0 TACT | TBCW ! TREAD | TLATE | TLATE To TPREC | TBCW TACT | TBCW | TREAD | TLATE | TLATE o TACT | TBCW | TREAD | TLATE | TLATE
Bank A col Bank A Bank A col Bank B col Bank A
(.1,11) ‘ 0,000 (1.1,1,1) (0.0,0,0) (1.1,1.1) (0.0,0,0)
e —
i i i i i 5
: (o.o.o.ol X I I (1,1I,1,1) I I X(o,(;,o,o)X : : : (1,1I,1,1) : : : X(o,(;,o,o)x I I (1.1l 1,1 I I @)
R compand il Y iy comppand Barkacvecommand Fead | Barkprecturge
i F ey U - ez U F g2 U
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*Figure 4-2. Example of SDRAM Access Timing (2/14)

(b) Read cycle/without wait/CL = 2/sequential transfer/without page and bank change

CPU core~
NAB5E535

>

NAB5E535>
SDRAM

A VBCLK (input)

BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO
4 (output)

all

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
(output)

DQM3 to DQMO
(output)
BENZ3 to BENZ0
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO

[
-

(input)

_ A0 A0+4H X_A0+8H X A0+ CH
X (0,0,0,0)
X (o,'1,0) ©0,0,1) X 0,0,1) X (0,0,0) X
X Wait Ready X
DO D1 D2 D3
T0 TREAD | TREAD | TREAD | TREAD TLATE TLATE
col (A0) Xcol (A0 + 4H)X col (AO + 8H) col (A0 + CH)
H
H
(0,0,0,0)
©,0,0,0) X
(1,1,1,1)
(0,0,0,0) X (1,1,1,1) X0.000
DO
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*Figure 4-2. Example of SDRAM Access Timing (3/14)

CPU core«>
NAB5E535

NAB5E535¢>
SDRAM

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDO31 to VBDOO

v (input)

A A5 to AO

(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
(output)

DQM3 to DQVI0
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DO31 to DOO

v (output)

(c) Write cycle/CL = 2/BCW = 2/single transfer/with page and bank change

/2 N/ VA A V2 W W U2 U U 2 U 2 U 2 U2 U2 U 2 U 2 W A U
X
X
X (0,0,0,0)
) —
X Wait Ready )( Wait X Ready )( Wait )( Ready )(
/ o X . b X . X
Page change - Bank change _
TO TACT TBCW TWR ™ TPREC TBCW TACT TBCW TWR ™W TACT TBCW TWR WPRE WEND
Bank A col Bank A Bank A col Bank B col Bank A
(1,1I,1,1) . (0,0,0,0)‘ ‘ : (1,1,1,1)‘ : ) (0,0,0,0)I : (1,1,1,1)I (0,0,0,0) (1,1,1,1) ‘
i i i i i i H 0.0.0, o)! i i i IX
TR H H i H H i H (o’o’o’o)! i i i H H :)((1,1,1,1)
H H H H H H H (6, 0.0.0 H H H H H H H
— > X ' ' b ' ' X ' ' iz \
A ' A ' A | A ' A ' A ' A '
Bank active Write Bank precharge Bank active Write Bank active Write Bank precharge
oommancli (bank A) comrlnand commancli (bank A) commanc‘i (bank A) oomrnand oommancli (bank B) oomrr]and command (bank A)
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*Figure 4-2. Example of SDRAM Access Timing (4/14)

CPU core>
NAB5E535

NAB5E535¢>
SDRAM

VBCLK (input)
BUSCLK (output)
VSA25 to VSAQ
(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD —

(input)
Transfer response

VBDO31 to VBDOO
(input)

A25to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
(output)

DQMS3 to DQMO
(output)
BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DO31 to DOO
(output)

(d) Write cycle/without wait/sequential transfer/without page and bank change

X A0 A0+4H X A0+8H X A0+CH A0 A0+4H X A0+8H X A0+CH BO B0+4H X B0+8H X BO+CH
X (0,0,0,0) (0,0,0,0) (0,0,0,0)
_>( 0,1,0) X _(0,0,1) (0,0, 1) 0,0,0) X 0,1,0) X (0,0, 1) (0,0, 1) 0,0,00 X 0,1,0) X _0,0,1) X (0,0,1) X (0,0,0) X
X _wat_X Ready X Wait__X Ready X wait X Ready X
{ T T ] [ 1 T T T { 1 T T T 1
DO 1 2 3 DO 1 3 D4 D5 X D6 X D7 \
T0 T™w TWR TWR TWR TWR TO T™w TWR TWR TWR TWR ™w ™w TWR TWR TWR TWR
A0 col (AO) (A0 +4HJXcol (A0 +8H)Xool (A0 +CH) A0 col (AO) (A0 +4HJXcol (A0 +8H)Xool (A0 +CH) col (B0) Xcol (B0+4H)X ol (B0 +8HJX(col (B0 + CH)
H
(0,0,0,0) (0,0,0,0) (1,1,1,1) (0,0,0,0)
(0,0,0,0) X (0,0,0,0)
(1,1,1,1) (0,0,0,0) X (1,1,1,1) (1,1,1,1) (0,0,0,0) (1,1,1,1)
; ] I SN ] ] ; ] I ] | ] o i ] ] ]
/ D0 D1 D2 X D3\ : / Do D1 2 X D3 X D4 X o5 X D6 b7
' ' A A \ )\ ' ' A A \ )\ ' )\ \ A A
Write Write Write Write Write Write Write Write Write Write Write Write
command command command command command command command command command command command command
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*Figure 4-2. Example of SDRAM Access Timing (5/14)

CPU core«>
NAB5E535

[

>

NA85E535¢>
SDRAM

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDO31 to VBDOO
(input)

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
(output)

DQMS3 to DQMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DO31 to DOO
(output)

(e) Write cycle/without wait/sequential transfer/with bank change

:X A0 A0 + 4H AO + 8H A0 + CH BO BO + 4H B0 + 8H B0 + CH
X (0.0,0,0)
X 01,0 ©0.01) X (001 X (00,0
:x Wait X Ready Wait Ready
B = 2 ' = . '
/ DO 1 2 3 D4 5 D7\
Bank change
TO ™ TWR TWR TWR TWR ™ TACT TWR TWR TWR TWR WPRE WEND
col (A0) X col (A0 + 4H)X col (AO + 8H)Xcol (AO + CH; Bank B col (BO) Xcol (BO + 4H)X col (BO + 8H)Xcol (BO + CH, Bank A
(0,0,0,0
(0,0,0,0
11,11 (0,0,0,0 (L.1.1.1)
(0,0,0,0
DO D1 D2 D3 D4 D5 D6 D7
Write Write Write Write Write Write Write Write Bank precharge
command command command command command command command command command (bank A)
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*Figure 4-2. Example of SDRAM Access Timing (6/14)

(f) Write cycle/without wait/non-sequential transfer/without page and bank change

CPU core«>
NAB5E535

NA8B5E535«>
SDRAM

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZ0
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDO31 to VBDOO
(input)

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
(output)

DQM3 to DQMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DO31 to DOO
(output)

X A0 A0 + 4H ‘ A0 + 81 A0 + CH
_X
X (0,0,0,0)
X ' ' 000 ' ' X
:X Wait X Ready X Wait X Ready X Wait X Ready X Wait X Ready X
A | A | A | N ]
/ DO X D1 X D2 X D3 \
TO TWR TO TWR TO TWR TO TWR
col (AO) col (A0 + 4H) col (A0 + 8H) col (A0 + CH)
H
(0,0,0,0) X (1,1,1,1) X (0,0,0,0) X (1,1,1,1) X (0,0,0,0) X (1,1,1,1) X (0,0, 0, 0) X(1,1,1,1)
0,0,0, O)X(1, 1,1, 1)X 0,0,0, O)X (1,1,1, 1)X 0,0,0, O)X (1,1,1, 1)X 0,0,0, O)IX(1, 1,1,1)
(1,1,1,1) 0,0,0, O)X(1, 1,1, 1)X 0,0,0, O)X (1,1,1, 1)X 0,0,0, O)X (1,1,1, 1)X 0,0,0, O)IX(1, 1,1,1)
I I I I (d, 0,0,0) I I I I
DO \ D1 \ D2 \ D3 \
) ) ’ )
Write Write Write Write
command command command command
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*Figure 4-2. Example of SDRAM Access Timing (7/14)

CPU core«>
NAB5E535

NABSE535¢>
SDRAM

A VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO

(input) {

VSSEQ2 to VSSEQO

(input) {

Transfer response

VBDO31 to VBDOO
(input)

VBDI31 to VBDIO

Y (output)

b A25 to AD
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
(output)

DQM3 to DQMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DO31 to DOO
(output)

DI31 to DIO

v (input)

(g) Write cycle — read cycle/CL = 2/BCW = 2/single transfer

(0,0,0,0)
(0,0,0) X
X Wait_X_eady _ Wa_X_Feady Wa Ready
/ DO X D1 \
DO
Page change Bank change
TO TACT TBCW TWR T™W TPREC TBCW TACT TBCW TWR T™W TACT TBCW TREAD TLATE TLATE
Bank A col Bank A Bank A col Bank B col Bank A
(1,1,1,1) (0, 0,0, 0) (1,1,1,1) (0, 0,0, 0) (1,1,1,1) (0, 0, 0, 0)
(0.0,0,0) X
(1,1,1,1) (0,0,0,0) X (1,1,1,1)
(0,0, 0,0 X (1,1,1,1)
DO D1 \
DO
A A A A A A
Bank active Write Bank precharge Bank active Write Bank active Read Bank precharge
command (bank A) command command (bank A) command (bank A) command command (bank B) command command (bank A)
H | | | | L o >
! BCW ' ! BCW ! BCW ! ' BCW ! ﬁ
Latency = 2
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*Figure 4-2. Example of SDRAM Access Timing (8/14)

(h) Read cycle — write cycle/without wait/CL = 2/single transfer/without page and bank change/with speculative read

CPU core«>
NAB5E535

NAB5E535¢>
SDRAM

Y VBCLK (input)

BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO
(output)

VBDO31 to VBDOO
Y (input)

gl

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
(output)

DQMS3 to DQMO
(output)
BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

DO31 to DOO

v (output)

» Read cycle o Write cycle
—_ A0 B0
X (0,0,0,0)
X ' ©,0,0) ' ©,0,0)
_X Wait Ready Wait X Ready
DO\
/ © D4
TO TREAD | TREAD | TREAD | TREAD TLATE TLATE ™w TWR
col (A0) Xcol (A0 +4H)Xcol (AD +8H) col (AQ + CH)
)
(0,0,0,0)
(0,0,0,0)
(1,1,1,1) ' X (0,0,0,0) (1,1,1,1)
‘ (0,0,0,0)' X ‘ ' (1,1,1,1)‘ ' ‘ X ‘ (0,0,0,0) )C
DO D1 D2 D3
D4

-7

Latency =2

i

i
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*Figure 4-2. Example of SDRAM Access Timing (9/14)

(i) Read cycle/without wait/CL = 2/non-sequential transfer/without page and bank change/without speculative read/local bus size: 16 bits

Ky VBCLK (input)
BUSCLK (output) _/_\_/_\_/_\_/_\_/_\_/_\_
VSA25 to VSAO _X
(input) —
VSSTZ —
(input)
VSWRITE — E——
(input)
VDCSZ7 to VDCSZ0 —
CPU core«> (input)
NABSES35 | ySCTYP2to VSCTYPO —
(input) —
VSBENZ3 to VSBENZO —
(input) —

VSSEQ2 to VSSEQD —
(input) —

A0

0.0,0,0)

(0,0,0)

oS T K
LA

Transfer response

VBDI31 to VBDIO

' (output) Do

e

_ TO TREAD TREAD TLATE TLATE

AZ(g prﬁg col (AD) Xcol (A0 + 2H)

BCYSTZ —
(output) S ——— S ——

»|
>

CSZ7 to CSZ0 o
(output)
SDRASZ
(output)
SDCASZ
(output)
NAB5E535¢> SDWEZ
SDRAM (output)
DQM3 to DQMO
(output) -

BENZ3 to BENZO \
(output) - a 1,’ 0.0) X

0.0,0,0)

111

(0,0,0,0) X (1,1,1,1) X©.0,0,0

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO

y (input)

DO (A0) XDO (A0 + 2H)

=ﬁ 5
1

[

Latency = 2
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*Figure 4-2. Example of SDRAM Access Timing (10/14)

CPU core>
NAB5E535

NABSE535¢>
SDRAM

(j) Read cycle/without wait/CL = 2/non-sequential transfer/without page and bank change/with speculative read/local bus size: 8 bits

VBCLK (i | | | | | i ]
BUSCLK (53333 _/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_/_\_

/N

/N

/]

[N

VSA25 to VSAQ
(input)

A0

VSSTZ
(input)
VSWRITE
(input)

N

VDCSZ7 to VDCSZ0
(input) .

VSCTYP2 to VSCTYPO :X

(input)
(input) /

0,0,0,0

VSBENZ3 to VSBENZO
VSSEQ2 to VSSEQD —

(input) {

(0,0,0

Lt

Transfer response _X

Wait

VBDI31 to VBDIO
(output)

DO

T0

TREAD

TREAD

TREAD TREAD

TREAD

TREAD

TREAD TREAD TREAD TREAD

TREAD

TREAD

TREAD

TREAD TREAD TREAD

TLATE

TLATE

A25 to A0
(output)

col (A0)

ol (A0+ 1H)

ol (AD+2H)

ol (A0+3H)

ol (PO + 4H))

o (A0 +

ol (A0 + 6-){cdl (PO + 7)) od (A0 +8H)

ol (RO + 9H)

o (PO+ AR

ol (PD+ BF)

o (PO + O

ol (P0+ DH)Yod (A0 + E)

o (PO + )

BCYSTZ
(output)

CSZ7 to CSZ0
(output)

SDRASZ
(output)

SDCASZ
(output)

SDWEZ

(output) H

DQM3 to DQMO Qa

1,1,1)

(0,0,0,0)

(output)

BENZ3 to BENZO
(output)

(1,1,1,0

DC3R to DCOR

(output)

(1,1,1,1)

DC3F to DCOF

0,0,0,0

X

1,1,1,1)

(output)
DI31 to DIO
(input)

DO (A0)

D0 (A0 -+ THX(D0 (PO +
<

DO (A0 +

Di (A0 +

D2 (A0 -+ 8- D2 (PO + 902 (PO +
P4 <

D2 (A0 + BXDG (A0 -+ CHYDB (A0 +
4

D3 (A0 +

60+ 1)

-1

Latency =2

BT (0+ 5FX(D1 (A0 + 6X(D1 (A0 +
? i

L

i

'l

1T

i}

.

1T

T

7

T
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*Figure 4-2. Example of SDRAM Access Timing (11/14)

(k) Read cycle/without wait/CL = 3/sequential transfer/without page and bank change/without speculative read/local bus size: 16 bits

4 VBCLK (input) i i
susok gy —/ M ¥ N/ /
VA5 10VSAD  —i ‘
(input) —
VSSTZ —i
(input)
VSWRITE ~ — ————
(input)
VDCSZ7 to VDCSZ0 — ———
CPU corec> (input)
NABSES35 | ySCTYP210 VSCTYPO  —
(input) —
VSBENZ3to VSBENZO —
(input) —

VSSEQ2to VSSEQD —
(input)  —

A0 A0 + 4H A0 + 8H A0 + CH

(0,0,0,0) (0,0,0,0) (0,0,0,0) (0,0,0,0)

(O,‘1, 0)

X 0,0, 1) (o,'o, 1) X (o,'o, 0)

ST S

Transfer response

Wait Ready Wait Ready Wait X Ready Wait X Ready

VBDI31 to VBDIO M\ )\
v (output) Do D1 \ D2 \ D3

TO TREAD TREAD TREAD TREAD TREAD TREAD TREAD TREAD TLATE TLATE TLATE
col (A0) Xcol (A0 + 2H)IX col (A0 + 4H) X col (A0 + 6H) X col (AD + 8H) Xcol (A0 + AH)Xcol (A0 + CH)X col (AO + EH

-

A25 to A0
(output)
BCYSTZ ——
(output) —
CSZ7 to CSZ0 T
(output)
SDRASZ
(output)
SDCASZ
(output)
NAB5E535¢> SDWEZ
SDRAM (output)
DQM3 to DQMO
(output) r ‘ r r T 7 . . . .
BENZ3 to BENZO
(output) T 7 T
DC3R to DCOR
(output)

DC3F to DCOF : Y * : : . .
(output) ©0.0,0.0 X

DI31 to DIO & & & .
(input) DO (A0) §<D0 (A0 + ZH% D1 (A0 + 4H)X D1 (A0 + 6H D3 (A0 + CH)XD3 (A0 + EH

17 ;
Latency =3 =ﬁ =ﬁ

(1,1,1,1) (0.0.0,0

[
|-
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*Figure 4-2. Example of SDRAM Access Timing (12/14)
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(I) Read cycle/without wait/CL = 3/sequential transfer/without page and bank change/without speculative read/local bus size: 8 bits

D VBCLK (input) i i i 1 i i i i i i i 1 i i M\ T\
susoik ooy —/ NV " /" ¥/ /T j . .

VSA25 to VSAD —
(input) —

VSSTZ —i

(input)

VSWRITE —

(input)

VDCSZ7 to VDCSZ0 —
CPU core«> (input)

NAB5SE5S35| VSCTYP2 to VSCTYPO —

(input) —

VSBENZ3 to VSBENZO —

(input) — i i : 0000 i . (0.0.0.0) (0.0.0,0) : ©, o 0,0)

(input) — 0,1,0 0,01 0,01 0,0,0)

VSSEQ2 to VSSEQ0 — . i i | X

L L

Transfer response Wait Ready Wait Ready Wait Ready Wait Ready

VBDI31 to VBDIO TO\ .D_1\ 551

¥ (output)

T T0O TREAD | TREAD | TREAD ! TREAD | TREAD ; TREAD ; TREAD : TREAD ; TREAD ;| TREAD ; TREAD | TREAD ! TREAD | TREAD ! TREAD ; TREAD : TLATE TLATE TLATE
A25 to AO

col (A0) Xcol (A0 + 1H) Xcol (A0 + 2H) X col (A0 + 3H) X col (A0 + 4H) X col (A0 + SH)X col (A0 + 6H)X col (A0 + 7H) X col (AO + 8H) X col (AQ + 9H) X col (A0 + AH)X col (A0 + BH) X col (A + CH)Xcol (A0 + DH) Xcol (A0 + EH)X col (A0 + FH),

(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

SDRASZ

(output)
SDCASZ

(output)
NAB5E535¢> SDWEZ

SDRAM (output)

DQMS3 to DQMO

(output) , . 0,0.0,0

BENZ3 to BENZO - - - - -

(output) . : : ; ; . (CRh 0):

DC3R to DCOR . ‘ ‘ ‘ : - - -
(output) - T 0 T T T T

I(1,1. 1,1) I

DC3F to DCOF — — : : : .

0.0.0.0 {1.1.1)

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO

(output) - T T

DI31 o DIO A 4 4 4 5 . 4 4 4 4 4 4 . .
v (input) DO (A0) ;_’/XDO(AO+ |HY5XD0(A0+2H¥(D0(A0+3H‘ D1 (A0+4HY D1 (A0+5H;YXD| (A0 + 6H)X D1 (A0 + 7H)X D2 (A0 +ﬁg(D2(Ao+9HYjXD2 (A0 + AH)X D2 (A0 + BH; ‘XDS (A0+CH§;(DS (A0 + DH%/XDS (Ao+EH)\:XDS (A0 + FH;?
S 2 S NSO
Latency = 3 ﬁ T_T T_T ﬁ :
=17 il =17 »1r
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*Figure 4-2. Example of SDRAM Access Timing (13/14)

CPU corecs
NABSE!

