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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“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.

“High Quality”: 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; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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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, 1/0 settings or contents of registers. Device is not initialized 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.

e 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.

e 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.

e 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.

M5D 98.12
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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

e 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 Electronics (Europe) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 01

Fax: 0211-65 03 327

o 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

NEC Electronics (France) S.A.
Vélizy-Villacoublay, France
Tel: 01-3067-58-00

Fax: 01-3067-58-99

NEC Electronics (France) S.A.
Representacion en Espana
Madrid, Spain

Tel: 091-504-27-87

Fax: 091-504-28-60

NEC Electronics Italiana S.R.L.
Milano, Italy

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290
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NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 253-8311

Fax: 250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

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

Fax: 11-6462-6829
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Major Revisions in This Edition

Page Description

p.17 Addition of bank precharge command in Figure 1-2 SDRAM Sequential Write Cycle (Bank Change)

p.19 Addition of Note in 1.2.1 (1) SRAM/I/O controller

p.19 Modification of 1.2.1 (2) Page ROM controller

p.23 Modification of 1.2.3 (2) (c) Bus arbitration controller

p.30 Madification of 1.3.2 (3) (m) CSZ7 to CSZ0, (n) BENZ3 to BENZO0, and (q) SELFREF

p.36 Modification of Caution in Figure 1-5 Bus Cycle Type Configuration Registers 0 and 1 (BCTO0 and BCT1)

p.40 Addition of description in 1.4.4 (1) External wait function

p.40 Addition of description and figure in 1.4.4 (2) Data wait control registers and external waits

p.45 Modification of Figure 1-12 SRAM write timing

pp.50, 51 Addition of Caution in Figure 1-16 Page ROM Configuration Register (PRC)

pp.55, 56 Modification of Figure 1-20 Page ROM Read Timing

p.58 Modification of 1.4.8 (1) Bus hold procedure, (2) Bus hold release procedure

p.60 Addition of Caution in 1.4.9 Bus cycle period control register (BCP)

p.65 Modification of Figure 1-28 User Logic Design Example (NUS5E500)

p.81 Addition of Remark in 2.1 Outline

p.82 Modification of 2.1.1 Features

p.91 Modification and addition of Cautions in 2.3.1 SDRAM configuration register n (SCRn)

p.92 Modification of Figure 2-4 SDRAM Configuration Register n (SCRn)

pp.94 to 97 Addition of 2.3.1 (1) Address outputs and SDRAM connection, (2) Bank address outputs

p.98 Modification of Figure 2-5 64 Mbit SDRAM Connection Example

p.101 Modification of 2.3.2 (2) Bus timing

p.103 Modification of Figure 2-9 SDRAM Single Read Cycle (32-Bit Data Bus, Word Access)

p.105 Modification of Figure 2-10 SDRAM Single Write Cycle (32-Bit Data Bus, Word Access)

p.111 Modification of Figure 2-15 SDRAM Sequential Write Cycle (16-Bit Data Bus, Word Access, Bank
Change, CAS Latency =2, BCW =1)

p.112 Modification of Figure 2-16 SDRAM Sequential Write Cycle (8-Bit Data Bus, Word Access, Bank
Change, CAS Latency =2, BCW =1)

p.114 Addition of Caution in Figure 2-17 SDRAM Refresh Control Register n (RFSn)

p.115 Addition of 2.3.4 CBR refresh function

p.116 Modification of Figure 2-18 SDRAM CBR Refresh Timing

p.117 Modification of 2.3.5 Self-refresh function

p.118 Modification of Figure 2-19 SDRAM Self-Refresh Timing

p.119 Addition of 2.3.6 Notes for refresh function

pp.124 to 126

Addition of APPENDIX B REVISION HISTORY

The mark * shows major revised points.
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Target Readers

Purpose

Organization

How to Use This Manual

PREFACE

This manual is intended for users who wish to understand the functions of the
memory controllers (NB85E500, NU85E500, and NU85E502) for the NB85E and
NB85ET CPU cores for CBICs and who design application systems using these CPU
cores.

This manual’s purpose is to help the user understand the functions of the NB85E500,
NUSS5ES500, and NUS5E502.

This manual is organized as follows.

CHAPTER 1 NB85E500 AND NUB5E500
This chapter explains the NB85E500 and NU85E500, which are the basic macros
for controlling external memory.
The NB85E500 is a memory controller for the NB85E and NB85ET, and the
NUB5E500 is a memory controller for the NB85E. The NB85E500 and
NUBS5E500 contain an on-chip SRAM/I/O controller, and page ROM controller.

CHAPTER 2 NUS85E502
This chapter explains the NUS5E502, which is an SDRAM controller.

This manual assumes that the reader has general knowledge of electrical
engineering, logic circuits, microcontrollers, SRAM, page ROM, and SDRAM.

To gain a general understanding of the NB85E500, NU85E500, and NU85E502
functions, be sure to read:
— This manual according to the CONTENTS

For information about the functions of the NB85E and NB85ET, be sure to read:
— NBB85E Hardware User’s Manual (A13971E), NB85ET Hardware User’s
Manual (A14342E)

In this manual, the memory controllers (NB85E500, NU8S5E500, and NU85E502) are
referred to as MEMC. Unless specified otherwise, the NB85E is described as the
representative CPU core in this manual. When using the NB85ET, read the CPU
core name as NB85ET.
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Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representation: xxxZ (Z is appended to 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 ... XxXxx or xxxxB
Decimal ... xxxx
Hexadecimal ... xxxxH
Prefix indicating the power of 2 (address space, memory capacity):
K (kilo):  2"=1,024
M (mega): 2% =1,024°
G (giga): 2*°=1,024°

Data types: Word ... 32 bits
Halfword ... 16 bits
Byte ... 8 bits
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

e NBB85E Hardware User’'s Manual (A13971E)
e NB85ET Hardware User’'s Manual (A14342E)
e CB-9 Family VX/VM Type NB85E, NB85ET Design Manual (A14335E)
e CB-9 Family VX/VM Type Core Library CPU Core, Memory Controller

Design Manual (A13195E)
¢ How to Use SDRAM and SGRAM User’s Manual (M13132E)
e Synchronous DRAM Application Note (M12394E)

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 NB85E500 AND NU85E500

The NB85E500 is a memory controller for the NB85E and NB85ET, and the NU8S5E500 is a memory controller for

the NB85E.

The Nx85E500 is used as follows according to the type of external memory to be connected.

Target CPU Core

Type of External Memory to Be

Memory Controller (MEMC)

Connected
NB85E SRAM, ROM, page ROM, flash memory NB85E500/NU8S5E500
SDRAM NB85E500/NU85E500 + NU8B5E502
NB85ET SRAM, ROM, page ROM, flash memory NB85E500

SDRAM

NB85E500 + NU85E502

Remark Referto CHAPTER 2 NUB85E502 for details of the NUS5E502.

In this chapter, Nx85E500 represents the NB85E500 and NUB5ES500. Differences between the NB85E500 and
NUBS5ES00 are explained separately, but other parts in common are explained together as the Nx85E500.

1.1 Differences Between NB85E500 and NU8S5E500

The differences between the NB85E500 and NU8S5E500 are shown below.

Item

NB85E500

NUS5ES500

External memory data bus pin

D31 to DO (I/0)

DI31 to DIO (Input),
DO31 to DOO (Output)™'*

SDRAM sequential write timing

Refer to Figures 1-1 and 1-2.

Write data output value to SDRAM

The values of the VBD31 to VBDO pins
are output from the D31 to DO pins

The values of the VBD31 to VBDO pins
are output from the DO31 to DOO pins
after being latched in the NUS5E500

Setup time of 2nd and subsequent write
data

0.5 clock

1 clock

On-page cycle

1 clock earlier in the NB85E500 than in the NUS5E500

Note The DO31 to DOO pins are not 3-state output.

The SDRAM sequential write timing examples are shown below.

14
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CHAPTER 1 NB85E500 AND NUS5E500

Remarks 1.

These timing examples are for the following cases.

¢ Data bus width 8 bits

e Word access

e CAS latency = 2

¢ Number of wait states set using the BCW1 and BCWO bits of the NU85E502 SCRn register = 1 (n
=71t00)

The signals in the timing examples are the signals of the NUS5E502.

Broken-line portions of the VBD31 to VBDO and VBWAIT signals indicate a weak unknown state; a

state entered when the NB85E internal bus holder is driving. The level of the broken-line portions

of the D31 to DO and DO31 to DOO signals is undefined.

Refer to NB85E Hardware User’s Manual (A13971E) for details of the VSB signals (VBxxx,

VDXXX).

TACT state: State of the bank active command
TW state: Wait state

TWE state: State that indicates write cycle end
TWPRE state:  State that indicates precharge
TWR state: State of the write command

BCW: Wait state set by the BCW1 and BCWO bits of the SCRn register (n =7 to 0).
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Figure 1-1. SDRAM Sequential Write Cycle (On-Page)

(a) NB85E500

SDRAM write cycle

VBCLK (input) ~ T™W TWR TWR TWR TWR |TWPRE TWE=
spcik upuyeen— N N N NN
VBA25 to VBAO (input)__|X X XX X
VBSTZ (inputete T N\__ |/~ |\ / __/
VBSEQ2 to VBSEQO (input___[X___(0,1,0) X__ (001 X (0,0,0 X
VBD31 to VBDO (I/O)Note 1~ """~ T X X X -
VBWAIT(output) | /| N\ | /1T 1 \d_ /|
A25, A24, A21 to AL1 (output)___|X____Adr. X Adr. )X Adr.[X Adr. X
A23, A22 (output)__|X adr. X Adr. X Adr. X Adr. X
Al0 (output):W\
A9 to A0 (output)__X Col. X _Col.[X Col.TX Col. X
SDRASZ (output) H
SDCASZ (output) \ /
SDWEZ (output) \ /
D31 to DO (HOyNeret _ |~~~ X XTI XX _]

Bank A BankA BankA BankA
write write write write
command command command command

Notes 1. NB85E500 signal

(b) NUB5E500

SDRAM write cycle

i ~ ™ ™ TWR TWR TWR TWR |TWPRE TWE=
Nyt N SAND SN/ SAND GAND AN AN NV D OV &
VBA25 to VBAO (input)___[X X X IX X
VBSTZ (input)Netez [\ / N\ / __/
VBSEQ?2 to VBSEQO (input)___1X__ (0,1,0) |[X__ (0.0,1) [X (0,0,0) X
VBD31 to VBDO (foyNete2” |~~~ TY XTI XT X -1
VBWAIT(utput) | /T N\ | | /1T 1T 1"/
A25, A24, A21 to A1l (output)__ X adr. X Adr. X Adr. [ X Adr. [ X Adr. X
A23, A22 (output)___[X___Adr. Adr. X Adr. [ X Adr. [ X Adr. X
Al0 (output): A\
A9 to A0 (output)___X Col. X _Col.[X _Col.[X Col. X
SDRASZ (output) H
SDCASZ (output) \ /
SDWEZ (output) AN /
D031t DOO (outpuyere 717771771 IXTIX T IX X 1

Bank A BankA BankA Bank A
write write write write
command command command command

Notes 2. NUSS5ES500 signal
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LT

Figure 1-2. SDRAM Sequential Write Cycle (Bank Change)

(a) NB85E500

SDRAM write cycle
TW | TACT | TWR | TWR | TWR | TWR |TWPRE| TWE

-

SDCLK (outn UST‘B‘[:?\—/_\—/_\J/_BQL/_\—/_\—/_\—/_\—/_\_/_\_/_
VBA25 to VBAO (input)_X X X X X
VBSTZ (inputyote i N\___| /
VBSEQ?2 to VBSEQO (input)__|X (0.10 X__(001 X (0,0,0 X
VBD31 to VBDO (OyNere 1~ 17T X XX I
VBWAIT output)__|__ /|~ | N\ /1 T ../~
A25, A24, A21 to A11 (output)___|X Adr. Y Adr X Adr. [ X Adr. [ X Adr. X _Adr.[X

A23, A22 (output)___|X_Adr. [ X Bank X_Adr. )X _Adr. [ X _Adr. [X_Adr. [ X Bank X_Adr. | X

A10 (output)___| X Adr. [ X Row

A9 to A0 (output)___X_Adr. [ X Row[X_Col. [X_Cal. | X _Col. [ X Col. X

SDRASZ (output)

SDCASZ (output)

SDWEZ (output)

D31 to DO (OyNete 1~~~ X XXX 1o

- - - - o )
- it -t it it -t -

Bank A BankA BankA BankA BankA Bank
active write write write write precharge
command commandcommand commandcommand command

Notes 1. NB85E500 signal

(b) NUS5E500

SDRAM write cycle

A

TW | TACT | TWR | TWR | TWR | TWR |TWPRE| TWE

) BCW
SDeLK ?;&;i;%@ﬁlumr\_/mmmmmmmf
VBA25 to VBAO (input)___|X X X X X
VBSTZ (inputyNote 2| /
VBSEQ?2 to VBSEQO (input__X__ (0,1,0) |[X__ (0,01 X (0,0,0) X
VBD31 to VBDO (foyNete2” ~ 7~ T 7Y X T XT X -]
VBWAIT(output) |/ | N\ | | /1 1 1 \d._ /]
A25, A24, A21 to A1l (output) X Adr. X Adr. X Adr.[X adr. [ XCAdr. X Adr.[X
A23, A22 (output)__|X_Adr. [ X Bank[X_Adr. [ X_Adr.|X Ldr. X Bank X _Adr. [ X
A10 (output)___| X Adr. [ X Row
A9 to A0 (output) X _Adr.[X Row[X_Col. [ X_Col. [ X_Col.[X Col. X
SDRASZ (output)
SDCASZ (output)
SDWEZ (output)
D031 to DOO (outputete?” ~ 177777777 T X IXT X -]

- - - - -
- -t it it it it

Bank A BankA BankA BankA BankA Bank

active write write write write precharge
command commandcommandcommandcommand command

-

Notes 2. NUSS5ES500 signal
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CHAPTER 1 NBS85E500 AND NUS5E500

1.2 Outline

The Nx85E500, which is the basic macro for controlling external memory, contains an on-chip SRAM/I/O
controller, and page ROM controller.

An external bus cycle can be started by connecting the Nx85E500 to the NB85E via the VSB.

Also, SDRAM can be controlled by connecting the SDRAM controller (NUS5E502) to the Nx85E500 (see Figure 1-
3).

Figure 1-3. SRAM and SDRAM Connection Example

ASIC

- SRAM
v
NB8S5E - S@ NXB5E500 —_—

<;> NUS5E502Note ¢j>

SDRAM

Note Up to eight controllers can be connected.

Preliminary User's Manual A14206EJ5VOUM



CHAPTER 1 NB85E500 AND NUS5E500

1.2.1 Features

€

@

SRAM/I/O controller
The Nx85E500 has one on-chip SRAM/I/O controller, which controls access to all CSn areas (n =7 to 0). Its
main features are outlined below.

SRAM can be accessed in at least 2 states.

Up to 7 programmable data wait states can be inserted by means of DWCO0 and DWC1 register settings.
Up to 3 address setting wait states can be inserted by means of an ASC register setting.

The data wait can be controlled by WAITZ input.

Up to 3 idle states can be inserted after a read/write cycle by means of a BCC register setting.

A DMA flyby cycle™ (SRAM — 1/0 or I/0 — SRAM) can be started.

Note Flyby transfer using SDRAM is not supported.

Page ROM controller

The Nx85E500 has one on-chip page ROM controller, which controls access to all CSn areas (n = 7 to 0).
The basic bus cycles are the same as those of the SRAM/I/O controller, but this controller has a page access
function. Its main features are outlined below.

Page ROM can be accessed in at least 2 states.

An on-page judgement function is available.

The address to be compared can be changed by means of a PRC register setting.

For an on-page cycle, the active level (low level) for the RDZ signal is maintained while the VBSEQ?2 to
VBSEQO signals indicate consecutive transfer (except the value VBSEQ2 to VBSEQO = 000) until the
VBSEQ?2 to VBSEQO = 000 cycle is terminated.

Up to 7 programmable data wait states can be inserted during an off-page cycle by means of DWCO and
DWCL1 register settings.

Up to 7 programmable data wait states can be inserted during an on-page cycle by means of a PRC
register setting.

The data wait can be controlled by WAITZ input.

A DMA flyby cycle (page ROM — 1/O) can be started.

When there is a write cycle request for the CSn area to which the page ROM is connected, an SRAM write
cycle is executed.
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CHAPTER 1 NBS85E500 AND NUS5E500

1.2.2 Symbol diagram

(1) NB85E500

in
infout —J
in
infout —J
in
in/out
in —J

in
in/out
infout —J
out

in

out

out

out
out —J
out

out
out

in —J

out
infout
out —J
out —J
out —J
out —J
in—J
in —J
out —J
out
out —J
out —J
out —J
out —J
out —J
out
out —J
out —J
in —

out
out —J

VBCLK
VDCSZ (7:0)
VBA (25:0)
VBBENZ (3:0)
VBCTYP (2:0)
VBD (31:0)
VPRESZ
VBSEQ (2:0)
VBWRITE
VBSTZ
VAREQ
VAACK
VBLOCK
VBTTYP (L:0)
VBBSTR
VDSELPZ
VBWAIT
VBAHLD
VBLAST
VPSTB
VPUBENZ
VPA (13:0)
VPWRITE
VPD (15:0)
STPRQ
STPAK
MCE
MPXEN
BCPEN

A (25:0)

D (31:0)
RDZ

WRZ (3:0)
IORDZ
IOWRZ
WAITZ
HLDRQZ
HLDAKZ

DC (3:0)
CSZ (7:0)
ASTBZ
DSTBZ
MPXCZ
RDCYZ
BUSST
BENZ (3:0)
REFRQZ
SELFREF
SDCLK
BCYSTZ

PHTEST

PHTDIN (1:0) PHTDO (1:0)

VPTCLK

CTCSI7 (3:0)
CTCSI6 (3:0)
CTCSI5 (3:0)
CTCSI4 (3:0)
CTCSI3 (3:0)
CTCSI2 (3:0)
CTCSI1 (3:0)
CTCSIO (3:0)
CTCSO7 (4:0)
CTCSO6 (4:0)
CTCSO5 (4:0)
CTCSO4 (4:0)
CTCSO3 (4:0)
CTCSO2 (4:0)
CTCSO1 (4:0)
CTCSOO0 (4:0)

CTLO (1:0)
MTEN

CT50117 (2:0)
CT50116 (2:0)
CT501I5 (2:0)
CT50114 (2:0)
CT501I3 (2:0)
CT50112 (2:0)
CT50111 (2:0)
CT501I0 (2:0)
CT50107 (3:0)

CT50106 (3:0)

CT50105 (3:0)

CT50104 (3:0)

CT50103 (3:0)

CT50102 (3:0)

CT50101 (3:0)

CT50100 (3:0)

BCP
PISL
CTL501
RWC (7:0)

CT50217 (1:0)
CT50216 (1:0)
CT502I5 (1:0)
CT50214 (1:0)
CT50213 (1:0)
CT50212 (1:0)
CT50211 (1:0)
CT50210 (1:0)

CT50207 (1:0)

CT50206 (1:0)

CT50205 (1:0)

CT50204 (1:0)

CT50203 (1:0)

CT50202 (1:0)

CT50201 (1:0)

CT50200 (1:0)

in

in out
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CHAPTER 1 NB85E500 AND NUS5E500

(2) NUB5E500

in —
in/out —J
in —
infout —J
in —
infout ——
in —(J

in —
inflout —
in/out —J
out —
in —
out —
out —
out —
out —(J
out —
out —
out

NN

VBCLK
VDCSZ (7:0)
VBA (25:0)
VBBENZ (3:0)
VBCTYP (2:0)
VBD (31:0)
VPRESZ
VBSEQ (2:0)
VBWRITE
VBSTZ
VAREQ
VAACK
VBLOCK
VBTTYP (1:0)
VBBSTR
VDSELPZ
VBWAIT
VBAHLD
VBLAST
VPSTB
VPUBENZ
VPA (13:0)
VPWRITE
VPD (15:0)
STPRQ
STPAK
MCE
MPXEN
BCPEN

A (25:0)
DI (31:0)
DO (31:0)
RDZ

WRZ (3:0)
IORDZ
IOWRZ
WAITZ
HLDRQZ
HLDAKZ
DC (3:0)
CSZ (7:0)
ASTBZ
DSTBZ
MPXCZ
RDCYZ
BUSST
BENZ (3:0)
REFRQZ
SELFREF
SDCLK
BCYSTZ

PHTEST

PHTDIN (1:0)  PHTDO (1:0)

CTCSI7 (3:0)
CTCSI6 (3:0)
CTCSI5 (3:0)
CTCSl4 (3:0)
CTCSI3 (3:0)
CTCSI2 (3:0)
CTCSI1 (3:0)
CTCSIO (3:0)
CTCSO7 (4:0)
CTCSO06 (4:0)
CTCSO5 (4:0)
CTCSO4 (4:0)
CTCSO3 (4:0)
CTCSO2 (4:0)
CTCSO1 (4:0)
CTCSO0 (4:0)
CTLO (1:0)
MTEN
CT50117 (2:0)
CT50116 (2:0)
CT501I5 (2:0)
CT50114 (2:0)
CT501I3 (2:0)
CT50112 (2:0)
CT50111 (2:0)
CT50110 (2:0)
CT50107 (3:0)
CT50106 (3:0)
CT50105 (3:0)
CT50104 (3:0)
CT50103 (3:0)
CT50102 (3:0)
CT50101 (3:0)
CT50100 (3:0)
BCP

PISL

CTL501

RWC (7:0)
CT50217 (1:0)
CT50216 (1:0)
CT50215 (1:0)
CT50214 (1:0)
CT50213 (1:0)
CT50212 (1:0)
CT50211 (1:0)
CT50210 (1:0)
CT50207 (1:0)
CT50206 (1:0)
CT50205 (1:0)
CT50204 (1:0)
CT50203 (1:0)
CT50202 (1:0)
CT50201 (1:0)
CT50200 (1:0)

VPTCLK

in out
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CHAPTER 1 NBS85E500 AND NUS5E500

1.2.3 Block diagram

(1) Internal block diagram

NPB signals
VDCSZ7 to VDCSZ0

MCE Lot
BCPEN

Y

<:> NUB5E502

interface block

Register block

Test bus interface block

v

II\HJ
V

VBCLK o
VSB signals <, >

SRAM/page ROM controller

SRAM, I/O controller

Page ROM controller

WA R AVA |

Bus arbitration controller

VA

|

Y

Notes 1. NB85E500
2. NUS5E500

Interface signals

PHTDIN1, PHTDINO
PHTDO1, PHTDOO
PHTEST

VPTCLK

CSZz7to CSZ0

A25 to AO
D31 to DONote

DI31 to DIQNote 2
DO31 to DOQNete 2
RDZ

WRZ3 to WRZ0
IORDZ

IOWRZ

DC3 to DCO
WAITZ

BCYSTZ

BENZ3 to BENZO

REFRQZ
HLDRQZ
HLDAKZ
SELFREF
STPRQ
STPAK

22
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CHAPTER 1 NB85E500 AND NUS5E500

)

Internal units

@)

(b)

(©)

(d)

(e)

Register block

The register block contains on-chip registers for controlling the bus cycle. These registers can be used
to select external memory, set the number of idle or wait states, or set the number of consecutive reads
of page ROM.

