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Notice

All information included in this document is current as of the date this document isissued. 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 atention 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.

Y ou 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. Y ou 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 lossesincurred 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. Y ou 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 devel opment 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 errorsin 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. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
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 bein 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 heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy 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 physica 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 aresult 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 sdes 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.




To al our customers

Regarding the change of names mentioned in the document, such as Hitachi
Electric and Hitachi XX, to Renesas Technology Corp.

The semiconductor operations of Mitsubishi Electric and Hitachi were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcompuiter, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and other Hitachi brand
names are mentioned in the document, these names have in fact all been changed to Renesas
Technology Corp. Thank you for your understanding. Except for our corporate trademark, logo and
corporate statement, no changes whatsoever have been made to the contents of the document, and
these changes do not constitute any alteration to the contents of the document itself.

Renesas Technology Home Page: http://www.renesas.com

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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Cautions

Keep safety first in your circuit designs!

1

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

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

Notes regarding these materias

1

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

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

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

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

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

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

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

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

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

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

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

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

Hitachi neither warrants nor grants licenses of any rights of Hitachi’'s or any third party’s

patent, copyright, trademark, or other intellectual property rights for information contain

ed in

this document. Hitachi bears no responsibility for problems that may arise with third party’s

rights, including intellectual property rights, in connection with use of the information
contained in this document.

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

Hitachi makes every attempt to ensure that its products are of high quality and reliabilit
However, contact Hitachi’'s sales office before using the product in an application that

demands especially high quality and reliability or where its failure or malfunction may d
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nucl

haty
se or

Y.

rectly
ear

power, combustion control, transportation, traffic, safety equipment or medical equipment for

life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi

particularly for maximum rating, operating supply voltage range, heat radiation characte
installation conditions and other characteristics. Hitachi bears no responsibility for failu
damage when used beyond the guaranteed ranges. Even within the guaranteed range
consider normally foreseeable failure rates or failure modes in semiconductor devices &

2ristic
re or
S,

and

employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi

product does not cause bodily injury, fire or other consequential damage due to operati
the Hitachi product.

. This product is not designed to be radiation resistant.

on of

No one is permitted to reproduce or duplicate, in any form, the whole or part of this documer

without written approval from Hitachi.

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




Preface

The H8S/2600 Series comprises Hitachi’'s original high-performance 16-bit microcomputers with
a high-speed H8S/2600 CPU core, upward-compatible with the H8/300 and H8/300H CPUs, an
peripheral functions ideally suited to embedded systems for industrial applications.

In addition to the CPU, these microcomputers include RAM, a DMA controller, a bus controller,
timers, and an SCI on a single chip, allowing them to be used in a wide range of application
systems, both large and small.

This H8S/2655 Application Note (Interface Volume) includes examples of interfaces between th
H8S/2655 and peripheral chips, and is intended as a reference manual for use during the user’s
hardware design process.

The operation of the sample tasks in this Application Note has been checked, but correct operat
must be reconfirmed before using any of these examples in an actual application system.
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Section 1 Using the H8S/2655 Application Note

1.1 Organization of Interface Examples

This volume explains how to interface the H8S/2655 to peripheral chips (such as ROM and
RAM). Each example in the interface volume is organized as shown in figure 1.1.

Interface Example Specifications

Operation

Circuit Diagram

Figure 1.1 Organization of Interface Examples

Specifications: The name of the peripheral chip to be connected, a memory map, and other circt
specifications

Operation: Description of circuit operation, using timing charts

Circuit Diagram: A circuit diagram of the interface to the peripheral chip

Rev. 1.0, 09/98, page 1 of 163
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Section 2 Bus Control Functions

2.1 Bus Controller

In the HB8S/2655, the operating mode is selected from modes 1 to 7 by means of the mode pins.
The address space is 64 kbytes in modes 1 to 3 (normal modes) and 16 Mbytes in modes 4 to 7
(advanced modes).

The bus controller manages the advanced mode 16-Mbyte space as eight areas, in 128-kbyte o
Mbyte units. The areas are numbered 0 to 7, in low-to-high address order, and the access data
width and number of access states can be set independently for each area. It is also possible tc
extend bus cycles by inserting wait states in order to interface to low-speed external devices.

Settings for the access data bus width, number of access states, and so on, can be made by
software in the bus width control register (ABWCR), access state control register (ASTCR), and
other registers in the bus controller. The functions of these registers are shown below.

211 Bus Width Control Register (ABWCR)

ABWCR is an 8-bit readable/writable register that designates each area as either an 8-bit data t
access space or a 16-bit data bus access space. Bit 0 corresponds to area 0, and settings for a
to 7 are made in bits 0 to 7. Clearing a bit to 0 designates the corresponding area as a 16-bit da
bus access space, while setting a bit to 1 designates the corresponding area as an 8-bit data bu
access space.

ABWCR ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
Modes 1-3, 5-7

Initial value 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W
Mode 4

Initial value 0 0 0 0 0 0 0 0

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

0: Corresponding area is designated as 16-bit data
bus access space.

1: Corresponding area is designated as 8-bit data
bus access space.

Rev. 1.0, 09/98, page 3 of 163
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2.1.2 Access State Control Register (ASTCR)

ASTCR is an 8-bit readable/writable register that designates each area as either a 2-state acces:
space or a 3-state access space. Bit 0 corresponds to area 0, and settings for areas 0 to 7 are m
in bits 0 to 7. Clearing a bit to 0 designates the corresponding area as a 2-state access space, w
setting a bit to 1 designates the corresponding area as a 3-state access space. With a DRAM or
pseudo-SRAM interface (set with bits RMTS2-RMTSO0 in BCRH), the basic number of access
states is 4, so ASTCR selects enabling or disabling of wait state insertion for the corresponding
DRAM space.

ASTCR AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

0: Corresponding area is designated as 2-state access space.
(Wait state insertion in DRAM/pseudo-SRAM space access
is disabled.)

1: Corresponding area is designated as 3-state access space.
(Wait state insertion in DRAM/pseudo-SRAM space access
is enabled.)

2.1.3 Wait Control Registers H and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area. Two bits are used to make the setting for one area.