NABSES35¢5
‘SDRAM|

MBOLK (oo

BUSCLK (output) —

VSA5 to VSAQ
(input)
VSSTZ

input)
VDCSZ7 to VDCSZ0
input)

VSCTYP2 10 VSCTYPO
input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQQ
(input)

Transfer response
VBDI31 to VBDIO
(output)

A2510 AD
(output)
BCY:

DQVO
(output)

DI31 1o DI0
(input)

(m) Read cycle/without wait/CL = 2/16 times of sequential transfer from speculative read hit address/local bus size: 32 bits

A (ST CORAD) G AT R XD XD A+ 3R X GO G —
= T
{0.0,0.0) (0.0,0. T
0.0.0) : ©.0.1) 5(1@)(::
Wair— Teady Feady X Wail ¥ Fead War Teady X W ) —r W Feay : T
\ \ ) X DT\ ) X D14 X D15 \
Spedulative read hit
T0 TREAD | TREAD | TREAD | TREAD | TLATE | TLATE TREAD | TREAD ;| TREAD | TREAD | TLATE | TLATE TREAD | TREAD ; TREAD | TREAD | TLATE | TLATE TREAD | TREAD | TREAD | TREAD ; TLATE | TLATE
NI NI N T
il
-
10.0.0.0] ) .0.0] ) RAD ) T
10.0.0.0) : ‘ X 0000 )GRERD D : : -
00007 T 0000 ) c— AT XE500) - : @AXD S r
00,000 X NP — 0,000 S—— - NP T — - T - - R X—
/D0 YBT3 i 3 /DTy D5 Y 6 ¥ D7 /A s aus el DIES @S IS G
Speculative read cycle d ‘Speculative read cycle ] ‘Speculative read cycle ] : ‘Speculative read cycle ‘
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*Figure 4-2. Example of SDRAM Access Timing (14/14)

CPU core«>
NA85E535

NABSE535¢>
SDRAM

A VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

VBDO31 to VBDOO
Y (input)

3 A25 to AD
(output)

BCYSTZ

(output)

CSZ7 to CSZ0
(output)

SDRASZ

(output)

SDCASZ

(output)

SDWEZ

(output)

DQM3 to DQMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DO31 to DOO

v (output)

Transfer response

(n) Write cycle/without wait/sequential transfer/without page and bank change/local bus size: 8 bits

_ A0 A0+4H X A0+8H X A0+CH
i (0,0,0,0)
:X (O,I1,O) IX (0,0, 1) IX (0,0, 1) IX (0, 0, 0) IX
Wait X Ready X
B : B Bt e
/ Do X_ DBt X R X Is
TO TW TWR TWR TWR TWR TWR TWR TWR TWR TWR TWR TWR TWR TWR TWR TWR TWR
A0 col (A0) Xcol (A0 + 1H)X col (A0 + 2H)X col (A0 + 3H) X col (A0 + 4H) X col (A0 + 5H)X col (A0 + 6H) X col (A0 + 7H)X col (A0 + 8H) X col (A0 + 9H) X col (A0 + AH)X col (A0 + BH)X col (A0 + CH)X col (A0 + DH)Xcol (A0 + EH)X col (AQ + FH)
H
(1,1,1,0)
4110 X
(1,1,1,1) I I I I I I I I (1.1.1.0)‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ X(1,1.1.1)
H H H H H H H H H (0.’ ) : : : ! ! ! ! ! :
DO (A0) XDo (A0 + 1H)‘XDO(AO+2H)‘XDO(AO+3H)‘XD1 (AO+4H)‘XD1 (AO+5H)‘XD1 (A0+6H)X D1 (Ao+7H)XD2(Ao+sH)XD2(Ao+9H)XD2(Ao+AH)XD2(Ao+BH)XDe (A0 +CH) D3(AO+DH)XD3(AO+EH)XD3(AO+FH)X
4 4 4 4 ! ) ) ) ’ ’ ’ ’ , ’ \ ’
Write Write Write Write Write Write Write Write Write Write Write Write Write Write Write Write
command command command command command command command command command command command command command command command command
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*Figure 4-3. Example of Page ROM Access Timing (1/6)

CPU core«>
NAB5E535

NAB5E535¢>
page ROM

A VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO

v (output)

Ky A25 10 A

(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

(a) Without speculative read/non-sequential transfer

J_L/_L/_L/_Lm/_\_m/_\_mmmm/_\_/_\_m_/_\_/_\_m/_\_mf
X
:X Wait Ready Wait Ready Wait Ready Wait Ahold Ready Wait Ready
0\ o) D2 5 B
TO T T2 TO TA T T2 TO T ™w T2 TO T T2 m TO T T2
./ i/ \ / i/ \ /
(1,1,1,1)

‘ ‘ ‘ , , , , , , (1,1,1,1) , , , , . . . .
- (o.o.o,o}) X }(1,1,1.1) X(o,o=,o.o)X : (1,1=,1.1) : X(o,o=,o.o)X : (1,11,1.1) : X(o,o=,o.o)X : (1,1=,1.1) X(o,o:,o.o)X : (1,1:,1.1) X(o,o,i),o)

X 1 DO Xi D1 4 X : D2} Xi D3 X : D4:

7\ 7N 7 7% \ L /Y
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*Figure 4-3. Example of Page ROM Access Timing (2/6)

CPU core«>
NAB5E535

NABSE535¢>
page ROM

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VsSTZ

(input)

VSWRITE

(input)

VDCSZ7 to VDCSZ0
(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD
(input)

Transfer response

VBDI31 to VBDIO
(output)

A25 10 AD
(output)
BCYSTZ
(output)
©SZ710 CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
WRSTBZ
(output)

BENZS to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

(b) Without speculative read/sequential transfer

A0 A +4H A0 +8H A0+ CH A0 A0+ 4H A0+ 8H A0+ CH
(0.0.0,0) (0.0.0.0) (0.0.0,0)
(0.1,0) X (0.0.1) X (0.0.1) X (0.1.0) X (0.0.1) .0, 0)
X Wait X Ready X_ Wait Read, Wait Read, Wait Ready X Wait Read, Wait Ready X Wait Ready X_Anold_X_Ready X_Wait
DO D1 D2 D3 DO D1\ D3
T0 T T2 T T2 T T2 T T2 T0 TA T ™ ™w T2 T ™ T2 T TW T2 T2 T
0 A0+ 4H A0+ 8H A0 + CH A0 A0+ 4H A0+ 8H +CH
/ /
H
H
(0.0.0,0) (0.0.0.0) 0.1.1.1)
(.1.1.1) (.1.1.1)
(0,0,0, X (1,1,1,1) X((0.0,0, 0} (0,0,0,0) X (1,1,1,1) )C
I By i iy i By I ’y I i j i By 1 T iy i I Iy
DO X D1 X D2 X D3 X X DO X D1 X D2 D3 X
Py i Py i ] 1 Py ; ] ] ] ] X i ] ] i
i — 7 7 \ — 7 7 \ i i 1 /A S X /A G W
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*Figure 4-3. Example of Page ROM Access Timing (3/6)
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Sel

(c) With speculative read/non-sequential transfer

(TR 5/ N /2 /2 I 2 N 2 N 2 A 2 N N W N W o W o W W W W W O O

VSA25 to VSAO —X 20 201 8H

(input) —f
VSSTZ —

(input)
VDCSZ7 to VDCSZ0 —
(input)

VSWRITE —

CPU corec> (input)

NAB5E535| VSCTYP2 to VSCTYPO =
(input) —

VSBENZ3 to VSBENZO —}

(input) —#

VSSEQ2 to VSSEQD

(input) —

PP S G

Transfer response : Wiait Ready Wiait Ready

VBDI31 to VBDIO
v (output)

TO TA ™ ™ ™ ™ T2 T ™ T2 ™ ™ T2 T ™ T2

Ky A25 10 A

(output) A0 A0 +4H A0 +8H A0 +CH

BCYSTZ

(output)
CSZ7 to CSZ0

(output)

RDZF
(output) \ /

RDZR

(output)

NAB5E535¢> WRZ3 to WRZ0

page ROM (output) (.1,1,1)

BENZ3 to BENZO

(output)

DC3R to DCOR
(output)

D et — 0000 X (11,1 X 0.0.0.0

ol

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO
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(input) DO D1 D2 D3
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*Figure 4-3. Example of Page ROM Access Timing (4/6)

(d) With speculative read/sequential transfer

»|
»

ot IS 2 N 7 N /2 N 2 N 72 N 2 N 25 N /2 /2 N /2 N 72 N /2 N 25 N 72 N /2

VSA25 to VSAO —X

(input) A0 A0 +4H A0 +8H A0 +CH

VSSTZ —

(input)
VDCSZ7 to VDCSZ0 —
(input)

VSWRITE —
CPU corec> (input)

NABS5ES35 | SCTYP2 to VSCTYPO X
(input) —

VSBENZ3 to VSBENZO —

P

(input) —
VSSEQ2to VSSEQD

o) X ©,1,0) (0,0, 1) (©,0,0)

Transfer response :X Wait Ready Wait Ready Wait Ready Wait

VBDI31 to VBDIO D1
(outou) D0\ D1 D2\

TO TA

[
\

T

2
2
2

T2 ™ W T2 T

E
=
E

A25to0 A0

(output) A0 A0 +4H A0 +8H A0 +CH

BCYSTZ

(output)

CSZ7 to CSZ0
(output)

RDZF
(output) \

RDZR
(output)

NAB5E535¢> WRZ3 to WRZ0

page ROM (output) (1.1.1,1)

BENZ3 to BENZO

SITdINVXI ONINIL SS3OIV AHOWIN ¥ H3LdVHO

(output)

DC3Rto DCOR 111

lo|--
><

0,0,0,

(output) a.1.1.1
(1, 1I, 1,1)
DI31 to DIO X

DC3F to DCOF
(input) DO D1 D2 D3

(output) . ‘ ‘ ‘ ] . ] . . ‘ ‘
o 7 \ 7 \ 7 \ 7

[
\
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*Figure 4-3. Example of Page ROM Access Timing (5/6)

CPU coree>
NAB5E5S35

NAB5E535¢>
page ROM

VBCLK (input)
BUSCLK (output)
VSA25 to VSAQ

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD
(input)

Transfer response

VBDI31 to VBDIO
(output)

A25t0 AO
(output)
BCYSTZ
(output)

CSZ7 0 CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZO
(output)
BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

(e) With speculative read/off-page wait = 1/without on-page/local bus size: 32 bits (1)

On-page address

: A0 A0 +4H A0 +8H A0 +CH A0 +10H A0 +14H A0 +18H A0 +1CH
X
; (0,0,0,0)
B (0,0,0)
: Wait Ready Wait X Ready Wait X Ready Wait X Ready Wait Ready Wait X Ready Wait X Ready Wait X Ready
DO\ DI\ D2\ D8 D4\ 5\ D6\ D7
T0 T ™w T2 T T2 T T2 T T2 TO T ™ T2 T T2 T T2 T T2
A0 A0 +4H A0 +8H A0 +CH A0 +10H A0 +14H A0 +18H A0 +1CH
\ / \ /
(1,1,1,1) (1,1,1,1)
(0,0,0,0 X(1,1,1,1) (0,0,0,0 0,0,0,0
(0,0,0,0) (1,1,1,1) X(0,0,0,0) (1,1,1,1) (1,1,1,1)
0000 X (1.1,1,1) X(©0.0,00X (1.1,1,1) (.1.1.1)
' o0 D1 . 02 D3 Y X ‘ oy 5 b D6 D7
-/ 7\ / 7\ /7 N\ / 7\ -/ 7\ / 7\ / 7\ / 7\
Off-page cycle On-page cycle Off-page cycle On-page cycle
Speculative read cycle Speculative read cycle

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO
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*Figure 4-3. Example of Page ROM Access Timing (6/6)

CPU coree>
NABSES35 | VSCTYP2 to VSCTYPO

NAB5E535¢>
page ROM

Note

A VBCLK (input)
BUSCLK (output)
VSA25 to VSAOQ
(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO
Y (output)

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
BENZ3 to BENZO
(output)
DC3Rto DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

(f) With speculative read/off-page wait = 1/without on-page/local bus size: 32 bits (2)

On-page/off-page address

X A0 A0+ 10H A0+ 14H A0+ 18H A0+ 1CH
X
X (0,0,0,0)
X ©0,0,0) X
X Wait Ready Wait Ready Wait X Ready Wait X Ready Wait X Ready
DO\ D4\ D5\ D6\ D7
To T ™W T2 T T2 T T2 T T2 T TWhee T2 T T2 T T2 T T2
A0 A0 +4H A0 +8H A0 +CH A0+ 10H A0 +14H A0+ 18H A0 +1CH
\ / \ /
(1,1,1,1) (1,1,1,1)
(0,0,0,0) X_(0,0,0,0
(0,0,0,0) (1,1,1,1) X_(,1,1,1)
0000 X (1,1,1,1) X111
B0 Y bi ! b2 03 b D4 Y 05 06 X o7 Y
P/ 7\ /i N\ /T N\ /i \ /7 N\ /7 N\ 70N 70N
Off-page cycle On-page cycle 7 Off-page cycle On-page cycle "

within or outside the page range.

Speculative read cycle

Speculative read cycle

If successive cycles have been completed, the wait cycles set as off-page cycles are inserted regardless of whether the address to be accessed next is
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*Figure 4-4. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): SRAM — External 1/0) (1/4)

(a) Single transfer

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO
(input)
VSSTZ —4
(input)
VDCSZ7 to VDCSZ0 —}
(input)
VSWRITE -}
(input)
VSCTYP2 to VSCTYPO —
1 1.1,1
CPU corecs (input) '?( 7 i !
NABSE535 VSBENZ3 to VSBENZO
(input) 0.9.0 0)‘
VSSEQ2 to VSSEQD — : :
(input)

(1,1,1)

(0,0, 0,0)

(1,1, 1) (1,1,1)

(0, 0', 0,0 (0,0, 0,0)

X
X

(0.0,0) (0.0,0)

AL L L
LA A
ALl
L AL
LA L L

(0,0,0) (0,0, 0)

Transfer response :)( ait Ready ait Ready Wait Ready ait Ready

VBDI31 to VBDIO
(output)

i

DMACTV3 to DMACTVO
(input)
DMTCO3 to DMTCO0
(input)

(0,0,0, 1) (0,0,0, 1) (0,0,0,0) (0,0,0,1) (0,0,0,0) (0,0,0, 1) (0,0,0,0)

(0,0,0,0) (0,0,0, 1) (0,0,0,0) (0,0,0,1) (0,0, 0,0) (0,0,0, 1) (0,0, 0,0)

J— TO T T2 TO T T2 To T T™w T2 TO TA T ™ ™ T2 Tl

A25 to AD
(output) A0 Al A0 "

BCYSTZ
(output)
©SZ7 to CSZ0
(output)

RDZF
(output) \ / \ / \ / \ ;
RDZR
(output)
WRZ3 to WRZ0
(output)
IORDZF
NA85E535¢> (output)
SRAM, external /0 |ORDZR
(output)

I0WRZ
(output) i/ i/ \ / \ /
BENZS"’(iS{:ﬁg (1.1,1,1) (0,0,0,0) (1,1,1,1) (0,0,0,0) 1,11 0,0,0,0 (1,0 1) 0,0,0,0 (U]

(1,1,1,1)

DC3R to DCOR
(output) (1.1.1.1)

DCSF'&S{;S; 0,000 X (1,1,1,1) X (0,0,0,0) X (1,1,1,1) X (0,0,0,0) X a.1.1.1 X (0,0,0,0

Dm(‘:‘ﬂg /1T‘ /1T‘ : DO: \ ) 1 100 1
opun 7 \ 7 \ 7T\ \ / \

£ DMACTVMS to DMACTVMO
) (output)
DMA pins ' : ! :
DMTCOMS to DMTCOMO 00,00

(output) — n —

(0,0,0,0) (0,0,0, 1) (0,0,0,0) (0,0,0, 1) (0,0,0,0) (0,0,0,1) (0,0,0, 0) (0,0,0, 1) (0,0,0,0)

x(0,0,0,1)x .X(0,0,0,l).X

(0,0,0,0) (0,0,0,0) (0,0,0, 1)

“xu
B
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*Figure 4-4. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): SRAM — External 1/0) (2/4)

CPU core
NABSE535

NAB5E535¢>
SRAM, external I/O

Y VBCLK (input)

BUSCLK (output)
VSA25 to VSAQ

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD
(input)

Transfer response

VBDI31 to VBDIO
(cutpu)

DMACTV3 to DMACTVO
(input)

DMTCOS to DMTCOO0

v (input)

A25 10 AD
(output)
BCYSTZ
(output)
CSZ7to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZO
(output)
IORDZF
(output)
IORDZR
(output)
IOWRZ

(output)

BENZ3 to BENZO
(output)
DC3Rto DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

DMA pins

DMACTVMS to DMACTVMO
(output)

DMTCOMS to DMTCOMO
(output)

(b) Single transfer/transfer request during speculative read

|
|
Al

B A0
:X 000 . , , (1.1 . ‘ , . ‘
e e ——
j( : (0,0,0)‘ : : : (0,‘0,0) ‘ : ‘
j( Wi \ Ready ‘ ' Wait : ‘ Ready ‘
T:\
:)( _(0.0.0.0) , . 0.0.0.1) , ‘ , . ©0.0.0.0)
H I(OY o) i oo 1)! i H i H oo 0)1 H } i
T0 T T2 T T2 T T2 T T2 T T2
A A0 +4H A0 +8H +CH Al
|/ T \ / \ / \ / \ /
(,1,1,1)
"
"
./
(,1,1,1) (0,0,0,0) (,1,1,1)
1 i | i 1 :(1I1v1v1) | 1 | 1 } |
: (o,o,o,o:) : (1,1,1,1)} } X (B,0,0,0)
} DO / : D1 / : D2 : D3 ; D4 %
7/ \ \ \ \
. ‘ 0,000 _ ‘ ©.0.0.1) . ©0.0.0.0
; } i(0,0,0,0) : } X(o,o,o,nf (0,0,0,0)}

Speculative read cycle
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*Figure 4-4. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): SRAM — External 1/0) (3/4)

INNOAZPISSSSHY [enuen sJesn Areulwield

i

(c) Single transfer/division by 2 (1)

VBCLK (input)

VSA25 to VSAD

(input)

VsSTZ

(input)  \——rof —

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP21t0 VSCTYPO
CPU cores (input)
NAB5ES35 VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD
(input)

11,1 (1,1,1)

(0,0,0,0

LU
e Ve

(0,0,0)

Transfer response Wait Ready Wait Ready

VBDI31 to VBDIO
(output)

DMACTV3to DMACTVO =
(input) —

DMTCOB to DMTCO0
v (input)

(0,0,0,1) 0,0,0,1) (0,0,0,0

0,0,0,0 (0,0,0, 1) 0,0,0,0

BUSCLK (output) _|

A25t0 AO - : i : . ;
(output)
BCYSTZ
(output)
CSZ710 CSZ0 —
(output)

RDZF

(output)

RDZR —

(output)

WRZ3to WRZO
(output)
IORDZF
NAB5E535¢> (output) 1
SRAM, extemal /O IORDZR
(output) 1M

IOWRZ

(output)

BENZ3 to BENZO
(output)

(1,1,1,1)

(1,1,1,1)

0,0,0,0) ) 0.0,0,0) D)
DC3Rto DOOR ‘ ’ ’ "

(oot : ‘ : ‘ : —arin
Dm':‘?magfs 0.0,0.0) [CRD) 0.0,0.0)

DI31 to DIO - - - -
(input) DO D1

ot 7 A\ 7 A\

¥y

DMACTVM3 to Dmm ©,0,0,0) (0,0,0,1) 0,0,0,0 0,0,0,1) (0,0,0,0
DMA pins | | | | | | | | | | l
DMTCOMS3 to DMTCOMO 0.0,0,0) 0,0,0,1) X (0,000

(output)

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO
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*Figure 4-4. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): SRAM — External 1/0) (4/4)

CPU corees
NAB5E535

NAB5E535¢>
SRAM, exteral /O

A

VSA25 to VSAQ

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQOD
(input)

Transfer response
VBDI31 to VBDIO
(output)

DMACTV3 to DMACTVO
(input)

DMTCOS to DMTCOO
(input)

BUSCLK
(output)

A25to AO
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZO
(output)
IORDZF
(output)
IORDZR
(output)
IOWRZ
(output)
BENZ3 to BENZO
(output)
DC3Rto DOOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

“K DMACTVMS to DMACTVMD

DMA pins

(output)
DMTCOMS to DMTCOMO
(output)

(d) Single transfer/division by 2 (2)

j( A0 Al '
X (1,1,1) (1,1,1)
X ' ~0.0.0.0 ‘ X ‘ ' 0000 '
X ©.0,0 X ©.0,0
X Wat ' Ready Wait Fody
L
X ©.0,0.1) ©.0,010 ©.0.00
' ' 0000 : X ©.0.0.1 : : 0000 '
+—T0—>e—Ti 2 T0 T T2
A0 Al
)
A
A
D) ©.0.0.0 110 ©.0,0.0 R
1,10
©.0.0.0 (1,110 G000
— 0 — o1
©.0.00 00010 ©.0,0.0 ©.0.01 ©.0.00
: : 0000 : X poon X : 0000
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*Figure 4-5. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): External I/O — SRAM) (1/2)

INNOAZPISSSSHY [enuen sJesn Areulwield

el

(a) Single transfer

VBOLK (input)
BUSCLK (output) —
VSA25to VSAD —

(input) —¥

(input) | \——rod O S N
VDCSZ7 10 VDCSZ0 4 —
(input)

VSWRITE

(input) — NS S,

o mt"% 7 A1 (i) ) : . ()]
NABSES35|  VSBENZ3 to VSBENZD : : : :
(input) —

VSSEQRto VSSEQD 4
(input) —

Transfer response :
VBDI31 to VBDIO
(output)
Dmcr\rsm% ] ©0.0.0.1) 0.0,0.1) 0.0.0.0

DMIOCB 0DTC0 0000 Y 0,001} — 0.0.00

1,1,1)

0000 0.0,0,0) Y —y ] 0,0.0,0) \ ey 0.0,0,0)

00,0 X X (00,0 X X 00,0

Wi el ' — v ' R, ' ' Wi Ry

LA L

0,0,0

Wait Rea

><

— PR R S

<

0,0,0,1) 0,0,0,1) 0,0,0,0

3 0,0,0,1) (0,0,0,0

) 0,0,0, 1)‘ ‘(0, 0,0,0 ‘

_ T0 T T2 T0 T T2 T0 T ™w T2 To TA T ™w ™w T2 T
A25t0 AD )
(output)