Reading from or writing to the registers is done via the NPB.

SRAM/page ROM controller
The SRAM/page ROM controller controls read and write operations for SRAM, page ROM, and external
1/0. Access to all CSn areas can be controlled by this controller alone (n = 7 to 0).

Bus arbitration controller

When the bus arbitration controller receives a STOP mode request signal (STPRQ) from the NB85E, it
stops the operation of the memory controller by outputting an acknowledge signal for the STPRQ signal
(STPAK) to the NB85E. The VBCLK signal is also stopped at this time.

Also, when the bus arbitration controller receives a self-refresh request signal (SELFREF), CBR refresh
request from the NU85E502, or external bus hold request signal (HLDRQZ), it sets the bus mastership
request signal (VAREQ) to active level so that the external memory becomes the bus master. The bus
priority order is as follows.

External bus hold request > Refresh request > Bus request from inside the NB85E.

NUB5ES502 interface block
This is a block for interfacing with the NUS5E502. It has a control signal for each CSn area (n = 7 to 0).

Test bus interface block

This is a block for interfacing with signals used for testing the Nx85E500. The Nx85E500 can be tested
by using the NB85E test mode.
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CHAPTER 1 NBS85E500 AND NUS5E500

1.2.4 Configuration example
The Nx85E500 starts bus cycles for external memory.
The following figure shows an application example using the Nx85E500.

Figure 1-4. Application Example

ASIC
(N1
V|
NB85E S Nx85E500
B
- i
S External bus 2
'
External bus
masterhote
SRAM, Page ROM
I/0
Note The Nx85E500 has an external bus master arbitration function, which is controlled by the HLDRQZ and
HLDAKZ signals.
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1.3 Pin Functions

1.3.1 List of pin functions

(1/3)
Pin Name 110 Function

NB85E connection pins VBCLK Input Internal system clock input

VDCSZ7 to VDCSZ0 110 Chip select input/output

VBAZ25 to VBAO Input Address input

VBBENZ3 to VBBENZO 110 Byte enable input/output

VBCTYP2 to VBCTYPO Input Bus cycle status input

VBD3L1 to VBDO 110 Data input/output

VPRESZ Input Reset input

VBSEQ?2 to VBSEQO Input Sequential status input

VBWRITE 110 Read/write status input/output

VBSTZ 110 Transfer start input/output

VAREQ Output Bus use request output

VAACK Input Bus use request acknowledge input

VBLOCK Output Bus lock output

VBTTYP1, VBTTYPO Output Bus transfer type output

VBBSTR Output Burst read status output

VDSELPZ Output Peripheral macro access status output

VBWAIT Output Wait response output

VBAHLD Output Address hold response output

VBLAST Output Last response output

VPSTB Input Data strobe input (for NPB)

VPUBENZ Input Higher byte enable input (for NPB)

VPA13 to VPAO Input Address input (for NPB)

VPWRITE Input Write access strobe input (for NPB)

VPD15 to VPDO 110 Data input/output (for NPB)

STPRQ Input STOP mode request input

STPAK Output Acknowledge output for STPRQ input
Initialization pins MCE Input BCT register MEn bit reset value control input (n = 7 to 0)

BCPEN Input BCP register BCP bit reset value control input
External memory A25 to AO Output External memory address output
connection pins D31 to DO ! 110 External memory data input/output

DI31 to DIO" ™ 2 Input External memory data input

DO31 to DOON*® 2 Output | External memory data output

RDZ Output SRAM/page ROM read strobe output

Notes 1. NB85E500
2. NU85E500

Preliminary User's Manual A14206EJ5VOUM
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(2/3)
Pin Name I{e] Function
External memory WRZ3 to WRZ0 Output SRAM/page ROM write strobe output
connection pins IORDZ Output External I/0O read strobe output
IOWRZ Output External 1/0 write strobe output
WAITZ Input Wait request input
HLDRQZ Input External bus hold request input
HLDAKZ Output External bus hold request acknowledge output
DC3 to DCO Output Data bus control output
CSZ7 to CSZ0 Output Chip select output
BENZ3 to BENZO Output Byte enable output
BCYSTZ Output Bus cycle start status output
REFRQZ Output Refresh status output
SELFREF Input Self-refresh request input
SDCLK Output SDRAM synchronization clock output
NUBS5ES502 connection CTCSI73 to CTCSI70 Input Control input from NU85E502 (for CS7 area)
pins CTCSI63 to CTCSI60 Input | Control input from NUS5ES02 (for CS6 area)
CTCSI53 to CTCSI50 Input Control input from NU85E502 (for CS5 area)
CTCSI43 to CTCSI40 Input Control input from NU85E502 (for CS4 area)
CTCSI33 to CTCSI30 Input Control input from NU85E502 (for CS3 area)
CTCSI23 to CTCSI20 Input Control input from NU85E502 (for CS2 area)
CTCSI13 to CTCSI10 Input Control input from NU85E502 (for CS1 area)
CTCSI03 to CTCSI00 Input Control input from NU85E502 (for CSO area)
CTCSO74 to CTCSO70 Output Control output to NU85E502 (for CS7 area)
CTCS064 to CTCS060 Output Control output to NU8B5E502 (for CS6 area)
CTCSO54 to CTCSO50 Output Control output to NU85E502 (for CS5 area)
CTCS044 to CTCS040 Output Control output to NU8S5E502 (for CS4 area)
CTCSO034 to CTCSO30 Output Control output to NU85E502 (for CS3 area)
CTCS024 to CTCS020 Output Control output to NU8B5E502 (for CS2 area)
CTCSO014 to CTCS0O10 Output Control output to NU85E502 (for CS1 area)
CTCSO004 to CTCSO00 Output Control output to NU8S5E502 (for CSO area)
CTLO1, CTLOO Output Control output to NUS5E502
MTEN Output Test mode enable output to NUS5E502
CT502171, CT502170 Input Control input from NU85E502 (for CS7 area)
CT502161, CT502160 Input Control input from NU85E502 (for CS6 area)
CT502151, CT502150 Input Control input from NU85E502 (for CS5 area)
CT502141, CT502140 Input Control input from NU85E502 (for CS4 area)
CT502131, CT502130 Input Control input from NU85E502 (for CS3 area)
CT502121, CT502120 Input Control input from NU85E502 (for CS2 area)
CT502I111, CT502110 Input Control input from NU85E502 (for CS1 area)
CT502101, CT502100 Input Control input from NU85E502 (for CSO area)
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(3/3)
Pin Name I{e] Function
NUB85ES502 connection CT502071, CT502070 Output Control output to NU8B5E502 (for CS7 area)
pins CT502061, CT502060 Output | Control output to NUS5E502 (for CS6 area)
CT502051, CT502050 Output Control output to NU8S5E502 (for CS5 area)
CT502041, CT502040 Output Control output to NUS5E502 (for CS4 area)
CT502031, CT502030 Output Control output to NU8B5E502 (for CS3 area)
CT502021, CT502020 Output Control output to NUS5E502 (for CS2 area)
CT502011, CT502010 Output Control output to NU8B5E502 (for CS1 area)
CT502001, CT502000 Output Control output to NU85E502 (for CSO area)
Test mode pins PHTEST Input Peripheral test mode status input
PHTDIN1, PHTDINO Input Peripheral macro test input
PHTDO1, PHTDOO Output Peripheral macro test output
VPTCLK Input Test clock input
NEC reserved pins MPXEN Input NEC reserved pin (Input low level)
ASTBZ Output NEC reserved pin (Leave open)
DSTBzZ Output NEC reserved pin (Leave open)
MPXCZz Output NEC reserved pin (Leave open)
RDCYZ Output NEC reserved pin (Leave open)
BUSST Output NEC reserved pin (Leave open)
CT501172 to CT501170 Input NEC reserved pin (Input low level)
CT501162 to CT501160 Input NEC reserved pin (Input low level)
CT501152 to CT501150 Input NEC reserved pin (Input low level)
CT501142 to CT501140 Input NEC reserved pin (Input low level)
CT501132 to CT501130 Input NEC reserved pin (Input low level)
CT501122 to CT501120 Input NEC reserved pin (Input low level)
CT501112 to CT501110 Input NEC reserved pin (Input low level)
CT501102 to CT501100 Input NEC reserved pin (Input low level)
CT501073 to CT501070 Output NEC reserved pin (Leave open)
CT501063 to CT501060 Output NEC reserved pin (Leave open)
CT501053 to CT501050 Output NEC reserved pin (Leave open)
CT501043 to CT501040 Output NEC reserved pin (Leave open)
CT501033 to CT501030 Output NEC reserved pin (Leave open)
CT501023 to CT501020 Output NEC reserved pin (Leave open)
CT501013 to CT501010 Output NEC reserved pin (Leave open)
CT501003 to CT501000 Output NEC reserved pin (Leave open)
BCP Output NEC reserved pin (Leave open)
PISL Output NEC reserved pin (Leave open)
CTL501 Output NEC reserved pin (Leave open)
RWC7 to RWCO0 Output NEC reserved pin (Leave open)
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1.3.2 Explanation of pin functions
(1) NBB85E connection pins

(&) VSB pins (VBxxx, VDxxx, and VAXXX)
Refer to the NB85E Hardware User’'s Manual (A13971E).

(b) NPB pins (VPxxx)
Refer to the NB85E Hardware User’s Manual (A13971E).

(c) STPRQ (input) and STPAK (output)
Refer to the NB85E Hardware User’'s Manual (A13971E).

(2) Initialization pins

(&) MCE (input)
This is a pin for specifying whether memory controller operation is enabled when a reset occurs.
The reset value of the MEn bit of the BCTO or BCT1 register is as follows according to the level input to
this pin (n = 7 to 0).
Make sure that the level of this pin does not change before and after reset.

e Low level: 0 (memory controller operation is disabled)
¢ High level: 1 (memory controller operation is enabled)

(b) BCPEN (input)
This is a pin for specifying the length of the bus cycle period when a reset occurs.
The reset value of the BCP bit of the BCP register is as follows according to the level input to this pin.
Make sure that the level of this pin does not change before and after reset.

e Low level: 0 (normal)
¢ High level: 1 (double)

(3) External memory connection pins

(&) A25 to A0 (output)
These pins constitute the external memory address bus.
When the NU85E502 is active, all of the pins A25 to AO output a low-level signal.

(b) D31 to DO (I/0) (NB85E500)
These pins constitute a bidirectional data bus for external memory.

(c) DI31 to DIO (input) (NUS5ES500)
These pins constitute the input data bus for external memory.

(d) DO31 to DOO (output) (NUSSE500)
These pins constitute the output data bus for external memory.
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(e)

®

(@

(h)

0]

0)

(k)

0]

RDZ (output)

This is the read strobe output pin for making SRAM or page ROM active.

WRZ3 to WRZ0 (output)

These are the write strobe output pins for making SRAM or external I/O active.

Pin Name NB85E500 NUB85E500
WRZ3 For D31 to D24 For DO31 to DO24
WRZ2 For D23 to D16 For DO23 to DO16
WRZ1 For D15 to D8 For DO15 to DO8
WRZ0 For D7 to DO For DO7 to DOO

IORDZ (output)

This is the read strobe output pin for making external I/O active during a DMA flyby cycle.

IOWRZ (output)

This is the write strobe output pin for making external 1/0 active during a DMA flyby cycle.

WAITZ (input)

This is the pin to which a wait request is input from external memory.

HLDRQZ (input)

This is the pin to which a bus hold request is input from an external source.

An active level must be maintained during a bus hold.

HLDAKZ (output)

This is the pin from which a bus hold acknowledge is output to an external source.
It indicates that a bus hold is permitted.

DC3 to DCO (output)

These are the output pins for controlling the data bus input/output buffer direction. They output a high

level when a read is performed and a low level when a write is performed.

Pin Name NB85E500 NUSS5ES500

DC3 For D31 to D24 For DI31 to DI24, DO31 to DO24
DC2 For D23 to D16 For DI23 to DI16, DO23 to DO16
DC1 For D15 to D8 For DI15 to DI8, DO15 to DO8
DCO For D7 to DO For DI7 to DIO, DO7 to DOO

Preliminary User's Manual A14206EJ5VOUM
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(m) CSZ7 to CSZ0 (output)

(n)

(o)

(P)

(@

(n)

These are the chip select output pins.
Values input to the VDCSZ7 to VDCSZ0 pins are output.

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

BENZ3 to BENZO (output)
These are the byte enable output pins. Values input to the VBBENZ3 to VBBENZO pins of the NB85E
are output.

BCYSTZ (output)
This is the pin for indicating the bus cycle start status.

REFRQZ (output)

This is the pin for indicating the execution status of the refresh cycle to SDRAM. It is used when an
NUB85ES02 is connected.

This pin outputs a low level when a refresh cycle is executed and a high level when a refresh cycle is not
executed.

If this pin outputs a low level during a bus hold, it indicates that a refresh request has been generated for
the external bus master.

SELFREF (input)
This is the pin to which a self-refresh request is input. It is used when an NU85E502 is connected.
The input level to this pin indicates whether or not there is a self-refresh request.

¢ Low level: There is no self-refresh request.
e High level: There is a self-refresh request.

SDCLK (output)

This is the synchronization clock output pin for external SDRAM. It is used when an NU85E502 is
connected.
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(4) NUS85ES502 connection pins

@)

(b)

(©)

(d)

(e)

CTCSIn3 to CTCSINO (n = 7 to 0) (input)
These are the pins for controlling input from the NU85E502 for each CSn area (n =7 to 0).

CTCSI73 to CTCSI70 ... For CS7 area
CTCSI63 to CTCSIGO0 ... For CS6 area
CTCSI53 to CTCSISO0 ... For CS5 area
CTCSI43 to CTCSI40 ... For CS4 area
CTCSI33 to CTCSI30 ... For CS3 area
CTCSI23 to CTCSI20 ... For CS2 area
CTCSI13 to CTCSI1O0 ... For CS1 area
CTCSIO03 to CTCSIOO ... For CSO area

CTCSON4 to CTCSONO (n =7 to 0) (output)
These are the pins for controlling output to the NU85E502 for each CSn area (n =7 to 0).

CTCSO74 to CTCSO70 ...
CTCSO64 to CTCSO60 ...
CTCSO54 to CTCSO50 ...
CTCSO44 to CTCSO040 ...
CTCS0O34 to CTCSO030 ...
CTCS0O24 to CTCSO20 ...
CTCSO14 to CTCSO010 ...
CTCSO04 to CTCSOO00 ...

For CS7 area
For CS6 area
For CS5 area
For CS4 area
For CS3 area
For CS2 area
For CS1 area
For CSO area

CTLO1 and CTLOO (output)

These are pins for controlling output to the NUS5E502.

MTEN (output)
This is the pin for specifying whether test mode is enabled for the NUS85E502.

CT502In1 and CT502In0 (n = 7 to 0) (input)
These are the pins for controlling input from the NU85E502 for each CSn area (n =7 to 0).

CT502171 and CT502170 ...
CT502161 and CT502I60 ...
CT502151 and CT502150 ...
CT502141 and CT502140 ...
CT502131 and CT502130 ...
CT502121 and CT502I120 ...
CT502111 and CT502110 ...
CT502101 and CT502I00 ...

For CS7 area
For CS6 area
For CS5 area
For CS4 area
For CS3 area
For CS2 area
For CS1 area
For CSO area
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(f) CT5020n1 and CT5020n0 (n = 7 to 0) (output)
These are the pins for controlling output to the NU85E502 for each CSn area (n = 7 to 0).

CT502071 and CT502070 ... For CS7 area
CT502061 and CT502060 ... For CS6 area
CT502051 and CT502050 ... For CS5 area
CT502041 and CT502040 ... For CS4 area
CT502031 and CT502030 ... For CS3 area
CT502021 and CT502020 ... For CS2 area
CT502011 and CT502010 ... For CS1 area
CT502001 and CT502000 ... For CSO area

(5) Test mode pins

(&) PHTEST (input)
This is the status input pin, which indicates the test mode status of the memory controller. It is connected
to the PHTEST pin of the NB85E.

(b) PHTDIN1 and PHTDINO (input)
These are the test input pins.

(c) PHTDO1 and PHTDOO (output)
These are the test output pins.

(d) VPTCLK (input)
This is the test clock input pin.

(6) NEC reserved pins

(&) MPXEN, CT501In2 to CT501In0 (n =7 to 0) (input)
These are NEC reserved pins. Be sure to input a low level.

(b) ASTBZ, DSTBZ, MPXCZ, RDCYZ, BUSST, CT5010n3 to CT5010n0 (n = 7 to 0), BCP, PISL, CTL501,
and RWC7 to RWCO (output)
These are NEC reserved pins. Leave open.
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1.3.3 Recommended connection of unused pins

(1/2)

Pin Name

110

Recommended Connection Method

NB85E
connection pins

VBCLK, VBA25 to VBAO, VBCTYP2 to VBCTYPO,
VPRESZ, VBSEQ2 to VBSEQO, VAACK, VPSTB,
VPUBENZ, VPA13 to VPAO, VPWRITE, STPRQ

Input

VAREQ, VBLOCK, VBTTYP1, VBTTYPO, VBBSTR,
VDSELPZ, VBWAIT, VBAHLD, VBLAST, STPAK

Output

VDCSZ7 to VDCSZ0, VBBENZ3 to VBBENZO,
VBD3L1 to VBDO, VBWRITE, VBSTZ, VPD15 to
VPDO

110

Initialization pins

MCE

Input

Input high level.

BCPEN

Input

Input low level.

External memory
connection pins

A25 to A0, DO31 to DOON*® !, RDZ, WRZ3 to

WRZ0, IORDZ, IOWRZ, HLDAKZ, DC3 to DCO,
CSZ7 to CSZ0, BENZ3 to BENZO, BCYSTZ,
REFRQZ, SDCLK

Output

Leave open.

D31 to DO 2

110

Connect to bus holder.

DI31 to DION® ! SELFREF

Input

Input low level.

WAITZ, HLDRQZ

Input

Input high level.