1. WCRH
WCRH W71 W70 W61 W60 W51 W50 W41 W40
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
|—> Area 7 |—> Area 6 |—> Area 5 |—> Area 4
1. WCRL
WCRL W31 W30 w21 W20 W11 W10 Wo1 WO00
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

I—» Area 3 I—» Area 2 |—> Area 1 |—> Area 0

Rev. 1.0, 09/98, page 4 of 163
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Wn1l Wno Description

0 0 Program wait not inserted in access to corresponding external
space area
1 1 program wait state inserted in access to corresponding

external space area

1 0 2 program wait states inserted in access to corresponding
external space area

1 3 program wait states inserted in access to corresponding
external space area

2.1.4 Bus Control Register H (BCRH)

BCRH is an 8-bit readable/writable register that selects enables or disables idle cycle insertion,
and selects the memory to be connected to area 0 and areas 2 to 5.

BCRH ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO| RMTS2 | RMTS1 | RMTSO0
Initial value 1 1 0 1 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
RMTS2 RMTS1 RMTSO Area 5 Aread | Aea3 | Area2
0 0 0 Ordinary space
1 Ordinary space ‘ DRAM space
1 0 Ordinary space ‘ DRAM space
1 DRAM space
1 0 0 Ordinary space
1 Ordinary space Pseudo-
SRAM space
1 0 Ordinary space Pseudo-SRAM space
Pseudo-SRAM space

Valid only for burst ROM interface

BRSTSO Description
0 Burst cycle comprises 1 state
1 Burst cycle comprises 2 states
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Valid only for burst ROM interface

BRSTS1 Description

0 Max. 4 words in burst access

1 Max. 8 words in burst access

BRSTRM Description

0 Area 0 is basic bus interface space

1 Area 0 is burst ROM interface space

ICISO Description

0 Idle cycle not inserted in case of consecutive read and write cycles in external
space

1 Idle cycle inserted in case of consecutive read and write cycles in external space

ICIS1 Description

0 Idle cycle not inserted in case of consecutive read cycles in different external
space areas

1 Idle cycle inserted in case of consecutive read cycles in different external space

areas

2.1.5  Bus Control Register L (BCRL)

BCRL is an 8-bit readable/writable register that enables or disables external bus release, perforrr
selection of the area partition urifCAS signal selection, and DMAC single address transfer
selection, enables or disables the write data buffer function, and enables or digablgsin

input.
BCRL BRLE |BREQOE| EAE LCASS | DDS ASS WDBE | WAITE
Initial value 0 0 1 1 1 1 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

WAITE Description

0 Wait input by WAIT pin disabled (WAIT pin can be used as I/O port)

1 Wait input by WAIT pin enabled
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WDBE

Description

0 Write data buffer function not used

1 Write data buffer function used

ASS Description

0 Area partition unit is 128 kbytes

1 Area partition unit is 2 Mbytes

DDS Description

0 Full access always executed when performing DMAC single address transfer
involving DRAM/pseudo-SRAM space

1 Burst access also possible when performing DMAC single address transfer
involving DRAM/pseudo-SRAM space

LCASS Description

0 LCAS pin used for LCAS signal in 2-CAS DRAM interface
(BREQO output and WAIT input cannot be used)

1 LWR pin used for LCAS signal in 2-CAS DRAM interface
(RAS down mode cannot be used)

EAE Description

0 Addresses H'01000-H'01FFFF are on-chip ROM

1 Addresses H'01000-H'01FFFF are external address space (mode 6) or a
reserved area (mode 7)

BREQOE Description

0 BREQO output disabled (BREQO can be used as I/0 port)

1 BREQO output enabled

BRLE Description

0 External bus release disabled
(BREQ, BACK, and BREQO can be used as 1/O ports)

1 External bus release enabled
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2.1.6 Memory Control Register (MCR)

MCR is an 8-bit readable/writable register that selects the DRAM strobe control method, number
of precharge cycles, access mode, address multiplexing shift size, and the number of wait states
inserted during refreshing, when areas 2 to 5 are designated as DRAM interface space.

When areas 2 to 5 are designated as pseudo-SRAM interface space, MCR selects the number o
precharge cycles and the access mode.

MCR TPC BE RCDM CW2 MXC1 | MXCO | RLW1 | RLWO
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Valid only for DRAM interface

RLW1 RLWO Description (CAS-before-RAS refresh cycle)
0 0 No wait state inserted

1 1 wait state inserted
1 0 2 wait states inserted

1 3 wait states inserted

Valid only for DRAM interface

MXC1 MXCO0 Shift Size 8-Bit Access 16-Bit Access

0 0 8-bit shift Row address = A,—A, Row address = A_—-A,
1 9-bit shift Row address = A,—A, Row address = A_-A

1 0 10-bit shift Row address = A,—-A, Row address = A_—-A ;
1 J— J— J—

Valid only for DRAM interface

Cw2 Description
0 2-CAS method selected (CASH, CASL, WE signals enabled)
1 2-WE method selected (CAS, UWE, LUE signals enabled)
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Valid only for DRAM interface
RCDM Description

0 RAS up mode
(If DRAM access is interrupted, RAS signal remains low while waiting for next
DRAM access)

1 RAS down mode
(If DRAM access is interrupted, RAS signal is returned to high level)

Valid only for DRAM and pseudo-SRAM interfaces
BE Description

0 Burst disabled (always full access)

Burst access enabled
(For DRAM space access, fast page mode)
(For pseudo-SRAM space access, static column mode)

Valid only for DRAM and pseudo-SRAM interfaces

TPC Description
0 1-state precharge cycle is inserted
1 2-state precharge cycle is inserted

2.1.7 DRAM Control Register (DRAMCR)

DRAMCR is an 8-hit readable/writable register that selects the DRAM or pseudo-SRAM refresh
mode and refresh counter clock and controls the refresh timer.

DRAMCR RFSHE | RCW |RMODE| CMF CMIE CKS2 CKS1 CKSO0
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Description

CKS2 CKs1 CKSO0 (Selection of clock for input to RTCNT from internal clocks)
0 0 0 Count operation stopped

1 Count uses @2

1 0 Count uses '8

1 Count uses @32
1 0 0 Count uses @/128

1 Count uses @512

1 0 Count uses @'2048

1 Count uses @/4096
CMIE Description
0 Interrupt request (CMI) by CMF flag disabled
1 Interrupt request (CMI) by CMF flag enabled
CMF Description
Clearto 0 0 can be written to CMF flag after reading CMF =1
Setto 1 CMF flag is set to 1 when RTCNT = RTCOR
RMODE DRAM Interface Pseudo-SRAM Interface
0 CAS-before-RAS refreshing Auto-refreshing
1 Self-refreshing Self-refreshing
RCW Description (CAS-before-RAS Refreshing)
0 Wait state insertion disabled (For pseudo-SRAM interface, clear to 0)
1 1 wait state inserted
RFSHE Description
0 Refresh control not performed
1 Refresh control performed
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2.1.8 Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit readable/writable up-counter that counts up using the internal clock selected
bits CKS2—CKSO0 in DRAMCR.