BCYSTZ
(oupu) N N N N
CSZ7t0 CS20 —
(output)

RDZF
(output)

RDZR
(output)

W%‘?m L1 X0000X __ _ALLt) _ X0000X [CRN) X __©000 X (. 0,1,1) X 0,0,0,0) X T1,1,1)

IO0RDZF
NAEESSS (output) N7 L/
SRAM, extemal IO I0RDZR
(output) N N
IOWRZ —
(output)
Mt"(m G,1,1.1) 0,000 (,1,1,1) 00,00 [CRAD) 0,000
DCaRIoR ' : : : - 0.1.1.1)
th‘ 0000 X : a,1,1,1) X teeeg X Gy X woog X 1,11, X (6009
DIt toDI0
(input)
WAITZ
(pul) A \

(1.1,1.1) (0,0,0,0 (1,1.1.1)

X

DMACTVVS to DVACTVMO
(output)

D“m"; 0000 ' X©.0.0.0X 0.0.00° X©0.0.1X

(0,0,0,0 (0,0,0,1) (0,0,0,0) 0,0,0,1) (0.6,0,0 (0,0,0,1) (0.6,0,0 0,0,0,1) (0,0,0,0

:X(0,0.0. 1)iX

DA pins

DMTCOMB to

‘(0, 0,0,0 ‘ ‘ 00,00 ‘
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*Figure 4-5. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): External I/O — SRAM) (2/2)

CPU core>
NAB5E535

NAB5E535>
SRAM, external /O

DA pins

(b) Single transfer/flyby transfer request during write

VBCLK (input)
BUSCLK (output)
VSA25 to VSAD
(input)

VssTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQR to VSSEQD
(input)

Transfer response

VBDI31 to VBDIO
(output)

VBDOB1 to VBDOO
(input)

DMACTV3 to DVACTVO
(input)

DMTOQ3 to DMTCO0
(input)

A25t0 AO
(output)
BCYSTZ
(output)
CSZ7t0 CS20
(output)

RDZF
(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
IORDZF
(output)
IORDZR
(output)
IOWRZ
(output)
BENZ3 to BENZO
(output)
DC3Rto DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(output)

DOB1 to DOO
(input)

WAITZ

(input)

DMACTVMVS to DMACTVMO
(output)

DMTCOMS3 to DMTCOMO
(output)

X Ao } A0+4H \ : /in : } :
X 0.01) X001 . (1,1,1) . ] '
X ©, o 0,0) X(o, 0,0, O)X ©, o 0,0) X :
X (o.'o. 1) X (0,0,0 X (o.:o. 0) X '
X Wit éaay ‘ W ' : Fbadyl
L
o D X DN\
X (0,0,0,0)j X , 0.0.01) . ) 0.0.0.0)
:(o.o.o.o) } \ (o.o.o.1)= : : (o,o,o,o)} :
T T ™ T ” T T
A0 A0 +4H AT
H
H
[a,1,1.1 X0.0,0,00X(1,1,1,1)X(0,000X(1,1,1,1)X(0000X Aa,1,1,1)
_t /
H
[.1,1,1) (0,0,0,0) [.1,1,1)
i(1,1,1,1) (o,oj,o,o) : (1.1?.1.1)
: } (o,o,o,&) X (1,1,1,1)} X :0,0,0,0)
; D2
D0 Di
/
. 0000 0,001 ) 0000
' : j(o.o.o.o) (0,0,0,1)5)( (o.o.o.o)j
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*Figure 4-6. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): Page ROM— External 1/0 (Single Transfer)

CPU core
NASSE535

NAB5E535¢>
page ROM,
extemal /O

VBCLK (input)
BUSCLK (output)
VSAZ5 to VSAD

(input)

X

A0

VSSTZ —
(input)
VDCSZ7 to VDCSZ0 -

(input)
VSWRITE -

(input)

VSCTYP21to VSCTYPO —
° i) X

1,1,1)

(1,1,1)

(1,1,1)

VSBENZ3 to VSBENZO

(input)

0,0,0,0

" 0.0.0.0) X

—(0.0.0.0)

VSSEQR to VSSEQD

(input)

0,0,0

(0,0,0) X

0,0,0

Wait

Transfer response :X

Wait

Wait

VBDI31 to VBDIO
(output)

DMACTV3 to DMACTVO
(input)

DMTOOB to DMTO00
(input)

Di31to DI
(input)
WAITZ
(input)

DMA pins

"X DVIACTVMB to DMACTVVD

(output)
DMTCOM3 to DMTCOMD
(output)

L

0,0,0,1)

0,0,0,1)

X 0,0,0,1)

(0,0,0,0)

I ©,

0,0,0)

0,0,0,1)

©0,00,1)

‘(0, 0,0,0)

©0,00,1)

™ T2

TO

™ T2

TO

™ T2

TO

TA

™

HE

a,1,1,1)

(0,0,0,0

a,1,1,1)

(1,1.1.1)

(1,1.1.1)

1,11

(©0,0.0,0

X (6, 0,0,0)

((;, 0,0,0)

0,0,0,0

X (1,1,1,1)

/[ m A

Do

(0,0,0,0)

0,0,0,1)

(0,0,0,0)

0,0,0,1)

06,00

0,0,0,1)

06,00

,0,1)

(0,0,0,0)

©,0, 0 0

>((0. 0,0,1):)(

©,0, 0 0

0,00, 1):9(

kO. 0,0,0

0,000 ‘
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*Figure 4-7. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): SDRAM— External I/O (Single Transfer)

INNOAZPISSSSHY [enuep sJesn Areulwield

T VBCLK (input)
BUSCLK (output)

VSA25 to VSAD ':X

l

(input)
VSSTZ ——
(input) N\t
VDCSZ7 10 VDCSZ0
(input)
VSWRITE -3
(input)
VSCTYP210 VSCTYPO —y
CPU corecs (input)
NABSE535 VSBENZ3 to VSBENZ0
(input) —/

VSSEQ2 to VSSEQQD i i ; i i }
(input) — . . 0009 . . X

11,1 1,11 11,1

0.0,0,0) X (0,0,0,0) X X (0,0,0,0) X

0.0,0 X X 0.0,0 X

VBDI31 to VBDIO
(output) — H H H

DMACTV3 to DMAGTVO — -
(input) —

DMTCOB to DMTCOO :X ©.0.0, 1)'

(input)

X
X
Transfer response :)( Wait Ready X Wait X Ready Wait Ready
X
X

(0,0, O,I)X (0,0,0,0) ) (0,0, O,I)I - (0,0,0, U)I

To TACT | TREAD T TLATE To TREAD | TF TE | TLATE | TLATE |

T A2510A0 =
(output)
BOYSTZ
(output) N N N
82710 CS20 / —
(output)
SDRASZ
(output) N
SDCASZ
(output) N N N
SOWEZ
(output)
CKE
NABSE535> (output) —_—
SDRAM, exteral 1O I0RDZF
(output)
I0RDZR
(output)
IOWRZ
(output) i/ \ / \ /
DQMB";S@“SS [CRD) ©0.0,0,0) (1,11 ©0.0,0.0) [CRRAD) ©0.0,0,0) (1,11

DC3R to DCOR
(output) — _ _ _ i _ (1,1,1,1)

DCSF to DCOF — . : : : : : : : : : :
(output) 0.0,0, X (1.1,

DI31to DIO

v (input)

X (0,0,0,0) X (1,1,1.1) X (',u, 0,0) - X (1,1',1,1) - X ,0,0,0)

"X DMACTVMS to DMACTVMO

: (output)

DMA pins
DMTCOMS to DMTCOMO
(output)

(0,0,0,0) (0,0,0,1) (0,0,0,0) (0,0,0, 1)‘

(0,0,0,0) ©.0.0, 1)' X (0,0.0,0)

] ] X(O, 0,0, |).X

V(O, 0,0,0) X 0,0,0, 1)X V(O, 0,0,0) X (0,0,0, |)X ] ‘(0, 0,0,0)
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*Figure 4-8. Example of DMA Transfer Timing (Flyby Transfer (Using DMAC with On-Chip CPU Core): External I/O — SDRAM (Single Transfer)

INNOAZPISSSSHY [enuen sJesn Areulwield

yA4l

VBCLK (input)
BUSCLK (output)
VSA25 to VSAD
(input)
VSSTZ 3
(input) N\ N
VDCSZ7 to VDCSZO0 —} — L
(input)
VSWRITE —3 —_—
(input)

VSCTYP2 to VSCTYPO X
CPU corecs (input) —/ .
NABSES35 VSBENZ3 to VSBENZO

(input) j(
X

(1,1,1) (1,1,1) (1,1,1) (1,1,1)

(0,0,0,0) (0,0,0,0

(0,0,0, 0 (0,0,0,0)

VSSEQ2 to VSSEQO

(input) 0.0.0

u><“><u
L

LU

(0.0,0) (©0.0,0)

0,0,0)

Transfer response _ X Wait Read Wait Read ait Ready Wait Ready

VBDI31 to VBDIO

(output)

DMACTV3 to DMACTVO :X
(input)

DMTCO3 to DMTCO0 —X

v (input) —

(0,0,0,1) (0,0,0,0) (0,0,0, 1) (0,0,0,0) (0,0,0,1) (0,0,0,0) 0,0,0, 1) (0,0,0,0)

(0,0,0, 1)‘ ] (0,0, 0, 0) ] (0,0,0, 1) (0,0,0,0) (0,0,0,1) (0,0, 0, 0) (0,0,0,1) (0,0,0, O)I

To TACT TF TWR To TACT TF TF TF TWR T0 TF TWR T0 TF TWR Tl
ROW COL ROW COL COL COL

¥ A25 to AD
(output)
BCYSTZ
(output)

©SZ7 0 CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
(output)

CKE
NAB5E5356> (output)
SDRAM, exteral 1/0 |ORDZF
(output) y
IORDZR
(output)
I0WRZ
(output)

DQMM}&%@S @11 1) XXXXXXXXX (0. 0.0.0) (1.1, 1) (©0,0,0,0) (A Tu1 1) XXX ©. 0. 0. 0) (1. 1,1) (0,0,0,0) @11 1)
DC3R 1o DCOR —- ] i i ] ! ! ] i i i i ! ! ] ! | ] ] i

(output) @.1.1.1
DCSF'?QE:;S(F) ] ©0.0,0, ) X ] 11,1 X (', 0,0,0) X (1,1,1,1) ] X ] (0.0,0,0 X ] (1,1,1,1)' X ] (0.0,0,0 X (1,1,1,1) X 6.0.0, 0)

DI31 to DI : y : : : : . :
v (input) D0 D0 D0 D0

DMACTVMS3 to DMACTVMO
(output)

DMTCOMS to DMTCOMO
(output)

(0,0,0,0) (0,0,0, 1) (0, 0,0, 0) (0,0,0,1) (0, 0,0, 0) (0,0,0, 1) (0,0,0, 0) (0,0,0,1) (0,0,0,0)

‘X(0,0,0,l);x

DMA pins

0,0,0,1)

©.0.0.0) X (0.0,0, 1):')( ©.0.0.0 ©.0.0.0

4><u
-

I(O, 0,0,0) IX 0,0,0, 1)IX kO, 0,0,0)
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*Figure 4-9. Example of DMA Transfer Timing (Flyby Transfer (with NA85E300): SRAM — External 1/0) (1/2)

CPU core>
NAB5E535

X

Y

NAB5E535¢>
SRAM, external I/0

DMA pins

VBCLK (input)
BUSCLK (output)
VSA25 to VSAQ

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO

(output)

DMXCSZ03 to DMXCSZ00
(input)

DMXTCO03 to DMXTCO00
(input)

A25to AO
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
IORDZF
(output)
IORDZR
(output)
IOWRZ
(output)
BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

WAITZ

(input)

DMXCZMO3 to DMXCZMO00
(output)
DMXTCMO3 to DMXTCMOO
(output)

(a) Single transfer

X A0 ‘ Al
X (1,1, 1) (1,1,1)
j( " 0.0.0.0) X "~ 0.0.0,0 X '
X ©0,0,0) X ©,0,0)
:X Wait Ready Wait Ready
L
:x (1,1,1,0) (1,1,1,0) (,1,1,1)
' 00,00 X 1©,0.0.1) ' ©0.0,0.0) '
T0 T T2 To T T2
A0 Al
i/ L
(1,1,1,1)
H
H
./ ./
(1,1,1,1) (0,0,0,0) (1,1,1,1) (0,0,0,0) (1,1,1,1)
(1,1,1,1)
' (o.o,o.o') X ' ' (1.1‘,1.1) ' ' X b.o,o.o)
[ ™ ‘ /i )
(,1,1,1) (1,1,1,0) (,1,1,1) (1,1,1,0) (,1,1,1)
' ' ©.0.0.0) ' 000X 0,000,
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*Figure 4-9. Example of DMA Transfer Timing (Flyby Transfer (with NA85E300): SRAM — External 1/0) (2/2)

CPU core—>
NABSES35|

NABSE535¢>
SRAM, external /0|

DMA pins

VBCLK (input)
BUSCLK (output)
VSA25 0 VSAD

(input)
VSSTZ

(input)
VSBENZ3 to VSBENZO
put)

(input)
VSSEQ2 to VSSEQD

(input)
Transfer response

VBDI31 toVBDIO |

(output)
DMXCSZ03 to DMXCSZ00

t (input)

DMXCZMO3 to DMXCZMOO
(output)
DMXTCMO3 to DMXTCM0O
(output)

(b) Single transfer (4 words)

X EE ) - [N [N ) 011 BRI NS A
X 0500 X 6060 X 0000 X 0000 X G000 0000 0000 0000
X SRV o X001 X 000 X 010 00 00T .00, ;
j(ian 1 Read| ) Wait ) } ; ‘ Wait : @x ait : @x ait : @X ait : Ready
L
X 0110 ] .10 X - X (.1.1.0 : Y (.1.1.0 AT
; i i f i — f i { i
o m m T oW nilm T m | molTA T |

9 % 0 0+ 6 20+ CH

N

LT\

—
()

A
G

S/ B VS S/ B VS /A B W
() 00.0.0 (AN ©.0.0.0 ()
- : - ) -
o000 X ) 60001 : NN 0000

e o3 7 5 50} 523 oy

> : : ? ?
RN (I [ : : {310 § : : R}
}0000) : (005!0) : : - i(uuuoﬁ -
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*Figure 4-10. Example of DMA Transfer Timing (Flyby Transfer (with NA85E300): External /0 — SRAM) (1/2)

INNOAZPISSSSHY [enuep sJesn Areulwield

(a) Single transfer

3 VBCLK (inpuf) _/—\_/—\_/—\_ /_\_/_\_/_\_/_\_/_\_
BUSCLK (output) 1 H i

VSAZ5 to VSAD : : ‘
(input) :X
VSSTZ —

(input)
VDCSZ7 to VDCSZ0
(input)
VSWRITE
(input)
VSCTYP2 to VSCTYPO
CPU core> (input)
NABSES35|  VSBENZS to VSBENZO
(input)
VSSEQ2 to VSSEQD
(input)

A0 Al

1,1,1)
(0,0,0,0)I

(0,0,0)

(1,1,1)
(0,0,0,0)‘

(0,0,0)

S e Ve

Wait Ready Wait Ready

Ldob b L

Transfer response

VBDI31 to VBDIO
(output)

DMXCSZ03 to DMXCSZ00
(input)

DMXTCO03 to DMXTCO00
(input)

=

(1,1,1,0 (1,1,1,0 (1,1,1,1)

‘ (0,0,0,0) (0,0,0,1) (0,0,0,0)

L

T0 T T2 TO T T2
A0 Al

A A2510 AD
(output)
BCYSTZ
(output)
©SZ710 CSZ0
(output)

RDZF

(output)

RDZR

(output)

e ey (1.1.1) X ©.000X__ (1.1, X(0.0.0.0X @.1.1.1)

IORDZF
NAS5E5350> (output) i/ L/
SRAM, extemal 10 IORDZR
(output)
IOWRZ
(output)
BENZ3’°(E§';58 @111 0,0,0,0) 0, 1,1,1) ©,0,0,0) (,1,1,1)
DC3R to DCOR : :
Aoy 0111

DCSth)og(;g‘F) 0000 X 01,1, 1) Y 0.0.0.0

DI31 to DIO 3
(inpu) / DO / DI
WAITZ
(input)

DMXCZMO3 to DMXCZMO00

! (output) —

DMA pins H
DMXTCMO3 to DMXTCMOO

(output)

1,1,1,1) (1,1,1,0 1,1,1,1) (1,1,1,0 (1,1,1,1)

(0,0, I0 0) IX(O, 0,0, 1)X

(0,0,0, O)I
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*Figure 4-10. Example of DMA Transfer Timing (Flyby Transfer (with NA85E300): External /0 — SRAM) (2/2)

INNOAZPISSSSHY [enuen sJesn Areulwield

1St

(b) Single transfer (4 words)

VBCLK (input) £
BUSCLK (output)
VSA2510 VSAD

(input)
VSSTZ

input)
VSCTYP2to VSCTYPO

(1,1,1) (1,1,1) (1,1,1) (1,1,1) ) _ (1.1.1) (1.1,1) (1,1,1) (1,1,1)
& 0.0.0.0 X @000 )
b 010 X001

Transfer response X ait Read

VBDI31 toVBDIO |

CPU corecs (input)
NABSES35|  VSBENZ3 to VSBENZO
put)

0000 X 000.0 ) X : @000 - - 0000 - - 0000 : - 0000
00T X000 X _ : oo - - 00 - - 00T : - .00,
) ) ) Ready - ‘X - - Wait - - IX Rea z X - Jait - IX Rea z X - fait - X‘ Headi X - fait - ‘X Ready -

oLl

X
X

=

(output)
DMXCSZ03 to DMXCSZ00

A

(11,0 0110 X (110 X (0110 i

LDMXTDOOG(O D'\IIX'IE‘(I’)‘(;T; 3@0 %) } 0.0.0.0)

0110 ; X ) — {110 : ) — (11,0 : )

(0.0.0.0)

O I O T PO I P o [T

MW T m AT ] |
A0 A0 +CH

WRZB‘T%@ (7. 7.1. 1]__X(©.0.0.0X(% 1. 1. 1(0.0.0. 0%(1. 1. T, )(0.0.0.O){%. 1. 1. 7X(@.0.0.0X, (D) X__ 0000 X (1,11 X__ 0000 X (.1.1,1) X__©.0.00 X (0.1,1.1) X__©0.00 X (. 7.1.1)

NABSES350> (output)
SRAM, exteral 10 ioFCER — — —
(ouput) M
) 110 ©0.0.0.0 [N ©0.0.0.0 (1,10
- § § § § § § § e § - - - 5 5 ) - - - - - - - § - - - - § -
0,00,0_X__ ) } 1) ) ) Y —_pso0 X ] ; 3 ] : ] ; 3 NN ; ] ] ] ) ; ] ] ) ©0.0.0.0

g e — s —

D1 D2 D3

1 (npu

OMXCZMOG o DMXCZMOO ; i i i i i i i
1.1.1.1 (1.1,1,0) (111, 1) (1.1,1,0) 1.1.1,1
DMA pin foput) ~ { T T T i i T T N { i i T 1 T i i T ! T i i i 1 T i i i { i

DMXTCMO3to M('rm COOO)EanIX 0000

00,00
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*Figure 4-11. Example of DMA Transfer Timing (Flyby Transfer (with NA85E300): Page ROM — External I/0) (Single Transfer (4 Words)))

CFUareo o) _OLT G . D S ) D G ) D : : B 5| : ) LT ) ) ‘ )

o) 0000 X_0000 X ©000 X ©000 X : ‘ 0000 _ : ) 0000 ‘ 0000 ‘ (0000
vss:scetovexrl_{'E'Lga3< R

GOT X007 X000 ) B— R - : 0] O 100

Ready X Wit ) “Feady ) Wat : ) WAt X Peady X W X Peady X _—

VEDI31toVBDIO |

D\/IX(MGtoD\/Dé 3( :

URARY GO 5 D 5 O D O ) —ii0 : N(SARY (110 } — 110

0.0,0.1)

j(O0,00

| o | TA LT W W R T W TR

1 oA I G (£ NS G (3 D G X0 s : ] : — 0 : ) 0+ E | S e

INAB5E535c
page ROM extemal /0| 0—"11'% H

[ ) ‘1111) i i - 0.0.0,0) - i i ) ‘T1‘1) ) i i i i (0.0.0,0)

(output) : : : : : : : ‘ ‘ ‘ MARN)

o000 X (A : X o000 X : : : E— )

) 1111 1110 N)) (1,1,1,0

B : : 7 ‘ 7 : : / ‘ ‘ ; 7 ; ; : ‘ :
(ouput) -GO0THATOTY : - : L - — - : : : : - e

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO
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*Figure 4-12. Example of DMA Transfer Timing (Flyby Transfer (with NA85E300): SDRAM — External I/O) (Single Transfer (4 Words)))

CPU corec>
NAB5E535

NAB5E535¢
'SDRAM, extemal I/O

DMA pins

"X DMXCZM0B to DMXCZMOO

VBCLK (input)
BUSCLK (output)

VSA25 to VSAO -X

(input)
VSSTZ
(input)
VDCSZ7 to VDCSZ0 =

W

AO +4H

(input)
VSWRITE =
(input)

VSCTYP2 to VSCTYPO :X

(input)

VSBENZ3 to VSBENZO
(input) —/
VSSEGRto VSSEQD
(input) —/

Transfer response

VBDI31 to VBDIO
(output)

i

11,1

(1,1,1)

(1,1,1)

(1,1.1)

(1,1.1)

(1,1.1)

(0,0,0,0)

(0,0,0,0

(0,0,0,0

(0,0,0,0)

(0,0,0,0) X

(0,0,0,0)

(0,‘1,0)

Bl =

(0,‘1, 0)

- =

(0,‘0, 0)

L L Ll

0,1,0)

.- =

©.1,0) X

0,0,0)

Wait

Wait Reac

Wait Rea

g
lg

Ready

Wait Rea

Wait Rea

Beady :

DVXCSZ03t0 DMXCSZ00 —
(input) :X

DMXTCO00 —\ \
(o) {O0.07)

DMXTCO03 to

(1,1,1,0

(1,1,1,0)

(1,1‘,1,0)

(1, II, 1,0)

(1,1,1,0

B RI

(1, I,1,0)I

I(1, 1,1,1)

N

L1

(|,1I, 1,1)

‘X(I,LI,U

)

T0 TACT

TF | TREAD T

| TREAD T

:

| TLATE

.