NU85E502
connection pins

CTCSI73 to CTCSI70, CTCSI63 to CTCSI60,
CTCSI53 to CTCSI50, CTCSI43 to CTCSI40,
CTCSI33 to CTCSI30, CTCSI23 to CTCSI20,
CTCSI13 to CTCSI10, CTCSIO03 to CTCSIO00,
CT502171, CT502170, CT502161, CT502I60,
CT502151, CT502150, CT502141, CT502140,
CT502131, CT502130, CT502121, CT502I20,
CT502I111, CT502110, CT502101, CT502100

Input

Input low level.

CTCSO74 to CTCSO70, CTCS064 to CTCSO60,
CTCSO054 to CTCSO050, CTCS044 to CTCS0O40,
CTCS034 to CTCS030, CTCS024 to CTCSO20,
CTCS014 to CTCS0O10, CTCS004 to CTCSO00,
CTLO1, CTLOO, MTEN,

CT502071, CT502070, CT502061, CT502060,
CT502051, CT502050, CT502041, CT502040,
CT502031, CT502030, CT502021, CT502020,
CT502011, CT502010, CT502001, CT502000

Output

Leave open.

Test mode pins

PHTEST, PHTDIN1, PHTDINO, VPTCLK

Input

PHTDO1, PHTDOO

Output

Notes 1. NUS5E500
2. NB85E500
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NEC reserved
pins

(2/2)
Pin Name Recommended Connection Method

MPXEN, Input Input low level.

CT501172 to CT501170, CT501162 to CT501160,

CT501152 to CT501150, CT501142 to CT501140,

CT501132 to CT501130, CT501122 to CT501120,

CT501112 to CT501110, CT501102 to CT501100

ASTBZ, DSTBZ, MPXCZ, RDCYZ, BUSST, Output Leave open.

CT501073 to CT501070, CT501063 to CT501060,
CT501053 to CT501050, CT501043 to CT501040,
CT501033 to CT501030, CT501023 to CT501020,
CT501013 to CT501010, CT501003 to CT501000,
BCP, PISL, CTL501, RWC7 to RWCO

1.3.4 Pin status

The following table shows the status in each operating mode of the pins that have output functions.

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

Pin Name Pin Status
Reset STOP Mode HALT Mode Bus Hold Test Mode

NB85E connection VDCSZ7 to VDCSZ0 Hi-Z H Hi-zNo'*® H Hi-Z

pins VBBENZ3 to VBBENZO | Hi-Z H Hi-zNete H Hi-Z
VBD31 to VBDO Hi-Zz Hi-Z Operating Hi-Z Operating
VBWRITE Hi-Z L Hi-z"o* L Hi-Z
VBSTZ Hi-Z H Hi-zNo'*® H Hi-Z
VAREQ L H Operating H Operating
VBLOCK Hi-Z H Hi-zNo'*® H Hi-Z
VBTTYP1, VBTTYPO Hi-Z L Hi-z"o'* L Hi-Z
VBBSTR Hi-Z L Hi-zNo'*® L Hi-Z
VDSELPZ Hi-z H Hi-z"o'* H Hi-z
VBWAIT Hi-Zz Hi-Z Operating Hi-Z Operating
VBAHLD Hi-Z Hi-Z Operating Hi-Z Operating
VBLAST Hi-Zz Hi-Z Operating Hi-Z Operating
VPD15 to VPDO Hi-Z Hi-Z Operating Hi-Z Operating
STPAK L H Operating L Operating

Note

shown for STOP mode.

Remark L: Low-level output

H: High-level output

Hi-Z:

34
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Table 1-1. Pin Status in Each Operating Mode (2/2)

Pin Name Pin Status
Reset STOP Mode HALT Mode Bus Hold Test Mode
External memory A25 to AO Undefined Maintain Operating Maintain Operating
connection pins D31 to DON*e ! Hi-Z Hi-Z Operating Hi-Z Operating
DO31 to DOO"°* 2 Undefined Maintain Operating Undefined Operating
RDZ H H Operating H Operating
WRZ3 to WRZ0 H H Operating H Operating
IORDZ H H Operating H Operating
IOWRZ H H Operating H Operating
HLDAKZ H H Operating L Operating
DC3to DCO H H Operating H Operating
CSZ7 to CSZ0 H H Operating H Operating
BENZ3 to BENZO H H Operating H Operating
BCYSTZ H H Operating H Operating
REFRQZ H L Operating p Note 3 Operating
SDCLK Operating Same as Operating Operating Operating
VBCLK

Notes 1. NB85ES500. Since these pins will be in a high-impedance state when a reset occurs, take action such

as connecting an I/O buffer with a pull-up resistor.
2. NUS5E500
If there is a refresh request from the NUS85E502 during a bus hold, the pin status becomes a low-level

output.

Remark L: Low-level output

H: High-level output

Hi-Z: High impedance

Maintain: Maintains the previous status
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1.4 Bus Cycle Function

1.4.1 Bus cycle type configuration registers 0 and 1 (BCTO and BCT1)
The Nx85E500 can connect four types of external memory (when connecting SDRAM, the NU85E502 is

necessary).
The BCTO and BCT1 registers specify the controller and set whether operation is enabled for each CSn area (n =

7to 0).
The BCTO and BCT1 registers can be read or written in 16-bit units.

Figure 1-5. Bus Cycle Type Configuration Registers 0 and 1 (BCTO0 and BCT1)

15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
Address After reset
BCTO |ME3| 0 [BT31BT30ME2| 0 [BT21BT20ME1l| O [BT11BT10MEO| O [BTO1/BTOO
FFFFF480H Note
Address After reset
BCT1 |ME7| O [BT71BT70ME6| O [BT61BT60ME5| O [BT51BT50ME4| O [BT41BT40
FFFFF482H Note
Bit position Bit name Description
15,11,7,3 | MEn Set whether operation of the memory controller is enabled for each CSn area.
0: Operation is disabled (no response to the NB85E)
1: Operation is enabled
13,12,9,8, | BTn1, Set the type of external memory to be connected for each CSn area.
5410 BTn0 BTnl BTnO External memory type
0 0 SRAM, I/O
0 1 Page ROM
1 0 Setting prohibited
1 1 SDRAM (when the NU85E502 is connected)

Note When a high level is input to the MCE pin: 8888H
When a low level is input to the MCE pin: 0000H

changed).

Remark n=7to0

Caution The BTnl and BTnO bits of the BCTO and BCT1 registers should be set immediately after reset,
and their settings should not be subsequently changed (except for the MEn bit, which can be
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1.4.2 Address setting wait control register (ASC)
The Nx85E500 can insert address setting wait states at the beginning of an SRAM or page ROM cycle. The
number of address setting wait states to be inserted can be set for each CSn area by using the ASC register (n = 7 to

0).

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

Remarks 1. The settings of this register are invalid during an SDRAM cycle.
2. The external wait function using the WAITZ input is invalid during an address setting wait period.

Figure 1-6. Address Setting Wait Control Register (ASC)

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|ACL|ACL|ACO|ACO Address After reset
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 FFFFF48AH FFFFH
Bit position Bit name Description
15t0 0 ACnl, Set the number of address setting wait states to be inserted before an SRAM or page ROM
ACnO cycle for each CSn area.

ACn1 ACn0O Number of wait states
0 0 None
0 1 1
1 0 2
1 1 3

Remark n=7to0
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1.4.3 Bus cycle control register (BCC)

The Nx85E500 can insert idle states at the end of a read or write cycle of an SRAM or page ROM, and at the end

of a read cycle of an SDRAM. The number of idle states to be inserted can be set for each CSn area by using the

BCC register (n =7 to 0).

These idle states are used to guarantee the interval until the external data bus is released by memory. The next

bus cycle is started after the idle state(s).
The BCC register can be read or written in 16-bit units.

Remark The settings of this register do not affect the insertion of idle states for access to ROM connected to the

V850E fetch bus (VFB) of the NB85E or for access to RAM connected to the V850E data bus (VDB) of

the NB85E.
Figure 1-7. Bus Cycle Control Register (BCC)

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

BCC BC7|BC7|BC6 |BC6 [BC5 |BC5|BC4 |BC4 |BC3|BC3|BC2|BC2|BC1|BC1|BCO|BCO Address After reset
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 FFFFF488H FFFFH

Bit position Bit name Description
15t0 0 BCnl, Set the number of idle states to be inserted after a memory read or write cycle for each CSn
BCnO area.

BCnl BCnO Number of idle states
0 0 None
0 1 1
1 0 2
1 1 3

Remark n=7to0
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1.4.4 Data wait control registers 0 and 1 (DWCO0 and DWC1)

The Nx85E500 can insert programmable data wait states for each CSn area (n = 7 to 0). The DWCO0 and DWC1
registers control the data wait states when accessing SRAM, 1/O, and page ROM (off-page cycle).
The DWCO and DWC1 registers can be read or written in 16-bit units.

Remark The programmable wait function using these registers is invalid when accessing ROM that is connected
to the V850E fetch bus (VFB) and RAM that is connected to the V850E data bus (VDB) of the NB85E.
These areas are always accessed with no waits.

Figure 1-8. 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
DWCO 0 DW3|DW3(DW3 0 DW [DW2|DW2 0 DW1DW [DW1 0 DWO[DWO|DW Address After reset
2 1 0 22 |1 0 2 111| 0 2 1 | 00 | FFFFF484H T777H
DWCL 0 DW7|DW7DW7 0 DW |DW6|DW6 0 DW5|DW [DW5 0 DW4|DW4/DW Address After reset
2 1 0 62 | 1 0 2 51| 0 2 1 | 40 | FFFFF486H T777H
Bit position Bit name Description
14to0 12,10 | DWn2to Set the number of wait states when accessing SRAM, 1/0O or page ROM for each CSn area.
tzoti’OG o4, DWno DWn2 Dwni DWnO Number of 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

Remark n=7to0
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(1) External wait function
When the Nx85E500 is connected to a low-speed device or I/O, or to an asynchronous system, wait states
can be inserted in the bus cycle by using the external wait pin (WAITZ).
The WAITZ input is sampled at the rising edge of the VBCLK signal between the T1 cycle (or TW cycle) and
the next cycle, and waits are only inserted in the data wait cycle.

(2) Data wait control registers and external waits
The logical sum (OR) of the number of waits set by data wait control registers 0 and 1 (DWCO and DWC1)
and the number of external waits from the WAITZ input is inserted for the wait cycle. Therefore, the number
of wait cycles that are inserted is equal to the larger of these two numbers of waits.

Programmable waits
Wait control
Waits from WAITZ input

For example, when the programmable wait and the WAITZ input are at the following timing, the bus cycle

contains 3 waits.

T1 TW ™ TW T2

vectk /N S S S
WAITZ input 7/ T\\ // TN\

Waits from WAITZ input

Programmable wait

Wait control
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1.4.5 SRAM cycle

(1) Connection example

Figure 1-9. SRAM Connection Example (NB85E500)

Al18 to A2 Al16 to AO
D31 to D24 1/08 to /01
CcSsz [
RDZ RD
WRZ3 WR
SRAM
(128 Kwords x 8 bits)
Al16 to AO
D23 to D16 1/08 to /01
[
RO
WRZ2 WR
SRAM
(128 Kwords x 8 bits)
Al16 to AO
D15 to D8 1/08 to 1/01
[
RO
WRZ1 WR
SRAM
(128 Kwords x 8 bits)
Al16 to AO
D7 to DO 1/08 to 1/01
\—V CcsS
RO
WRZ0 WR
NB85E500 SRAM

(128 Kwords x 8 bits)
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Figure 1-10. SRAM Connection Example (NU885E500)
A18 to A2 A16 to AO
DI31 to DI24 — 0
DO31 to DO24 =] buffer /08 to 1/01
DC3 bo A
csz cs
RDZ RD
WRZ3 WR
SRAM
(128 Kwords x 8 bits)
A16 to AO
DI23 to DI16 )
7171 |
DO23 to DO16 | buffer 1/08 to 1/01
DC2 bc A
*— cSs
RD
WRZ2 WR
SRAM
(128 Kwords x 8 bits)
A16 to AO
DI15 to DI8 1 1o
.
DO15 to DO8 ﬂ/ buffer 1/08 to /01
DC1 bc A
[ . cs
RD
WRZ1 WR
SRAM
(128 Kwords x 8 bits)
A16 to A0
DI7 to DIO /0
I —
DO7 to DOO buffer 1/08 to 1/01
DCO bo A
cs
RD
WRZ0 WR
NUS5E500 SRAM

(128 Kwords x 8 bits)
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(2) Bus timing
Examples of the bus timing for an SRAM read or write are shown below. An SRAM bus cycle consists of the
following states.

e T1 and T2 states: Basic states for access by the Nx85E500.

e T3 state: Basic state that is added during a flyby transfer.

e TA state: Address setting wait state that is inserted according to the ASC register settings.
e Tl state: Idle state that is inserted according to the BCC register settings.

e TW1 state: Wait state that is inserted according to the DWCO and DWC1 register settings.
e TW2 state: Wait state caused by WAITZ input.

Remarks 1. The broken-line portions of the VBTTYP1, VBTTYPO, VBCTYP2 to VBCTYPO, VBSEQ2 to
VBSEQO, VBD31 to VBDO, VBWAIT, VBAHLD, and VBLAST signals indicate a weak unknown
state; a state entered when the NB85E internal bus holder is driving. The level of broken-line
portions of the D31 to DO, DI31 to DIO, and DO31 to DOO signals is undefined (except for the
portion indicated by Hi-Z).

2. Circles indicate sampling timing.
For details of VSB signals (VBxxx, VDxxx), refer to the NB85E Hardware User’s Manual
(A13971E).
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Figure 1-11. SRAM Read Timing

INNOASCI902YTY [enuen sJasn Areulwijaid

T1 T2 T1 TW1 T2 TI T1 TW1 | TW2 T2 TA T1 T2

VBCLK (inputh /" N/ /S L
VBTTYPL, VBTTYPO (output)_ _ X LOXCOHX @O - @ - X@oX_ [ ad - IXaoX__—wn_ - X__-

VBA25 to VBAO (input)__|X X X X X
VBSTZ (input) | /
VBCTYP2 to VBCTYPO (input)__X X X X X
VBWRITE (input)__|
Between
NB85E ]
and VBBENZ3 to VBBENZO (input)__|X X X X X
MEMC
VBSEQ2 to VBSEQO (input)__[X X X X )
2o RCRVEE1oteN () M N N )4 RO S "= S s )" - R ) O
VDCSZ7 to VDCSZ0 (input X X X X X
VBWATuput__ | _ /| " N\__/ |~ | [ ./ [ I L./ 7T .
VBAHLD (output)__ | _ | | TN
v VBLAST (output) L | _ | |\ |\ o o
Yy
A25 to A0 (output)___|X X X X X
RDZ (output) | /N
WRZ3 to WRZO0 (output)
Between D31 to DO (/O)Note - HZ '< )le_Z( :>' -z ’( } -HZ ‘< :>_H_i—_Z_
MEMC 1 . . _
and DI31 to DIO (inputyNete2” ~ 7" XX X Z1--X XC-2]2ZX X
SRAM

DO31 to DOO (output)Nete2_ |

DC3 to DCO (output)___|

WAITZ (input)

Notes 1. NB85E500
€527 to €S20 (output)__|X X X X X 2. NU8S5E500
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Figure 1-12. SRAM Write Timing

INNOASCI902YTY [enuen sJasn Areulwijaid

Sy

T1 T2 T1 TW1 T2 TI T1 TW1 | TW2 T2 TA T1 T2

vBCLK (inputn /" N/ N\ S\ L
VBTTYPL, VBTTYPO (output)_ _ X (LOX O @O _ - [@i) [ _X@oX__ [ (1

) -

VBA25 to VBAO (input)___|X X X X

VBSTZ (input) | /

VBCTYP2 to VBCTYPO (input)__|X X X X

VBWRITE (input)
Between

X
X
NBSSE | yBBENZS to VBBENZO (input)__X X X X -
X
—

and
MEMC

VBSEQ2 to VBSEQO (input)_[X X X X

VBD31 to VBDO (110)__ |~~~ "X X “X _X

VDCSZ7 to VDCSZ0 (input)___|X X X X

VBWAIT(output__|__ /[ " N\__/ |~ | | ./ | [ L./ T \._

VBAHLD (output)_L |_

VBLAST (output) L |_

A25 to A0 (output__X X X X X

RDZ (output)

WRZ3 to WRZ0 (output)

D31 to DO (O)Nete 1~ 7] 7~ XX KX KX X :

Between
MEMC
and
SRAM

DI31 to DIO (inputyNote 2_ ~

DO31 to DOO(outputre? _ | XX X X X -

DC3 to DCO (output)

Notes 1. NB85E500
2. NUBS5E500
WAITZ (input) 3. Invalid data for

€S27 to €S20 (output__[X X X N X SRAM is output
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Figure 1-13. SRAM Read/Write Timing

INNOASCI902YTY [enuen sJasn Areulwijaid

- Read cycle o Write cycle . Read cycle
- TL, T2 , TL ,TWil, T2 | TL , T2 , TL  Twl, T2 | TL |, T2
VBCLK (inputh /" N\ N o o S S S O
VBTTYPL, VBTTYPO (output)_ _ X (LOPXADXLOX__ (LD __ X @OXEDXLOX__ (LD __ XAOXEIX__.
VBA25 to VBAO (input)__[X X X X X X
VBSTZ (inputy | /
VBCTYP2 to VBCTYPO (input)___|X X X X X X
VBWRITE (input)__|
Between
NBS5E o
e VBBENZ3 to VBBENZO (input)__X X X X X X
MEMC |
VBSEQ2 to VBSEQO (input)__X X X X X X
vBD31to VB0 (o). -]~ __Z1TTIIIXE IITIIIITIIIIXE TIX X I o
VDCSZ7 to VDCSZ0 (input)__X X X X X X
VBWATutput)__ | _ /| N\ L./ T L./ L./~ 'L/ 1T .
VBAHLD (outputy_L | _ _ |\ __ | ___ | _ . | oo
v VBLAST (output) L | _ | _ | | oo
Y
A25 to AD (output)__X X X X X X
RDZ (output) |
WRZ3 to WRZ0 (output)
D31 to DO (HfOyNote - - WL Ny
Between
MEMC DI31 to DIO (inputeteZ ~ ]~ - X X
SRAM ] S S S
DO31 to DOO (outputyNete 2 _ ] ) G S
Notes 1. NB85E500
DC3 to DCO (output)_|
2. NU85E500
WAITZ (input) 3. Invalid data for
I €SZ7 to CSZ0 (output)___|X X X X X X__ SRAM is output
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Examples of DMA flyby cycle timing are shown below.
A DMA flyby cycle transfers data between external memory and I/O on a request from the DMA controller in the
NB85E.
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Figure 1-14. SRAM Flyby Cycle Timing (SRAM — 1/O)

INNOASCI902YTY [enuen sJasn Areulwijaid

- TL | T2 | T3 | T1L [ TW1, T2 | T3 | TI TL [ TWL, TW2 | T2 | T3 | TA | T1 | T2 | T3
4 .
vBCLK (inputh /" N\ N\ S S S S\
VBTTYPL, VBTTYPO (output)__ X (@OX___(1y) - XAOX___[ @y [ " XaoX [ __“@n_ [ XaoX___[ad X
VBA25 to VBAO (input)___[X X X X X
VBSTZ (input) |\
VBCTYP2 to VBCTYPO (input)___|X (L1,1 X (L1,1 X [ X (1,1,1) X
Between VBWRITE (input)__|
NBS5E
":A”SMC VBBENZ3 to VBBENZO (input)___|X X X X X
VBSEQ?2 to VBSEQO (input)___|X X X X X
VBD31 to VBDO (VO)._ _ |~ T T T T T T Tt Tttt
VDCSZ7 to VDCSZO (input)___[X X X X X
VBWAIT (ouput__|__ /"1~ | " N\__/ |~ [ | [\ /T T T T ./ T 7T .—
VBAHLD (output) L | _ | _ | o e
v VBLAST (output) L | _ | | e
¥y
A25 to AO (output)___|X X X X X
RDZ (output) |
IOWRZ (output)
D31 to DO (OyNere 1= -4Z —( WL Y- HZ g )~ HZ M2
Between
MEMC e m T --1-- --1-- --
and DI31 to DIO (inputyNete2” ~ 17~ XX X__Z12ZX ) S ¢ X -
SRAM N R R e R A T O I T s O e T T T A e
DO31to DOO (outputyNete2 |\ | e
DC3 to DCO (output)___ |
WAITZ (input) Notes 1. NB85E500
! CSZ7 to CSZ0 (output)___|X X X X X 2. NUBSES00
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Figure 1-15. SRAM Flyby Cycle Timing (/O - SRAM)

INNOASCI902YTY [enuen sJasn Areulwijaid

6V

T1 T2 T3 T1 TW1 T2 T3 T1 TW1 | TW2 T2 T3 TA T1 T2 T3

Yy
vBCLK (nputh /" N/ N o o S S S S\ L
VBTTYP1, VBTTYPO (output)_ _ X AOX___(1) - XAOX___[ @b - XaopX - ——an_ - - XaoX [ —ad _TX“_:
VBA25 to VBAO (input)__X X X X X
VBSTZ (input) |\
VBCTYP2 to VBCTYPO (input)___|X (1,11 X (1,11 X (1,11 X (1,11 X__
VBWRITE (input)__|
Between
NBSSE | VBBENZ3 to VBBENZO (input)__X X X X X
MEMC |
VBSEQ?2 to VBSEQO (input)___|X X
vBD31 to VBDO (V0)_ _ | | LTI LTt LT T LTt Tt Tttt
VDCSZ7 to VDCSZO (input]__X X X X X
VBWAIT outputy__ | _ /| [ N\__/ |~ | T L /T T T T LT T T
VBAHLD (output) L | _ | . | | . | o\ o
Y VBLAST (output) L | _ | __ | |\
Yy
A25to AO (output):X X X X X:
IORDZ (output)_
WRZ3 to WRZ0 (output)
Between ) _ . . .
gﬂn%“"c D31 to DO (JoyNote 1- -2 ¢ Y- 2 ¢ Y-z ¢ -2 ¢ Y- 2
SRAM ] - R B R R R I R
DI3L to DIO (inputyNete 2.~~~ X X~ X XX XLoofio” XA Xttt
DO31 to DOO (outpugNete 2. _ ]~~~ ~ -~ F T T Tl
DC3 to DCO (output)__| Notes 1. NB85E500
WAITZ (input), 2. NU85E500
C€SZ7 to CSZ0 (output)__X X X X X

00S3S8NN ANV 0053S8dN T 43L1dVHO




CHAPTER 1 NBS85E500 AND NUS5E500

1.4.6 Page ROM configuration register (PRC)
When a page ROM bus cycle occurs, the Nx85E500 judges whether or not it is an on-page access by comparing
the address immediately after the page ROM cycle that occurred with the current address.
The address comparison width and the number of wait states during an on-page cycle are set using this register.
This register can be read or written in 16-bit units.