If refresh control is selected (RFSHE = 1), when RTCNT matches RTCOR the CMF flag is set tc
1 and a refresh cycle is started. At the same time, RTCNT is cleared to H'00.

RTCNT
Initial value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

2.1.9 Refresh Time Control Register (RTCOR)

RTCOR is an 8-bit readable/writable register that sets the period for compare match operations
with RTCNT.

RTCOR
Initial value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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2.2 Sample Bus Controller Settings

For the area map used in the interface examples in this Application Note, settings for each area ¢
made in the various bus controller registers as shown in figure 2.2.1.

MCU Operating
Mode 6
H'000000 Area 0
16-bit data bus
2-state access
H1FFFFF| Owaits
H'200000 Area 1
16-bit data bus
2-state access
H3FFFFF| Lwait |
H'400000 Area 2
16-bit data bus
3-state access
HSFFFFF| 2waits |
H'600000 Area 3
16-bit data bus -
3-state access Registe | Set | gy 71 git 6| Bit 5| Bit 4 | Bit 3| Bit 2| Bit 1| Bit 0
3 waits Name | Value
H'7FFFFF
H'800000 | A;éé"{ """ ABWCR | H'F4 1 1 1 1 0 0 0 0
8-bit data bus ASTCR H'75 1 1 1 1 1 1 0 0
3'Stgt\‘f\l:§§ess WCRH |H1B | o | o | o] 1] 1ol 1|1
HoPFFFF| ] WCRL | HB4 | 1 | o | 1| 1] o] 1]o]o0
H'A00000 Area 5
8-bit data bus
3-state access
HBFFFFF| dwaits
H'C00000 Area 6
8-bit data bus
3-state access
HDFFFFF lwait |
H'E00000 Area 7
8-bit data bus
3-state access
HFFFFFF 0 waits

Figure 2.2.1 Area Map
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Examples of the register settings used for area designation in the interface examples in this
Application Note are shown below.

< STTRT >

Stack pointer setting

H'F4 - ABWCR | e Data bus width setting

H'75 - ASTCR | e Basic access state number setting
H'1B - WCRH . .

HB4 - WCRL | Wait state number setting

HD1 - BCRH | e Designate area 2 as DRAM space
H'3C J BCRL | e Set 2 Mbytes as area partition unit
|
H'00 - MCR A
H'83 l|DRAMCR ______ DRAM strobe control method and refresh

cycle settings

H'AB - RTCOR

Secure time for DRAM
initialization

< To user program >

Note: Bits that do not require setting are left at their initial values.

Figure 2.2.2 Sample Register Settings for Area Designation
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Section 3 Interface Examples

3.1 EPROM (HN27C101AG-10) Interface Using 8-Bit Bus Mode

EPROM (HN27C101AG-10) Interface MCU: Functions Used:
H8S/2655 Mode 5 (8-Bit Bus Mode)

Specifications

1. Figure 3.1.1 (a) shows an example of the connection between an H8S/2655 and x8-bit
configuration EPROM (HN27C101AG-10). The H8S/2655 is set to mode 5 8-bit bus mode,
and the EPROM is allocated to area O.

H8S/2655 HN27C101AG-10
1 ——MD2 E5p » CE
0 —MD1 . __
RD *» OE
1 —MDO
(Mode 5) DB_D15 <: Do—D7
AO_A16 AO_AlB
Oscillator :>
(20 MHz)

Figure 3.1.1 (a) Example of Connection between H8S/2655 and EPROM
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2. Figure 3.1.1 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the EPROM area is H'00 0000-H'01 FFFF.

H'000000
H'000000 [/ ............0.....004
S~A
EPROM
Area 0
| Image (128 kbytes)
H'200000 T
Area 1 H'01FFFF
H'400000
Area 2
H'600000

Figure 3.1.1 (b) Memory Map
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3. Table 3.1.1 (a) shows the bus controller settings.

Table 3.1.1 (a) Bus Controller Settings

Name Abbrev. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting

Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

control register . . . . . . . 1 Area O: 8-bit
access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register . . . . . . . 1 Area O: 3-state
access space

Wait control WCRH w71 W70 W61 W60 W51 W50 w41 W40

regISter H * * * * * * * * —

Wait control WCRL w3l W30 w21 W20 wi1 w10 wo1l W00

register L . . . . . . 0 0 Area O:
No program wait
inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTS0

register H * * 0 * * * * * Area 0: Basic bus
interface

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register . . . . . . . . o

DRAM control |[DRAMCR| RFSHE | RCW | RMODE| CMF CMIE CKS2 CKsS1 CKSO0

reglster * * * * * * * * —

Refresh time RTCOR

constant . . . . . . . . -

register

*: Don't care
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Operation

The calculations used to check whether the AC characteristics are satisfied in EPROM access ai
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

C

* t, 50 ns (20 MHz oscillator (g))

« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 2. AC Characteristics below.