TREAD

TREAD

A25t0 AO

+4H)

COL(A0+8H)

E

0+CH)

COL (A0 +4H)

COL (A0+8H)

COL (A0+CH)

(output)

BCYSTZ
(output)

CSZ7 to CSZ0
(output)

SDRASZ
(output)

SDCASZ
(output)

SDWEZ
(output)

CKE
(output)

IORDZF
(output)
IORDZR

(output)
IOWRZ

(output)
DQMS3 to DQMO

(output)

11,11

(0,0,0,0)

1, 1,.1,1)

(0,0,0,0

(1,1.1,1)

DC3R to DCOR

(output)
DC3Fto DCOF

(output)

(0,0,0, X

(|,1I, 1,1)

(0,0,0,0

(1,1,1, I)l

X , 0,0,0)

DI31 to DI0
(input)

D1

X

e =

DI X D2

(output)

(0,0,0,0)

(0,0,0,0)

- (0,0,0, I)I

©, 6, 0,1)

X (0,0,0,0)

DMXTCMO3 to DMXTCMOO

(output)

I(O, 0,0,0) VX(O, 0,0, |):X

‘(0, 0,0,0)

Y(O, 0,0, |)IX

- 0,0, 0,0)‘
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*Figure 4-13.

Example of DMA Transfer Timing (Flyby Transfer (with NA85E300): External /O — SDRAM) (Single Transfer (4 Words)))

CPU core>
NASGES35|

INABSES35
SDRAM, extemal /0|

DVA pins

X

DI31 toDI0
(input)

DMXCZMO3 to DIVXCZVI0
(output)
DVIXTGMO3 to DVXTOMOO
(output)

a,1,1)

(1,1,1)

(1,1,1)

(1,1,1)

a,1,1)

©, 6 0,0)

IX o, 6 0,0) X © 6 0,0) X © O 0,0)

00,0, 0)=

0,1,0)

(0,0,1) X

0,0,1)

IX (0,‘0, 0)

AL

(0,1,0 I

k_ﬂi_

=

I ) L

Wait

X©0.07)

(1,1,1,0

(1,1,1,0

1,1,1,1)

.11

(1,1,1,0

©.0.0.0 _

X ©.0.0.1)

TO

TACT

TWR TF

TO

COL (A0 +8H)

GOL (A0)

OOL (A0 +8H)

I

1,1,1,1

(1,11, 1)

0.0,0,0 0,0,0,0) (0.0,0.0)

0,0,0,0

X 0,0,0,0)

(0,0,0,0

X (0,0,0,0)

a1,1,1)

SR

0000 X

[OR)]

0.0.0.0

‘ (1,1, 1)I

X b 0,0,0

2

53] k 5 X

ol B

0,000

06,00

‘ 0,0,0, 1)‘

00 XEooTX

‘(0. 0,0,0 ]

S((O, 0,0, 1):X

—0.0.00
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*Figure 4-14. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SRAM — SRAM) (1/5)

INNOAZPISSSSHY [enuen sJesn Areulwield

SG1

(a) Single transfer/without wait/without speculative read/local bus size: 32 bits

gl

BNt S 2N /2 N 72 NS NS /2 NS /20 U 72 N /2 N 2 /2 NS /2 W 72 N /2 N /20 N /2 N /2 N A N

VSA25 to VSAD SAO DAO SA0 DAO

(input) —

VSSTZ
(input)
VDCSZ7 to VDCSZ0

(input)
VSWRITE ™
(input)

VSCTYP2 to VSCTYPO 1.1,0) (1,1,0) (1,1,0 (1.1,0

(input) ] ]

CPU coree> VSBENZ3 to VSBENZ0 (0,0,0,0)

NAB5E535 (input)

VSSEQ2 to VSSEQO (0,0,0)

(input)

e Ve
LN
L LA
e U
e

Transfer response Wait Ready Wait Ready Wait Ready

LLLL LY L
><
TOLTTOST >TT

VBDI31 to VBDIO

ﬂ

DO

(output)
VBDOS1 to VBDOO / Do \ / Do \

(input)

DMACTV3 to DMACTVO

0,0,0,1) (0,0,0,0) 0,0,0, 1) IX (0,0,0,0) (0,0,0,1) (0,0,0,0) (0,0,0, 1) X (0,0,0,0)

L

(input) T 1 | '

DMTCO3 to DMTCOO 0,0.0,0) (0,0,0,1) (0,0,0,0)

v (input)

— T T2 T T2 T T2 T T2

gl

A25 to A0 SAO DAO SA0 DAO

(output)
BCYSTZ
(output)

CSZ7 to CSZ0

(output)

(oubun i/ i/

RDZR
(output)

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO

SRAM (output) — T

NAB5E535¢> WRZ3 to WRZ0 ™,1,1,1) X0,0,0,0 X 1,111 X0000X (11,11

BENZ3t0 BENZO ~ 3 77,7 X (0,0‘,0,0) X ) X (0,0‘,0,0) (0,0,0,0) X(1,1,1,1)

(output)

@ 1,'1) X (0,0,0,0) X (1,1,1,1)

LN

DC3R to DCOR : ) ‘
(output) .(1'1'1'1) A £.500 (1'1'1'.1) (0’9’0’0) ‘X“YLL”

DCSF to DCOF D ¢ (1,1.1,1) X (0,0,0,0) X (1,1,1,1) X (0,0,0,0)

(output)

DI31 to DIO Do / Do !

(input)
DO31 to DOO 00

\ 2 (output)

DO
T

DMTCOM3 to DMTCOMO

DMACTVMS3 to DMACTVMO (0,0,0,0)
(output) —
DMA pins H H

(output) .00 ‘O) .X - ”X = 9 L
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*Figure 4-14. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SRAM — SRAM) (2/5)

INNOAZPISSSSHY [enuep sJesn Areulwield

(b) Block transfer/with speculative read/local bus size: 32 bits

VBCLK (input) | !
BUSCLK (output) /

VSA25to (ﬁﬁ; :X SAO DAO SAQ +4H DAO +4H SAO +8H DAO + 8H SAO + CH DAO + CH
vssTZ

(input)
VDCSZ7to VDCSZ0 ~
(input)
VSWRITE -}
(input)
VSCTYP2 to VSCTYPO
(input)
CPUcorecs|  VSBENZS to VSBENZO
NAB5E535 (input)
VSSEQ2 to VSSEQQ
(input)

(1,1,0 (1,1,0) (1,1,0) (1,1,0) (1,1,0) (1,1,0) (1,1,0) (1,1,0)

(0,0,0,0) X

(0,0,0,0) X (0,0,0,0) X (0,0,0,0) X (0, 6, 0,0) X X (0, 6, 0,0) X X (0,0,0,0) X X (0,0,0,0) X X

SRRy

(0.0,0) X (0.0.0) X X (0.0.0) X X (0.0.0) X X (0.0.0) X (0.0.0) X

X
0.0,0) X X

ait Ready X Wait

0.0,0) X

Wait Reac Wait Reac Wait Reac Wait Ready Wait Reac Wait Ready

'VBDI31 to VBDIO T\ T\ 55— 1 = i }
(output) 1 i

VBDO31 to v(lﬁa"[’))a? /o \ /o o [ /o &
DMACTV3 to DMACTVO
o) K .

L

Transfer response

(0,0,0,0 (0,0,0,1) IX (0,0,0,0 (0,0,0,1) (0,0,0,0) (0,0,0,1) IX (0,0,0,0) (0,0,0,1) (0,0,0,0) (0, 6, 0, 1) X (0,0,0,0) (0,0,0,1) (0,0,0,0) (0,0,0,1) X (0,0,0,0)

(0,0,0,1)

DMTCO3 to DMTCOO

i ©.0,0.0) ©,0,0,1) ©0,0,0,0)

=)
=
]

— T H T2 m T2 T T2

Az(g.:?pAmo) SAD SAO+ 4H SAO+ 8H SA0 +CH DAO DA + 4H DAO + 8H DA + CH

BOYSTZ
(output)
€82710CS20
(output)
RDZF
(output) \ / \ / \ / \ /
RDZR
(output)
NABSES35c> WRZ3to WRZ0
SRAM (output) — .
BENZ310BENZ0 ~(777.7) ¥

(1,1,1,1) X0,0,0,0X(1,1,1,1)X(0,0,0,0 X (1,1,1,1) X0,0,0,0X (1,1,1,1) X©,000X (1,1,1,1)

(1,1‘,1,1) (0,0,0,0) X (1,1,1,1) (0,0,0,0) (1,1,1,1)

(output)
DC3R to DCOR

(0,0,0,0)

L L
o

(1,1‘,1,1) (0,0,0,0) X (1,1,1,1) (0,0,0,0) (1,1,1,1)

(output) T T T T 1 T

DC3F t;ﬁ%ﬁ 0000 X R X (0,0,0,0)

DI31 to DIO IDO N/ D1 A D2 N\ / D3

(input)

DO31 to DOO
(output) Do ol

D2 D3

£ DMACTVMS to DMACTVMO
(output)

(0,0, 0,0)

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO

DMA pins 1 | 1 1 | | 1 | | 1 i

DMTCOMS to DMTCOMO
(output)

(0,0,0,0

X©.0.01)X (0.0,0,0)
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*Figure 4-14. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SRAM — SRAM) (3/5)

CPU corecs
NAB5ES35

DVApirs

(c) Block transfer/without speculative read/local bus size: 32 bits

:}X i w H i m 1 H 1%*‘4’— i ! m | i n i i n 1 i i - i i =+ | H
N N N W N N —
3 /A /[ /A /A /0 AR R
X T ‘ (A G— AN ) G O G— T T X RO X 10
X—_woog —_X_©0000 X ¥ (009 S G 1O G— 0000 X {C 0000 (X000 X} ©000 X
D G0N X000 X (@00 G G (VX0 B S— oo X000 XX 0009 X X__ 000 X
D G — — VT G S G S 12 G A G— - —— = — ) } R S— = — Feady
H ‘ o )i i i i
00— o) - o]
X 0001 Yoooo( 0001 Xooog 0001 YEoooX 0001 ¥Booq 0007 Yooooy_ 0007 oooo) 000 00017 Yoooo
: : : : : : : 0000 : : - : : Yoo 0000
o o’ P om T P nln R ™o
SA0 ) X SA0+4H ) (— DRO+4H X X SAO+8H ) (— DRO+BH X X__ _SAO+CH FCH
N N N N
/1 /1 /1 /
AN N N
: : ) — —@ooaX_ : 1) : —YGo.0.0X : AT : @000 A1 : @0.00) (1T
AT 0000 X _MiTH X ©000 X X 0000 X MLl X 0000 ¥ X @000 ) 0000 XX [0000 RN 0000 YEiid
: : AT : 0000 X : NORNN) : \—0.000 : SRR : 0000 X : SRR : 0.0.00  Xaiih
R 1 D oo — G ) LX) AR 0000 — : ) I RO —
o 3 ™ % i
— i
00.0.0] :
©.0 0 0) : @ 0 0,0)
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*Figure 4-14. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SRAM — SRAM) (4/5)

(d) Line transfer/with speculative read/local bus size: 32 bits

(out 1 i i i} 1 i I I I i I} 1 L i i H i j; 1 I i H i i i 1 H
VsA%to +4H DA +4H 80 X X DAO+8H SRO+CH X X DAO+CH

[ [ ——

VSCTYP210 VECTYPO 010 X} Gto ) 5 i i X__L10 ) ) G 5 O i i i X_0io XX 0.to ) i i 5 M1 X X__(.1.0
input) .00 X—) 000 X 5 i i X000 1 000X ; : : X 000 x:::} 0.0.0 X : ; ; 0.00] X::: 00 X

Transfer response | Wait X-mﬂl i Ready Wait Ready Wait i Ready Y Wat X e ?.Mﬂt i Ready Wait

VBDI31 to VBDIO o | | o ] — ; %

VBDOB1 to 50— o

e -
CI 3 0007 OO0 0,001 X (000 0007 X0A00X__ 0,001 ) o0 X 0001 X@a00_ 00070 X 0000 0001 0300 (0001 X0000
e } § } - § ; ; } § _ 0000 i 5

S
™ T2 M T2 T T2 T T | | | I I : : I I | 1 : ; ; : : !
SAQ +4H +8H SA0+CH DAD DAO +4H DAO +8H DAO +CH X
j—

&

5

B
o

SAD

N /A
N U S/ S U S B N
(outpu) S A NS
Y MR - - - N - - —X0OOoX AT XCO0OX__ : : NSRA : : —X@Ou0X__ i : LTI : : - L) AR
R : i — 0000 : : : : ) 0000 X : NARN] : : X_©000 X ; NAAN] : : X000
DesRIODOR ——— 73—y {000 NOSAN) 00RO D S — E— G 0101 X D S — N —| )
T T j(mmi : Y— : : : : : : : E— : : : - - : :

DI31 to DIO ‘DO ‘D‘ ‘D2 ‘DC'I H i 1

B
§

Za%0
8

0.0.0.0]
(output) — . ; i ; i i - i i i i i - 0000 i - - i ; i i - - i - 0000
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*Figure 4-14. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SRAM — SRAM) (5/5)

(e) Line transfer/without speculative read/local bus size: 32 bits

N\

SAD+4H +8H

VECTYF2I VSIS {10 X X109 - - 10 X__@10

.(110).

(i}

i)

Ty el Ty i

>
><

0000

0000 X

>
>

o0 (LR D O —— Y N G—— Y 0]

- — ] 170 C—
DT i ]

it

000

XX D

X

1 s 1
D0 DT

L

=S
=
ot

(R ) D TOT a0 ! (CRCIOND G 10 15) D 51 1 B GRS ({010%) B_—" (L) G 1)

0.

0.0

@aooX__ 00

001

X (input) — T T i T T T T T y i T 2400

- T T ™ o T j T ™ bl

T

(0.0,0.1)

T 3

X©.0.0.0X (1. 1. 1.1

o) i ) —X@ooiX 5 5 S § § Xo-0.0.0X (SN ; § @

i N ) GO . TN GRG0 10 0 G (8 R G 0111, D NS % 5 S G 11 0 G {5 R G

TIT Y0000 Xaiin

DC3R10DOR : - : \ ) - - - ; . - - 3
e 00 i (0000 X S— ) — A — -

0000 Y@ren

0.00.0)

e (ORR X G e 0000 - - S G ) e 000, : : — A X
0 ! ] D I ] ™

XX

D3

A}

(o) —— 0000

., ——— R

G5.0.1X__0.0.00
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*Figure 4-15. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SDRAM — SDRAM) (1/5)

INNOAZPISSSSHY [enuep sJesn Areulwield

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

CPU core«> VSBENZ3 to VSBENZO
NAB5E535 (input)
VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO
(output)

VBDO31 to VBDOO
(input)

DMACTV3 to DMACTVO
(input)

DMTCO3 to DMTCO0
(input)

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
NAB5E535¢> (output)
SDRAM DQM3 to DAMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

DO31 to DOO
(output)

"4 DMAGTVMS to DMAGTVMO
(output)

DMTCOMS3 to DMTCOMO
(output)

DMA pins

(a) Single transfer/without wait/CL = 2/without speculative read/local bus size: 32 bits

:X DAO ‘ SAO DAO
X (1,1,0) (1,1,0) (1,1,0)
X 0000 X ' ©.0 ' o0 X
:)( ©,0,0) X ' ©.0,0) ' (0,0,0) X
:X Wait Ready ‘ Wait ‘ Ready
/ DO DO
X ©, 0.0 1) X (0,0,0,0) (0,0,0,1) ,0,1) X(o. 0,0,0)
‘ ' (0,0,0, 6) ' ' (, 0.0, 0)
To TWR TREAD TWR
COL (DAO) COL (SA0) COL (DAO)
"
(1,1,1,1) (1,1,1,1) (0,0,0,0) (0,0,0,0) (0,0,0,00)X(1,1,1,1)
(1,1,1,1) 1,1,1,1) Xgo.o,of X (o.o,o.o)' (o.o,o.T)X(1.1,1.1)
X0,0,0,0) X (1,1,1,1) (o.o,o.T)')((1.1,1.1)
(0,0,0,0) X 1,1, (0,0,0,0)
DO DO
‘ ' (d,o, 0,0)

(0,0,0,1) X(0,0,0,0)
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*Figure 4-15. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SDRAM — SDRAM) (2/5)

INNOAZPISSSSHY [enuen sJesn Areulwield

191

T VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSsTZ

(input)

'VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

'VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD
(input)

Transfer response

VBDI31 to VBDIO
(output)

VBDOS1 to VBDOO
(input)

DMACTV3 to DMACTVO
(input)

DMTCO3 to DMTCO0
(input)

3 A25t0 AD
(output)

BCYSTZ

(output)

CSZ710 CS20
(output)

SDRASZ

(output)

SDCASZ

(output)

SDWEZ

(output)

DQM3 to DAMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DCSF to DCOF
(output)

DI31 to DIO
(input)

DO31 to DOO

vy (output)

£ DMACTVMS to DMACTVMO
(output)
DMTCOMS to DMTCOMO
(output)

(b) Block transfer/with speculative read/local bus size: 32 bits

SA0 DAO SAO + 4H DAO + 4H DAO + 8H DAO + CH
(1,‘1,0) ; ) (1,‘1,0) (1,‘1,0) ) / (1,‘1,0) ) / (1,I1,0) / (1,I1,0) /
(0, 0‘, 0, 0) : ‘IX (0, 0‘, 0, 0) (0, 0‘, 0, 0) X :X (0, 0:, 0, 0) X IX (0, 0', 0, 0) X (0, 0', 0, 0) X
(0, :0, 0) : ‘:X (0, :0, 0) (0, :0, 0) :X :X (0, :0, 0) :X :X (0, :0, 0) / :X (0, :0, 0) :X
Wait : ‘ Hs:ady X ‘ Wait ‘ H;ady :)( Wait ‘ F\e‘ady H;ady ) Wait ) X wait__X R ‘)( Wait ')( H;ady
%\ i 5\ | 5 =\ %
- — - TR %\ Y -
:.X (0,0,0,1) ) (0,0,0,0) (0, Uj, 0,1) (0,0,0,1) (0,0,0, O)IX (0,0,0,1) (0,0,0, 0)I (0, 0:, 0, 1) (0,0,0,1) / (0,0,0, 0):X (0, 0:, 0,1) jX (0,0,0,0)
- : : - : : j l(U, 0,0,0) j - - - : ‘ (0,0,0,1) ) (0, A, 0, 0)
TREAD 1 TREAD TREAD TREAD TLATE TWR : TO TWR 1 To TWR 3 TWR
OOL (SAD) YCOL (540 -+ 4H){COL (580 + BH)COL (840 + CH COL (DAD) (CoL A0+ a1 (CoL DA0+ 81 (oL (DA0 + CH
. . (0,0,0,0) . / (0,0,0,0)‘ _ (1,1,1,1)v (0,0,0,0)‘ _ (|,|,1,1)‘ (0,0,0,0) (0,0,0,00 X (1,1,1,1)
I(|,|,1,1) L : : - (o,S,u,u) : )L (1,1,|,|)I X(u,u,o,mL - (1,1,1,1)‘ I)((o,o,u,u)L : I)((o,o,u,u)Xu,nnn
- : ‘(1,1,1,1) - : X 1 : (1,1,|,|)v j‘((u,u,o,m)‘(; - (1,1,1,1)‘ ‘X(o,o,u,u)L : "X(o,o,u,u))‘(u,nnn
X ‘ ‘ ) (1,1,1,1)‘ ‘ ) ‘ ‘ - : ‘ : (0,0,0,:0) : : : : ‘
DO : D1 : ‘ D3
C ‘ b1 T
: - (0,0, b, 0) _ _ :
: : : : (0,0, b, 0) : : : : :X (0,0,0,1) jX (0,0,0,0)

Speculative read cycle
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*Figure 4-15. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SDRAM — SDRAM) (3/5)

INNOAZPISSSSHY [enuep sJesn Areulwield

(c) Block transfer/without speculative read/local bus size: 32 bits

JBOLK (inpul) J_\_/_\_
BUSCLK (output)

VSAZ5to VSAQ SA0 X X SA0+4H X X__DA0+aH X X SA0 + BH X X__DAO+&H SA0+CH DA + CH

(input) j(
o g — . N N N
VDCSZ7 to VDCSZ0 — — ) — —

(input)
VSWRITE

ut) —

(inpt
VSCTYP210 VSCTYPO (.1.0) X 110 X X @10 X X @10 ) ) .10 X X (.10 010 ) (1.1.0)

(irput) ; / ; ; { 7 ; ; ! { ; ; i ‘ { ; ‘ { ‘ ; ‘ :
CPU core: VSBENZ3 to VSBENZO \ \ ) - ) y ) ) ) - )
o~ 0000 X X_©ooa XX —_©oon X000 0000 XX 0000 XX @08y ) 0000

(input) !