Caution The number of wait states during an off-page cycle is set using the DWCO0 and DWC1 registers.

Figure 1-16. Page ROM Configuration Register (PRC) (1/2)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRC 0 PRW[PRW[PRW 0 0 0 0 0 0 0 o Imaslmasimasalmas Address After reset
2 1|0 FFFFF49AH 7000H
Bit position Bit name Description
14 to 12 PRW?2 to Set the number of data wait states during a page ROM on-page read cycle.
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

Caution The setting values of the DWCO and DWCL1 registers are used to specify for the number of
wait states during the first read (off-page read) from the page ROM. Subsequently, if on-page
address reading is performed successively, the number of wait states set by the PRW2 to
PRWO bits is employed. Therefore, set the number of wait states that satisfy the off-page read
access time of the page ROM to be connected to the DWCO0 and DWCL1 registers, and set the
number of wait states that satisfy the on-page read access time to bits PRW2 to PRWO.

50 Preliminary User's Manual A14206EJ5V0UM



CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-16. Page ROM Configuration Register (PRC) (2/2)

Bit position Bit name

Description

3to0 MAG to
MA3

Set the mask bits for comparing addresses.

MA6 MAS5 MA4 MA3 Number of consecutive reads
0 0 0 0 32 bits x 2, 16 bits x 4, 8 bits x 8
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

Caution The MA6 to MA3 bits are not used to set the number of consecutive accesses.
number of on-page-accessible consecutive reads of the page ROM to be connected to these

bits.

Set the

An example of address mask control when four 1 Mword X 8-bit page ROMs are connected is shown below.

Figure 1-17. Example of Control Using Bits MA6 to MA3

Internal address latch A25 | ... | A21 | ... A8 | A7 | A6 | A5 | A4 | A3
(Preceding address)

0 0 0 1

[ Comparison
y y y y y y
Output address A25 | ... | A21 | ... A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD
Note

Page ROM address Al19 | ... A6 | A5 | A | A3 | A2 | A1 | AD

Off-page address

Note Not used for a 32-bit data bus.

On-page address
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1.4.7 Page ROM cycle

(1) Connection example

Figure 1-18. Page ROM Connection Example (for 16-Bit Data Bus)

A21to A2 A19 to A0
D15 to DONete1 D15 to DIQNete 2 015 to 00
csz CE
RDZ OE
Page ROM

(2 Mword x 16 bits)

D31 to D16Nete1, DI31 to DI16Note 2

Nx85E500

Notes 1. NB85E500
2. NUS5E500

A19 to AO
015 to 00
CE

OE

Page ROM
(12 Mword x 16 bits)

52
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Figure 1-19. Page ROM Connection Example (for 8-Bit Data Bus)

D7 to DONete 1, DI7 to DIQNote 2

D15 to D8Netel, DI15 to DI8Note 2

D23 to D16Netel, DI23 to DI16Note 2

D31 to D24Nete 1, DI31 to DI24Note2

A22 to A2 A20 to AO
07 to 00
csz CE
RDZ OE
Page ROM

(2 Mwords x 8 bits)

A20 to AO

07 to 00
CE

OE

Page ROM
(2 Mwords x 8 bits)

A20 to AO

07 to 00
CE

OE

Page ROM
(2 Mwords x 8 bits)

Nx85E500

Notes 1. NB85E500
2. NU85E500

A20 to A0
07 to 00
CE

OE

Page ROM
(2 Mwords x 8 bits)
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54

(2) Bus timing
Examples of the bus timing for a page ROM read are shown below. A page ROM bus cycle consists of the
following states.

e T1 and T2 states: Basic states for access by the Nx85E500.

e T3 state: Basic state that is added during a flyby transfer.

e TA state: Address setting wait state that is inserted according to the ASC register settings.

e TD state: Dummy state that is inserted when the BCP register’'s BCP bit = 1.

e Tl state: Idle state that is inserted according to the BCC register settings.

e TO1 and TO2 states: Sequential transfer basic states at the time of a page ROM read.

e TW1 state: Wait state that is inserted according to the DWCO and DWC1 register settings.

e TW2 state: Wait state caused by the WAITZ input.

e TW3 state: Data wait state inserted according to the PRC register settings during a page ROM

on-page read cycle.

Remarks 1. The level of broken-line portions indicates a weak unknown state; a state entered when the NB85E
internal bus holder is driving (except for the portion indicated by Hi-Z).
Circles indicate sampling timing.
3. For details of VSB signals (VBxxx, VDxxx), refer to the NB85E Hardware User’s Manual
(A13971E).
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Figure 1-20. Page ROM Read Timing (1/2)

INNOASCI902YTY [enuen sJasn Areulwijaid
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T T1L | T2 TL | TWL1 [ TW1 [ TW1 [ TW1 [ T2 | TO1 | TW3 | TO2 | TO1 | TW3 | TO2 | TO1 | TW3 | TO2 | TA | TO1l | TW2 | TO2
vecLk (impun /" N/ N\ S S L
VBTTYPL, VBTTYPO (output) DX AONXADX A [ Z[ 7 77" 777 ran [ T T T T T TIXaoX e I
VBA25 to VBAO (input)___[X X X X X X
VBSTZ (input) |\
VBCTYP2 to VBCTYPO (input)__[X X X X X X
VBWRITE (input)__|
Between
SEUSSE VBBENZ3 to VBBENZO (input)__|X X X X X X
MEMC |
VBSEQ2 to VBSEQO (input)___[X__ (0,0,0) X (0,0,0) X (0,0,0) X (0,0,0) X (0,0,0) X (0,0,0)
vBD31 to VBDO (V0)_ _ |- 11D LIS LTIl I I Il LI e LI
VDCSZ7 to VDCSZO0 (input)___|X X X X X X
VBWAIT(outpul)_e__/_e__\_@__/_@__9__@__@__@__\_@__/_6__@__\_@__/_@__@__\_@__/_@__@__\_e__/_@__e__@__\_é
VBAHLD (output)_L | _ _ | _ | o oo e
Y VBLAST (output)_L |__ _ | _ | o o e e
Yy
A25 to AO (output)___[X X X X X X
RDZ (output)_
N D31 to DO (foyNote 1- -HiIZ _¢ AHi-Ze AHi-Ze AH-Z AHZ - HZ ¢ AHiZ
MEMC
and page DI31 to DIO (inputyete2 ~ 7|7~ X XX XX XX XX X __]--X X -
ROM
DO31 to DOO (outputyNete 2.~~~ 7|~ T T T T T LT
WAITZ (input)
v €S27 to €S20 (output)__X X X X X X
~ Off-page cycle = On-page cycle >
Notes 1. NB85E500 Notes 2. NUB5E500
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Figure 1-20. Page ROM Read Timing (2/2)

. T1 T2 T1 TW1 T2 TI T1 T2 TO1 | TO2 | TO1 | TW3 | TO2 | TO1 | TW3 | TW2 | TO2 TA T1 T2
VBCLK (inputh /" N\ N\ S\
VBTTYPL, VBTTYPO (output)_ - X LOX A DX AN - ADn[ “ "X @oX_ - ""T "7[ "7 ""an " "7 7T "7 TIXAEQX @y T XCTIXTI
VBA25 to VBAO (input)__X X X X X X X X
VBSTZ (input) | /
VBCTYP2 to VBCTYPO (input)__X X X X X X X X
VBWRITE (input)__| I
Between
:%SSE VBBENZ3 to VBBENZO (input)___|X X X X X X X X
HEMe VBSEQ2 to VBSEQO (input)___|X__ (0,0,0) X (0,0,0) X010 X @01 X (0,0,1 X (0,0,0) X (0,0,0 X
vBDa1 o vBDo (/o). _ |- T X LT X LTI X LI T LTI T T et
VDCSZ7 to VDCSZ0 (input)___|X X X X X X X X
vBwAITeutput)_ |/ "N/ [ [ [T\ T T T TS T e
VBAHLD(utput)__| _ _ | | | /N
y VBLAST (output)_L | _ | _ | o e
! A25 to A0 (output)___[X X X X X X X X
RDZ (output) | I
Between D31 to DO (oyNete - -HZ ¢ AR o HZ_ A HZ A HZ
e | oist 000 gy 11T XICX XCIIIIX )RR G G B
D031 to DOO (output)ore2_ _ ]~~~ =~~~ [ Tl
WAITZ (input)
CSZ7 to CSZ0 (output)__X X X X X X X X
- ~ Off-page cycle = On-page cycle M Offpage cycle
Notes 1. NB85E500 Notes 2. NU85E500
Remark This figure shows the timing when the RDZ signal remains active (low level) during an on-page cycle (only when the VBSEQ2 to VBSEQO signals

indicate consecutive transfer).
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Figure 1-21. Page ROM Flyby Cycle Timing (Page ROM — 1/O)

Between
NB85E
and
MEMC

g
L

Between
MEMC
and page|
ROM

Notes 1. NB85E500

TL | T2 [ T3 [ TL | T2 | T3, T | TL | T2 [ T3 | TL | T2 | T3 ;| TL TW2, T2 | T3 | TL | T2 | T3
VvecLK (inputn /" \_/ N N N\ SO
VBTTYPL, VBTTYPO (outpu)__ DX EOX__ (LY - XAQX___[@d __XAaoX [ [ " " " "“an [ [ " " T TTIXCC
VBA25 to VBAO (input)__[X X X X X X X
VBSTZ (input) | \___|
VBCTYP2 to VBCTYPO (input)__[X (L1 X (LL1) X (L1 X (L1 X (LL1) X (L11 X
VBWRITE (input)__|
VBSEQ2 to VBSEQO (input)__|X (0,00 X (0,0,0) X (0,1,0 X (0,01 X (0,0,1) X (0,00 X
VBD31 to VBDO (V0)_ _ | _ |- [ [l Tl
VDCSZ7 to VDCSZO0 (input)__|X X X X X X X
vBWAIT(oupu__ | _ /| | L./ | T L./ T T L./ T T L./ T L./ o
VBAHLD (outputy L | _ | | o
VBLAST (output) L | _ |\ |\
A25 to A (output)__|X X X X X X X
RDZ (output) |
IOWRZ (outputy
D31 to DO (/O)Note 1- _Hi-Z < >'_'"_Z< Y- Hi-z _ < X X X >_H_i-_Z_
DI31 to DIO (inputNoe2” " T 77X XX X 1. X X X X XCC.
D031 to DO (outputyNee 2. |~~~ 7\~~~ T Tt
WAITZ (input)
€SZ7 to CSZ0 (output)___[X X X X X X X

Notes 2. NUB5E500
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CHAPTER 1 NBS85E500 AND NUS5E500

1.4.8 Bus hold function

When the HLDRQZ signal becomes active, the Nx85E500 shifts to the bus hold status. When the transition to the
bus hold status is completed, the HLDAKZ signal becomes active. The HLDAKZ signal maintains an active level
during a bus hold.

During a bus hold, the bus master of the VSB becomes the external bus master side, and the external memory
data bus pins (D31 to DO) of the NB85E500 enter a high-impedance state. Since other external memory connection
pins are not in a high-impedance state, design on the user logic side so that signals do not conflict during a bus hold.
For details of pin statuses during a bus hold, refer to Table 1-1 Pin Status in Each Operating Mode.

When the HLDRQZ signal becomes inactive, the Nx85E500 shifts to the normal status.

(1) Bus hold procedure

<1> An external bus hold request signal (HLDRQZ) is input for the Nx85E500 from the external bus master.
<2> The Nx85E500 outputs a VSB mastership request signal (VAREQ) for the NB85E.

<3> The current bus cycle ends.

<4> An acknowledge signal for the VAREQ signal (VAACK) is input to the Nx85E500 from the NB85E.

<5> The Nx85E500 returns an acknowledge signal for the HLDRQZ signal (HLDAKZ) to external memory.

(2) Bus hold release procedure

<1> The HLDRQZ signal becomes inactive.

<2> The bus hold request is released externally and the HLDAKZ signal becomes inactive.

<3> After the refresh cycle ends if a refresh request has been generated, or immediately if there is no
refresh request, the VAREQ signal to the NB85E becomes inactive.

<4> The VAACK signal from the NB85E becomes inactive and the bus hold status ends.

<5> The NB85E becomes the master and a VSB bus cycle begins.

(3) Bus hold timing
An example of bus hold timing is shown below.

Remarks 1. The level of broken-line portions indicates a weak unknown state; a state entered when the
NB85E internal bus holder is driving (except for the portion indicated by Hi-Z).
2. Circles indicate sampling timing.
For details of VSB signals (VBxxx, VDxxx), refer to the NB85E Hardware User’s Manual
(A13971E).
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Figure 1-22. Bus Hold Timing

INNOASCI902YTY [enuen sJasn Areulwijaid

65

Bus hold status

VBCLK (i”PUI)\J/_\J/_\Jr\J/_\Jr\J/_\Jr\J/_\_)DJr\J/_\Jr\Jr\Jr\Jr\J/_\_
VBTTYPL, VBTTYPO (output)__ X OIX_ @D "X [ """ "o " " "T[ TIXAEAYX @i
VBA25 to VBAO (input)__[X X X
VBSTZ (input)  |[N\___|
VBSIZE1, VBSIZEO (outputyNete X X X
VDCSZ7 to VDCSZ0 (input)__[X X FFH X
VBWRITE (input)
VBBENZ3 to VBBENZO (input)___|X X X
VBSEQ?2 to VBSEQO (input)__|X X X
oS RNV o R ) O ) Ot St HO AU I OO

vewamupuy_ | /T T T~ _ | | | T

VBAHLD (output)_L |_

VBLAST (output)_L | _

VAREQ (output)

VAACK (input)
veLock eupu {22217 TIIITI I T[T [ o e
voseLPZ (oupuy_ 21721 TI I S W P S
HLDRQZ (input) |
HLDAKZ (output)
A25 to A0 (output)___|X X W
BCYSTZ (output)  |N\___|
RDZ (output) |
D31 t0 DO (0ot -4 ¢ N s RELEC EEEEE o HiZ L opf ---X Notes 1. NBS85E signal.
D131 to DI0 (inpuhere. T 17X G O e e s A This signal is not
A Nt s M A Al I N O @) connected to MEMC.
CSZ7 to CSZ0 (output)___[X X FEn X :2)) ELBJEZEZ?)?)
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CHAPTER 1 NBS85E500 AND NUS5E500

1.4.9 Bus cycle period control register (BCP)
The Nx85E500 can double the bus cycle period when accessing SRAM or page ROM. Control of the bus cycle
period is performed using the BCP register.
When the BCP bit of the BCP register is set (to 1), a dummy state is inserted before each state of the bus cycle.
The BCP register can be read or written in 8-bit or 1-bit units.

*  Caution This register’'s settings are only valid when accessing SRAM or page ROM (invalid when
accessing SDRAM).

Figure 1-23. Bus Cycle Period Control Register (BCP)

7 6 5 4 3 2 1 0
Address After reset
BCP BCP 0 0 0 0 0 0 0
FFFFF48CH Note
Bit position Bit name Description

7 BCP Sets the length of the bus cycle period.

0: Normal

1: Double
Note On high-level input to BCPEN pin: 80H

On low-level input to BCPEN pin: 00H

An example of the timing when the bus cycle period is doubled is shown below.

Remarks 1. The level of broken-line portions indicates a weak unknown state; a state entered when the NB85E
internal bus holder is driving (except for the portion indicated by Hi-Z).
2. Circles indicate sampling timing.
3. For details of VSB signals (VBxxx, VDxxx), refer to the NB85E Hardware User’s Manual
(A13971E).
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Figure 1-24. SRAM Read Timing (Bus Cycle Period Doubled)

INNOASCI902YTY [enuen sJasn Areulwijaid

T9

D Tl D T2 D Tl D TW1 D T2 D TI D T1 D TW1 D TW2 D T2 D

T
VESIQOLTNI AN SN SANID AR AR NI AR NIV ANV A NIV AR NI NIV AANIY AR NIV AANIY SANID SANID AR NI SR NIV ANV AR NI A NIV AN NS
VBTTYPL, VBTTYPO (output)_ - X _~IXT__[@n - DX@oX [ " "an T T TXaoX D T Tan T T T aoXT
VBA25 to VBAO (input)___|X X X X
VBSTZ (input) |\ /
VBSIZEL, VBSIZEO (outputyNete X X X X
Between VBWRITE (input)__|
NB85E ]
and VBBENZ3 to VBENZO (input)___|X X X X
MEMC
VBSEQ2 to VBSEQO (input)__|X X X X
VD31 to VBDO (10) |- 11T T I I DI I I X I I
VDCSZ7 to VDCSZ0 (input)___|X X X X
VBWAIT (utputy__|__ /|~ | | \d_/ | T T T T T AL T T T T T T T T T T T T I N
VBAHD (output)__| | | TN/ T T T TN
v VBLAST (output) L | _ | _ | o o e e e
Ny
A25 to A0 (oulput):X X X X
RDZ (output)
WRZ3 to WRZO0 (output)
D31t0D0(|/O)Nmez_____H_i'_Z____< S LA SRR R« - A S A
Between
MEMC DI31 to DIO (inpuyete . ~ 77777777 X XC_Z]2X i, N I I 4 XCo1Dt
SRAM [ N I I A O S S A A A AN A S A S A AU N N S .
DO31to DOO (output)Notes_ |\ L e e e I
WAITZ (input)
BCYSTZ (output)__| |
\ €SZ27 to €S20 (output__X X X X
Notes 1. NB85E signal. This signal is not connected to MEMC. Notes 2. NB85ES500 Notes 3. NU85ES500
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CHAPTER 1 NBS85E500 AND NUS5E500

1.4.10 STOP function

When the NB85E undergoes a transition to STOP mode, the Nx85E500 operates according to the following
sequence (see Figure 1-25).

<1> When a hardware STOP or software STOP is executed, a STOP mode request signal (STPRQ) is input from
the NB85E to the Nx85E500.

<2> The Nx85E500 outputs a VSB mastership request signal (VAREQ) for the NB85E.

<3> An acknowledge signal for the VAREQ signal (VAACK) is input from the NB85E to the Nx85E500.

<4> The Nx85E500 returns an acknowledge signal for the STPRQ signal (STPAK) to the NB85E.

The Nx85E500 returns the STPAK signal no less than two clocks after receiving the STPRQ signal.
Moreover, if an NUS5E502 is connected to the Nx85E500, the STPAK signal becomes active after the SDRAM

self-refresh cycle is executed.