1. Read Access
Figure 3.1.1 (c) shows the EPROM read timing chart.
Confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time t

RDH

a. H8S/2655.],
i. When address is critical
+ Setup time calculation [T rise]

3 t(:yc - L\D (max)_ L\CC (max) = 30 ng 15 ns (IEDS)

ii. When CS is critical
+ Setup time calculation [T rise]

3 tcyc_ 1;:sm (max) t:E (max): 30 ns> 15 ns (‘;DS)

iii. When RD is critical
» Setup time calculation [T rise]

25 tyc — koo ma) toe (max) — 45 ns= 15 ns (;DS)

b. H8S/26554,,
i. Hold time calculation [T, rise]
tAD (min) + TDH (min) = O nsz O ns (&DH)
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2. AC Characteristics

a. H8S/2655
Item Symbol Min Max Unit
Address delay time t, — 20 ns
CS delay time 1 teoos — 20 ns
RD delay time 1 toeo — 20 ns
RD delay time 2 tocos — 20 ns
Read data setup time toos 15 — ns
Read data hold time t 0 — ns

b. HN27C101AG-10

Item Symbol Min Max Unit
Access time tyec — 100 ns
Output delay time from CE t. — 100 ns
Output delay time from OE toc — 60 ns
Data output hold time t.,, 0 — ns
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A
A 4

0] _
(H8s/2655) |

tap tacc tap

A16—Ao -
H8S/2655) L

tcspy tce tespa
CSo \ /
(H8S/2655)

RsDL toe trsD2

A
.
A
Y

Y

ﬂé}‘

\ 4

RD
(H8S/2655)

A
4

trDS | trROH

D15-Dg
(EPROM - {
H8S/2655

N A
N Y

: EPROM (HN27C101AG-10) AC characteristics

Figure 3.1.1 (c) EPROM Read Timing Chart
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Figure 3.1.1 (d) HN27C101AG10 Interface
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3.2 EPROM (HN27C101AG-10) Interface Using 16-Bit Bus Mode

EPROM (HN27C101AG-10) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.1.2 (a) shows an example of the connection between an H8S/2655 and x8-bit
configuration EPROMs (HN27C101AG-10s). The H8S/2655 is set to mode 4 16-bit bus mode
and the EPROM s are allocated to area O.

H8S/2655 HN27C101AG-10
1 —MD2 CSo » CE
0 —MD1 _ __
RD > OE
0 —MDO
(Mode 4) Dg—D15 <: Do-D7
A1-A17
) Ar-Ag7 :> Ao—A1s
Oscillator
(20 MHz)
HN27C101AG-10
» CE
» OE

Do-D7 <: | Do-D7

A1-Ar7
:> Ao—As

Figure 3.1.2 (a) Example of Connection between H8S/2655 and EPROMs
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2. Figure 3.1.2 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the EPROM area is H'00 0000-H'03 FFFF.

H'000000
H'000000 [/ ................0.F
S~A
EPROM
Area 0
| Image (256 kbytes)
H'200000 T
Area 1 H'03FFFF
H'400000
Area 2
H'600000

Figure 3.1.2 (b) Memory Map
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3. Table 3.1.2 (a) shows the bus controller settings.

Table 3.1.2 (a) Bus Controller Settings

Name Abbrev. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting

Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

control register . . . . . . . 0 Area 0: 16-bit
access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register . . . . . . . 1 Area O: 3-state
access space

Wait control WCRH w71 W70 W61 W60 W51 W50 w41 W40

regISter H * * * * * * * * —

Wait control WCRL w3l W30 w21 W20 wi1 w10 wo1l W00

register L . . . . . . 0 0 Area 0:
No program wait
inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTS0

register H * * 0 * * * * * Area 0: Basic bus
interface

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register . . . . . . . . o

DRAM control |[DRAMCR| RFSHE | RCW | RMODE| CMF CMIE CKS2 CKsS1 CKSO0

reglster * * * * * * * * —

Refresh time RTCOR

constant . . . . . . . . -

register

*: Don't care
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Operation

The calculations used to check whether the AC characteristics are satisfied in EPROM access «
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

C

* t, 50 ns (20 MHz oscillator (g))

« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 2. AC Characteristics below.

1. Read Access
Figure 3.1.2 (c) shows the EPROM read timing chart.
Confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time t

RDH

a. H8S/2655.],
i. When address is critical
+ Setup time calculation [T rise]

3 t(:yc - L\D (max)_ L\CC (max) = 30 ng 15 ns (IEDS)

ii. When CS is critical
+ Setup time calculation [T rise]

3 tcyc_ 1;:sm (max) t:E (max): 30 ns> 15 ns (‘;DS)

iii. When RD is critical
» Setup time calculation [T rise]

25 tyc — koo ma) toe (max) — 45 ns= 15 ns (;DS)

b. H8S/26554,,
i. Hold time calculation [T, rise]
tAD (min) + TDH (min) = O nsz O ns (&DH)
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2. AC Characteristics

a. H8S/2655
Item Symbol Min Max Unit
Address delay time t, — 20 ns
CS delay time 1 teoos — 20 ns
RD delay time 1 toeo — 20 ns
RD delay time 2 tocos — 20 ns
Read data setup time toos 15 — ns
Read data hold time - 0 — ns

b. HN27C101AG-10
Item Symbol Min Max Unit
Access time tyec — 100 ns
Output delay time from CE t. — 100 ns
Output delay time from OE toc — 60 ns
Data output hold time t 0 — ns
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: EPROM (HN27C101AG-10) AC characteristics

Figure 3.1.2 (c) EPROM Read Timing Chart
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3.3 SRAM (HM678127UH-12) Interface Using 8-Bit Bus Mode

SRAM (HM678127UH-12) Interface MCU: Functions Used:
H8S/2655 Mode 5 (8-Bit Bus Mode)

Specifications

1. Figure 3.2.1 (a) shows an example of the connection between an H8S/26&5kdnd

configuration SRAM (HM678127UH-12). The H8S/2655 is set to mode 5 8-bit bus mode, anc
the SRAM is allocated to area 1.

H8S/2655 HM678127UH-12
1 ——MD2 57 » CS
0 — MD1 __ I
RD > OE
1 — MDO
(Mode 5) HWR » WE
Dg—D15 <: 10g—107
Ao—A1e :> Ao—A1e
Oscillator
(20 MHz)
LWR —
(Open)

Figure 3.2.1 (a) Example of Connection between H8S/2655 and SRAM
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2. Figure 3.2.1 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the SRAM area is H'20 0000-H'21 FFFF.

H'000000
Area 0
_____________________ H'200000
H'200000
~&
SRAM
rree? v mage (128 kbytes)
H'400000 ..
Area 2 H'21FFFF
H'600000

Figure 3.2.1 (b) Memory Map
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3. Table 3.2.1 (a) shows the bus controller settings.