X
ik i i 1 H i i i I} H i i i H i H i H i i i 1 i i i i i
B v — X - X o0 XX @oo XX oo X 000 X @oo X wog ) ©.00

Transfer response

Wait Ready Ready Wait Ready Ready Wait Ready Ready Wait Ready Wait Ready

VBDI31 to VBDIO /Do \ | ] /DT\
(output) i i
VBDOS1 to VBDOO 50— o7 o5

(input)
DMACTV3 to DMA(‘(rJ‘m? 3 —Goon — ©050]
DMTCO3 to DMTCOO0 — L L L

1) )( 0000 _ (0, 0‘,0‘1) i X(0.0.0,0 ©, ) 0.1) )( 0,000 (0,0,0, 1) (0, 0‘,0‘1) i ) 0,0,0,0) (0, 0?,0‘1) :)( 0,0,0,0X

0.0.0.0

(input) 00,01 ‘(0 0,0.0)

T TO | TWR |

A25t0 AO

oL ) ca o2 ) CED

(output)
BCYSTZ

SDCASZ
ool A G
DWEZ

NABSE535> (output)
SDRAM DQMS to DOMO

1,1,1,1) (0,0.0,0) 0000 0000 (1.1,1,1) 0,0,0,0)

(output) { i { { ; 1
BENZ3 10 BENZO ~7 3777 (0,0.0.0 ¥(0.0,0.0) X0.0.0.0) {1.1.1 __ X0.0.00

.X0,0,0,0 - ‘(1,1‘1,1 - - )( 0,0,0,0) ‘XD,D,D,D

DCSF to DCOF ©0.0.0.0 X

X : : (0.0.0.0) : - X X : 0.0,0.0) - —X (A I G — Goo0 : X : (1,111,11 : Xl (0.0.0,0)

DOB1 to DOO \ { |
(output) DO A D1 A D2 A D3

utput)

(outp T T T T
DMTCOMS to DMTCOMO — - - -

©.0.0.0 @001 0,000

DMACTVM3 to DMACTVMO 000
DMA pins T T T T T T T T T T H T

(output)
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*Figure 4-15. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SDRAM — SDRAM) (4/5)

CPU core«>
INABS5E535|

SDRAM|

(d) Line transfer/with speculative read/local bus size: 32 bits

SA25 (input) 7’ - SAO0 - .X v)( DAO ) - - - ) SAQ +4H .X .)( DAO +4H ) - - - ) SAQ +8H .X .)( DAO+8H ) - - - ) Sﬁd+01 ) W+CH
VSSTZ

VDOSZ7 to b —— —— ——

) ) RO _ _ - X ano ) (.10 _ _ _ 1o ) (.10 ) i i i X aLo ) (.10
S G XK D S— : : X @000 XX Goog X § § 0000 XX oo : : X 0000 XX 0000
X @00 ) - - - @00 XY @00 ) - - - oo X oo ) : : : XG0 ) 000
l_WaA ) - - Ready - - ) Wait ) 3 ) Wait ) - - Ready - - ) ) ) Wait ) - - Ready - - ) Wait ) : X Wait_x @

[35]

(input)
VSBENZ3 to VSBENZO

in
VSSEQRto

(input)

Transfer response )

AL L

VBDI31 to VEDIO o\ o\
VBDOS 10 ) S
DMACTV3to DI -

2
-4

@007 @000 G001 X 0800 X 0007 Y@000( 0001 X @000 X 0001 X000 00071 X 0000 ) 0001 0040 G007

=

(iput) T T : x T T T : ; 7 0000

| To | TREAD | TREAD | TREAD | TREAD | TLATE | TLATE | TW | TWR | i T0 | 1 | To | TR To | TWR
A%gfm (-0 GG G CEINE) R G R C=XC20) ( ) D ) D Eorom-on
N

“zm (AP : —_©ouo : YT TX000] : NORAN : (e : : B : : (en : : : ECARA] : : : 0,00,
et (ERRDS : : — 0000 . . ) :(11113 X@0.0.0) § S ) : i (R : : : 31 : : : 0.00.
m‘?oﬂ%%‘ i i (RN i : X ©.000 ) 5 A1) 5 X@0.00) 5 i B 5 ) i 0007 i i i AT i i i (
DC3F 10DCOF 555707 Y - N OA)] - G - - - - - - - - - - - 0000 - § § § § § § :
DI31t0 DI oY Db A

oo“y ——— ooy (1101

‘Speculative read cycle
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*Figure 4-15. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SDRAM — SDRAM) (5/5)

CPU corecs
NABSES35

NABSES35¢,

DMA pins

VBCLK (input)
BUSCLK (output)
VSA25 10 VSAO

(input)
VSBENZ3 to VSBENZO
(input)

VSSEQ2 t0 VSSEQQ
(input)

Transfer response
VBDI31 to VBDIO
(output)

VBDOS1 10 VBDOO
(input)

DMAGTV3 to DMACTVO

(input)
DMTCO3 to DMTCO0
(input)

A25 10 AD

(output)

DMACTVMS to DMACTVMO
(output)

DMTCOMS to DMTCOMO
(output)

(e) Line transfer/without speculative read/local bus size: 32 bits

/ J T\
Ao am X SA0Bn CIEYT aa—
N o \_ \_
2 /— /— —
w10 ) SR R) ) RO} ) w10 XX G0 RO} ) SRR
X 0000 X X_©oog X ©.00.0) X X000 X X ©.0.0.0 X X_w©oog X 0000 X X__©.00.
X Too X moo X Too S GO CE— X w00 X X_moo X Gog ! S—
) Wait Ready i X - —Foady Wait Read, X Wait Floady Wait Foady - —Foasy Wart— Foag X viair Read,
o G i o G o
[ — 5 :
GooT Goon X G0 Goon X To0T GO0t OO ORI G0 Goon O o
: ! " - - - (0.0.0.0) - - - 5 - : i XIOQO”
o |wew wwe e | v el o | e | nare | T To | e | TiaTe | TuATe o R o e twe e | w
XX 09 ) () (e () [EIET)
N \_ \_
o
N N N \_
N N
OS¢ 0000 G311 _©00.0] (A ©.0.0.0 7,11 0.0.0.0) ) ) 0000 (.71 K0.0.0.0 (A ) 0009 ) ST
ROSARD ¢ 0000 IS KA (XK KR X To0g X () X 0000 X Xeooo) NN X ©.0.0.0 ) G ]
: . T . o) - AR - . . m— - \Goog) O -
0000 X T — - RN X T X 0.0.0.0) —X 1T X - RN X T X oo
o= = oz 3 [58
- 0,0.0,0) -
oo
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*Figure 4-16. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): SRAM — NPB
(Single Transfer/with Speculative Read/Local Bus Size: 32 Bits))

r VBCLK (input)
BUSCLK (output)

VSA25 10 VA
(input)

SAO +8H

1 i 1 i i
DAD + 2H SAO +4H DA + 4R DAD + 6H DA0 + BH DAD + AH

INNOAZPISSSSHY [enuen sJesn Areulwield

591

CPU corecs
NABSES35

NABSES350,
SRAM

|

DMA umsi

(input)
VDCSZ7 10 VDCSZ0

(input)
VSCTYP2 0 VSCTYPO

nput)
VSBENZ3 to VSBENZO

(input)
VSSEQ2 to VSSEQQ

(input)
DMACTVS to DMACTVO

(input)
DMTCO3 to DMTCO0

(input)

A2510 A0

(ivput)

DMACTVM3 to DMACTVMO —

(output)

DMTCOMS to DMTCOMO —

(output)

Ll
o)
3]

|\

|

(1.1.0)

(.10

(1.1.0)

(1.1.0)

(1.1.0)

(1.1.0)

(.10

(1.1.0.0

(1.1.0.0)

(,1.00

(1.1.0.0

(1.1.0.0

(1.1.0.0)

(1.1.0.0

0.0.1)

(0.0.0)

(1.0.0)

(0.0.0) -

0.0.1)

¥ (0.0.0)

(1.0.0

Feag)

Feag)

02

Road)

03

Roady

D01

D11

X Qj il

0.0.0.1]

0.0.0.1)

©.0.0.9

XE000) ©.0.0.1

©.0.0.0

[©0.0.0)

0.0.0.1)

©.0.0.0]

©.0.0.0

(0.0.0.

©.0.0.1

[CRNND))

R

5o

0.0.0.0

10.0.0.0]

©.0.0.1

(0.0.0.0)

Speculative read cycle

Note Transfer response output by NA85E535
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*Figure 4-17. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): NPB — SRAM
(Single Transfer/Local Bus Size: 32 Bits))

CPU corecs
NABSES35

NABSES350,
SRAM

of

VBCLK (input)
BUSCLK (output)
VSA25 1o VSAD

nput)
VSCTYP21t0 VSCTYPO
(input)

VSBENZ3 0 VSBENZO
nput

VSSEQ2 to VSSEQD
(input)

SN

NPB

X SAO

SAD +2H

DAD

SA +aH

SAC + 6H

DAO + 4H

SAD + 8H

W omoe )

SAD + CH

SAO +EH

DA0 + CH

D S G X R G—

[\

N

|\ —

[@.1.0

[@.1.0

[@.1.0

(1.0

(.10

(1.0

[@.1.0

e

[@.1.0

G100

(1.1.0.0)

(—__X__©oo0 XX

(1.1.0.0

X__©.00.0

(1.1.0.0)

G100

X} G000

oo

TG00

—

©00 X X

(1.0.0

(0.0.0)

(1.0.0

©.0.0

©.0.0)

P
(output)

VBDOS1 10 VBDOD
(npu

DMACTVS to DMACTVO

(input)
DMTCO3 to DMTCO0
(input)

A25 10 AD
(output)
BCYSTZ
(output)
©82710 CS20
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZO

(output)

DMACTVMS to DMACTVMO

e

Wait

Wat )

Fead,

Fead

Fead,

Wait

D1

D2

D3

(0.0.0.0

©.0.01)

)( (0.0.0.0)

0.0.0.1

)( (0.0.0.0)

©.0.0.1) X0.0.00

©.0.01)

01 X 0000

0.0.0.0)

il T

DAO + 4H

DAO+ BH

0.0.0.0)

[CRA)

G177

TR

i1

W11

.11

(SN

TCRD)

0.0.0.0) (1.7

©.0.0.0) (.1.1.1)

T1iT

(RN

TCRND)

.11

0.0.0.00

D3

(0.0.0.0]

0.0.0.0]

- -

0.0.0.0]

Note Transfer response output by NA85E535
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*Figure 4-18. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): NPB — NPB

(Single Transfer/During Speculative Read/Local Bus Size: 32 Bits))

CPU core>
NAB5E535

NABSES35>
SRAM

¥

VBCLK (input)
BUSCLK (output)
VSA25 to VSAQ

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQD
(input)

Transfer responsenote
(output)

VBDI31 to VBDIO
(output)

DMACTV3 to DMACTVO
(input)

DMTCO3 to DMTCO0
(input)

A25to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)

BENZ3 to BENZO
(output)
DC3Rto DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

"4 DMAGTVMS to DMACTVMO

DMA pins

(output)

DMTCOMS to DMTCOMO
(output)

NPB NPB NPB NPB
B A0 SA0 DAO SA0 DAO
B (0,0,1) (1,1,0) (1,1,0) (1,1,0) (1,1,0)
B (0,0,0,0) ‘ (1,1,0.0)‘ ‘ (1.1.0,0)‘ X ‘ (1.1.0,0)‘ X X (1,1,0,0)
B (0,0,0) (0,0,0) ©.0,0) X ©0.0,0 X X (0,0,0)
X Wait Ready
DO\
(0,0,0,0) X (0,0,0,1) (0,0,0,0) (0,0,0,1) (0,0,0,0) (0,0,0,1) (0,0,0,0) (0,0,0,1) (0,0,0,0)
‘ ‘ (o.o.b,o) ‘ ‘ (0,0,0.1)‘ ' (o,o,o.o)‘
T T T2 T T T2
A0 AO +4H AO +8H A0 +CH
\ \ / \ \ /
(1,1,1,1)
' ‘ (o.d.o,o) ‘ ‘ X ‘ ‘ (1.1.1,1)‘ ‘
‘ ‘ ‘ ‘ ‘ ‘ (1.1.5,1) ‘
0,000 X (1,1,1,1) X (0,0,0,‘0)
DO / D1 % / D2 % / D3 %
‘ (0,0,0,0)
(0,0,0,0) X(0,0,0, )X (0,0,0,0)

Note Transfer response output by NA85E535

Remark The 2-cycle transfer of NPB — NPB is executed regardless of an external memory access by the NAG5E535.
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*Figure 4-19. Example of DMA Transfer Timing (2-Cycle Transfer (Using DMAC with On-Chip CPU Core): NPB — RAM
(Single Transfer/During Speculative Read/Local Bus Size: 32 Bits))

CPU core«>
NABS5E535

NAB5E535¢>
SRAM

DMA pins

Y

Y VBCLK (input)

BUSCLK (output)
VSA25 to VSAQ

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZO
(input)

VSSEQ2 to VSSEQO
(input)

A

A0

0,0,1)

(1,1,0)

(0,0,0, 0)‘

‘ (1.1,0,0)I

X

0,0,0

(0, 0, 0)

X

Transfer response!
(output)
VBDI31 to VBDIO
(output)
DMACTV3 to DMACTVO
(input)
DMTCO3 to DMTCOO
(input)

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

DMACTVM3 to DMACTVMO
(output)

DMTCOM3 to DMTCOMO
(output)

Note Transfer response output by NA85E535

Wait

Ready

Ti\

(0,0,0,1)

(0,0,0,0

X

(0,0,0,0

0,0, O 0)

‘ (0,0,0,1)

‘ (0,0,0,0

T T2

T T2

T

T2

T

T2

A0

A0 +4H

A0 + 8H

A0

+CH

/T N\

(1,1,1,1)

O, d 0, 0)

‘ (1, 1,1,1)'

(1, 1,’1, 1)

(0,0,0,0 X

(1,1,1,1)

(0,0, 0,I 0)

/:Dzii }Da

(0,0, b 0)

(0,0,0,0

X (0,0,0, 1)X 0, 6. 0,0)

Remark The 2-cycle transfer of NPB — RAM is executed regardless of an external memory access by the NAS5E535.
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*Figure 4-20. Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SRAM — SRAM) (1/5)

INNOAZPISSSS LY [enuep sdosn Areulujaid

691

CPU core>
NAB5E535

NABSE535¢>
SRAM

DMA pins

Y

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

VSBENZ3 to VSBENZ0
(input)

VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO

(output)

VBDO31 to VBDOO

(input)

DMXCSZ03 to DMXCSZ00
(input)

DMXTCO03 to DMXTCO00
(input)

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF

(output)

RDZR

(output)

WRZ3 to WRZ0
(output)
BENZ3 to BENZ0
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

DO31 to DOO
(output)

DMXCZMO03 to DMXCZMO00
(output)
DMXTCMO3 to DMXTCMO00
(output)

(a) Single transfer/without wait/without speculative read/local bus size: 32 bits

X SAO DAO SAO DAO
X (1,1,0) (1,1,0) (1,1,0) (1,1,0)
j( ' (0,0,0, 0), X X , 0.0 0) ' (0,0,0, o)' X X , o'.o 0) '
:)( 000 X X ©.0,0) (0,0,0) ' X X ©, 0 0) '
:X Wait Ready X Wait Wait Relady X Wait I Ready
DO\ D0\
/ DO \ / DO
X (1,1,1,0) (1,1,1,1) (1 1'.1,0) (1,1,1,0) (1,1,1,1) (1,1,1,0) (1,1,1,1)
l ' ' ‘ ' (0,0,0,0) ' ' ‘ (o,o,o,1)' (0,0,0,0)'
T T2 T T2 T T2 T1
SAO DAO SAO DAO
N/ i/
(1,1,1,1) X0,0,0,0 X (1,1,1,1) X©0,000X (11,11
‘(1.1.1,1) (o,o',o.o) X (1.1‘.1,1) X 0,0 0) (o,o',o.o) X (1.1‘.1,1) X (o,o',o.o) (1,1,1,1)
' LEEEE X 0,0,0) (1,1,1,'1) ' ‘ X (0,6,0,0) (1,1,1,1)
0,000 X (1,1,1,1) X (0,0,0,0) X (1,1,1,1) X (0,0,0,0)
/ DO / DO !
DO DO
(0,0,0,0) X(0,0,0, 1) (0,0,0,0)
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*Figure 4-20. Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SRAM — SRAM) (2/5)

(b) Block transfer/with speculative read/local bus size: 32 bits

T VBCLK (input)
BUSCLK (output)

(input)

SA0 + CH

VSA250VSAD Y Sh0 DAO

VSSTZ

(input)
VDCSZ7 to VDCSZ0 )

(input)
VSWRITE
(input)

VSCTYP2 to VSCTYPO
(input)

a

(1,1,0) (1,1,0) (1,1,0) (1,1,0) (1,1,0)

(1,1,0)

1.0

CPU coree> 'VSBENZ3 to VSBENZO

NABSES35 (input) T (0.00.0 T X X (e 0" ) X X L 0:' ) X 0. 0.' 0.0) -X

(0,0,0,0) X

(0.0,0,0 X

: 0.0.0) X X o o 0) X X

(input)

(0,

,0,0) X

X X 0.00 X ©. o 0) X

LU
L L L L

(0.0.0) X

X
X
VSSEQ2 to VSSEQQ :X
X

e e

X Wait Ready X Wait Ready X Wait Ready

Transfer response ait Ready

Wait

VBDI31 to VBDIO DO
(output)

Wait Ready X Wait Ready
E

Wait Ready X

8\

VBDO31 to VBDOO /
(input) o

DMXCSZ03 to DMXCSZ00 X -

(input) _ (I,I,I,U)‘ (1,1,1,1)I (1,1,1,0) :X(1,1,1,|)I (I,II,I,U) (I,II,I,U) / (1,1,1,1)

(I,I,I,1)X (1,1,1,0)

X111

u><uuw
=3

DMXTCO03 to DMXTCO00 — - - - :

(1,1,1,0)

(0,0,0,1)

(0,0,0,0)

(input) — T T

T2 i T LA ul

T2 ™

™ T2

A25 10 AD SAO

(outpu) SA0 + 4H SA0 + 8H

SA0 +CH DAO

DAO + CH

BCYSTZ

(output)
CSZ71t0 CSZ0
(output)

oz N 2 N S N S S N BV

RDZR
(output)

NABSE5350> WRZ3 to WRZ0 (1.1,1.1)
SRAM =

(output — - ‘ ‘ - 1 ‘ AR

(1,1,1,1)

(1,1,1,1)

X(0,0,0,0X(1,1,1,1) X(0,0,0,0 X

X000 X

X(0,0,0,0 X

BENZ310BENZ0 — 7777, X

(output) o 0 0.0

(1,1,1,1) (0,0,0,0)

(1,1,1,1)

(0.0,0,0) X111

DC3Rto DCOR
(output)

u><u><m

(1,1,1,1) X (0,0,0,0)

X111

=L L L

X
(0,0,0,0) X

(0,0,0,0)

s

DC3F to DCOF 000, X

(output) (.1.1,1) X (0.0,0,0)

& &
DI31 to DI0
inpu) DO A/ D1 A\ D2 / D3 A\

D031 to DOO

¥ (output) - / -

£ DMXCZM03 to DMXCZM0O R
(outpu) 1,

DMA pins H H i i H i i H H i i H i i H H i H H
DMXTCMO3 to DMXTCMOO

(output) - {0000

X©.0.0, 1)'X (0.0,0,0
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WA

*Figure 4-20. Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SRAM — SRAM) (3/5)

(c) Block transfer/without speculative read/local bus size: 32 bits

B I\ e
‘ : : ) ‘ S0+ A | ‘ TR0+ 2H

SR+ CH X ‘)( TR0 + CH

S0+ ‘ Y DAO+EH

XX
VDCSZ7 10 VDCS20 — —
X—X

VSCTYP21to VSCTYPO )( : .1 0)‘ )(: a i 0)
CPU core> VSBENZ3 to VSBENZD 3( 0,0.0, 0} )j(: ©, 0 0,0)