Figure 1-25. Nx85E500 Operation at Time of STOP Mode Transition

NB85E NX85E500

<2>

VAREQ |« VAREQ
<3>

VAACK > VvAACK
<1>

STPRQ » STPRQ
<4>

STPAK | STPAK
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CHAPTER 1 NB85E500 AND NUS5E500

1.5 Test Function

The Nx85E500 can be tested using the NB85E test mode.
To test the Nx85E500, connect it to the NB85E as follows.

Figure 1-26. Connection of Nx85E500 to NB85E in Test Mode

NBS5E Nx85E500
©——»| TBI39 VSB
©———»{ TBIO VPRESZ > VPRESZ
©-<—| TBO34 VPTCLK VPTCLK
PHTDIN1 »{ PHTDIN1
©-=+—| TBOO PHTDINO »| PHTDINO
©———»| TEST PHTDO1 [« PHTDO1
©——»{ BUNRI PHTDOO PHTDOO
PHTEST PHTEST
© »{ VBCLK VBCLK

Remark For details about test modes, refer to the NB85E Hardware User’s Manual (A13971E).
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CHAPTER 1 NBS85E500 AND NUS5E500

1.5.1 Pin processing when in test mode

(1) External memory connection pins

These operate the same in test mode as in normal mode (Refer to 1.3.4 Pin status regarding the pin status).
If user logic, or SRAM (etc.) is connected to the data bus (D31 to DO !, DI31 to DIO"** 2
may conflict when in test mode. In order to avoid this, design on the user logic side so that pins D31 to DO
and DI31 to DIO are high impedance when in test mode (see Figures 1-27 and 1-28).

Make pins other than D31 to DO and DI31 to DIO the same as in normal mode. (If they are unused, process
them according to 1.3.3 Recommended connection of unused pins).

Input pins (HLDRQZ, WAITZ, and SELFREF) are ignored regardless of the values that are input.

), data bus signals

Notes 1. NB85E500
2. NU85E500

Caution Note that the test bus automatic connection tool provided by NEC does not support the
NBB85E. The test bus connection must be done by the user.

Figure 1-27. User Logic Design Example (NB85E500)

ASIC SRAM
1/0 buffer

Bus

NB85E NB85E500
holder

D31 |- l

DC3 >©
Bus
holder J—ﬁ»ﬂ—l
TIC [
| | o

{ZX

1/0 buffer
\%
N g
N—] B
B DO [ 4 l/( 4
DCO >O ‘
User logic

Y 4y

BUNRI | ©BUNRI
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-28. User Logic Design Example (NUS5E500)

ASIC
SRAM
NB85E NUS5E500 1/0 buffer
DI31 | h
T DO31 | 77T7_ »| D31
DC3 {>@
1/0 buffer
REN 4
nic K2 s K5 D0 |
’ |
DOO 77T7- » DO
DCO {>@
User logic
- {>—>
BUNR| [« ©BUNRI

(2) Test mode pins
Connect test mode pins to the NB85E as shown in Figure 1-26.

(3) Other pins

Make other pins the same as in normal mode. (If they are unused, process them according to 1.3.3
Recommended connection of unused pins.) Refer to 1.3.4 Pin status regarding the pin status.
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CHAPTER 1 NB85E500 AND NUS5E500

1.6 Data Flow

The flow of data transfer to external memory differs according to the register settings, starting addresses, and data
width.
Data flows are shown below for each condition.
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CHAPTER 1 NB85E500 AND NUS5E500

1.6.1 Data flow for byte access (8 bits)

Figure 1-29. Byte Access (Little Endian) (1/2)

Address to Be Data Transfer Flow
Accessed .
External Data Bus: 32 Bits
4n
31 31 [ ] Address
24 24
23 23
16 16
15 15
8 8
7 7 7
4n
0 ol oL
B Y D
dn+1
3 3 Address
24 24
23 23
16 16
15 15
4n+1
8l | 8l |
7 7 7
0 0 0
B v D
an +2
31 31 [ ] Address
24 | 24 |
23 23
4n+2
6] | 6] |
15 15
8 8
7 7 7
0 0 0
B Y D
4n+ 3
31 [ ] 31 [ Address
— P 4n+3
24| | 24| |
23 23
16 16
15 15
8 8
7 7 7
0 0 0
B v D

Remark B: Byte data
V: VSB
D: External data bus
n=0,123, ..
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-29. Byte Access (Little Endian) (2/2)

Address to Be Data Transfer Flow
Accessed . .
External Data Bus: 16 Bits External Data Bus: 8 Bits
2n - -
31 31
24 24
23 23
16 | Address 16 |
15 15 15
8 | 8 8 | Address
7 7 7 7 7 7
2n 2n
0 ol 0 0 ol 0
B v D B % D
2n+1
31 31
24 24
23 23
16 Address 16 |
15 15 15
2n+1
8| 8 8 | Address
7 7 7 7 7 7
2n+1
0 0 0 0 ol | 0
B v D B % D

Remark B: Byte data
V: VSB
D: External data bus
n=0,123, ..
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-30. Byte Access (Big Endian) (1/2)

Address to Be Data Transfer Flow
Accessed External Data Bus: 32 Bits
4n
31 [ 31 [] Address
—P 4n
24| | 24| |
23 23
16| | 16| |
15 15
8| | 8| |
0 o] ol |
B v D
dn+1
31 31 [ ] Address
24| | 24| |
23 23
an+1
6] | 6] |
15 15
8| | 8| |
7 7 7
0 ol | oL |
B v D
an +2
31 31 [ ] Address
24| | 24| |
23 23
16 16
15 15
4n+2
8l 8l
7 7 7
0 o] ol |
B v D
4n+ 3
31 31 [ ] Address
24| | 24| |
23 23
16| | 16| |
15 15
8l | 8l |
7 7 7
4n+3
0 ol ol
B v D
Remark B: Byte data
V:VSB
D: External data bus
n=0,1,23, ...
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-30. Byte Access (Big Endian) (2/2)

Address to Be Data Transfer Flow
Accessed External Data Bus: 16 Bits External Data Bus: 8 Bits
2n - -
31 31
24| | 24| |
23 23
16 Address 6] |
15 15 15
2n
8| 8 8 | Address
7 7 7 7 7 7
2n
0 oL_| 0 o| | ol o| |
B v D B % D
2n+1
31 | 31 |
24 | 24 |
23 23
16 | Address 16 |
15 15 15
8 | 8 8 | Address
7 7 7 7 7 7
2n+1 2n+1
0 ol | 0 0 ol | 0
B v D B % D
Remark B: Byte data
V:VSB
D: External data bus
n=0,1,23, ...
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CHAPTER 1 NB85E500 AND NUS5E500

1.6.2 Data flow for halfword access (16 bits)

Figure 1-31. Halfword Access (Little Endian) (1/2)

(a) External data bus: 32 bits

Address to Be Data Transfer Flow
Accessed . ] )
First Time Second Time
4n - -
31 31 Address
24| | 24| |
23 23
16 | 16|
15 15 15
an+1
8 8| sl |
7 7 7
4n
0 ol ol
HW v D
dn+1 - - -
31 31 Address 31 31 Address
24 24 24 24
23 23 23 23
4n+2
16 16| 16 16 |
15 15 15 15 15 15
4n+1
8 8| 8| 8 8 8
7 7 7 7 7 7
0 0 0 0 0 0
HW \% D HW D
an +2 _ -
31 31 Address
4n+3
24| | 24|
23 23
4n+2
6] | 16|
15 15 15
8 8 8
7 7 7
0 0 0
HW v D
4n+ 3 _ _ -
31 31 Address 31 31 Address
— P 4n+3
24| | 24| 24 24
23 23 23 23
16 16 16 16
15 15 15 15 15 15
8 8 8 8 8 8.
7 7 7 7 7 7
4n+4
0 0 0 0 0 ol
HW \% D HW D
Remark HW: Halfword data
V:VSB
D: External data bus
n=0,1,23, ...
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-31. Halfword Access (Little Endian) (2/2)

(b) External data bus: 16 bits

Address to Be

Data Transfer Flow

Accessed . . .
First Time Second Time
2n
31|
24
23
16| Address
15 15 15 —
2n+1
8 gl | 8
7 7 7
2n
0 of | 0
HW v D
2n+1 -
31 31
24 24| |
23 23
16 6] | Add
15 5[] 15 Address 15 15 15 ress
2n+1
8 8 8 8 8l 8
7 7 7 7 7 7
2n+2
0 ol | 0 0 oL 0
HW v D HW \% D
(c) External data bus: 8 bits
Address to Be Data Transfer Flow
Accessed . . .
First Time Second Time
2n o o
31 31
24| | 24| |
23 23
6] | 16| |
15 15 15 15
8 8. Address 8 8. Address
7 7 7 7 7 7
2n 2n+1
0 (o) I 0 0 ol 0
HW v D HW v o
2n+1 o o
31 31
24| | 24| |
23 23
6] | 16| |
15 15 15 15
8 8. Address 8 8. Address
7 7 7 7 7 7
2n+1 2n+2
0 (o) I 0 0 ol 0
HW v D HW v o

Remark HW: Halfword data
V: VSB
D: External data bus
n=0,123, ..
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-32. Halfword Access (Big Endian) (1/2)

(a) External data bus: 32 bits

Address to Be Data Transfer Flow
Accessed . ] )
First Time Second Time
4n _ _
31 31 Address
4n
24| | 24| |
23 23
4n+1
6] | 16|
15 15 15 -
8 8 8
7 7 7
0 0 0
HW v D
dn+1 - - - -
31 31 Address 31 31 Address
24 24 24| | 24| |
23 23 23 23
4n+1
6] | 6] | 16 16
15 15 15 15 15 15
4n+2
8 8 8 8 8| 8|
7 7 7 7 7 7
0 0 0 0 0 0
HW \% D HW \% D
an +2 - -
31 31 Address
24 24
23 23
16 | 16|
15 15 15 -
4n+2
8 sl 8l |
7 7 7
4n+3
0 oL oL
HW v D
4n+ 3 - - _ _
31 31 Address 31 31 Address
> 4n+4
24 24 24| | 24| |
23 23 23 23
16 16 16 16
15 15 15 15 15 15
8 8l | 8l 8 8 8
7 7 7 7 7 7
4n+3
0 ol | ol 0 0 0
HW \% D HW \% D

Remark HW: Halfword data
V: VSB
D: External data bus
n=0,123, ..
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-32. Halfword Access (Big Endian) (2/2)

(b) External data bus: 16 bits

Address to Be

Data Transfer Flow

Accessed . . )
First Time Second Time
2n -
31
24| |
23
16 | Address
15 15 15 —
2n
8 8| 8
7 7 7
2n+1
0 ol | 0
HW \% D
2n+1 - -
31 31
24| | 24| |
23 23
16 | Address 16 Address
15 15 15 15 15 15
2n+2
8 8l | 8 8 sl | 8
7 7 7 7 7 7
2n+1
0 ol 0 0 ol | 0
HW v D HW v D
(c) External data bus: 8 bits
Address to Be Data Transfer Flow
Accessed . . .
First Time Second Time
2n -
31 31
24| | 24
23 23 |
16| | 16
15 15 15 15
8 8| Address 8 8 Address
7 7 7 7 7 7
2n 2n+1
0 ol 0 0 ol | 0
HW \ D HW \V D
2n+1 o —
31 31
24| | 24| |
23 23
16| | 16 |
15 15 15 15
8 8| Address 8 8 | Address
7 7 7 7 7 7
2n+1 2n+2
0 ol 0 0 ol 0
HW Y D HW v D

Remark HW: Halfword data
V: VSB
D: External data bus
n=0,1,23, ...
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CHAPTER 1 NB85E500 AND NUS5E500

1.6.3 Data flow for word access (32 bits)

Figure 1-33. Word Access (Little Endian) (1/3)

(a) External data bus: 32 bits

Address to Be Data Transfer Flow
Accessed . ] . ] )
First Time Second Time Third Time
4n
31 ] 31 ] 31 ] Address
4n+3
24| | 24| | 24| |
23 23 23
4n+2
15 15 15 — —
an+1
S - 8l 8l
7 7 7
4n
ol_| ol_| o]
w \% D
dn+1
31 [ 31 ] 31 [ ] Address 31 [ 31 [ 31 [] Address 31 31 31 [ ] Address
4n+3
24| | 24 24 24| | 24| | 24| | 24 24 24
23 23 23 23 23 23 23 23 23
4n+2
6] | 16 16 6] | 6] | 6] | 16 16 16
15 15 15 15 15 15 15 15 15
<> 4n+1
8l 8l | 8| 8l 8 8 8 8l 8 |
7 7 7 7 7 7 7 7 7
an+4
ol | 0 0 ol | 0 0 0 ol ol |
w v D v D Y D
an +2
31 ] 31 ] 31 ] Address 31 ] 31 ] 31 ] Address
4n+3
24| | 24| | 24| | 24| | 24| | 24| |
23 23 23 23 23 23
4n+2
6] | 16| | 16| | 6] | 16 | 16 |
15 15 15 15 15 15 —
an+5
8| 8 8 8| | 8l | 8|
7 7 7 7 7 7
4n+4
ol_| 0 0 ol_| ol | o]
w \% D \% D
4n+ 3
31 ] 31 ] 31 ] Address 31 ] 31 ] 31 ] Address 31 310 | 310 ] Address
4n+3
24 | 24| | 24| | 24 | 24| | 24| | 24 24 | 241
23 23 23 23 23 23 23 23 23
4n+6
6] | 16 16 6] | 16 | 16 16 16| | 16| |
15 15 15 15 15 15 15 15 15
an+5
8| 8 8 8| 8| 8l 8 8 8
7 7 7 7 7 7 7 7 7
4n+4
ol 0 0 ol ol ol 0 0 0
w \% D \% D v D
Remark W: Word data
V:VSB
D: External data bus
n=0,1,23, ...
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-33. Word Access (Little Endian) (2/3)

(b) External data bus: 16 bits

Address to Be Data Transfer Flow
Accessed . ] . ] )
First Time Second Time Third Time
4n - o - o
31 31 31 31
24| | 24 24| | 24
23 23 23 23
161 | 16 Address 161 | 16 Address
15 15 15 15 15 15 —
4n+1 4n+3
[ - [ - 8 [ - [ - 8
7 7 7 7 7 7
4n 4n+2
ol_| ol_| 0 ol_| ol_| 0
w v D v D
dn+1 _ - _ - -
31 31 31 31 31 31
24| | 24 24| | 24 24 24
23 23 23 23 23 23
161 | 16 Address 161 | 16 Address 16 160 | Address
15 15 15 15 15 15 15 15 15
4n+1 4n+3
gl 8l 8 gl 8l | 8 8 8l | 8
7 7 7 7 7 7 7 7 7
4n+2 4n+4
ol 0 0 ol ol 0 0 ol 0
w v D v D v
an +2 _ - _ -
31 31 31 31
24| | 24 24| | 24
23 23 23 23
161 | 16 Address 161 | 16 Address
15 15 15 15 15 15 —
4n+3 4n+5
sl | sl | 8 sl | sl | 8
7 7 7 7 7 7
4n+2 4n+4
ol_| ol_| 0 ol_| ol_| 0
w v D v D
4n+ 3 _ - _ - -
31 31 31 31 31 31
24| | 24 24| | 24 24 24
23 23 23 23 23 23
161 | 16 Address 161 | 16 Address 16 160 | Address
15 15 15 15 15 15 15 15 15
4n+3 4n+5
sl | sl_| 8 sl | sl | 8 8 8l | 8
7 7 7 7 7 7 7 7 7
4n+4 4n+6
ol_| 0 0 ol_| ol_| 0 0 ol | 0
w % D % D v
Remark W: Word data
V:VSB
D: External data bus
n=0,1,23, ...
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-33. Word Access (Little Endian) (3/3)

(c) External data bus: 8 bits

Address to Be Data Transfer Flow
Accessed i i . o )
First Time Second Time Third Time Fourth Time
4n
Address Address Address
4n+1 4an+2 4n+3
4an +1
Address Address Address Address
4n+1 4n+2 4n+3 4an+4
4n +2
Address Address Address Address
4n+2 4n+3 4n+4 4n+5
4n + 3
Address Address Address Address
4n+3 4n+4 4n+5 4n+6

Remark W: Word data
V: VSB
D: External data bus
n=0,123, ..
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-34. Word Access (Big Endian) (1/3)

(a) External data bus: 32 bits

Address to Be

Data Transfer Flow

Accessed . . . . )
First Time Second Time Third Time
4n
31 [ ] 31 31 [ ] Address
4n
24 | 24 24| |
23 23 23
4n+1
6] | 16 6] |
15 15 15 -
4n+2
sl 8 sl
7 7 7
4n+3
ol_| 0 ol |
w D
4n+1 _ - _ - - _
31 31 31 Address 31 31 31 Address 31 31 31 Address
An+4
24| | 24 24| 24| | 24| | 24| | 24 24 24| |
23 23 23 23 23 23 23 23 23
4n+1
6] | 16 6] | 6] | 16 16 16 16 16
15 15 15 15 15 15 15 15 15
4n+2
8l | 8 8 8l | 8l | 8| 8 8 8
7 7 7 7 7 7 7 7 7
4n+3
ol | 0 0 ol | ol | ol 0 0 0
w D \% D D
4n + 2 _ - _ _ _
31 31 31 Address 31 31 31 Address
4n+4
241 | |24 24 24 | | eafl | 24 |
23 23 23 23 23 23
<P 4n+5
6] | 16 16 6] | 16| 16|
15 15 15 15 15 15
4n+2
sl | 8 s | sl | 8 8
7 7 7 7 7 7
4n+3
o] 0 ol o] 0 0
w D \% D
4n + 3 _ — — — ]
31 31 31 Address 31 31 31 Address 31 31 31 Address
4n+4
24 | | 24 24 24 | | eal | 24| | 24 24 24
23 23 23 23 23 23 23 23 23
4n+5
w6l | | 16 16 w6l | || | 16| | 16 16 16
15 15 15 15 15 15 15 15 15
4n+6
sl | 8 8 | sl | 8 8 8 8 sl_|
7 7 7 7 7 7 7 7 7
4n+3
ol_| 0 ol | ol_| 0 0 0 0 0
w D \% D D

Remark W: Word data

V:VSB

D: External data bus

n=0,123,..
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-34. Word Access (Big Endian) (2/3)

(b) External data bus: 16 bits

Address to Be Data Transfer Flow
Accessed . . ! . )
First Time Second Time Third Time
4n - o - o
31 31 31 31
24 | |24 24 | 24
23 23 23 23
161 | 16 Address 161 | 16 Address
15 15 15 15 15 15 -
4n 4n+2
[ — 8l 8 [ — 8l 8
7 7 7 7 7 7
4n+1 4n+3
o[ o[ 0 o[ o[ 0
w \% D w \% D
4n+1 _ - _ - _ -
31 31 31 31 31 31
24 | |24 | 24 | 24 | 24 | 24| |
23 23 23 23 23 23
161 16 | Address 161 ] 16 Address 161 16 Address
15 15 15 15 15 15 15 15 15
4n+2 4n+4
sl | 8l | 8 sl | sl | 8 s | s | 8
7 7 7 7 7 7 7 7 7
4an+1 4n+3
ol ol 0 ol ol 0 o] 0 0
w \% D w \% D W \% D
4n + 2 _ - _ -
31 31 31 31
24 | |24 24 | 24
23 23 23 23
161 | 16 Address 161 | 16 Address
15 15 15 15 15 15 -
4n+2 4n+4
sl | sl | 8 sl | sl | 8
7 7 7 7 7 7
4n+3 4n+5
o[ o[ 0 o[ o[ 0
w \% D w \% D
4n+3 _ - _ - _ -
31 31 31 31 31 31
24 | |24 24 | 24 af | 2
23 23 23 23 23 23
161 | 161 | Address 161 | 16 Address 161 16 Address
15 15 15 15 15 15 15 15 15
4an+4 4n+6
s | 8l | 8 s | s | 8 || s_| 8
7 7 7 7 7 7 7 7 7
4n+3 4n+5
o[ o[ 0 o[ o[ 0 ol 0 0
w \% D w \% D W \Y D

Remark W: Word data
V: VSB
D: External data bus
n=0,123, ..
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CHAPTER 1 NB85E500 AND NUS5E500

Figure 1-34. Word Access (Big Endian) (3/3)

(c) External data bus: 8 bits

Address to Be Data Transfer Flow
Accessed i : . o )
First Time Second Time Third Time Fourth Time
4n
Address Address Address
4n+1 4an+2 4n+3
4an +1
Address Address Address Address
4n+1 4n+2 4n+3 4an+4
4n +2
Address Address Address Address
4n+2 4n+3 4n+4 4n+5
4n + 3
Address Address Address Address
4n+3 4n+4 4n+5 4n+6

80

Remark W: Word data
V: VSB
D: External data bus
n=0,123, ..
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CHAPTER 2 NUS85E502

The NU85E502 is an SDRAM controller for the NB85E and the NB85ET.
The NU85ES502 is used connected to the NB85E500 or the NUS5E500, depending on the target CPU core.