Table 3.2.1 (a) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting
Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
control register * * * * * * 1 * Area 1: 8-bit

access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
control register * * * * * * 0 * Area 1: 2-state
access space

Wait control WCRH W71 W70 W61 W60 W51 W50 w41 W40

register H * * * * * * * * _

Wait control WCRL w3l W30 w21 W20 wi1 w10 wo1l W00

register L * * * * 0 0 * * Area 1:
No program wait
inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTS0

register H * * * * * * * * _

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register * * * * * * * * _

DRAM control |IDRAMCR| RFSHE | RCW |RMODE | CMF CMIE CKS2 | CKS1 | CKSO
register * * * * * * * *

Refresh time RTCOR
constant * * * * * * * *
register

*: Don’t care
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Operation

The calculations used to check whether the AC characteristics are satisfied in SRAM access are
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 2. AC Characteristics below.

1. Read/Write Access
Figure 3.2.1 (c) shows the SRAM read/write timing chart.
Confirm that the following AC characteristics are satisfied.

Item Symbol

H8S/2655 Read data setup time teos
Read data hold time teon

SRAM Input data setting time tow

(HM678127UH-12) Input data hold time ton
Address setup time t
Address hold time tr
Write pulse width e
Chip select time tew

a. Read
I. H8S/2655 f

i-1 When address is critical
» Setup time calculation [T cycle rise]

2 tcyc_ (t&D (max) + tAA(max)) =68 ns> 15 ns (‘;DS)

i-2 When CS is critical
» Setup time calculation [T cycle rise]

2 tcyc - (t:sm (max)+ tACS (max) =68ns=15ns ()EDS)

i-3 When RD is critical
» Setup time calculation [T cycle rise]

2 t(:yc - (05 Eyc + tRSDl (max)+ tOE (max) = 49 nsz 15 ns @DS)
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ii. H8S/26551¢,,
» Hold time calculation [T, cycle rise]
tOH (min) — = 4 nsz O ns (EDH)

AD (min)

. Write

i. SRAMt,, and{,
* Input data setting time calculation,[Tcycle fall]
0.5 1, + 0.5 Le + Yoo iy~ Lo man = 20 NS2 6 1S (f,,)
¢ Input data hold time calculation
toon iy = 15 N2 0 NS (§,)

i. SRAMt,.andt,
* Write pulse width calculation
tyswa iy = 30 NS> 10 ns ()
» Chip select time calculation [Tcycle rise]

2 t(:yc ESDl (max) t\::SDl (min) — 80 nsz 10 ns Q:W)

iii. SRAM t,, and §,,
» Address setup time calculation
tASC (min) — = 10 nsz 0 ns (I\S)

* Address hold time calculation
=15ns20ns (§,)

AH (min)
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2. AC Characteristics

a. H8S/2655
Item Symbol Min Max Unit
Address delay time t, — 20 ns
Address setup time tec 05-Xt, -5 — ns
Address hold time t,, 0.5-Xt,-10 — ns
CS delay time 1 teoos — 20 ns
RD delay time 1 too — 20 ns
RD delay time 2 tocos — 20 ns
Read data setup time teos 15 — ns
Read data hold time teon 0 — ns
WR delay time 2 (. — 20 ns
WR pulse width 1 tun 1.0-Xt, —-20 — ns
Write data delay time too — 30 ns
Write data hold time o 0.5-Xt,-10 — ns
b. HM678127UH-12
Item Symbol Min Max Unit
Address access time t, — 12 ns
Chip select access time t,es — 12 ns
Output enable access time toe — 6 ns
Output hold time ton 4 — ns
Chip select time tew 10 — ns
Address setup time t 0 — ns
Write pulse time e 10 — ns
Address hold time tor — ns
Input data setting time tow — ns
Input data hold time t — ns

DH
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Figure 3.2.1 (c) SRAM Read/Write Timing Chart
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Figure 3.2.1 (d) HM678127UHJ-12 Interface
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3.4 SRAM (HM678127UH-12) Interface Using 16-Bit Bus Mode

SRAM (HM678127UH-12) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.2.2 (a) shows an example of the connection between an H8S/26&5kdnd

configuration SRAMs (HM678127UH-12s). The H8S/2655 is set to mode 4 16-bit bus mode,
and the SRAMs are allocated to area 1.

H8S/2655 HM678127UH-12
1 ——MD2 CS1 » CS
0 ——MPl  Rp > OE
U - WE
(Mode 4) i
Dg—D15 <: :> 100—-107
A1—A17
Al_Al7 :> AO_AlG
Oscillator
(20 MHz) HM678127UH-12
» CS
» OE
LWR » WE
De=D 10¢—10-
o <: | A—A17 ::i

Ao—A1e

Figure 3.2.2 (a) Example of Connection between H8S/2655 and SRAMs
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2. Figure 3.2.2 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the SRAM area is H'20 0000-H'23 FFFF.

H'000000

Area 0

H'200000
H200000 777z 7777,
~4
SRAM

Area 1 | Image (256 kbytes)
H'400000 T

Area 2 H'23FFFF
H'600000

Figure 3.2.2 (b) Memory Map
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3. Table 3.2.2 (a) shows the bus controller settings.

Table 3.2.2 (a) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting
Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
control register % * * * * * 0 * Area 1: 16-bit

access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register * * * * * * 0 * Area 1: 2-state

access space

Wait control WCRH W71 W70 W61 W60 W51 W50 w41 W40

register H * * * * * * * * _

Wait control WCRL w3l W30 w21 W20 wi1 w10 wo1l W00

register L * * * * 0 0 * * Area 1:
No program wait
inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTSO0

register H * * * % * * * * _

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register * * * * * * * * _

DRAM control |[DRAMCR| RFSHE | RCW | RMODE | CMF CMIE CKS2 CKS1 CKSO0
register * * * * * * * *

Refresh time RTCOR
constant * * * * * * * *
register

*: Don't care
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Operation

The calculations used to check whether the AC characteristics are satisfied in SRAM access are
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 2. AC Characteristics below.