NABSES35

a0 - X 10000  — LX) 0000 x:)( 0,000 :(ooooi XX 0000
VSRRV Y @og XX ©00 XX @00« X @09 OO N G G- X} 000 XX 000

‘.
c—  —
N
/A /)
_ (110)‘ ) ) a ‘1 0) X ) _ (110)v / (1‘1 0) )(:)( i (1,1,0 )(:)( (1‘1 0)
— X

Transfer response _X Wait

Y Fealy (Ve Py X Ve

VBDGB1 to VE ™ | D I | o

i g T 1 : T : r f i
DVXCSZ0810 DVXC ) Y (1.1,1,0 YELTK (110 Yartnl (110 A (110 XEiid 0110 GiT (110 XoiisX  ML10 (AN A G—

0.00.0 : 0,000

_ L L ™ LI Tl Il ® ™ T ™
AZ&t;)AD S0 0 SA0+2H DAO+AH XX +8H DAO+BH X X SAO+CH ) DAO+CH

1]

o N N N
e WRzste WD — : ) X©-00.9X : N(AAN : —X©o00.0X : NN : — X@oooX : N(NAA : — X0.000X (11T
Mto(% AT 0000 X __GiLth 0000 XX (0000 AT X 0000 XX 0000 X [Mift 0000 X X 0000 (317 X (0000 &5t

s } 1,1,1,1); : 0,000 x ;(1,1,1,1 } 000 :(1,1,1,1? x 0,000 x ;(1,1,1,1 } x 0,000 x@
Do oD 0000 )LL) 0.0.00 G D 0.0.00 Y TITT X 0000 R(ARA 0000

DI31 0DI0 - - - 3 - i
oost o : o — 7 — m

" ouy
DMARITS| i TovEBto DV ‘ ‘ ‘ : : : ‘ ‘ ‘ ‘ ‘ ‘ !
1 (odp) — : : : : : : : : ‘ ‘ ‘ — 0000

1.1,1.19)

\0.0.0.1X__0.0.0.0)
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*Figure 4-20. Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SRAM — SRAM) (4/5)

INNOAZPISSSS LY [enuep sdosn Areulwjaid

(d) Single transfer (4 word)/with speculative read/local bus size: 32 bits

BUSCLK (output) — i i i i i 1 f f f f f ! H H H

VSA25 1o VSAD Ty SAO SAO + 4H ‘ SAO + 8H ‘ SA0+ CH DAO DAO + 4H X DA +8H X DAO + CH

(input) —

VsSsTZ
(input)

VDCSZ7 to VDCSZ0

(input)

VSWRITE
(input)

VSCTYP210 VSCTYPO Y (1.1,0) 0,0,0) (1,1,0

(input) — T T T T

CPU core> VSBENZ3 to VSBENZO )

NABSE535 (input) —

VSSEQ2 to VSSEQO —X * * *

(input) —

Transfer response : Wait Ready Wait X Ready Wait X Ready Wait X Ready X Wait Ready
VBDI31 to VBDIO DO \ DI\ D2 \ D3\

(output)

(input) <

DMXCSZ03 to DMXCSZ00 —X (1.1,1,0) @.1,1,1) (.1,1,0)

(input) — i i ‘ ‘ ‘ ‘ ‘ ‘ / i i 111

VBDO31 to VBDOO / DO X Bt X D2 X I8
: : X

DMXTCO03 to DMXTCO00 =
© input) K0.0.0.7) (0,0,0,0)

Y

™ T2 ™ T2 ™ T2 ™ T2 T T2 ™ T2 T T2 ™ T2

Ey A2510 A0
Sl SAO SA0+4H SA0<8H SA0 < OH DAO DAO + 4H DAO + 81 DAO + CH

BCYSTZ
(output) — — —

CSZ7 to CSZ0

(output)

ADzE \ / \ /T \ / \ /

(output)

RDZR
(output)

SRAM (output)

NAB5E535¢> WRZ3 to WRZ0 ,1.1,1)

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO

BENZ3 to BENZ( ,0,0) X111

(ompug I(1’1’1'1) I I ‘ (O,d,0,0) X (1,1‘,1,1)

DC3R to DCOR (1,1,1,1)

pRpA ,0,0) X, 1,1,1)

:
‘
0
0
|

L L0

DC3F to DCOF
output) 0000 X 1,11 X ©0,0,0,0)

DI31 to DIO /IDO /‘D1 R/‘m R/‘m R

(input)

Y (output)

D031 to DOO %) D1 D2 D3

DMXCZMO3 to DMXCZMO00
(output)

11,11

DMAPINS| e oMO3 0 DVXTCMO0 — ] ] ] j j j j j j
o (outputy —0:0.0,0) X 0,00, )X (0,0,0,0)




*Figure 4-20. Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SRAM — SRAM) (5/5)
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€Ll

(e) Single transfer (4 word)/without speculative read/local bus size: 32 bits

VBCLK (input)
BUSCLK (output)

(input)
VssTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE 7}

(input)

VSCTYP2 to VSCTYPO
(input)

CPU corecs VSBENZ3 to VSBENZ0
NAB5E535 (input)

VSSEQ2 to VSSEQD
(input)

VSA25 to VSAD j( SAO X SAO + 4H X SAO + 8H X SAO + CH X DAO DAO + 4H X DAO + 8H X DAO + CH

(1,1,0) X (0,0,0 (1,1,0)

(0.0,0,0) X

©.0.0.0) X

X :
X ©.1,0 X ©.0.1 X ©.0,0)
X

(0,0,1) X (o,'o, 0)

Wait X Ready X Wait X Ready X Wait X Ready X Wait X Ready

Transfer response

LLLL L L]
><

VBDI31 to VBDIO ) D1 D2
(output)

VBDO31 to VBDOO

(input)

DMXCSZ03 to DMXCSZ00
(input)

DMXTCO03 to DMXTCO00
y (input) —

ﬂ

N

D0 A_B X 22 X 9

(1,1,1,0) X(1.1.1.1) (1,1,1,0) X (1,1.1,1)

4L

0,0,0, )X (0,0,0, 0)

T T2 T T2 T T2 T T2 T T2 T T2 T T2 T T2

Aii::’p’:g X SAO X X SAO + 4H X X SAO + 8H X X SA0 + CH X DAO DAO + 4H DAO + 8H DAO + CH

BCYSTZ
(output)

CSZ7 to CSZ0
(output)

(Fozr |/ |/ |/ |/
RDZR
(output)

NAB5E535¢> WRZ3 to WRZ0
SRAM (output) : T

A
BENZ3 to BENZO X 0000  Xti1,1,nX (@ ﬁ, 0,0  Xa.1,1.10X_ (0, 5,0, D CEEED & 0,000 X (1,1,1,1) X
X

(1,1,1,1)

X(,1,1,1)
X(,1,1,1)

,0,0,0X(1,1,1,1)X(0,0,0,0X(1,1,1,1) X(0,0,0,0 X (1, 1,1, 1) X(0,0,0,0) X_

(output) = {

DC3R to DCOR
(output) = : . .

(1,1,1,1)

0,0,
0,

DCSHZ,EﬁSzF) (0,0,0,0 Xy X©o0.00X (1,1,1,1) __ X0.000X_ (1,1,1,1) __ X0.000X_ (1,1,1,1) (0,0,0,0)

DI31 to DIO ii
DO D1 D2 D3

(input) & & &

DO31 to DOO

(output)

DMXCZMO03 to DMXCZMO00
(output)
DMXTCMO03 to DMXTCMO0O
(output)

(1,1,1,1)

DMA pins

0,0,0,00 X000 DX (0,0,0,0)
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*Figure 4-21. Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SDRAM — SDRAM) (1/5)

VBCLK (input)
BUSCLK (output)
VSA25 to VSAQ

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

CPU core«> VSBENZ3 to VSBENZO
NABSES535 (input)
VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO

(output)

VBDO31 to VBDOO

(input)

DMXCSZ03 to DMXCSZ00
(input)

DMXTCO03 to DMXTCO00
(input)

[

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
NAB5E535¢> (output)
SDRAM DQMS3 to DAMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

DO31 to DOO

¥ (output)

"4 DMXCZMO3 to DMXCZMOO
(output)

DMXTCMO3 to DMXTCMOO
(output)

DMA pins

(a) Single transfer/without wait/CL = 2/without speculative read/local bus size: 32 bits

_/_\_/_\_/_\_j/_\_j/_\_/_\_/_\_/_\_ﬁ 72 U/ U A V2 VI U 2 VI 20 U /2
X SAO ‘ ‘ DAQ SAO ‘ ‘ DAQ
X (1,1,0) (1,1,0) (1,1,0) (1,1,0)
X ' 0.0,0,0) ‘ X X 0.0,0,0) X ' ©.0.0,0) ' X X 0,0,0,0) X
X ' 000 X X_©o00 X ©.0.0 X X___©oo X
_X Wait Ready X Wait Ready I Wait I I R(;ady ‘ Wait ‘ Réady
DO\ DO
/ DO / DO
X (1,1,1,0) (1,1,1,1) (1.1‘,1.0) X (1,1,1,1) (1,1,1,0) (1,1,1,1) (1,1,1,0) X(1,1,1,1)
' ' ‘ ‘ ' ' (0,0, o,'o) ' ' ' ' ‘ ‘ (, 0,0.1)' (o,o'. 0,0)
To TREAD | TLATE TLATE To TWR To TREAD | TLATE TLATE To TWR
COL (SA0) COL (DAO) COL (SA0) COL (DAO)
H
(1,1,1,1) (0,0,0,0) (1,1,1,1) (0,0,0,0) (1, 1,1,1) (0,0,0,0) (1,1,1,1) 0,0,0,00X(1,1,1,1)
(1,1,1,1) ©0.0,0,0) X (1,1,1,1) X@o,o.o)' (1, 1,1,1) " 0.0.0.0) X R 'Xgo.o,T)'X(m.m)
(1,1,1,1) X0,0,0,0) X (1,1,1,1) XQO.O,T)‘)((1,1.1,1)
0,000 X (1,1,1,1) X (0,0,0,0) X (1,1,1,1) X (0,0,0,0)
DO DO}
DO DO
(.1.9,1
' ' ' ‘ ‘ I I (ol, 0,0,0) ' ' X 0,0,0,1) X (0,0,0,0)
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*Figure 4-21. Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SDRAM — SDRAM) (2/5)
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S.1

(b) Block transfer/with speculative read/local bus size: 32 bits

T VBCLK (input)
BUSCLK (output)

VSA25to (ﬁﬁg _5( SAO DAO SAO + 4H DAO + 4H SAO +8H DAO + 8H SAO + CH DAO + CH

vssTZ
(input)

VDCSZ? to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

X
CPU coree> 'VSBENZ3 to VSBENZO Ix
X

(1.1,0)
(0,0,0,0) X
0,00 X

(1,1,0) (1,1,0) (1,1,0) (1,1,0) (1,1,0)

NABSESSS inou) (0, q, 0,0) X X (0, q, 0,0) X (0, 0.' 0,0) (0, 0.' 0,0) X
VSSEQ2 to VSSEQO

(input)

(0.0,0,0 X X
(0.0.0) X X 0.0.0 X 0.0.0 X X

Wait Ready X wait__x Ready X Wait Ready X__Wait Ready
VBDI31 to VBDIO 0\ —5\ ! —5
(output) . .
/ Do \ / D1 \ /- 2\

VBDOS1 to VBDOO
(1,1,1,0) X(‘,‘,‘,‘) (1,1,1,0) (1,1,1,1) (1,1,1,0) X(‘,‘,‘,‘) (1,1,1,0) (1,1,|,|)X (1,1,1,0) X(‘,‘,‘,‘)

SR
Ll L

(0,0, 0) (0,0, 0) X

Wait__X Ready X wait_ X Ready

Transfer response

) -

(input) r
DMXCSZ03to DMXCSZ00. 7 @.1,1,0) ) ¢ {.1,1,0) X1, 1, 1) [.1,1,0) O]

(input)
DMXTCOO3 to DMXTCO00 — . . . -
(input)

(0,0,0,0) (0,0,0, 1) (0,0,0,0)

| TREAD | TREAD | TREAD | TLATE | TLATE ™w TWR ! T0 TWR : : ! T0 TWR T0 TWR

A2(5\1n°'13 OOL (SAQ) XCOL (540 + 4H)YCOL (SA0 + BH)Y{COL (SA0 + CH OOL (DAO) (CoL (DA + 44 \COL (DD + 84 (COL (D0 + CH
output

BCYSTZ
(output)
©SZ710 CSZ0
(output)
SDRASZ T
(output)
SDCASZ
(output)
SDWEZ
NAB5E535¢> (output)
SDRAM
DQMS3 to DAMO
(outpu) L1 4

BENZ3 to BENzg R ¢

'y

(0,0,0,0) (1,1,1,1) X (0,0, 0,0 (1,1,1,1) 0,0,0,0) (1,1,1,1) (0,0,0,0) (1,1,1,1)

0.0.0.0 (1. 1.1, 1)
X(0.0,0,0 X (1.1,1,1)
')( 0.0,0,0X(1,1.1,1)

(1,1,1,1) ~ X0.000X (1.1.1,1) X(0.0,0,0 X
(1,1,1,1) ~ X(0,0,0,0X (1,1,1,1) X (0,0,0,0X

(0,0,0,0)

(1,1,1,1)

(outpu
DC3Rto DCOR
(output) T T

DC3F to DOOF — - 1 - ;
output) 0,0,0, X . (1,1,1,1)‘ X (0,0,0,0

(1,1,1,1)

(1,1,1,1)

L L

DI31 a?‘ gg Do D1 D2 03
DO31 to DOO
B2 (output)

D1 D2 D3

8

DMXCZMO3 to DMXCZMOO - -
(output)

DMA pins DMXTCMO3 to DMXTCMOO H H ! H H H H H H ! i . ! H
© (output) (0.0,0,0 X(0.0,0,1)X(0.0.0.0

a1,
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*Figure 4-21. Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SDRAM — SDRAM) (3/5)
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(c) Block transfer/without speculative read/local bus size: 32 bits

T VBCLK (input)
BUSCLK (output)

VSA5 10 VSAO ¢ - SA0 X DAO X X SA0TAH X omoan X X SA0 +8H

(input)
VSSTZ

DAO + 8H X X SA0 + CH - X ‘)( DAO + CH

input)
vscwpzmvsc;‘\m B ORAD) —— ) I o
CPUcorer|  VSBENZ3to VSBENZO — - : : { { . { | i i { | | ]

o o) 0000 X X_©000 X X 0000 _ X X__0.000

VSSEQ2I0VSSEQY —Goo X X__©oo —_©og X X000
= i

(odoo) (odoo) X:)( - 6,0,0,0) ) 0.0.0.0)
‘ 000 X X 000 X000
Wai ) Ready Ready ) Wi ) Ready —Feady

XX
j—
(1,1.0) X X (1,1.0) (1,1.0) _ X X (1.1,0)
XX
XX

(0,0,0)

Wait Ready Wait Ready Wait Ready Y Wait_X
VBDI31 to VBDIO /Do ] ‘ . !
(output) - -
VBDO31 to VBDOO
(input) : } 1 1 : : : } :
DMXCSZOB(ODMXC%SZOOnpm) D (1,1,1,0) X(a,1,1,1 (1,1,1,0) (NN (1,1,1,0) 1, 1,1, 1 (1,1,1,0) ) (,1,1,1) (1.1,1,0) 1,111 (1,1,1,0) XA 1.1 (1,1,1,0) 1,111 (1,1,1,0) D) G
DMXTCO03 to DMXTCO00 — L L L . - - L : ] . : L 1 H H 1 i i T
(input) : : : - : ; ; 0000

Transfer response

0 ! | D3

D0 | D1 D2 D3

0.0.0.1

To | TREAD | TLATE | TLATE | {0 | TWR R0

i T0 TWR
OOL (540) OOL (DAD)

TO

TREAD | TLATE | TLATE | _ To WA | To | TREAD | TLATE | TLATE | To WA
=

oL om0 oL oL -0

T A25 10 AO
(output)
BCYSTZ

N

NABSES35c> (output)
SDRAM DQMS3 to DQMO

1,1,1,1) (0.0,0,0) (1.1,1,1) 0,0,0,0) (1.1,1,1) (0.0,0,0) (1.1,1,1) 0,0,0,0) (1,1,1,1) (0,0, 0,0 (1,1,1,1) 0,0,0,0) (1.1,1,1) (0,0,0,0) (1,1,1,1) 0,0,0,0) (1.1,1,1)
BENZS“"?)E“;% TT) 0,000 A1 X000} Tt ) 0,000 X ian 0009 (I 0,000 P D (XXX G PP 0000 A1 X0000X  Git1

DCSF‘“(’DOOF; [CRA)) - X0.0.0.0 ; NORN) : X©.0.0.0 § NN - § ¥©0,00) (RAR) § D (CHOXON0) )

output) T 7 { { {
DC3F 1o DOOF ~5575.0) (R

e - 0000 011 : — Gooo § [ § — 0000 § itin § G000

piattoDIo /D03 o] 2 /A 1
DOG1 to DOO { \

2 (output) =T /Dt Iz 0

DMXCZMO3 to DMXCZM0O
DMA pins|

output) T 7 7 T T T 7 7 T T T 7 T T T LLL0, T T T T T T T T 7 T T T T T T
DMXTGMO3 to mx('[ﬂgﬁ - - - - - - [0.0.0.0] } } } } } } } } } - - ©.0.0.0]
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*Figure 4-21.

Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SDRAM — SDRAM) (4/5)

VBCLK (input)
BUSCLK (output)
VSA25 to VSAQ

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

CPU core«> VSBENZ3 to VSBENZO
NAB5E535 (input)
VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO

(output)

VBDO31 to VBDOO

(input)

DMXCSZ03 to DMXCSZ00
(input)

DMXTCO03 to DMXTCO00
v (input)

] A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
NAB5E535¢> (output)
SDRAM DQM3 to DAMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31to DIO
(input)

DO31 to DOO

) 4 (output)

DMXCZMO3 to DMXCZMO00
(output)
DMXTCMO3 to DMXTCMO00
(output)

DMA pins

(d) Single transfer (4 words)/with speculative read/local bus size: 32 bits

X SAD SAO + 4H X _SA0 + 8H X SA0 + CH DAO YDA + 4H (X DAO + 8H ) DAO + CH ‘
X (1.1,0) (1,1,0)
:)( ' ' T 0.0.0.0 ‘ ' X ' ‘ (0,0,0,0)' ' X ‘
:)( (0,1,0) X (0,0, 1) X _(0,0,0) X (0,1,0) X (o,'o,1) 0,0,00 X
X Wait Ready X wait Ready
DO D1 D2 D3
/ DO 1 2 3
X (1,1,1,0) (1,1,1,1) ' (1,1,1,0) X (1,1,1,1)
:X (0,0,0, 1)' ' ' ' ‘ ' ©, 0.0, 0) ' ‘ ' ' ' ‘
i TREAD | TREAD | TREAD | TREAD TLATE TLATE To ™ TWR TWR TWR TWR
COL (SAD) XCOL (SA0 + 4H)XCOL (SAO + 8H)XCOL (SAO + CH] COL (DAQ) IXCOL (DAO + 4H)XCOL (DAO + 8H)XCOL (DAO + CH]
H
(1,1,1,1) (0,0,0,0) (1,1,1,1) (0,0,0,0) (1,1,1,1)
1,1,1,1) X (0,0,0,0) (1,1,1,1) X ©0,0,0,0). ' m1.1,1)
(1,1,1,1) X (0,0,0,0) X(1,1,1,1)
(0,0,0,0) X (1,1,1,1) X (0,0,0,0)
& : &
DO D1 D2 D3
DO D1 D2 D3
(1,1,1,1)
(0,0,0,00 X(0,0,0,1) ' ' ' (0,0,0,0)'
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*Figure 4-21.