Target CPU Core Type of External Memory to Be Connected Memory Controller (MEMC)
NB85E SDRAM NB85E500/NUS5E500 + NU85E502
NBS85ET NB85E500 + NU85E502

In this chapter, it is assumed that the NUS85E500 and the NU85E502 are used as the MEMC for the NB85E. The
SDRAM sequential write timing differs between the NB85E500 and NU85E500. Refer to 1.1 Differences Between
NB85E500 and NU85E500 for details.

2.1 Outline

The NU85ES502 is a macro for controlling synchronous DRAM (SDRAM).

An external SDRAM bus cycle can be started by connecting the NU85E502 to the NB85E via the NU8S5E500 and
the VSB.

The NU85ES502 is used connected to the NUS5E500.

Up to eight NU85E502 controllers can be connected.

Figure 2-1. NUB5E500 and NU85E502 Connection Example

ASIC

NB85E <;>

NUBSE500 K NussE502™* K"~  SDRAM

o<

Note Up to eight controllers can be connected.

Remark The NU85E502 only supports 12 row addresses and 10 column addresses. Therefore, only SDRAMs
of 128 Mbits or less can be connected.
The maximum CS area in 256 MB mode is the 64 MB area of CS1, CS3, CS4, and CS6. If assigning
SDRAMs to all of this 64 MB area, it is necessary that this area supports 512 Mbits (64 MB) with a 128
Mbits (4 Mwords x 8 bits x 4 banks) x 4 configuration, and 32 bit bus access.
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CHAPTER 2 NUS85ES502

2.1.1 Features

¢ Only a single access can be started. When the external data bus is 32 bits, burst access of 32-bit data cannot
be started. Burst access can be started only in the following cases.
* When the external data bus is 8 bits and 16-/32-bit data is being read/written
» When the external data bus is 16 bits and 32-bit data is being read/written
* When the instruction cache/data cache is being refilled

A command for continuous access indicated by the VBSEQ2 to VBSEQO pins can be issued consecutively in a
one-clock interval.

CAS latency = 2 and 3 are supported.

An address multiplex function is available.

The address multiplex width can be changed by means of an SCRn register setting.

e Up to 3 wait states can be inserted by means of an SCRn register setting.

A register write operation can be executed for each write access to the SCRn register.

A CBR (CAS before RAS) refresh command can be issued.

Remark n=7to0
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CHAPTER 2 NUS85ES502

2.1.2 Symbol diagram

VBCLK

VBA (25:0)
VBD (31:0)
VDCSZ
VBBENZ (3:0)
VPRESZ
VBSEQ (2:0)
VBWRITE
VBWAIT
VBAHLD
VBLAST
VPD (15:0)
VPSTB
VPWRITE
CTCSI (3:0)
CTCSO (4:0)
CT5021 (1:0)
CT5020 (1:0)
CTLO1
CTLOO
MTEN
HLDAKZ

VPTCLK

A (25:0)

D (31:0)
SDRASZ
SDCASZ
SDWEZ
CKE

DQM (3:0)

| T

out

out
out
out
out
out
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CHAPTER 2 NUS85ES502

2.1.3 Block diagram

NPB pins

Control signals
from NU85E500

Control signals

Test bus interface  |..g VPTCLK
block

Register block

to NUS5ES500

U

VBCLK

VSB pins <

VARIE!

i

A25 to AO

D31 to DO
SDRASZ
SDCASZ
SDWEZ

CKE

DQM3 to DQMO

Main controller

VYTYyy ﬁ/

Refresh controller

CTCSI3 to CTCSI0 <,

84
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CHAPTER 2 NUS85ES502

2.1.4 Configuration example
The NU85ES02 starts bus cycles for external SDRAM.
The following figure shows an application example using the NUS85E502.

Figure 2-2. Application Example

ASIC

a

L NUS5E500 -
.V
NB85E — 1S
B

— NU85E502
A
S External bus 2
External bus
masterNote
SRAM, Page ROM SDRAM

110

Note The NUB5E500 has an external bus master arbitration function, which is controlled by the HLDRQZ and
HLDAKZ signals.
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CHAPTER 2 NUS85ES502

The following figure shows an example of the connections between the NUS5E500 and NUB5E502 controllers.
In this example, the NUS5E502 controllers are connected to the CS7 and CS3 areas.

Figure 2-3. Connection Example

A25 to AO

CTCSI73 to CTCSI70
CTCSO74 to CTCSO70
CT502171, CT502170
CT502071, CT502070

MTEN
CTLO1
CTLOO

HLDAKZ

NUB85E500

CTCSI33 to CTCSI30
CTCS034 to CTCS030
CT502131, CT502130
CT502031, CT502030

I

OR [ >

| Y VY

CTCSI3 to CTCSIO A25to AO
CTCSO4 to CTCSO0

CT50211, CT502I0

CT50201, CT50200

MTEN NUS5E502
CTLO1
CTLOO

HLDAKZ

|

CTCSI3to CTCSIO A25to AO
CTCS0O4 to CTCSOO0

CT50211, CT502I0

CT50201, CT50200

MTEN
CTLO1
CTLOO
HLDAKZ

NUB85E502

86
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CHAPTER 2 NUS85ES502

2.2 Pin Functions

2.2.1 List of pin functions

Pin Name l{e] Function

NBB85E connection pins VBCLK Input Internal system clock input

VBAZ25 to VBAO Input Address input

VBD31 to VBDO Output Data output

VDCSZ Input Chip select input

VBBENZ3 to VBBENZO Input Byte enable input

VPRESZ Input Reset input

VBSEQ?2 to VBSEQO Input Sequential status input

VBWRITE Input Read/write status input

VBWAIT Output Wait response output

VBAHLD Output Address hold response output

VBLAST Output Last response output

VPD15 to VPDO 110 Data input/output (for NPB)

VPSTB Input Data strobe input (for NPB)

VPWRITE Input Write access strobe input (for NPB)
NUS85ES500 connection CTCSI3 to CTCSIO Output Control output to NUS5E500
pins CTCSO4 to CTCSO0 Input Control input from NU8S5E500

CT50211, CT50210 Output Control output to NUS5E500

CT50201, CT50200 Input Control input from NU85E500

CTLO1, CTLOO Input Control input from NU85E500

MTEN Input Test mode enable input from NU85E500

HLDAKZ Input Bus hold status input from NU8S5E500
External memory A25 to AO Output External memory address output
connection pins D31 to DO Input External memory data input

SDRASZ Output SDRAM row address strobe output

SDCASZ Output SDRAM column address strobe output

SDWEZ Output SDRAM data write enable output

CKE Output Clock enable output

DQM3 to DQMO Output Data mask output
Test mode pin VPTCLK Input Test clock input
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CHAPTER 2 NUS85ES502

2.2.2 Explanation of pin functions
(1) NBB85E connection pins

(a) VSB pins (VBxxx and VDxxx)
Refer to the NB85E Hardware User’'s Manual (A13971E).

(b) NPB pins (VPxxx)
Refer to the NB85E Hardware User’s Manual (A13971E).

(2) NUS85ES500 connection pins

(&) CTCSI3 to CTCSIO (output)
These are pins for controlling output to the NU8S5E500.

(b) CTCSO4 to CTCSOO (input)
These are pins for controlling input from the NUS85E500.

(c) CT50211 and CT502I0 (output)
These are pins for controlling output to the NU8B5E500.

(d) CT50201 and CT50200 (input)
These are pins for controlling input from the NUS85E500.

(e) CTLO1 and CTLOO (input)
These are pins for controlling input from the NUS85E500.

(f) MTEN (input)
This is the pin to which the test mode enable is input from the NUS5E500.

(9) HLDAKZ (input)
This is the pin to which the bus hold status is input from the NU85E500.
This is used only when the external bus master accesses SDRAM during a bus hold. Input a high level
when not being used.

Caution Do not rewrite SDRAM configuration register n (SCRn) (n =7 to 0) using the external bus
master during a bus hold.

Remark After releasing a bus hold, when the NU85E502 regains bus mastership and accesses
SDRAM, access starts from all bank precharge.
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CHAPTER 2 NUS85ES502

(3) External memory connection pins

@)

(b)

(©)

(d)

(e)

®

(@

A25 to AO (output)
These pins constitute the external SDRAM address bus.
When the VDCSZ signal is inactive, all of the pins A25 to AO output a low-level signal.

D31 to DO (input)
These pins constitute the external SDRAM data bus.

SDRASZ (output)
This is the row address strobe output pin for external SDRAM.

SDCASZ (output)
This is the column address strobe output pin for external SDRAM.

SDWEZ (output)
This is the data write enable output pin for external SDRAM.

CKE (output)
This is the clock enable output pin for external SDRAM.
This pin outputs an inactive (low level) during a self-refresh cycle.

DQM3 to DQMO (output)

These are the data mask output pins for external SDRAM.

During a write cycle, they output the same values as the VBBENZ3 to VBBENZO signals of the NB85E
when a write command is executed. During a read cycle, the DQM3 to DQMO pins output a low level
after a read command.

(4) Test mode pin

@)

VPTCLK (input)
This is a test clock input pin.

2.2.3 Recommended connection of unused pins

Pin Name 110 Recommended Connection Method

External memory A25 to AO, SDRASZ, SDCASZ, Output Leave open.

connection pins SDWEZ, CKE, DQM3 to DQMO

D31 to DO Input Input low level.
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2.2.4 Pin status
The following table shows the status in each operating mode of the pins that have output functions.

Table 2-1. Pin Status in Each Operating Mode

Pin Name Pin Status
Reset STOP Mode | HALT Mode Bus Hold Test Mode
NBB85E connection VBD31 to VBDO Hi-Z Hi-Z Operating Hi-Z Operating
pins VBWAIT Hi-z Hi-Z Operating Hi-Z Operating
VBAHLD Hi-Z Hi-Z Operating Hi-Z Operating
VBLAST Hi-Zz Hi-Z Operating Hi-Z Operating
VPD15 to VPDO Hi-Z Hi-Z Operating Hi-Z Operating
External memory A25 to AO Undefined Maintain Operating Maintain Operating
connection pins SDRASZ H H Operating H Operating
SDCASZ H H Operating H Operating
SDWEZ H H Operating H Operating
CKE H L Operating H Operating
DQM3 to DQMO H H Operating H Operating

Remark L: Low-level output
H: High-level output
Hi-Z: High impedance
Maintain: Maintains the previous status
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2.3 Bus Cycle Function

2.3.1 SDRAM configuration register n (SCRn)
This register sets the number of waits and the address multiplex width.

When more than one NU85E502 is incorporated in the system, settings can be made for each CSn area (n =7 to

0).

If this register is written to, the NUS5E502 will start a register write operation.

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

Cautions 1. An SDRAM read/write cycle will not be generated prior to the execution of a register write
operation.
Access SDRAM after waiting 20 clocks following execution of a program that writes to the
SCRn register. When setting the SCRn register again after accessing SDRAM, first clear (to
0) the ME bit of the BCTO and BCT1 registers in the NU85E500, and then set (1) again.
2. Do not execute continuous write instructions to the SCRn register. Be sure to insert and
execute another instruction between write instructions to the SCRn register.
3. When two or more NU85E502 are used, do not access the SDRAM area before completing all
the settings of the SCRn register (n =7 to 0).
Remarks 1. n of the register name corresponds to the CSn area number.
2. The address decoder is in the NU8S5E500. For the addresses of each CSn area, refer to the
NBB85E Hardware User’s Manual (A13971E).
Figure 2-4. SDRAM Configuration Register n (SCRn) (1/2)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Address After reset
scrn | o LTM|LTM|LTM olololo BC |BC |[SSO|SSO|RA |RA |SAW|SAW| FFFFF4AOH 0000H
2|11|0 wi(wo| 1|0 |willwo| 1 | O +4n
Bit position Bit name Description
14to 12 LTM2 to Set the CAS latency value of a read operation.
LTMO LTM2 LTM1 LTMO CAS latency
0 0 Don't care Setting prohibited
0 1 0 2
0 1 1 3
1 Don't care Don't care Setting prohibited
Remark n=7t00
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Figure 2-4. SDRAM Configuration Register n (SCRn) (2/2)

Bit position Bit name Description
7,6 BCW1, Set the number of wait states between the bank active command and the read/write
BCWO command, or between the precharge command and the bank active command.
BCW1 BCWO Number of wait states
0 0 Setting prohibited
0 1 1
1 0 2
1 1 3
54 SSO1, Set the address shift width during On-page judgment.
SSO0 When the data bus size has been set to either 16 bits or 32 bits, the system does not use the
lower addresses (A0 or Al and A0).
SSO1 SS00 Address shift width
0 0 0 bits (8-bit data bus)
0 1 1 bit (16-bit data bus)
1 0 2 bits (32-bit data bus)
1 1 Setting prohibited
3,2 RAW1, Set the row address width.
RAWO RAW1 RAWO Row address width
0 0 11 bits
0 1 12 bits
1 Don't care Setting prohibited
1,0 SAW1, Set the column address width.
SAWO SAW1 SAWO0 Column address width
0 0 8 bits
0 1 9 bits
1 0 10 bits
1 1 Setting prohibited
Caution The SCRn register should be set immediately after reset, and its setting should not be

subsequently changed (n =7 to 0).

92
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Address Pin
SAW1 and
SAWO bits = 10

SAW1 and
SAWO bits = 01

SAW1 and
SAWO bits = 00

Address Pin
SSO01 and SSO0
bits = 00

SSO1 and SSO0
bits = 01

SSO1 and SSO0
bits = 10

Address Pin
SSO01 and SSO0
bits = 00

SSO1 and SSO0
bits = 01

SSO1 and SSO0
bits = 10

Address Pin
SSO01 and SSO0
bits = 00

SSO1 and SSO0
bits = 01

SSO1 and SSO0
bits = 10

Table 2-2. Row Address Output

A25to A18 Al7 Al6 Al15 Al4 A13 Al2 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
a25toal8|al7|al6|a25|a24 |a23|a22 |a2l |a20|al9|al8 |al7 |al6|al5|ald |al3 |al2|all|all
a25toal8|al7|a25|a24 |a23 |a22 | a2l |a20|al9|al8|al7 |al6|al5|ald|al3 |al2|all|al0| a9
a25toal8|a2b|a24 |a23 |a22 |a2l |a20 |al9|al8|al7 |al6 |al5|ald |al3 |al2|all|al0| a9 | a8

Table 2-3. Column Address Output

(&) All bank precharge commands
A25to A18 Al7 Al6 Al5 Al4 A13 Al2 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
a25toal8|al7|al6|al5|ald |al3|al2|all| 1 a9 |aB | a7 | a6 |ab| a4 | a3 | a2 | al | a0
a2btoal8|al7|al6|al5|ald|al3|al2| 1 |al0| a9 |aB | a7 |ab6b | a5 | a4 | a3 | a2 | al | a0
a25toal8|al7|al6|al5|ald|al3| 1 |(all|al0| a9 |aB | a7 |ab6b | a5 | a4 | a3 | a2 | al | a0

(b) Register write command
A25to A18 Al7 Al6 Al5 Al4 Al13 Al2 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
LTM [LTM [LTM
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 0
LTM [LTM |LTM
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 0
LTM [LTM |LTM
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 0
(c) Read/write command

A25to A18 Al7 Al6 Al5 Al4 A13 Al2 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
a25toal8|al7|al6|al5|ald |al3|al2|all| O a9 |aB | a7 | a6 |ab| a4 | a3 | a2 | al | a0
a25toal8|al7|al6|al5|ald|al3|al2| O |al0| a9 |aB | a7 |ab6b | a5 | a4 | a3 | a2 | al | a0
a25toal8|al7|al6|al5|ald|al3| O |(all|al0| a9 |aB | a7 |ab6b | a5 | a4 | a3 | a2 | al | a0
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*x (1) Address outputs and SDRAM connection
The settings of SDRAM configuration register n (SCRn), physical addresses, address outputs from the
NUB5ES02, and connection of the NU885E502 and SDRAM for each data bus width (8 bits, 16 bits, and 32
bits) are described below.

(@) 8-bit data bus

A connection example of 64 Mbit SDRAM (2 Mwords X 8 bits x 4 banks) when using an 8-bit data bus is
shown below.

e SCRn register settings
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 addresses
A22, A21: Bank address
A20 to A9: Row address
A81to AO: Column address

e Addresses output from the NUS5E502
A22, A21: Bank address
A1l to AO: Row address (12 bits), column address (9 bits)

Row addresses and bank addresses output upon active command

A25 A24 A23 A22 A21 A20 A19 A18 Al7 Al6 Al5 Al4 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al 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‘a10‘ a9

-l oy -l -
- - -} |

Bank address Row address
Column addresses output upon read/write command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 Al15 Al4 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25‘324‘a23‘a22‘a21‘aZO‘a19‘a18‘al?‘al6‘a15‘al4‘al3‘a12‘all‘ 0 ‘ a9 | a8 ‘ a7 ‘ a6 ‘ ab ‘ a4 ‘ a3 ‘ a2 ‘ al ‘ a0

-l .
- -

Column address

e Connection of the NU85E502 and SDRAM
A22, A21 (NUSB5E502) — BAO (A13), BAL (A12) (SDRAM)
Al1l to AO (NUS5E502) — A1l to AO (SDRAM)
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(b) 16-bit data bus
A connection example of 64 Mbit SDRAM (1 Mword x 16 bits x 4 banks) when using a 16-bit data bus is
shown below.

e SCRn register settings
SSO1, SSO0 =01: Data bus width = 16 bits
RAW1, RAWO = 01: Row address width = 12 bits
SAW1, SAWO0 = 00: Column address width = 8 bits

e Physical addresses
A22, A21: Bank address
A20 to A9: Row address
A81to Al: Column address

e Addresses output from the NUS5E502
A22, A21: Bank address
Al12 to Al: Row address (12 bits), column address (8 bits)

Row addresses and bank addresses output upon active command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 Al15 Al4 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25‘a24‘a23 a22‘a21 a20‘alg‘als‘azs‘a24‘a23‘a22‘321 a20‘alg‘als‘aﬂ‘alG‘alS‘aM‘alS‘alZ‘all‘alo‘ ag | a8 |

-l . P -
- - -} —

Bank address Row address
Column addresses output upon read/write command

A25 A24 A23 A22 A21 A20 A19 A18 Al7 Al6 Al5 Al4 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25‘a24‘a23‘a22‘a21‘aZO‘a19‘a18‘al7‘a16‘a15‘a14‘alS‘alZ‘ 0 ‘alo‘ ag | a8 ‘ a7 ‘ a6 ‘ ab ‘ a4 ‘ a3 ‘ a2 ‘ al | a0 |

-l -
- |

Column address

e Connection of the NU85E502 and SDRAM
A22, A21 (NUB5E502) — BAO (A13), BAl (A12) (SDRAM)
Al12 to A1 (NUB5E502) — All to AO (SDRAM)
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96

(c) 32-bit data bus
A connection example of 128 Mbit SDRAM (64 Mbit SDRAM (1 Mword x 16 bits x 4 banks) x 2) when
using a 32-bit data bus is shown below.

¢ SCRn register settings
SSO1, SSO0 =10: Data bus width = 32 bits
RAW1, RAWO = 01: Row address width = 12 bits
SAW1, SAWO0 = 00: Column address width = 8 bits

e Physical addresses
A23, A22: Bank address
A21 to A10: Row address
A9to A2:  Column address

e Addresses output from the NUS5E502
A23, A22: Bank address
Al13 to A2: Row address (12 bits), column address (8 bits)

Row addresses and bank addresses output upon active command

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 Al15 Al4 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25‘324 a23‘a22 a21‘aZO‘alg‘als‘azs‘a24‘a23‘a22 a21‘a20‘alg‘als‘aﬂ‘alG‘alS‘aM‘alS‘alZ‘all‘alo a9 ‘ a8 |

-l oy ) .
- - g |

Bank address Row address
Column addresses output upon read/write command

A25 A24 A23 A22 A21 A20 A19 A18 Al7 Al6 Al5 Al4 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25‘a24‘a23‘a22‘a21‘aZO‘a19‘a18‘al7‘a16‘a15‘a14‘alS‘ 0 ‘all‘alo a9 ‘ a8 ‘ a7 ‘ a6 ‘ ab ‘ a4 ‘ a3 ‘ a2 |al ‘ a0 |

-l -
- -

Column address
e Connection of the NU85E502 and SDRAM

A23, A22 (NUB5E502) — BAO (A13), BAL (A12) (SDRAM)
A13 to A2 (NUS5E502) — A1l to AO (SDRAM)
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CHAPTER 2 NUS85ES502

(2) Bank address output
The NUB5ES502 precharges the bank to be accessed at the row address output immediately after a page
change as a bank precharge command. In addition, after a bank change, the NU885E502 precharges the

bank accessed last at the column address output. Therefore, since a bank precharge is performed either at

the row address output or the column address output, always connect the pins (A22 and A21) of the
NU85E502 that output bank addresses to the bank address pins (A13 and Al12) of the SDRAM when
connection is performed according to the description in 2.3.1 (1) (a) 8-bit data bus. Examples of address

output upon bank precharge command at a page change and a bank change when connection is performed
according to the description in 2.3.1 (1) (a) 8-bit data bus are described below.