1. Read/Write Access
Figure 3.2.2 (c) shows the SRAM read/write timing chart.
Confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time teon
SRAM Input data setting time tow
(HM678127UH-12) Input data hold time ton
Address setup time t
Address hold time tr
Write pulse width e
Chip select time tew

a. Read
i. Confirm H8S/2655.4 . and t,.
i-1 When address is critical
» Setup time calculation [T cycle rise]

2 tcyc_ (t&D (max) + tAA(max)) =68 ns> 15 ns (‘;DS)

i-2 When CS is critical
» Setup time calculation [T cycle rise]

2 tcyc - (t:sm (max)+ tACS (max) =68ns15ns ()EDS)

i-3 When RD is critical
» Setup time calculation [T cycle rise]

2 t(:yc - (05 Eyc + tRSDl (max)+ tOE (max) = 49 nsz 15 ns @DS)
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ii. H8S/26551¢,,
» Hold time calculation [T, cycle rise]
tOH (min) — = 4 nsz O ns (EDH)

AD (min)

. Write

i. SRAMt,, and{,
* Input data setting time calculation,[Tcycle fall]
0.5 1, + 0.5 Le + Yoo iy~ Lo man = 20 NS2 6 1S (f,,)
¢ Input data hold time calculation
toon iy = 15 N2 0 NS (§,)

i. SRAMt,.andt,
* Write pulse width calculation
tyswa iy = 30 NS> 10 ns ()
» Chip select time calculation [Tcycle rise]

2 t(:yc ESDl (max) t\::SDl (min) — 80 nsz 10 ns Q:W)

iii. SRAM t,, and §,,
» Address setup time calculation
tASC (min) — = 10 nsz 0 ns (I\S)

* Address hold time calculation
=15ns20ns (§,)

AH (min)
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2. AC Characteristics

a. H8S/2655
Item Symbol Min Max Unit
Address delay time t, — 20 ns
Address setup time tec 0.5-Xt,-15 — ns
Address hold time t,, 0.5-Xt,-10 — ns
CS delay time 1 teoos — 20 ns
RD delay time 1 too — 20 ns
RD delay time 2 tocos — 20 ns
Read data setup time teos 15 — ns
Read data hold time teon 0 — ns
WR delay time 2 (. — 20 ns
WR pulse width 1 tun 1.0-Xt, —-20 — ns
Write data delay time too — 30 ns
Write data hold time o 0.5-Xt,-10 — ns
b. HM678127UH-12
Item Symbol Min Max Unit
Address access time t, — 12 ns
Chip select access time t,es — 12 ns
Output enable access time toe — 6 ns
Output hold time ton 4 — ns
Chip select time tew 10 — ns
Address setup time t 0 — ns
Write pulse time e 10 — ns
Address hold time tor — ns
Input data setting time tow — ns
Input data hold time t — ns

DH
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B T11 | T2a | Ti2
- Loy -
[ / \ / \ /
(H8S/2655) _/| \ / \ /
tap tan R tAD‘
Azz—Ao XL A§<
(H8S/2655) o 7
tesp tacs ¢
P > csb1
tew N :
CS1 \‘ 2
(H8S/2655) -
trsD1 toe trsD2
RD JR /‘
(H8S/2655)
tRps | tRoH
o ton
D15—D0 N
(SRAM < i —
H8S/2655) ¢
WRD2
tasc | » twrp2 twr tan
t -t -t L
« S > twp twswi
HWR, LWR \
(H8S/2655) /|
twoH
twpbp tow tpH
D15-Do

(H8S/2655 —

SRAM

: SRAM (HM678127UH-12) AC characteristics

Figure 3.2.2 (c) SRAM Read/Write Timing Chart
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Figure 3.2.2 (d) HM678127UHJ-12 Interface

Rev. 1.0, 09/98, page 44 of 163




3.5 SRAM (HM628128B-8) Interface Using 8-Bit Bus Mode

SRAM (HM628128B-8) Interface MCU: Functions Used:
H8S/2655 Mode 5 (8-Bit Bus Mode)

Specifications

1. Figure 3.2.3 (a) shows an example of the connection between an H8S/26&5kdnd
configuration SRAM (HM628128B-8). The H8S/2655 is set to mode 5 8-bit bus mode, and tf
SRAM is allocated to area 1.

VCC
H8S/2655 g HM628128B-8
1 —MD2 CSt > CS1
0 —MD1 » CS2
1= MD0  Rp > OE
(Mode 5) __ e
HWR > WE
Dg—Di5 <: 100-107
Oscillator > Ag—A1e :> Ao—A1e
(20 MHz)
LWR
(Open)

Figure 3.2.3 (a) Example of Connection between H8S/2655 and SRAM
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2. Figure 3.2.3 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the SRAM area is H'20 0000-H'21 FFFF.

H'000000

Area 0

H'200000
H'200000 [22227222777777727777777777777Z """
\“\\
Image SRAM

Area 1 | (128 kbytes)
H'400000 h

Area 2 H'21FFFF
H'600000

Figure 3.2.3 (b) Memory Map
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3. Table 3.2.3 (a) shows the bus controller settings.

Table 3.2.3 (&) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting
Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
control register * * * * * * 1 * Area 1: 8-bit

access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
control register * * * * * * 1 * Area 1: 3-state
access space

Wait control WCRH W71 W70 W61 W60 W51 W50 w41 W40

register H * * * * * * * * _

Wait control WCRL w3l W30 w21 W20 wi1 w10 wo1l W00

register L * * * * 0 0 * * Area 1:
No program wait
inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTS0

register H * * 0 * * * * * -

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register * * * * * * * * _

DRAM control |IDRAMCR| RFSHE | RCW |RMODE | CMF CMIE CKS2 | CKS1 | CKSO
register * * * * * * * *

Refresh time RTCOR
constant * * * * * * * *
register

*: Don’t care
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Operation

The calculations used to check whether the AC characteristics are satisfied in SRAM access are
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 2. AC Characteristics below.

1. Read/Write Access
Figure 3.2.3 (c) shows the SRAM read/write timing chart.
Confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time teon
SRAM Input data setting time tow
(HM628128B-8) Input data hold time ton
Address setup time t
Address hold time tr
Write pulse width e
Chip select time tew

a. Read cycle
Confirm H8S/2655}, and {,.
i. When address is critical
» Setup time calculation [T cycle rise]
3 1= (o oy + o) = 45 12 15 15 (1)
» Hold time calculation [T, cycle rise]
tAD (min) + TDH min) — 10ns20ns (&DH)

ii. When CSis critical
» Setup time calculation [T cycle rise]
3ty (fesorman Lormad =45 N2 15 NS (£
» Hold time calculation [T, cycle rise]
tesor @it Tonmm = 10 NS2 0 NS (£5,)
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iii. When RD is critical
+ Setup time calculation [T cycle fall]
2.5 1,c = (ksot man ™ e ma) = 60 N2 15 1S (&)
* Hold time calculation [T, cycle rise]
+ L = 10 N2 0 NS (§;,)

tRSD2 (min)