Example of DMA Transfer Timing (2-Cycle Transfer (with NA85E300): SDRAM — SDRAM) (5/5)

VBCLK (input)
BUSCLK (output)
VSA25 to VSAO

(input)

VSSTZ

(input)

VDCSZ7 to VDCSZ0
(input)

VSWRITE

(input)

VSCTYP2 to VSCTYPO
(input)

CPU core<> VSBENZ3 to VSBENZO
NA85E535 (input)
VSSEQ2 to VSSEQO
(input)

Transfer response

VBDI31 to VBDIO

(output)

VBDO31 to VBDOO

(input)

DMXCSZ03 to DMXCSZ00
(input)

DMXTCO03 to DMXTCOO00
(input)

[

A25 to A0
(output)
BCYSTZ
(output)

CSZ7 to CSZ0
(output)
SDRASZ
(output)
SDCASZ
(output)
SDWEZ
NAB5E535¢> (output)
SDRAM DQM3 to DAMO
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR
(output)

DC3F to DCOF
(output)

DI31 to DIO
(input)

DO31 to DOO
(output)

[

DMXCZMO03 to DMXCZMO00
(output)
DMXTCMO3 to DMXTCMO0
(output)

DMA pins

(e) Single transfer (4 words)/without speculative read/local bus size: 32 bits

X Sho 1 Sho < ar Y SAo B X Sho <o DAO DAO + 4H DA0+8H1 DAO + CH
X ‘ ‘ 1.0 ‘ ) . . (11,0 ‘ ) ,
:X i ] ] (0,0,0,0): i i X X i i (0,0,0,0): ] X ;
:>( (0,11,0) (o,:o,1) X (0,0,0 X X (o,I1,0) X (o,fo,1) X (0,0,0) X
X " ‘ I Ready I ‘ Ve I I R(;ady ' '
DO 5 X 2 X
/ o D0 X 31 X gz X WQS
X . ‘ _(1.1,1,0 . . X 1.1.1), (1,1.1,0)? 5)(7(1,1..1,1)
. 0,1)= ] ] i i i | = o:,o. 5 i ! i ] ] !
To TREAD | TREAD | TREAD | TREAD | TLATE | TLATE To ™w TWR TWR TWR TWR
COL (SAQ) XCOL (SA0 + 4H)XCOL (SAQ + BHXCOL (SAQ + CH) COL (DAD) XCOL (DA + 4HXCOL (DAO + 8H)COL (DAO + CH
]
(1,1,1,1) (0,0,0,0) (1,1,1,1) . 0.0.0.0 . (1,1,1,1)
I(1,1.1,1) X ‘ ‘ (o,a.o,o) I I X (1.11,1.1) I I (o.o,o.o)1 : (1,1,1,1)
' l ‘ ‘ I(1,1.1,1) I ‘ ‘ I I ‘ (o.o,o.o)‘ I (@,1,1,1)
' (o,o.o,o') X ‘ ‘ ' (1,1.1,1)' ‘ X ' I (Io.o,o.o) ‘ I
DO D1 D2 3 D3
Do X_or X b2 X 03

(1,1,1,1)

(0,0,0,0) X (0,0,0, 1)X (0,0,0,0)
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6.1

*Figure 4-22. SDRAM CBR Refresh Timing

TRPW | TRPW | TRPW | TRPW | TRPW | ALLPRE| REFW | REFW | REFW | TREF | REFW| | REFW | REFW | REFW | TRPW | TRPW | TRPW | TRPW | TRPW
. VBCLK (input
3 BUSCLK (émﬂ& U S S

VACBRRQ (output)

VAACK (input)

VMLOCK (output)

CPU corec REFRQZ (output)
NAB5E535

VSA25 to VSAO (input) X X

VDCSZ (input)

VBDO31 to VBDOO (input)

VBDI31 to VBDIO (output)

A

A25, A24, A21 to A13 (output) |

A12Nete (output) |

X
A23, A22 (output) X
X
X

<X XX X

A11 to A2 (output) :

NA8S5E535 CSZ7 to CSZ0 (output)
«~>SDRAM

SDRASZ (output)

SDCASZ (output)

SDWEZ (output)

DQMS3 to DQMO (output) H

\ 2 CKE (output) H

) - - « -

Refresh counter All bank precharge Refresh BCW x 4clk

match timing command command

Note This is the case where the local bus size is 32 bits. Read the local bus size of 16 bits or 8 bits as “A11” or “A10”, respectively.

Remark A TRPW state is inserted while the NA85E535 is waiting for generation of a cycle. If no cycle is generated, the NA85E535 is always in the TRPW
state. In Figures 4-22 and 4-23, it is in TRPW state while it is arbitrating the VSB.
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*Figure 4-23. SDRAM Self-Refresh Timing (STOP Timing)

CPU core«|
NAB5E535

Y

NAB5E535
<SDRAM

VBCLK (input)

BUSCLK (output)

STPRQ (input)

STPAK (output)

VAEXREQ (output)

VAACK (input)

VMLOCK (output)

REFRQZ (output)

VBDI31 to VBDIO (output)

VBDO31 to VBDOO (input)

VDCSZ (input)

A25, A24, A21 to A13 (output) |
A23, A22 (output) __|
A12Note (output) —|

A11 to A2 (output) __|

CSZ7 to CSZ0 (output)

SDRASZ (output)

SDCASZ (output)

SDWEZ (output)

DQM3 to DQMO (output)

CKE (output)

TRPW

TRPW

TRPW

TRPW

N\

TRPW |ALLPRE REFW

REFW | REFW

TREF | REFW

REFW | REFW

REFW

REFW | REFW

TRPW TRPW

TRPW

TRPW

TRPW

TRPW

XXX X

X< X X ]

>
All bank precharge
command

NOP
command

Refresh
command

NOP

command

Self-refresh mode

BCW x 4clk

Note This is the case where the local bus size is 32 bits. Read the local bus size of 16 bits or 8 bits as “A11” or “A10”, respectively.
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*Figure 4-24. MobileRAM Deep Power Down Timing (STOP Timing)

CPU core«|
NAB5E535

A

NAB5E535
<MobileRAM

VBCLK (input)

BUSCLK (output) \—/

STPRQ (input)

STPAK (output)

VAEXREQ (output)

VAACK (input)

VMLOCK (output)

REFRQZ (output)

VBDI31 to VBDIO (output)

VBDO31 to VBDOO (input)

VDCSZ (input)

A25, A24, A21 to A13 (output) __|
A23, A22 (output) __|
A12Note (output) |

A11 to A2 (output) __|

CSZ7 to CSZ0 (output)

SDRASZ (output)

SDCASZ (output)

SDWEZ (output)

DQM3 to DQMO (output)

CKE (output)

Note This is the case where the local bus size is 32 bits. Read the local bus size of 16 bits or 8 bits as “A11” or “A10”, respectively.

TRPW | TRPW | TRPW | TRPW | TRPW |ALLPRE REFW REFW, REFW, TREF | REFW | REFW | REFW REFW | REFW | REFW | TRPW TRPW | TRPW | TRPW | TRPW | TRPW
X X
X X
X X
X X
™
All bank precharge NOP | Deep power NOP
command command down command command
Deep power down mode BCW x 4clk
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*Figure 4-25. SDRAM Mode Register Write Operation Timing

CPU corec|
NAB5E535

NAB5E535
«~SDRAM

VBCLK (input)

BUSCLK (output) \—/

VACBRRQ (output)

ALLPRE, REFW | REFW

REFW

TREF | REFW

REFW, REFW REFW, TREF | REFW

REFW, REFW

REGW, TRPW

TRPW, TRPW| TRPW, TRPW

Note This is the case where the local bus size is 32 bits. Read the local bus size of 16 bits or 8 bits as “A11” or “A10”, respectively.

VAACK (input)
VMLOCK (output)
VSA25 to VSAO (input) —[X KRR KRR KRR IRRIRRRHKIXRHIRRIXXRHRRRE % R R BRI KRR ORRRKKKKRRRKRKIRRRKIIN
VBDI31 to VBDIO (output) D T O T T OO OO TO O T LTI TSSO AT AT TN e o
VSSTZ (input) — [\_|
VSWRITE (input) __|
VDCSZ (input) “H
VPSTB (input)
o ot a(output) K o Y SN O SN Lo SN o NN
A23, A22 (output) AR KRR KRR KRR KRR KRR KRR KRR KRR X
At2Nete (output)
A1 to A2 (output) AR R R R KRR R RRRX KKK QR RRRRRRRKRRRRRKRRRRRIR, KRRRRRRRKARRIRX Vel
CSZ7 to CSZ0 (output)
SDRASZ (output)
SDCASZ (output)
SDWEZ (output)
DQM3 to DQMO (output)
CKE (output) H
: st ]
SCRn register write g mecharge o Refresh interval x 1/2 T};;h Refershx 7 me oﬁ',%‘féﬁd ‘
et “ietime o) (Ggas DR e st
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*Figure 4-26. MobileRAM Expansion Mode Register Write Timing

INNOAZPISSSSHY [enuen sJesn Areulwield

€8l

_ TWO | TWO | TWO | TWO | TWO | TWO | TWO | TWO |ALLPRE| REFW | REFW | REFW | TREF | REFW | REFW | REFW REFW | TREF | REFW REFW | REFW |REGW | TRPW | TRPW | TRPW | TRPW | TRPW | TRPW | TRPW
VBCLK (input)
BUSGLK (éutgut{ ND/OD D D AN I SN SN AN G N AN SN S NI AN ANV SANI) AN S/ SANIY AN SR NIV A0 AN SR NI GANIY SANID SANI AR NIV GANIY SANI AN SR\ QRN
VACBRRQ (output)
VAACK (input)
VMLOCK (output)
VSA25 to VSAO (input) __| N T T TN T OO AN OO OO TO AN S OTOTOTOTOTN AN ATOTOTOTOTO e TN NN SOOI AN TOTOTOTOTN AN
CPU core«|
NABSES35 |vBDI31 to VBDIO (output) X BRI R R R SRR R R KRR IAIKKK
VSSTZ (input) |\
VSWRITE (input)
VDCSZ (input) H
VPSTB (input)
A2, % (outpu) D o O LT
A23, A22 (output) AR R R R R R KRR R KRR A Rk RK KRR QRN (1,0)
A12Nate (output)
A11 to A2 (output) AKX DRI CLRRRDDRK Validl Valid|
NABSE535 CSZ7 to CSZ0 (output)
«~>MobileRAM
SDRASZ (output) / \
SDCASZ (output) / \
SDWEZ (output) / \
DQM3 to DQMO (output)
¥ CKE (output) H
[
SCRn register write All bank precharge I Refresh interval x 1/2 Refresh x7 Mode register Expansion
command Refresh T Refresh command write command mode register \—>
command End of refres| i End of refresh write command MobileRAM access enable
N N (second time) N "
(first time) (first time) (eighth time)

Note This is the case where the local bus size is 32 bits. Read the local bus size of 16 bits or 8 bits as “A11” or “A10”, respectively.
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Figure 4-27. BMC Register Change Timing (Divided by 1 — Divided by 2)

INNOAZPISSSS LY [enuep sdosn Areulwjaid

VBCLK (input) \__/

A AND SN AN AN AAND AN SN AN mmmmmmmmmmmwm

VSA25 to VSAO (input) | 3FFF498H X 0010000H

e

VSSTZ (input)

VPA13 to VPAO (input) X 34980

VPDW15 to VPDWO (input) X 0002H

VPSTB (input) I N NI V2 I NI V2 N V2 B NI BV B NI V2 B NS 2 B N BV BN VA

VPRETR (output)

VPWRITE (input)

VPUBENZ (Input)

Within VBCLK x 12 clocks VBCLK x 12 clocks

BUSCLK (output) /" \_f" N \f o f A T s )

A25 to A0 (output) X 0010000H

RDZF (output) H

RDZR (output) H

WRZ3 to WRZ0 (output) X OH

DI31 to DIO (input) X

DC3R to DCOR (output) FH X OH

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO

DC3F to DCOF (output) OH

CZ7 to CSZ0 (output) FFH X FEH
T




Figure 4-28. Example of SRAM Write Access Timing (If VBCLK Is Divided by Two to Generate BUSCLK)

CPU core«>
NA85E535

INNOAZPISSSS LY [enuep sdosn Areulujaid

NAB5E535«>
SRAM

1511

A A25 to A

veclkmputy _ /7 \__ Y/ \__|
BUSCLK (output) i/ h

VSA25 to VSAO

/N

/N

[\

/N

/N

/N

25 U2 A U A

(input)

VSSTZ
(input)

VDCSZ7 to VDCSZ0
(input) —/
VSWRITE
(input) :

VSCTYP2 to VSCTYPO
(input) :X

VSBENZ3 to VSBENZ0
(input)

Transfer response X

Wait

Ready

Wait

Ready

b--

VBDO31 to VBDOO /
(input)

Do

D1

-4

R

(output)

BCYSTZ
(output)

CSZ7 to CSZ0
(output)

RDZF, RDZR
(output)

WRZ3 to WRZ0

(output) a

111

11,

(1,1,1,1)

WRSTBZ
(output)

BENZ3 to BENZO
(output)

DC3R to DCOR RER
(output) — —

1)

DC3F to DCOF
(output)

DO31 to DOO
(output)

DO

WAITZ

(input)

Remark The output timing of the DO31 to DOO signals differs compared with when the VBCLK signal is divided by one to generate BUSCLK.

S3TdINVX3 DNINIL SS3OJ3V AHOW3IN ¥ H31dVHO



CHAPTER 5 TEST FUNCTION

5.1 Separate Unit Test

To test the internal circuitry of the NAB5E535, set the separate unit test mode by inputting a high level to the TEST
and BUNRI pins, and conduct the test by using the test input pins (TBI19 to TBIO) and test output pins (TBO15 to
TBOO).

* 5.2 Notes on Wiring Test Bus

The NA85E535 does not initialize the normally connected pins in the separation test mode of other macros
(BUNRI =1, TEST = 0). If the VDCSZn signal is active at this time, an active level is output to the VSWAIT pin (n =7
to 0).

The CPU core has a peripheral test mode that tests the macro connected to its VSB (NPB) via the test bus. In this
peripheral test mode, the VSB pin is valid even in the test bus mode. Therefore, the test pattern of the VSB
peripheral macro may not pass because of the output pin level of the NA85E535 in the VSB peripheral test mode
using the test bus of the CPU core. To avoid this, wire the TBI3 and TEST signals of the test bus of the NA85E535
as shown in Figure 5-1 after wiring the test bus with TESTACT.

Note that this wiring is not necessary if there is no macro to be tested in the peripheral test mode using the test
bus of the CPU core.

Figure 5-1. Wiring of Test Bus

NAB5E535

TBI3 ———
TEST (selects NA85E535) *LV TEST

A

To VPDI15 to VPDIO pins VPDR15 to VPDRO

of CPU core

}7

BUNRIOUT pin of CPU core
To VMWAIT pin of O—
VSB bus master VSWAIT

Remark The TBI19 to TBI4, TBI2 to TBIO, and TBO15 to TBOO pins require no special processing.

BUNRI
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CHAPTER 6 DATA FLOW

The flow to transfer data to the external memory differs depending on the set values of the registers, start

address, and data width.

Figure 6-1. Data, VSB, External Data Bus

Bus master NAB5E535
B/HW/W VBDO31 to VBDOO0O DO31 to DO0
B/HW/W [ VBDI31 to VBDIO DI31 to DIO |

V (VSB)
Fixed to 32 bits

Remark B: Byte data
HW: Halfword data
W:  Word data

External memory

%/—/

D (external data bus)

8/16/32 bits

The data flow in each condition is shown on the following pages.

Preliminary User’'s Manual A15555EJ2VOUM
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CHAPTER 6 DATA FLOW

6.1 Data Flow for Byte Access (8 Bits)

Figure 6-2. Data Flow for Byte Access (Little Endian)

Address to be Data transfer flow
accessed External data bus: 32 bits External data bus: 16 bits External data bus: 8 bits
4n - __ Address 31| 31|
31 31
24| | 24| |
24| | 24| | 23 23
23 23
16 | Address 16 |
6 | 16| | 15 15 15
15 15
8 | 8 8 | Address
8 | 8 7 7 7 7 7
7 7 7 4an 4n
4n 0 ol 0 0 ol 0
0 oL oL B v D B v D
B v D
4n+1 - ____Address 31| 31 ]
31 31
24| | 24| |
24| | 24| | 23 23
23 23
Address
16 15
15 4n+1
an+1 8 Address
sl | 7
7 4n+1
0
oL D
D
4n+2 __ Address 31 | 31 ]
31
24
23
4n+2 Address
16 |
15
Address
8 |
7 4n+2 4n+2
oL |
D
4n+3 - ___ Address 31 ] 31 ]
31 31 -
rrrrrr 4n+3 24 _‘
foa| | eal | 23
|23 23
i Address 16 |
16| 16| | 15
15 15 4n+3
8| | Address
i 8 | 8 | 7 7
7 7 7 4n+3
0 ol |
0 ol | ol | % D
B Y D
Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

Figure 6-3. Data Flow for Byte Access (Big Endian)

Address to be

Data transfer flow

accessed External data bus: 32 bits External data bus: 16 bits External data bus: 8 bits
4n _ __ Address 31 | 31
31 31 .
g 4n 524 || 24| |
=YY I 7Y 123 23
123 23 |
16 | Address 16| |
6| 16| | {15 15
15 15 : 4n
8 8| | Address
8| | 8| | 7 7 7 7 7
7 7 7
i S S R S 4n
|:|: 0 oL | 0 ol | 0
0 oL ol B v B v D
B % D
4n+1 - _ Address 31 ] 31 ]
31 31
241
23
4n+1 Address
6] |
15
Address
8l |
7 4n+1 4n+1
oL |
D
4n+2 - ____Address 31 ] 31 ]
31 31
24| | 24| |
24| | 24| | 23 23
23 23
Address
16 | 15
® 4ns2
4n+2 8 Address
sl_| 7
7 4n+2
0
oL D
D
4n+3 - _ Address 31[ | 31 ]
31 31
24| | 24| |
24 | 24| | 23 23
23 23
16| | Address 16 |
6 | 16| | 15 15 15
15 15
8 8 8 | Address
8 | 8 7 7| 7 7 7 7
7 ’ ’ 4ns3 4n+3
an+3 0 ol I o 0 ol o
0 oL1 oL | B v D v D
B % D
Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

6.2 Data Flow for Halfword Access (16 Bits)
Figure 6-4. Data Flow for Halfword Access (Little Endian) (1/3)

(a) External data bus: 32 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time
4n
31 31 [ ] Address
24 24
23 23
16 16
15 15 15 -
4n+1
8 8l | 8l |
7 7 7
4n
0 ol | ol |
HW s D
4n+1
31 31 Address 31 31 Address
24 24 241
23 23 23
4n+2
16 16] |
15 15
4n+1
s | 8
7 7
0 0
D D
4n+2 -
31 Address
4n+3
24| |
23
4n+2
6] |
15 15 -
8 8
7 7
0 0
D
4n+3
31 [ 31 [ Address 31 31 Address
,,,,,, 4n+3
24| | 24| | 24 24
i23 23 23 23
H16 16 16
15 {15 15 15
8 i 8 8 8l
7 L7 7 7
; 4n+4
0 0 0 oL |
HW % D D

Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

Figure 6-4. Data Flow for Halfword Access (Little Endian) (2/3)

(b) External data bus: 16 bits

Address to be

Data transfer flow (number of transfers when viewed from external bus)

accessed First time Second time
4n
31
24
23
16
15 15 15 Address -
4n+1
8 8| 8
7 7 7
4n
0 o] 0
HW Vv D
4n+1 31
31
24
24 23
23
15 Address
15 Address
4n+1 8
8 7
7 4n+2
0
0
D
4n+2
15 Address —
4n+3
8
7
4n+2
0
4n+3 - 31
31
------ 24| |
24| | 23
123
Address
15 12 — Address 1
' 4n+3 8
8 8l | ’
7 7 4n+4
- 0
0 0
HW \

Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write

Dotted line («----): Read

3.n=0,1,23, ...
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CHAPTER 6 DATA FLOW

Figure 6-4. Data Flow for Halfword Access (Little Endian) (3/3)

(c) External Data bus: 8 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time
4n -
31 31
241 | 24
23 23
16
15 15
g g | 7 Address Address
4n 4n?1
0 oL 0
HW % D
4n+1
31
24| |
23
Address Address
4n21 4n?2
4n+2 _
31
""""" <
24| |
23
15
Address g g ] 7 Address
4n+2 e 4n+3
0 0 0
HW % D
4n+3 - 31
31
pros < 24
24| | 23
123
{16
15 i15
8 8 7 Address
: — Address
7 P ’ 4n+4
T N I 4n+3 0
0 0 0 D
HW v D

Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

Figure 6-5. Data Flow for Halfword Access (Big Endian) (1/3)

(a) External data bus: 32 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time
4n
31 [ Address
4n
24| |
23
4n+1
16|
15 -
8
7
0
D
4n+1
31 31 Address 31 31 Address
24 24 24
23 23 23
4n+1
16 | 16 |
15 15
4n+2
8 8] |
7 7
0 0
D D
4n+2
31 31 Address
24 24
23 23
16 16
15 15 15 -
4n+2
8 8| | 8] |
7 7 7
4n+3
0 ol oL __
HW % D
4n+3
31 31 Address 31 [ 31 [ Address
g 4n+4
24 24 24l | 24 |
23 23 |23 23
16 116 16
15 15 i15 15
___ 8 8 8 8
7 7 7 7
4n+3 -
| oL | 0 ol | ol |
HW s D HW s D

Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

Figure 6-5. Data Flow for Halfword Access (Big Endian) (2/3)

(b) External data bus: 16 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time
4n
Address —
4n
4n+1
4n+1 - o
31 31
24| |
23
Address 15 Address
4n+2
8
7
4n+1
0
D
4n+2 -
31
24| |
23
15 12 ] 15 Address —
4n+2
8 sl | 8
7 7 7
4n+3
0 oL 0
HW % D
4n+3 -
31
24| |
23
15 Address
— 15 Address
4n+4
8
| 8 7
7
4n+3 0
|| 0 HW
HW s D

Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

Figure 6-5. Data Flow for Halfword Access (Big Endian) (3/3)