@)

(b)

At a page change (8-bit data bus)
Since the bank to be accessed is precharged, the physical addresses (A25 to A9) to be accessed are
output from the A25 to A9 pins of the NUS5E502.

A25 A24 A23 A22 A21 A20 A19 A18 A17 A16 Al15 Al4 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25‘a24‘a23 a22‘a21 a20‘a19‘alS‘al?‘aZS‘a24‘a23‘a22‘aZl aZO‘ 0 ‘a18‘al?‘alG‘al5‘al4‘al3‘a12‘all‘alo‘ a9

) . -l -
- L -« Ll

Bank address to be accessed Row address

At a bank change (8-bit data bus)
Since the bank accessed last is precharged, the physical addresses (A25 to A9) accessed last are output
from the A25 to A9 pins of the NU8B5E502.

A25 A24 A23 A22 A21 A20 A19 A18 Al7 Al6 Al5 Al4 A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
|a25‘a24‘a23 a22‘a21 aZO‘a19‘a18‘al7‘a16‘a15‘a14‘alS‘alZ‘all‘ 0 ‘ ag | a8 ‘ a7 ‘ a6 ‘ ab ‘ a4 ‘ a3 ‘ a2 ‘ al ‘ a0

-l - -l o
d | - -

Bank address accessed last Column address

The bit that specifies the precharge mode (A10: 8-bit data bus, A11: 16-bit data bus, A12: 32-bit data
bus) outputs a high level upon an all bank precharge command, and a low level during other precharges.
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CHAPTER 2 NUS85ES502

2.3.2 SDRAM cycle

(1) Connection example

Figure 2-5. 64 Mbit SDRAM Connection Example

NUB5E502

Al3to A2

A23, A22

D15 to D8

D7 to DO

CKE

SDRASZ
SDCASZ
DQMO
DQM1
SDWEZ

D31 to D24

D23 to D16

DQM2
DQM3

110

1>
1>

—

buffer

i

110

buffer

F YY VY

'

Y

y

SDRAM
(1 Mword x 16 bits x 4)

Allto AO

Al3, A12

DQ15 to DQ8

DQ7 to DQO

CLK
CKE
cS
RAS
CAS
LDQM
HDQM
WE

110

buffer

I

PR

110
buffer

i

Y

I YYY VYV

'

NUB5ES500
Ccsz

SDCLK

Al3to A2
A23, A22
DO15 to DO8
DO7 to DOO

DC1
DCO
DO31 to DO24
DO23 to DO16

DC3
DC2

SDRAM
(1 Mword x 16 bits x 4)

A1l to AD
A13, A12
DQ15 to DQ8

DQ7 to DQO

CLK
CKE
cs
RAS
CAS
LDQM
HDQM
WE
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CHAPTER 2 NUS85ES502

(2) Bus timing

During power on or refresh, an all bank precharge command is always issued to the SDRAM. Therefore,

when the SDRAM is accessed after this, the active command and read/write command are issued in order
(<1>in Figure 2-6).

When a page change occurs, the precharge command, active command, and read/write command are issued
in order (<2> in Figure 2-6).

When a bank change occurs, the active command and read/write command for the bank to be accessed next

are issued in order.
was accessed immediately before the currently accessed bank is issued (<3> in Figure 2-6).

Figure 2-6. State Transition of SDRAM Access

Immediately after the read/write command, the precharge command for the bank that

<2>

All bank
precharge command
(power on, refresh)

Bank A
active command

Read/write command

Read/write command

Page change

Bank A
precharge command

Bank A
active command

Bank A
read/write command

<1>

On-page access

Bank change

Bank B
active command

/

Bank B
read/write command

_____

command

Bank A precharge

' Bank change

Bank A
active command

/

Bank A
read/write command

<3>
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CHAPTER 2 NUS85ES502

The write data to the SDRAM is output from the NU85E500, and the read data from the SDRAM is input to the

NUS5E502.
Figure 2-7. Read/Write Data Flow for SDRAM
ASIC
NBS5E NUS5E500 SDRAM
Output buffer
VBA25 to VBAO P VBA25 t A25 10 A0 |
A D e e
DC3 to DCO {>©

Flow of write data

VED31to DO31 to DOO
VBDO DI31 to DIO |«

Y

VBD31 to VBDO [« D31 to DO

NUB5E502

1/0 buffer

»| VBA25 to
VBAO

A25 to AO

Flow of read data

VBD31 to D31 to DO [+

VBDO

Remark When the addresses (A25 to A0) are output from the NUB5E502 to the SDRAM, A25 to AO output
from the NU85E500 becomes low level.

100 Preliminary User's Manual A14206EJ5V0UM



CHAPTER 2 NUS85ES502

Examples of the bus timing for an SDRAM read or write are shown below. An SDRAM bus cycle consists of

the following states.

e ALLPRE state:
e REFW state:
e REGW state:
e TACT state:

e TBCW state:
e Tl state

e TLATE state:
e TPREC state:
e TREAD state:
e TREF state:

e TRPW state:
e TW state:

e TWO state:

e TWE state:

e TWPRE state:

e TWR state:

All bank precharge command state.

Refresh wait state.

Register write command state.

Bank active command state.

Wait state that is inserted when BCW is set to 2 or 3.

Idle state that is inserted according to the setting of the BCC register (inserted only during
a read operation).

Latency-amount wait state.

Bank precharge command state.

Read command state.

Refresh command state.

Wait state between the read/write cycles following a register write operation.

Wait state.

Wait state indicating the status of waiting prior to the start of a register write operation.
State indicating the end of the write cycle.

State indicating precharge. Precharges the bank accessed last only when the bank
changes.

Write command state.

Remarks 1. The broken-line portions of the VBTTYP1, VBTTYPO, VBSIZE1, VBSIZEO, VBCTYP2 to VBCTYPO,
VBSEQ2 to VBSEQO, VBD31 to VBDO, VBWAIT, VBAHLT, and VBLAST signals indicate a weak
unknown state; a state entered when the NB85E internal bus holder is driving. The level of broken-
line portions of the D31 to DO and DO31 to DOO signals is undefined.

2. Circles indicate sampling timing.
For details of VSB signals (VBxxx, VDxxx), refer to the NB85E Hardware User’s Manual
(A13971E).
BCW: Wait state set by the BCW1 and BCWO bits of the SCRn register (n = 7 to 0)

5. The address/bank address output upon a bank precharge command is the address/bank address

accessed last.
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Figure 2-8. SDRAM Register Write Operation Timing

Between
NB85E
and
MEMC

Between
MEMC
and
SDRAM

TWO | TW(

S

ALLPRE| REFW | REFW | REFW | TREF | REFW

A Y AAND GANY EAND SAND SN AN SN AN

REFW | REFW REFW

TREF | REFW

REFW | REFW

REGW, TRPW

TRPW | TRPW | TRPW | TRPW

) TWO | TWO | TWO | TWO | TWO | TWO
speLk E(ioclk,fugl)zg‘liti\_/_\_/_\_/_\_/_\_/—\_/
VAREQ (output)Note 1
VAACK (inputyNote
VBLOCK (output)Note 1
VBTTYPL, VBTTYPO (output)Noe 1~ ><_'(1103 x:: B : -

VBA25 to VBAO (input)___|X

VBD3L1 to VBDO (I/O)Note 1: :

VBSTZ (I/O)Note 1|\

.
.
Lo
Lo -

VBWRITE (input)

VDCSZ (input) H

VDSELPZ (output)Note 1

VPSTB (input)

A25, A24, A21 to A13 (output),

A23, A22 (output)

A12 (output)

Al1 to A2 (output),

Undefine
ndefined
ndefined X_Valid

CSZ7 to CSZ0 (output)Note 1

SDRASZ (output)

SDCASZ (output)

SDWEZ (output)

DQM3 to DQMO (output)

DO31 to DOO (outputyNete 1~ ~

- XNote gx

.
- @-

—o-
—@-

CKE (output) H

Notes 1. NUSS5E500 signal
2. Invalid data for SDRAM is output.

SCRn register write

All bank
precharge Refresh command
command (1sttime)

Refresh interval x1/2

Refresh
(1st time) end

(2nd time)

o

Refresh x7
Refresh command

Refresh

Register write
command

(8th time) end

.

SDRAM access enable

Remark Refresh interval x 1/2: Half period of the refresh interval set by the RFSn register (n =7 to 0)
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Figure 2-9. SDRAM Single Read Cycle (32-Bit Data Bus, Word Access) (1/2)
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€0T

(a) Off-page, bank change, CAS latency =2, BCW =1

Y VBCLK (input)
SDCLK (output)Nete &

VBTTYP1, VBTTYPO (outputyNote I~
VBA25 to VBAO (input}—
VBSTZ(inputyNete 1|

VBWRITE (input)__]

A\
X@o

N

VBSIZE1, VBSIZEO (output)Note 7|
VBCTYP2 to VBCTYPO (input)Nete |
VBBENZ3 to VBBENZO (input) FH]
VBSEQ?2 to VBSEQO (input)__|
VBD31 to VBDO (output)__ |

VDCSZ (input)__|

VBWAIT (output)__|

VBLAST (output)_L |

A25, A24, A21 to A13 (output)__
A23, A22 (output)__|

Al12 (output):

Al1 to A2 (output)__

CSZ7 to CSZ0 (output)Note |

VBAHLD (output)_L |_

X _Adr.
X_Adr.

<

SDRASZ (output)

SDCASZ (output)

SDWEZ (output)

DQMS3 to DQMO (output)

D31 to DO (input)_ _

DO31 to DOO (output)Nete I ]

CKE (output) H

Notes 1. NUSS5E500 signal

active command precharge

VBCLK (input)
SDCLK (output)Nete 1|

VBTTYPL, VBTTYPO (output)Nete 1™~
VBA25 to VBAO (input)__|
VBSTZ (input)Nete 1|

VBWRITE (input)__|

m

(b) Off-page, bank change, CAS latency = 3, BCW = 2, idle state =2

VBSIZEL, VBSIZEO (output)Nete 2|
VBCTYP2 to VBCTYPO (input)Note 1|
VBBENZ3 to VBBENZO (input) FH]
VBSEQ?2 to VBSEQO (input)__|
VBD31 to VBDO (output)_ _ ]

VDCSZ (input)__|

X

VBWAIT (output)__|

VBAHLD (output)__|__

VBLAST (output)_L |_

A25, A24, A21 to A13 (output)__|
A23, A22 (output)__|

A12 (output)__|

Al1 to A2 (output)_]

CSZ7 to CSZ0 (outputyNote 1]

M\ N\
Xao [ _X©9
X
N v
X
X
X
X
X
X CAdr] X
X Adr]
DX Adr] X
X

SDRASZ (output)

SDCASZ (output)

SDWEZ (output)

DQMS3 to DQMO (output)

D31 to DO (input)__ |-

DO31 to DOO (outputyNote 1~~~ "

CKE (output) H

Notes 2. NBB85E signal. This signal is not connected to MEMC.
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Figure 2-9. SDRAM Single Read Cycle (32-Bit Data Bus, Word Access) (2/2)

(c) Off-page, page change

Between | yBCTYP2 to VBCTYPO (input)Nete 1| 00,0

NB85E

and VBBENZ3 to VBBENZO (input) FH] OH

MEMC

A23

Between SDRASZ (output)

MEMC

and SDCASZ (output)

SDRAM

Notes 1. NUSS5E500 signal

VBA25 to VBAO (input)__|
VBSTZ (input)Nete ™|\
VBWRITE (input)__|

VBSIZE1, VBSIZEO (output)Note 2| (1.0)

VBSEQ2 to VBSEQO (input)__| (0.0,0)
VBD3L to VBDO (output)_ _ ]
VDCSZ (input)__|

VBWAIT (output)___|

VBAHLD (output)_L |

VBLAST (output)_L |_

A25, A24, A21 to A13 (output)__| dr.

CSZ7 to CSZ0 (output)Nete I BFH

SDWEZ (output)

D31 to DO (input)__ |

DO31 to DOO (output)Nete I~ "]

SDRAM read cycle

TW |TPREC| TACT |TREAD| TLATE

VBTTYP1, VBTTYPO (output)Noe - X (LOX_ -~ ~ [ @H _~

TLATE

Y VBCLK (input)
speLk outputyere N~ N N N N NN
_X@or-

XX X XK

, A22 (output)__XAdr. Bank Adr.

A12 (output)__XAdr. Row

Al1 to A2 (output)___ X Adr. Row Col.

DQM3 to DQMO (output) FH OH

CKE (output) H

Bankprecharge_T Bank active Read d
command command  ¢omman

(d) On-page, CAS latency =2

SDRAM read cycle

TW |TREAD| TLATE | TLATE

T VBCLK (input) -
SDCLK (output) Note 1\_//_\_//_\_//_\_/_\_/_\_/

VBTTYP1, VBTTYPO (output)Noe -~ XX [ @y _- X@0[—

VBA25 to VBAO (input)__[X X

VBWRITE (input)__|

VBSTZ (inputyNete 17\ v

VBSIZE1, VBSIZEO (output)Noe 2| (L0)

Between | yBCTYP2 to VBCTYPO (input)Note —_|X 0,00

NB85E ‘

and VBBENZ3 to VBBENZO (input) FH] OH

MEMC ‘

VBSEQ2 to VBSEQO (input)__| (0,0.0)

X

X

X

X
VBD31 to VBDO (output)__ |- |TTTTITIIIIII XSo1o

VDCSZ (input)__

VBWAIT (outputy__|__ /|~ |77~ | \____|_
VBAHLD (output)_L |

VBLAST (output)_L |_

A25, A24, A21 to A13 (output)___|X Adr. X

A23, A22 (output)__| Adr. X

A12 (output)__|

Al1to A2 (output)__| Col. X

CSZ7 to CSZ0 (output)Nete X BFH X

Between SDRASZ (output) H
MEMC

and SDCASZ (output)
SDRAM

SDWEZ (output) H

DQMS3 to DQMO (output)_[FH__[X oH X _Fr

DO31 to DOO (output)Nete I~ "]

D31 to DO (inputy_ 17271 IT T IIIIXC B 1T

CKE (output) H

command

Notes 2. NBS85E signal. This signal is not connected to MEMC.
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Figure 2-10. SDRAM Single Write Cycle (32-Bit Data Bus, Word Access) (1/2)

INNOASCI902YTY [enuen sJasn Areulwijaid

S0T

(a) Off-page, bank change (b) Off-page, page change
SDRAM?22 -222°?
_ TW | TACT | TWR |TWPRE| TWE SDRAM write cycle
VBCLK (imp(u?\_/_\_/_\_/ /—\_/—\_/— C VBCLK (inpu) TW |TPREC| TACT | TWR |TWPRE| TWE
SDCLK (output)Note Inpu -
(output) oy . spcik upuiee 5 Nt A N NS S\
VBTTYP1, VBTTYPO (output)Note 1,0 11 0.0 [ R P N S N S— Y -
(outputy™ e~ XAPX . D XOO VBTTYP1, VBTTYPO (outputyvere -~ LOX_ - " @ [ - IXO9[
VBAZ25 to VBAO (input)__| X —
VBA25 to VBAO (input)__|
VBSTZ (inputyNete ™| |
(input N—] 2 VBSTZ (input)Note I\ 4
VBWRITE (input)__| |
VBWRITE (input)__| L
VBSIZE1, VBSIZEO (output)Noe 2] 1.0) X _
VBSIZEL, VBSIZEO (outputyNote 2| (1.0)
Between | yBCTYP2 to VBCTYPO (inputyNote | 001 X ) _
NBS5E Between VBCTYP2 to VBCTYPO (inputjNote® | (0,0,1)
p— NB85E
and VBBENZ3 to VBBENZO (input) FH]| OH X and .
MEMC VEMC VBBENZ3 to VBBENZO (input) FH]| OH X
VBSEQ2 to VBSEQO (input)__] (0,00 X VBSEQ? to VBSEQO (inputy ] X00)
Note 17777777 x| -
VBD3L to VBDO (l/O)Note 7 e VBD3L to VBDO (Opete 7
VDCSZ (input). VDCSZ (inputy ] —
VBWAIT (output)__|___/"] N VBWAIT (output)_|__ /| " | | T TN
VBAHLD (OUIpUI)L“—--—--—--—“—“_-' VBAHLD (output) L | __ |\ __ |\ __ | o .
¥ VBLAST (output) & . VBLAST (output)_L | | __ | | ||
1 — 'y
A25, A24, A21 to A13 (output)__| Adr. Adr. X Adr.[X_ | A25, A24, A21 10 AL3 (output, ] "
A23, A22 (output) DX Adr. X BankXAdr.[X Bank )X Adr )X A23, A22 (output)__[Y Adr. Bank Adr. X
A12 (output)_[X Adr. )X Row A12 (output)___X Adr] Row
Allto A2 (OUtPUt): Adr. X Row Col. A1 to A2 (output)___X_Adr. ow X Col.
CSZ7 to CSZ0 (outputyNote 1| BFH X €577 10 CSZ0 (outputyvore T BFH
Between SDRASZ (output) 2N AN SDRASZ (output)
MIZMC Between
;?)R AM SDCASZ (output) MEMC SDCASZ (output)
SDRAM
SDWEZ (output) SDWEZ (output)
DQM3 to DQMO (output). FH X oH | FH DQM3 to DQMO (output), FH
D31 to DO (input)_ _ |- - T T TN B D31 to DO (input)__ ]
DO31 to DOO (output)Nte 1~ ~ 7]~ e D031 to DOO (outputyvete 1~ ~ ] e
CKE (output) H CKE (output) H
Bank active Write Band Bank precharge_T Bank active Write
command command precharge
command
Notes 1. NUSS5E500 signal Notes 2. NB85E signal. This signal is not connected to MEMC. Notes 3. Invalid data for SDRAM is output.
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Figure 2-10. SDRAM Single Write Cycle (32-Bit Data Bus, Word Access) (2/2)

Between
NB85E
and
MEMC

Between
MEMC
and
SDRAM

(c) On-page

SDRAM write cycle

T™W

TWR |TWPRE|

VBCLK (input)
SDCLK (output)Note 1\_//_\_//_\_//_\_/

VBTTYPL, VBTTYPO (outputiNete 1"~ TX (L)X~ _[(L1)

TWE

VBA25 to VBAO (input)

VBSTZ (input)Note 1 \

VBWRITE (input),

VBSIZEL1, VBSIZEO (output)Nete 2

(1,0)

VBCTYP2 to VBCTYPO (input)Nete |

(0,0,1)

VBBENZ3 to VBBENZO (input) FH

VBSEQ2 to VBSEQO (input),

VBD3L1 to VBDO (/O)Note 1” ~

VDCSZ (input)

VBWAIT (outputy__|__ /"1~ |~ " \____|__

VBAHLD (output)_L |_

VBLAST (output)_L |_

A25, A24, A21 to A13 (output)

A23, A22 (output)

A12 (output)

Al1 to A2 (output)

Col.

CSZ7 to CSZ0 (output)Note 1

FH

SDRASZ (output) H

SDCASZ (output)

SDWEZ (output)

DQM3 to DQMO (output) FH

D31 to DO (input)__

DO31 to DOO (outputyNete 1 _

CKE (output) H

Write
command

Notes 1.

NU85ES500 signal

NBB85E signal. This signal is not

connected to MEMC.