. Write cycle
Confirm SRAM t,,,, T, te Topr tier @Nd §i.
i. SRAMt, andt,
* Input data setting time calculation, [Tcycle fall]
2 tcyc + tWRDz (min) KNDD (max) =70 ns=35ns @w)
 Input data hold time calculation
oo m = 051, —10=15n& 0 ns (§,)

i. SRAMt,,andt,
» Write pulse width calculation [Icycle rise]

15 tyc + LNRDZ (min) tNRDl (max): 55 ns2 55 ns (\I/p)
» Chip select time calculation [Tcycle rise]

3 tcyc + tcsm (min) tCSDl (max): 130 n2 75 ns Q:w)

iii. SRAM t,, and §,,
» Address setup time calculation,[Tcycle rise]

tcyc + t\NRDl (min) tAD (max) =30ns=0ns (Ls)
» Address hold time calculation [Eycle fall]

0.5 tyc + tAD (min) — tNRDZ (max): 5ns=0ns (\IVR)

RENESAS
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2. AC Characteristics

a. H8S/2655
Item Symbol Min Max Unit
Address delay time t, — 20 ns
CS delay time 1 teoos — 20 ns
RD delay time 1 toeo — 20 ns
RD delay time 2 tocos — 20 ns
Read data setup time toos 15 — ns
Read data hold time - 0 — ns
WR delay time 1 tros — 20 ns
WR delay time 2 (. — 20 ns
Write data delay time too — 30 ns
Write data hold time o 0.5-Xt,-10 — ns
b. HM628128B-8
Item Symbol Min Max Unit
Address access time t, — 85 ns
Chip select access time teo, — 85 ns
Output enable access time toe — 45 ns
Output hold time ton 10 — ns
Chip select time tew 60 — ns
Address setup time t 0 — ns
Write pulse width e 50 — ns
Address hold time tm 0 — ns
Input data setting time tow 30 — ns
Input data hold time t.,, 0 — ns
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T1a T, T3 Ti2

ey L =\< L L
- teyc |
¢ / \ \
(H8S/2655) __/ N N /
o tan - _ b
A23—AQ >§L AK
(H8S/2655) X 7
tespr fco1 - tespr
CS1 \ /
(H8S/2655) N\ /l
lespr toe N _trsp2 |
RD #\ /
(H8S/2655) /|
_ tkos | tROH|
h o | ] o
D15—Dg / N\
(SRAM - N —
H8S/2655)
twrp1 twroz | twr
P tas o twe N
HWR AN
(H8S/2655) N\ /|
twoH
twoo | tow | fow
D15—Dsg
(H8S/2655 - —
SRAM d

: SRAM (HM628128B-8) AC characteristics

Figure 3.2.3 (c) Read/Write Timing Chart
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3.6 SRAM (HM628128B-8) Interface Using 16-Bit Bus Mode

SRAM (HM628128B-8) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.2.4 (a) shows an example of the connection between an H8S/26&5kdnd
configuration SRAMs (HM628128B-8s). The H8S/2655 is set to mode 4 16-bit bus mode, an
the SRAMSs are allocated to area 1.

VCC
H8S/2655 g HM628128B-8
1 ——MD2 CS7 » CS1
0 —MD1 » CSo
0 —— MDO I —
RD » OE
(Mode 4) o
HWR » WE
Dg—D15 <: :> 10g—-107
A1-Ar7 :> Ao—A1e
Oscillator >
(20 MHz) HM628128B-8
» CS1
» CS2
» OE
LWR » WE
Do-D; K > 106-107
:> Ao—A16

Figure 3.2.4 (a) Example of Connection between H8S/2655 and SRAMs
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2. Figure 3.2.4 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the SRAM area is H'20 0000-H'23 FFFF.

H'000000

Area 0

H'200000
H200000 777z 7777,
~4
SRAM

Area 1 | Image (256 kbytes)
H'400000 T

Area 2 H'23FFFF
H'600000

Figure 3.2.4 (b) Memory Map
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3. Table 3.2.4 (a) shows the bus controller settings.

Table 3.2.4 (a) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting
Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
control register * * * * * * 0 * Area 1: 16-bit

access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
control register * * * * * * 1 * Area 1: 3-state
access space

Wait control WCRH W71 W70 W61 W60 W51 W50 w41 W40

register H * * * * * * * * _

Wait control WCRL w3l W30 w21 W20 wi1 w10 wo1l W00

register L * * * * 0 0 * * Area 1:
No program wait
inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTS0

register H * * * * * * * * _

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register * * * * * * * * _

DRAM control |IDRAMCR| RFSHE | RCW |RMODE | CMF CMIE CKS2 | CKS1 | CKSO
register * * * * * * * *

Refresh time RTCOR
constant * * * * * * * *
register

*: Don’t care
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Operation

The calculations used to check whether the AC characteristics are satisfied in SRAM access are
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 2. AC Characteristics below.

1. Read/Write Access
Figure 3.2.4 (c) shows the SRAM read/write timing chart.
Confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time teon
SRAM Input data setting time tow
(HM628128B-8) Input data hold time ton
Address setup time t
Address hold time tr
Write pulse width e
Chip select time tew

a. Read cycle
Confirm H8S/2655}, and {,.
i. When address is critical
» Setup time calculation [T cycle rise]
3 1= (o oy + o) = 45 12 15 15 (1)
» Hold time calculation [T, cycle rise]
tAD (min) + TDH min) — 10ns20ns (&DH)

ii. When CSis critical
» Setup time calculation [T cycle rise]
3ty (fesorman Lormad =45 N2 15 NS (£
» Hold time calculation [T, cycle rise]
tesor @it Tonmm = 10 NS2 0 NS (£5,)
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iii. When RD is critical
+ Setup time calculation [T cycle fall]
2.5 1,c = (ksot man ™ e ma) = 60 N2 15 1S (&)
* Hold time calculation [T, cycle rise]
+ L = 10 N2 0 NS (§;,)

tRSD2 (min)

. Write cycle
Confirm SRAM t,,,, T, te Topr tier @Nd §i.
i. SRAMt, andt,
* Input data setting time calculation, [Tcycle fall]
2 tcyc + tWRDz (min) KNDD (max) =70 ns=35ns @w)
* Input data hold time calculation
oo m = 051, —10=15n& 0 ns (§,)

i. SRAMt,,andt,
» Write pulse width calculation [Icycle rise]