(c) External Data bus: 8 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time
4n - —
31 31
<! |
24| |
23
16|
15 15
g g [ 7 Address Address
__________ 4n 4n+1
0 oL | 0
HW % D
4n+1 -
31
Address Address
4n+1 4n+2
4n+2 - -
31 31
24| | 24| |
23 23
16| |
15 15 15
g Address g g ] 7 Address
4n+2 4n+3
0 0 oL 0
HW HW % D
4n+3 o 31 [ ]
31 —
pres <
(241
24| | 123
23 :
(16 |
L 15 i15
8 |
! ] Address
1 7 Address 7 ; 7 ’
I R O N 4n+4
4n+3 0 ol | 0
L 0 HW v D
HW s D

Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

6.3 Data Flow for Word Access (32 Bits)

Figure 6-6. Data Flow for Word Access (Little Endian) (1/3)

(a) External data bus: 32 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time Third time
4n
31 [ 31 [ 31 [ Address
4n+3
24| | 24| | 24| |
23 23 23
4n+2
6] | 16 | 6] |
15 15 15
4n+1
sl 8| 8|
7 7 7
4n
ol ol oL
w \Y D
4n+1 _ o _ o
31 31 31 [ ] Address 31 Address 31 31 31 Address
4n+3 < |
24 | 24| | 24 24 | 24 24| | 24
23 23 23 23 23 23 23
4n+2
16 16| | 16 16 | 16
15 15 15 15 15
4n+1
8| 8 8 8l 8l |
7 7 7 7 7
¥ 4n+4
0 0 0 o[ ol |
D D Y D
4n+2
31 [ 31 [ Address 31 Address
4n+3
24| | 24| | 24
23 23 23
4n+2
6] | 16 | 16
15 15 15 -
4n+5
sl 8 8|
7 7 7
4n+4
ol 0 0 0 oL |
w D D
4n+3 _ _ _ - - -
31 31 31 Address 31 31 31 Address 31 31 31 Address
_____ 4n+3
24 || 24 | 24| | 24 24
23 {23 23 23 23
1 4n+6
6l || 16 | 16 16 16 16| | 16| |
15 15 15 15 15 15 15
| 4n+5
sl 1| i8] | 8 sl 8 8l | 8
7 P 7 7 7 7 7
; 4n+4
o[ ol | 0 ol | 0 oL | 0
w Y D D Y D
Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

Figure 6-6. Data Flow for Word Access (Little Endian) (2/3)

(b) External data bus: 16 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time Third time
4n _ _
31 31
24 | 24| |
23 23
16| 16 | Address Address
15 15 15 -
4n+1 4n+3
8l | 8l | 8
7 7 7
4n 4n+2
o] o] 0
w v D
4n+1
31| 31| 31 31|
24| | 24| | 24 24| |
23 23 23 23
Address Address 16 16| | Address
15 15 15 15
4n+1 4n+3
8 8 8| | 8
7 7 7 7
4n+2 > 4n+4
0 0 o] 0
D v
4n+2 _
31
24| |
23
16| Address Address
15 -
4n+3 4n+5
8l |
7
4n+2 4n+4
o] 0 o] 0
w v D
4n+3
31 ] 31 31
24| |
23
16 | Address Address Address
15 15
4n+3 4n+5
gl | 8
7 7
4n+4 4n+6
ol 0 ol 0
w v D v D
Remarks 1. B:Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3. n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

Figure 6-6. Data Flow for Word Access (Little Endian) (3/3)

(c) External data bus: 8 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time Third time Fourth time
4n A B[ 3 3 AT 3
7 . 24 | 24| | oal | 24l
23 23 2 23
16 1 1 16 16 1
BH B BH B BH 18
8 8 8 8
Mt ppyfddess | S i
4n
oLl oLl o ol| oLl o
w v D w W
4n+1 3] B 3 B[
2al | o4l | 24| || 24| |
Pl 23 2 23
16 1
15 18—
8
8 8
0 ol
w
4n+2 3] 3] 31 3] B[]
2 || 24l | 24 2al | |24l |
Pl 23 2 Pl 23
16l || |16 16 16| | |16
15 15 15 15 15
8 8 8
9 || 9 g Address 81— 81— 7 Address
443 4n+4
oLl o 0 oLl ol o
w w v D
4n+3 3 31
24 | 24| |
2 23
16l | |16
15 15
8 8
o S 7| Address
4n+4
oLl oLl o
w v D

Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...

198 Preliminary User’'s Manual A15555EJ2VOUM




CHAPTER 6 DATA FLOW

Figure 6-7. Data Flow for Word Access (Big Endian) (1/3)

(a) External data bus: 32 bits

Address to be

Data transfer flow (number of transfers when viewed from external bus)

accessed First time Second time Third time
4n
31 [ 31 [ 31 [ Address
4n
24| | 24| | 24| |
23 23 23
4n+1
16 | 16 | 16 |
15 15 15 - -
4n+2
sl sl sl
7 7 7
4n+3
ol ol ol
w \Y D
4n+1 - _ - - _ _ -
31 Address 31 31 31 Address 31 31 31 Address
g 4n+4
24| 24 24| || ieal | 24| |
23 23 23 123 23
| 4n+1
16 | 16| 16| 16 6l 1| 16 16
15 15 15 15 15 15 15
4n+2
sl 8 8 sl sl_1|i8 8
7 7 7 7 7 P7 7
4n+3 P
ol | 0 0 ol | ol | 0 0
w \Y D D w \Y D
4n+2
31 Address 31 [ Address
4n+4
24| | 24| |
23 23
4n+5
16 16] |
15 15 -
4n+2
i sl 8
: 7 7
| 4n+3
ol ol ol ol |
w \Y D D
4n+3 _ - - _ _ - _ - -
31 31 31 Address 31 31 31 Address 31 31 31 Address
T 4n+4
24| | 24| | 24| | 24 | 24| | 24| | 24| |
23 23 23 23 23 23 23
4n+5
16| 16 16 16 | 16
15 15 15 15 15
4n+6
sl 8l 8l | 8 8l |
7 7 7 7 7
¥ 4n+3
ol | ol | ol | ol | 0 0 0
w \Y D w \Y D D
Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus

2. Solid line (—»):

Write

Dotted line («----): Read

3.n=0,1,23, ...
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CHAPTER 6 DATA FLOW

Figure 6-7. Data Flow for Word Access (Big Endian) (2/3)

(b) External data bus: 16 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time Third time
4n
31 ] 31 ] 31 ]
24| | 241 | 241 |
23 23 23
16 | Address 16 | 161 | Address
15 15 15 15 -
4n 4n+2
8l | sl | sl | 8
7 7 7 7
4n+1 4n+3
oL oL oL 0
w w % D
4n+1 _ -
31 31
Address Address Address
4n+2 4n+4
sl | 8| |
7 7
4n+1 4n+3
ol | oL |
w %
4n+2
31 ] [
24| | L
23
161 | I Address Address
15 15 -
4n+2 4n+4
sl | || 8
7 7
4n+3 4n+5
oL oL 0
w % D
4n+3 _ - _ -
31 31 31 31
<
24| | 24| | 24| | 24| |
23 23 23 23
16| 16 | Address Address Address
15 15 15 15
4n+4 4n+6
sl | 8 | 8 8
7 7 7 7
—P 4n+3 4n+5
ol | ol | 0 0
w s D D
Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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CHAPTER 6 DATA FLOW

Figure 6-7. Data Flow for Word Access (Big Endian) (3/3)

(c) External data bus: 8 bits

Address to be Data transfer flow (number of transfers when viewed from external bus)
accessed First time Second time Third time Fourth time
4n 3] B 3] s 3] 3
oal | 24l 24 | 24| | 24 | o4 |
23 23 23 23 23 23
6| 16 el | 16/ 16l | 16[ |
15 15 15 15 15 15
Address % - % % I % 9 | 9 [ Address
4n < 4n+3
oLl o oLl o oL I o1 o
w w w v D
4n+1 31 31 3] s
24l | 24 | 2l | 24
23 23 23 3
[
1 1 16 16
B 18 15 15[
Address % I % | ;[ Address Address
4+t el g 43 a4
oLl ol1" o
w v D
4n+2 31
24] |
23
16| |
15
Address 7 — Address gL Address
42 :| 4n+3 45
oLl ol1" o ol
w v D w
4n+3 S 8]
7 Address
4n+3
0
D

Remarks 1. B: Byte data, V: VSB (fixed to 32 bits), D: External data bus
2. Solid line (—»): Write
Dotted line («----): Read
3.n=0,1,2,3, ...
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APPENDIX A CONNECTION EXAMPLE

An example of the connection (when a bus master other than the CPU core is not used) of the CPU core,
NAB85ES535, and external memory (SRAM or SDRAM) is shown below.
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INNOAZPISSSG LY [enuep s dosn Areulujaid

€0¢

*Figure A-1. Example of Connecting CPU Core, NA85E535, and External Memory (SRAM or SDRAM)

(When Bus Master Other than CPU Core Is Not Used)

VBCLK

VBCLK

CPU core

VDCSZ7 to VDCSZ0
VMA25 to VMAO
VMBENZ3 to VMBENZO
VMCTYP2 to VMCTYPO
VBDO31 to VBDOO
VBDI31 to VBDIO
VMWRITE

VMSTZ

VMWAIT

VMAHLD

VMLAST

VMSEQ2 to VMSEQO

VAREQ

VAACK

STPRQ

STPAK

VPUBENZ

VPA13 to VPAO
VPSTB

VPWRITE

VPDI15 to VPDIO
VPDO15 to VPDOO
PHTEST

PHTDO1, PHTDOO
PHTDIN1, PHTDINO
VPRESZ

VPTCLK

VPRETR

Yvyy

¥

¥

Y

OpenNmeG

NABSE535

VBCLK

VDCSZ7 to VDCSZ0
VSA25 to VSAO
VSBENZ3 to VSBENZO
VSCTYP2 to VSCTYPO
VBDO31 to VBDOO
VBDI31 to VBDIO
VSWRITE

VSSTZ

VSWAIT

VSAHLD

VSLAST

VSSEQ2 to VSSEQO
VAEXREQ
VACBRRQ

VAACK

STPRQ

STPAK

VPUBENZ

VPA13 to VPAO
VPSTB

VPWRITE

VPDR15 to VPDRO
VPDW15 to VPDWO
PHTEST

PHTDO1, PHTDOO
PHTDIN1, PHTDINO
VPRESZ

VPTCLK

VPRETR

VMLOCK

A25 to A0

DI31 to DIO
DO31 to DOO

DC3R to DCOR
DC3F to DCOF

CSzo
RDZR
RDZF

WRZ3 to WRZ0

CSz3
BUSCLK
SDRASZ
SDCASZ

SDWEZ
CKE

DQMS3 to DQMO

IORDZR
IORDZF
IOWRZ
HLDRQZ
HLDAKZ
WAITZ

BENZ3 to BENZO

SELFREF

1/0 buffer

ASIC

SRAM

:

'z

%

A25 to AD

» D31 to DO

Cso

(HHW

WE

SDRAM

—»1 A25to AO
» D31 to DO

CS3

1

CS

CLK

SDRASZ

SDCASZ

SDWEZ

CKE

Y

DQMS to DQMO

Note 1

Note 1

Note 2

Note 2

Note 3

Y

A @ VA\V/A\VAV4 @ VVVVVV

Note 4

Note 5

T

2. Used in bus hold status

3. Used for external wait control

Notes 1. Used during DMA flyby transfer

4. Used when memory with byte enable control function is connected

5. Used for self-refresh

6. This may be opened when a bus master other than the CPU core is not used.
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APPENDIX B GENERAL INDEX

[A]

A25 10 AD .. 39
ACNT, ACNOD ... 51
Address setting wait control register...........ccc.co....... 51
Address/data/chip select controller...............ccuuuee. 23
ASC s 51
ASTBZ ...ttt 44
[B]

BCC e 52
510 o T R =107 o1 L 52
BCP et 53
BCTO, BCT ..t 50
BCW1, BCWO .....ooiiiiiiiiieeeen e 59
BCYSTZ...iee e 40
BENZ3 10 BENZO........cccvviviiiiiieceeeee e 40
BMOC ... s 69
BTNT, BTNO....ooiiiiiiiiecee e 50
BUNRI....ooiti it 44
Bus arbitration controller ..., 23
Bus cycle control register..........ccoevveeiiiieeeinienenns 52
Bus cycle type configuration registers 0, 1 .............. 50
Bus hold function ...........ccccoiiiii e 91
Bus mode control register..........ccccvveeiiiiiiiiieeneenn. 69
BUSCLK ..ottt 41
BUSCLKR2.......coiiiieeet e 41
[C]

CKE. ..o 41
CKM1, CKMO ..ottt e 70
CKMD1, CKMDO.....ccceeeiriieiie e 37
Connection of unused PiNS ........cccceeieeireeeiieenieens 45
Control registers.......oocuiiiiiiei i 48
CPU core connection PiNs ........cccceeeveeeneesnieeenieennes 31
CSZ7 10 CSZ0....c.tiieeeerrieeee et 40
[D]

Data floW ......eeeiiiiieecie e 187
Data flow for byte access (8 bits).........cccceerveennenn. 188
Data flow for halfword access (16 bits) .................. 190
Data flow for word access (32 bits)........ccccccveerunnn. 196
Data read control blocK...........ccccuvieeiiiiiiiiiiieeee 23
Data wait control registers 0, 1 ......cccccooeiiiiiiiennnnnn. 54
Data wait control registers and external wait ........... 55
Data write control blocK...........cccoiiiiiiiiiiiiieeee 24

DC3F 10 DCOF ....c.ceiiiiiieiee et 40
DC3R 10 DCOR ......eiiiiiieiie et 40
DIBT 10 DIO ..ot 39
Divider bIOCK .........eeiiiiiiii e 21
DMA flyby fuNCHION........cooviiiiiiiiieeeiee e 18
DMA flyby transfer idle control register..................... 75
DMA flyby transfer wait control register.................... 74
DMA PINS .ot 43
DMA status signal controller............ccccceeveieiniiinneeen. 24
DMACTV3 t0 DMACTVO ...ooiiiiiiiiieeeeeiee e 43
DMACTVM3 to DMACTVMO ......oooviiiiiiiiiieineeienne 43
DMTCO3 t0 DMTCOO ......ooiiiiiiieniieeiee e 43
DMTCOMS3 to DMTCOMO ......cccevrriiiiienrieiieeenees 43
DMXCSZ03 to DMXCSZO00 .....cc.ceviveeeieeeieeenieeeieens 43
DMXCSZ13 t0 DMXCSZ10 ....ccceveiriieieeeieieee e 43
DMXCZMO03 to DMXCZMOO .......coecveriieeerieeiieenieenns 43
DMXCZM13 t0 DMXCZM10 ......oevrviiiiienrieiieeeneene 43
DMXTCMO3 to DMXTCMOO .......coriveraieenieeiieenieenns 43
DMXTCM13 to DMXTCM10 .....ceevrriiiiieiiieiieeeneee 43
DMXTCOO03 to DMXTCOO00........cceiverieeerreeeieenieanns 43
DMXTCO13 t0 DMXTCOT0.....cceevrriiiieenreeiieeeiees 43
DOB31 10 DOO......cciieeiiieiieeniiee et 39
DQMS3 t0 DQMO......coociiiiiieiiieireeeree e 42
DSTBZ....ooeeeee e 44
DWGCO, DWCT ..o 54
DWnN2 10 DWNO......oeiiiieieeeeiee e 54
[E]

ESCN e 64
Example of page ROM connection...........ccccovveeennes 78
Example of SDRAM connection ...........cccceevcveeriiennnns 80
Example of SRAM connection..........ccccccveeeeeennnnenen. 76
External memory connection pins ..........ccccceevcvveenns 39
External wait function ...........ccooeeiiiiiiini e 55
[F]

FlIC e 75
FINT, FINO .. 75
Flyby transfer strobe control register.........c..c.ccee... 53
FWC e 74
FWN2 10 FWNO ....ooooiiiiiii e 74
[H]

HLDAKZ ...ttt 40
HLDRQZ..... oottt 40
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[

Initialization PiNS ......cceviiiiei e 37
Internal block diagram .........ccoccciiiiiiieiiiiieeeeee 20
Internal bus control block............ccccceeeiiiiiiiie. 24
Internal Units ..o 21
TOEN ... 53
IORDZF ...ttt 39
(0] 15 74 o S 39
IOWRZ ...t 39
[L]

LBCO, LBCT ...t 67
L] o I 11 1 LR 73
LBS e 73
LBST, LBSO ...eeieieieee e 38
Line buffer control registers 0, 1.......cccccovviveeiiineenn. 67
Local bus sizing control register ...........ccococeveirnneeen. 73
LTM2 10 LTMO ..t 58
(M]

MAB 10 MAS ... 56
MOCE ... e e 37
ME7 10 MEO ....ooiiiiiiiiiee e 42
Memory access timing examples...........cccccevvveeeenne 99
MERN Lo 50
MPXCZ ..ot 44
MPXEN ....oiiiiiie e 44
MWAITZ...ooeeeeeee e 44
[P]

Page ROM configuration register ..........ccccceeecveenne 56
Page ROM connection function ..........cccccceeviiieenns 17
Page ROM controller ..........ccocvviveeniiieneeeniceseee 21
PDWN ...ttt 70
PHTDINT, PHTDINO ....ooiiiiiieeeeee e 44
PHTDO1, PHTDOO.......ccciiiiiieiiee e 44
L o L =S S 44
Pin function list.........ccccoiiiieiiini e 28
Pin Status ... 46
Pins for NPB .......oiiiiiic e 35
PiNS fOr VSB ... 31
Pins reserved by NEC ........ccoccoiiiiiiiiiiieeee 44
PRC .. e 56
PRW2 10 PRWO ....cooiiieiiiiieeeeiee e 56
[R]

RAWT, RAWO ......ooiiiiiiiieee et 59
RBN1, BBNO ...t 67

RCC1, RCCO.....ciiiiiiieeiiee e 62
L 74 R 39
RDZR ...t s 39
REFRQZ......oo oottt 4
Register BIOCK ...........ooviiiiiii e 21
REN. ..o e s 62
RESN o 62
RIN5S t0 RINO ....coiiiiiiiieeiee e 63
[S]

SAWT, SAWO ....ooiiiiiiee et 59
SCRN s 58
SDCASZ ... 4
SDRAM configuration register N..........ccccceevceeeenneen. 58
SDRAM connection function ..........ccccecceeevneeennnneen. 17
SDRAM CONIOIIET.......coiiiieiiiiiie e 21
SDRAM refresh control register N .........cccoevveeeeenee. 62
SDRASZ ... 41
SDWELZ ...t 4
SELFREF ..o 41
Separate unit test function ..........ccocoviiiiiieneene, 18
Separate unit test mode pins ......cccceeeeiiiiiiiiiieeeee. 44
Setting register for MobileRAM expansion mode
FEOISTEI N L. 64
Speculative read/write buffer function....................... 18
SRAM connection function...........ccccovieeiiiiincnnnen. 17
SRAM/external 1/0O controller........cccceoeeeeeecieeeennnen. 21
SSOT, SSOD0 ... 59
STOP fUNCHON ...ceeiiiie e 85
STPAK ..o 36
S (TS 36
Symbol diagram ..........ooceeiiiiiie i 19
System configuration example ...........ccccceeeiceeeeennen. 25
System control PiNS........c.ceeeiiiereiriien e 36
[T]

TBIO et 44
LI > 44
TBI2. e e 44
LI T 44
TBIGTO TBI4 ... 44
TBO15 10 TBOO.....ciiieiiiieeeiee e 44
TEST ot 44
Test bus interface bloCK ... 24
Test fUNCHON......oceeei i 186
[Vl

V2EN .. i 38, 70
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VAACK ... ettt 33
VACBRRQ ..o 33
VAEXREQL... ...ttt 33
Variable internal system clock function.................... 18
VBCLK ...ttt s 36
VBCLK2 ...t 36
VBDI31 10 VBDIO ...cocuveeiiieeiee e 32
VBDO31 10 VBDOO.....cccveieeeeeeeeeeeee e 32
VBRESZ......ooi et 44
VDCSZ7 10 VDCSZO0.....c.eeeeeeeee e 31
VMLOGCK ...ttt 33
VPA13 10 VPAD ... et 35
VPDR15 10 VPDRO .....ooiiiiiiiii e 35
VPDV et e 35
VPDW15 t0 VPDWO......ccuiiiiiiiiieeiee e 35
VPRESZ.....oo it 32
VPRETR. ..ottt et 35
RV S I S 35
VPTCOLK .ottt 44
VPUBENZ ... 35
VPWRITE. ... oo st 35
VSA25 10 VSAD.......iiiee et 31
VSAHLD ...ttt e 34
VSBENZ3 t0 VSBENZO .....ccociieiieeeeeeeeeee e 31
VSCTYP210 VSCTYPO ..o 31
VSLAST e 34
VSSEQ2 10 VSSEQO .....cooovuiieeiiiieeeeiiee e 32
VSSTZ e 33
VEWAIT Lot e 34
VSWRITE ... oot 33
(W]

WAITZ .. 39
WECF .. 58
WRSTBZ ..ot 39
WRSTZ ...ttt 42
WRZ3 t0 WRZO0........ooeeeeeeeeee e 39
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