Invalid data for SDRAM is output.
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L0T

Figure 2-11. SDRAM Continuous Read Cycle (32-Bit Data Bus, Word Access, On-Page)

Between
NB85E
and
MEMC

Between
MEMC
and
SDRAM

VBCLK (input)
SDCLK (outputyNote 1\—/

VBTTYPL, VBTTYPO (outputyNote L_ ~
VBA25 to VBAO (input)
VBSTZ (input)Note 1

VBWRITE (input)

VBSIZE1, VBSIZEO (outputyNoteZ__|
VBCTYP2 to VBCTYPO (input)Nete |
VBBENZ3 to VBBENZO (input) FH|
VBSEQ2 to VBSEQO (input)__|
VBD31 to VBDO (output)_ _ |

VDCSZ (input)_|

VBWAIT (output) _
VBAHLD (output) L |_

VBLAST (output)_L |_

A25, A24, A21 to A13 (output)
A23, A22 (output),

A12 (output)

Al1 to A2 (output)

CSZ7 to CSZO0 (output)Note 1

SDRASZ (output) H

SDCASZ (output)

SDWEZ (output) H

DQM3 to DQMO (output),

D31 to DO (input)__ |

DO31 to DOO (outputyNete 1~ |

CKE (output) H

Read
command

Read
command

SDRAM read cycle SDRAM read cycle SDRAM read cycle SDRAM read cycle
TREAD| TLATE | TLATE TW |TREAD| TLATE | TLATE| TW |TREAD|TLATE|TLATE| TW |TREAD| TLATE | TLATE
Y AN (AN G NS AN SN AW AN AN (AN AN AAND AN S\ GV 0
XX T J XX T @h JIXaoX T oD @h X aoXC C I @n JZ X 0o
X X
N /
(‘1,0) X
(o‘,o 1) X
‘OH X
(0,0,0) X
72 R N O R R N A R N A R N S
dr. Adr. X dr. Adr. X
Adr. Adr. X Adr. Adr. X
Col. Col. X Col. Col. X
BFH BFH X BFH BFH X
X OH FH OH X_FH | OH X_FH | OH X_FH

“Notes 1. NUB5ES500 signal

2. NBS8S5E signal.
This signal is not
connected to
MEMC.
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Figure 2-12. SDRAM Continuous Write Cycle (32-Bit Data Bus, Word Access, On-Page)
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SDRAM write cycle SDRAM write cycle SDRAM write cycle SDRAM write cycle
W TWR |TWPRE| TWE T™W TWR |TWPRE| TWE T™W TWR |TWPRE| TWE ™ TWR |TWPRE| TWE

. _
i AU el aUalalalabalalaWal el el alalis
VBTTYPL VBTTYPO (outpune - XCEEOXC -7 [CGAT [ XD s [T X T aa [ - e - [aa [T XEaX

VBAZ5 to VBAO (input)__X X X X X

VBSTZ (inputyNote 1|\ v

VBWRITE (input)__|

VBSIZEL, VBSIZEO (output)Note 2

Between | VBCTYP2 to VBCTYPO (input)Note

X

X
NB85E

X

X

and . =T
MEMC VBBENZ3 to VBBENZO (input) FH

X X XK

VBSEQ2 to VBSEQO (input)__| (0,0,0)
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Figure 2-13. SDRAM Sequential Read Cycle (16-Bit Data Bus, Word Access, Page Change, CAS Latency = 2, BCW = 2)
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Figure 2-14. SDRAM Sequential Read Cycle (8-Bit Data Bus, Word Access, Page Change, CAS Latency = 2, BCW = 2)
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Figure 2-15. SDRAM Sequential Write Cycle (16-Bit Data Bus, Word Access, Bank Change, CAS Latency = 2, BCW = 1)
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Figure 2-16. SDRAM Sequential Write Cycle (8-Bit Data Bus, Word Access, Bank Change, CAS Latency = 2, BCW = 1)
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CHAPTER 2 NUS85ES502

2.3.3 SDRAM refresh control register n (RFSn)

It is possible to generate an SDRAM CBR refresh cycle and a self-refresh cycle in the NUB5E502. Refresh enable
and the refresh interval are set by this register.

When more than one NU85E502 is incorporated in the system, settings can be made for each CSn area (n = 7 to

0).
This register can be read or written in 16-bit units.
Remarks 1. n of the register name corresponds to the CSn area number.
2. The address decoder is in the NU8S5E500. For the addresses of each CSn area, refer to the
NBB85E Hardware User’s Manual (A13971E).
Figure 2-17. 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 After reset
resn |renl © 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 Description
15 REN Sets refresh enable.
REN Refresh setting
0 Refresh disabled
1 Refresh enabled
9,8 RCC1, Set the source clock factor for the refresh interval counter.
RCCO RCC1 RCCO Count source clock factor (Cfac)
0 0 32
0 1 128
1 0 256
1 1 Setting prohibited
Remark Refresh count clock (Trcy) = Cfac/¢
¢: internal system clock (VBCLK)

Remark n=7to0
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CHAPTER 2 NUS85ES502

Figure 2-17. SDRAM Refresh Control Register n (RFSn) (2/2)

Bit position Bit name Description
5t00 RIN5 to Set the refresh interval factor.
RINO RIN5 RIN4 RIN3 RIN2 RIN1 RINO Interval factor (Ifac)

0 0 0 0 0 0 1
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

performed in time during the interval change.

Caution To change the settings of the RFSh register, follow the procedure below (n =7 to 0).
<1> Clear (0) the REN bit.
<2> Set the new values to the RCC1, RCCO0 and RIN5 to RINO bits and set (1) the REN bit.

In addition, when changing the refresh interval, set a value that allows a refresh to be

Table 2-4. Examples of SDRAM Refresh Intervals

Refresh Interval
Prescribed Value (us)

Refresh Count Clock

Interval Factor (Ifac)

Note

(Trey)

When ¢ = 20 When ¢ = 33 When ¢ = 50 When ¢ = 66
MHz MHz MHz 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 Values in parentheses indicate the calculated refresh interval values (us).

Refresh interval (us) = Trcy x Ifac

Remark ¢ internal system clock (VBCLK)
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CHAPTER 2 NUS85ES502

2.3.4 CBR refresh function
The NU85ES502 activates a CBR refresh cycle for every refresh interval set to the RFSn register (n = 7 to 0).

@

@)

CBR refresh flow

<1> When a refresh request is generated from the settings of the RFSn register, a CBR refresh request is
sent to the NUS5E500 from the NU8S5E502.

<2> The NU85E500 outputs the VSB mastership request signal (VAREQ) to the NB85E.

<3> An acknowledge signal (VAACK) for the VAREQ signal is returned from the NB85E to the NU85E500.

<4> When the VAACK signal is received, the NU85E500 activates the REFRQZ signal from the rising edge of
the VBCLK signal, and starts a CBR refresh.

CBR refresh timing
An example of CBR refresh timing is shown below.

Remarks 1. The level of broken-line portions indicates a weak unknown state; a state entered when the
NB85E internal bus holder is driving.
2. For details of VSB signals (VBxxx, VDxxx), refer to the NB85E Hardware User’s Manual
(A13971E).
3. BCW x 4clk: The number of wait states set by the BCW1 and BCWO bits of the SCRn register
x a 4-clock wait are inserted (n = 7 to 0).
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Figure 2-18. SDRAM CBR Refresh Timing
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CHAPTER 2 NUS85ES502

2.3.5 Self-refresh function
If either the NB85E undergoes a transition to STOP mode, or the SELFREF signal of the NUS5E500 becomes
active, the NUS5E500 becomes the VSB bus master and the external SDRAM self-refresh cycle is started.

(1) Self-refresh flow

@)

<1>

<2>
<3>

<4>

<5>
<6>
<7>
<8>
<9>
<10>
<11>

Either a STOP mode request signal (STPRQ) is input to the NUS85E500 from the NB85E, or a self-
refresh request signal (SELFREF) is input to the NU85E500 from outside the NUS5E500.

The NU85ES500 outputs a VSB mastership request signal (VAREQ) to the NB85E.

The NBS85E returns an acknowledge signal for the VAREQ signal (VAACK) to the NUS5E500.

After receiving the VAACK signal, the NU8S5E500 activates the REFRQZ signal from the rising edge of
the next VBCLK signal, and starts a self-refresh.

Transition into the self-refresh status in the entire SDRAM is completed.

The NU85ES500 returns an acknowledge signal for the STPRQ signal (STPAK) to the NB85E.

The STPRQ signal becomes inactive.

Suspension of self-refresh begins.

Suspension of self-refresh in the entire SDRAM is completed.

The VAREQ signal becomes inactive.

Normal status resumes.

Self-refresh timing

An example of self-refresh timing is shown below.

Remarks 1. The level of broken-line portions indicates a weak unknown state; a state entered when the

NB85E internal bus holder is driving.
2. For details of VSB signals (VBxxx, VDxxx), refer to the NB85E Hardware User’s Manual
(A13971E).
3. BCW x4clk: The number of wait states set by the BCW1 and BCWO bits of the SCRn register
x a 4-clock wait are inserted (n = 7 to 0).
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Figure 2-19. SDRAM Self-Refresh Timing
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CHAPTER 2 NUS85ES502

2.3.6 Notes on refresh function

The SDRAM refresh is not always performed in the interval set by the SCRn register.

If a refresh request is generated in the case below, the bus cycle ends and the refresh request is held pending

until the NB85E500 secures bus mastership.

@

@

When the NB85E operates as the bus master and the VSB bus cycle is generated

The following cases:

e While memory instruction fetch and data access (including NPB access) are being performed from the
NB85E via the VSB.

e During DMA transfer using the VSB (held pending until the current DMA transfer ends in the case of single
transfer, single-step transfer, and block transfer. In line transfer, held pending until the one line (four
transfers) ends).

e During instruction cache and data cache refill (held pending until one-line refill (four words) ends when a
miss-hit has been generated and one-line refill is performed from memory to the VSB. In the case of an
instruction auto-fill, held pending until the one-line (four words) refill ends (since the VBLOCK signal
becomes inactive, bus can be released every one line, so the refresh request can be acknowledged)).

In a bus hold state set by an external bus master

If a bus hold request and a refresh request conflict, the bus hold request takes precedence. When a refresh
request is generated during a bus hold, the REFRQZ signal of the NU8S85E500 becomes active and refresh
request generation notification can be sent to the external bus master. To shift to the refresh cycle, cancel
the bus hold request using this signal. If no external devices can be the bus master and the HLDRQZ pin is
fixed to high-level input, the bus hold request is not generated. So, in that case, it is not necessary to
consider conflict with a bus hold.
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2.4 Test Function

The NU85E502 can be tested using the NB85E test mode.
To test the NUS5E502, connect it to the NB85E as follows.

Figure 2-20. Connection of NUS5E502 to NB85E in Test Mode

NB85E NUB5E502

VPRESZ VPRESZ

VPTCLK VPTCLK

NU8S5E502

*— — VPRESZ

] VPTCLK

[l

‘a1z N NUS5E500
— VPRESZ
©——» TBIO VPTCLK
VSB
©-=-—— TBO34
PHTDIN1 PHTDIN1
©O-e— TBOO PHTDINO PHTDINO
©——m» TEST PHTDO1 PHTDO1
©———» BUNRI PHTDOO PHTDOO
PHTEST PHTEST
© VBCLK VBCLK

Remark For details about test modes, refer to the NB85E Hardware User’s Manual (A13971E).
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CHAPTER 2 NUS85ES502

2.4.1 Pin processing when in test mode
(1) External memory connection pins
These operate the same in test mode as in normal mode. Refer to 2.2.4 Pin status regarding the pin status.

Input pins (D31 to DO) are ignored regardless of the values that are input.

(2) Test mode pins
Connect test mode pins to the NB85E as shown in Figure 2-20.

(3) Other pins
Make other pins the same as in normal mode. Refer to 2.2.4 Pin status regarding the pin status.
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APPENDIX A CONNECTION EXAMPLE

An example of the connection of the NB85E, MEMCs (NU85E500 and NU85E502), and external memories (SRAM
and SDRAM) is shown below.
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Figure A-1. Connection Example of NB85E, MEMCs (NU85E500 and NU85E502), and External Memories (SRAM and SDRAM)
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VBD31 to VBDO DO31 to DOO
VPRESZ DC3 to DCO
VBWRITE
VBSTZ RDZ
VBWAIT WRZ3 to WRZ0
VBAHLD csz0
VBLAST csz3
VBSEQ2 to VBSEQOD |ORDZ
VBLOCK |OWRZ
VBTTYP1, VBTTYPO
HLDRQZ
VBBSTR
HLDAKZ
VDSELPZ
WAITZ
VAREQ
SELFREF
VAACK
BENZ3 t0 0
STPRQ
MCE
STPAK BCPEN
VPUBENZ
VPA13 to VPAO
VPSTB
VPWRITE CT5021x1, CT5021x0
VPD151t0 VPDO ~ CT5020x1, CT5020x0
PHTEST CTCSIx3 to CTCSIX0

PHTDO1, PHTDOO CTCSOx4 to CTCSOx0
PHTDIN1, PHTDINO CTLO1, CTLOO
VPTCLK MTEN

>
(&}
¢}

VBBENZ3 to VBBENZO
VBD31 to VBDO
VPRESZ

VBWRITE

VBWAIT

VBAHLD

VBLAST

VBSEQ2 to VBSEQO
VPSTB

VPWRITE

VPD15 to VPDO
VPTCLK

Notes 1. Used for DMA flyby transfer
2. Used for bus hold cycle
3. Used for external wait control

Notes 4. Used for self-refresh request

5. When byte enable is used
6. For initial settings

‘ SRAM
) > > I A25 to AD
‘ 'gh[ D31 to DO
DC I
N
= OE
V{} > WE
> cs
NS
—
NN
Vs = Note 1
4 o
‘l>\' = » Note 2
—< i:.: Note 3
<! 49: Note 4
> Note 5
et
Note 6 SDRAM
MEMC (NU8S5E502) ™ gﬁ ig ’S%
CT502Ix1, CT502Ix0 A25t0 AO cs
CT5020x1, CT5020x0 D31to DO #— > - SDCLK
CTCSIx3 to CTCSIX0 SDRASZ > 55—» SDRASZ
CTCSOx4 to CTCSOX0 SDCASZ > SDCASZ
CTLO1, CTLOO SDWEZ > SDWEZ
MTEN CKE > CKE
HLDAKZ DQMS3 to DQMO > DQMS3 to DQMO
VBCLK LT
vDCSZ
VBA25 to VBAO /O buffer

F1dINVX3 NOILOINNOD V XIAN3IddVY




APPENDIX B REVISION HISTORY

Revisions up to the previous edition are shown below. The “Page” column indicates pages in the older

documents.

(1) 1stedition — 2nd edition

Page Description

PREFACE Addition of NB85ET as a target CPU core

Throughout » Change of description “chip select” to “CSn area”
» Change of name of SDRAM controller from “NB85E502" to “NU85E502”

pp.16, 18 Deletion of description regarding multiplexed bus

pp.24, 30 Change of pins MPXEN, ASTBZ, DSTBZ, MPXCZ, RDCYZ, and BUSST to NEC reserved pins

p.31 1.2.3 Recommended connection of unused pins
Change of recommended connection method of pins A25 to A0, RDZ, WRZ3 to WRZ0, IORDZ,
IOWRZ, CSZ7 to CSZ0, DC3 to DCO, D31 to DO, and CT501In2 (n =7 to 0)

pp.32, 33 Addition of the pin status during a bus hold in Table 1-1. Pin Status in Each Operating Mode

p.34 Change of hits 14, 10, 6, and 2 to O fixed in Figure 1-4. Bus Cycle Type Configuration Registers 0
and 1 (BCTO and BCT1)

p.37 Modification of remark in 1.3.4 Data wait control registers 0 and 1 (DWCO and DWC1)

p.39 Modification of Figure 1-8. SRAM Connection Example

pp.40 to 46 Modification of 1.3.5 (2) Bus timing

p.49 Modification of Figure 1-16. Page ROM Connection Example (for 16-Bit Data Bus)

p.49 Modification of Figure 1-17. Page ROM Connection Example (for 8-Bit Data Bus)

pp.50 to 52 Modification of 1.3.7 (2) Bus timing

p.54 Modification of Figure 1-20. Bus Hold Timing

p.56 Modification of Figure 1-22. SRAM Read Timing (Bus Cycle Period Doubled)

p.59 Modification of Caution and Figure in 1.4.1 (1) External memory connection pins

p.98 Addition of 2.2.3 Recommended connection of unused pins

p.98 Addition of the pin status during a bus hold in Table 2-1. Pin Status in Each Operating Mode

p.100 Modification of description regarding RHD bit in Figure 2-4. DRAM Configuration Register n (DRCn)

p.103 Modification of Figure 2-6. 64-Mbit DRAM Connection Example

p.104 Modification of Figure 2-7. 16-Mbit DRAM Connection Example

pp.105 to 119 Modification of 2.3.2 (2) Bus timing

pp.121 to 124 Modification of DRAM read timing figures

p.129 Modification of Figure 2-29. DRAM CBR Refresh Timing

p.131 Modification of Figure 2-30. DRAM Self-Refresh Timing

p.143 Addition of 3.2.3 Recommended connection of unused pins

p.144 Addition of the pin status during a bus hold in Table 3-1. Pin Status in Each Operating Mode

pp.149 to 153 Modification of 3.3.2 (2) Bus timing

p.156 Modification of Figure 3-11. SDRAM CBR Refresh Timing

p.158 Modification of Figure 3-12. SDRAM Self-Refresh Timing

pp.161, 162 Addition of APPENDIX CONNECTION EXAMPLE
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(2) 2nd edition — 3rd edition

Page

Description

Throughout

» Change of name of SDRAM controller from NB85E502 to NUS5E502
« Deletion of description regarding DRAM controller (NB85E501)

p.16 Correction of 1.1.1 (2) Page ROM controller
p.32 Figure 1-3 Bus Cycle Type Configuration Registers 0 and 1 (BCTO0 and BCT1)
Correction of description of BTn1 and BTnO bits
p.34 Correction of 1.3.3 Bus cycle control register (BCC)
p.51 Correction of 1.3.8 (1) Bus hold procedure
p.52 Correction of Figure 1-19 Bus Hold Timing
p.67 Figure 1-29 (a) External data bus: 32 bits
Correction of second data transfer flow of address 4n + 2 to be accessed
p.70 Figure 1-30 (a) External data bus: 32 bits
Correction of address of data transfer flow of address 4n to be accessed
p.74 Correction of 2.1.1 Features

pp.75, 78 to 80

Addition of description regarding HLDAKZ pin

p.81 Correction of 2.2.2 (3) (f) CKE and (g) DQM3 to DQMO
pp.87 to 100 Modification of 2.3.2 (2) Bus timing

p.103 Modification of Figure 2-18 SDRAM CBR Refresh Timing
p.105 Modification of Figure 2-19 SDRAM Self-Refresh Timing
p.106 Addition of 2.3.5 Bus hold function

Preliminary User's Manual A14206EJ5VOUM
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(3) 3rd edition — 4th edition

Page Description

Throughout Addition of descriptions on the NUS85E500

pp.15to 18 Addition of 1.1 Differences Between NB85E500 and NU85E500

pp.37, 92, 110 Addition of Cautions on the BCTO, BCT1, SCRO to SCR7, and RFSO0 to RFS7 registers

p.59 Modification of the range of the bus hold status indicated by an arrow in Figure 1-22 Bus Hold
Timing

p.81 Addition of description on the NU85E502 target CPU core

p.96 Modification of Figure 2-7 Read/Write Data Flow for SDRAM

pp.98 to 108, 111, 113 | Modification of the SDRAM bus timing examples

p.106 in the 3rd edition | Deletion of 2.3.5 Bus hold function

p.118 Modification of Figure A-1 Connection Example of NB85E, MEMCs (NU85E500 and NU85E502),
and External Memories (SRAM and SDRAM)
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NEC

Although NEC has taken all possible steps
to ensure thatthe documentation supplied
to our customers is complete, bug free
and up-to-date, we readily accept that

From: .
errors may occur. Despite allthe care and
precautions we've taken, you may

Name encounter problems inthe documentation.
Please complete this form whenever

Company you'd like to report errors or suggest
improvements to us.

Tel. FAX

Address

Thank you for your kind support.

North America

NEC Electronics Inc.

Corporate Communications Dept.

Fax: +1-800-729-9288
+1-408-588-6130

Europe

NEC Electronics (Europe) GmbH
Market Communication Dept.
Fax: +49-211-6503-274

South America
NEC do Brasil S.A.
Fax: +55-11-6462-6829

Hong Kong, Philippines, Oceania
NEC Electronics Hong Kong Ltd.
Fax: +852-2886-9022/9044

Korea

NEC Electronics Hong Kong Ltd.
Seoul Branch

Fax: +82-2-528-4411

Taiwan
NEC Electronics Taiwan Ltd.
Fax: +886-2-2719-5951

Asian Nations except Philippines
NEC Electronics Singapore Pte. Ltd.
Fax: +65-250-3583

Japan
NEC Semiconductor Technical Hotline
Fax: +81-44-435-9608

| would like to report the following error/make the following suggestion:

Document title:

Document number:

Page number:

If possible, please fax the referenced page or drawing.

Document Rating
Clarity

Technical Accuracy
Organization

Excellent Good
a d
a d
a d

Acceptable Poor
D d
D d
d d
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