15 tyc + LNRDZ (min) tNRDl (max): 55 ns2 55 ns (\I/p)
» Chip select time calculation [Tcycle rise]

3 tcyc + tcsm (min) tCSDl (max): 130 n2 75 ns Q:w)

iii. SRAM t,; and §,,
» Address setup time calculation [Tycle rise]
Lye  Taror min = ho may = 30 NS2 0 NS (f)
» Address hold time calculation J€ycle fall]
0.5, * Lo (i) ~ Lurozman = D NS2 0 NS (§)

RENESAS
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2. AC Characteristics

a. H8S/2655
Item Symbol Min Max Unit
Address delay time t, — 20 ns
CS delay time 1 teoos — 20 ns
RD delay time 1 toeo — 20 ns
RD delay time 2 tocos — 20 ns
Read data setup time toos 15 — ns
Read data hold time - 0 — ns
WR delay time 1 tros — 20 ns
WR delay time 2 (. — 20 ns
Write data delay time too — 30 ns
Write data hold time o 0.5-Xt,-10 — ns
b. HM628128B-8
Item Symbol Min Max Unit
Address access time t, — 85 ns
Chip select access time teo, — 85 ns
Output enable access time toe — 45 ns
Output hold time ton 10 — ns
Chip select time tew 60 — ns
Address setup time t 0 — ns
Write pulse width e 50 — ns
Address hold time tm 0 — ns
Input data setting time tow 30 — ns
Input data hold time t.,, 0 — ns
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Figure 3.2.4 (c) Read/Write Timing Chart
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Figure 3.2.4 (d) HM628128BLFP-8 Interface
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3.7 DRAM (HM514260C-7) Interface Using 2-CAS Control

DRAM (HM514260C-7) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.3.1 (a) shows an example of the connection between an H8S/268%-duitd
configuration DRAM (HM514260C-7). The H8S/2655 is set to mode 4 16-bit bus mode, and
the DRAM is allocated to area 2. TheAS method is used for byte control.

HM514260C-7
H8S/2655 (2-CAS byte control)
1 —— MD2 Ag—Aq :> Ag—Ag
0 MD1 =55 RAS?) > RAS
0 — MDO
(Mode 4) ] OE
HWR » WE
Oscillator > CAS/OE » UCAS
(20 MHz) [CASH
TWR » LCAS
D15—Do <: :> 1/015-1/0¢g
*: Either the LCAS or LWR pin is selected by a register setting.

Figure 3.3.1 (a) Example of Connection between H8S/2655 and DRAM
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2. Figure 3.3.1 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the DRAM area is H'40 0000-H'47 FFFF.

H'200000

Area l

H'400000
H'400000 T2 T
~ A
DRAM

Area 2 | Image\\ (512 kbytes)
H'600000 <

Area 3 H'47FFFF
H'800000

Figure 3.3.1 (b) Memory Map
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3. Table 3.3.1 (a) shows the bus controller settings.

Table 3.3.1 (&) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting
Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
control register * * * * * 0 * * Area 2: 16-bit

access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
control register * * * * * * * *

Wait control WCRH W71 W70 Weé1 W60 W51 W50 w41 W40

register H * * * * * * * * _

Wait control WCRL w31 W30 w21 W20 w11 W10 Wwo1 W00

register L * * 0 1 * * * * 1 program wait
state inserted

Bus control BCRH | ICIS1 | ICISO |BRSTRM|BRSTS1|BRSTS0| RMTS2 | RMTS1 | RMTSO

register H * * * * * 0 0 1 DRAM space:
Area 2

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * 0: LCAS * 1 * * LCAS signal

pin selected from
or LCAS and LWR
1: LWR pins
pin Area partition

unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM | CW2 | MXC1l | MXCO | RLW1 | RLWO

control register 0 1 0 0 0 1 0 0 |1 precharge state
Fast page mode
RAS up mode
2-CAS control
9-bit shift

CAS-before-RAS
refreshing, no wait

DRAM control |[DRAMCR| RFSHE RCW | RMODE CMF CMIE CKS2 CKS1 CKSO0
register 1 0 0 * 0 0 0 1 |Refresh control
performed

CAS-before-RAS
refreshing wait
state insertion
disabled
CAS-before-RAS
refreshing
Compare-match
interrupts disabled

Refresh counter

clock: @2
Refresh time RTCOR
fg;z‘tz?t 0 1 0 0 1 1 1 1 |H4F?
*: Don't care

*1: The HM514260C-7 uses 512-cycle/8 ms refreshing. To allow for cases where refreshing cannot
be performed at the specified time, calculations are based on twice this figure: 1024 cycles/8
ms. With a refresh counter clock of ¢/2 (100 ns), the RTCOR value is (8 ms/1024 cycles) /

100 ns 079 (= H'4F).
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Operation

The calculations used to check whether the AC characteristics are satisfied in DRAM access are
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 5. AC Characteristics below.

1. Read Access

Figure 3.3.1 (c) shows the DRAM read timing chart. Confirm that the following AC
characteristics are satisfied.

Item Symbol

DRAM Row address setup time ter

(HM514260C-7) Row address hold time tonn
Column address setup time thec
Column address hold time ton
RAS-CAS delay time toeo
RAS-column address delay time toro
RAS precharge time t.

H8S/2655 Read data setup time teps
Read data hold time t

RDH

a. DRAM
i. Row address setup time calculation, [@ycle rise]

05 Eyc + I’CSDZ(min)_ tAD (max) = SHSZ 0 ns (LSR)

ii. Row address hold time calculation
oy = 0.5 1, — 10 =15n& 10 ns (§,.)

iii. Column address setup time calculation, [Eycle rise]
tcyc + tCASD (min) tAD (max) =30ns=0ns (Lst)

iv. Column address hold time calculation [Tycle rise]
2t .+t =80ns=215ns (t,.)

D (min) - I’L’:ASD (max)
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v. RAS-CAS delay time calculation [T cycle fall]
15¢, +

vi. RAS-column address delay time calculation
AH (min) =05 E

vii. RAS precharge time calculation [Tcycle rise]

Tt:ASD (min) t:soz (max): 55 ns> 20 ns GCD)

—-10=15n& 15 ns (t,,)

1.5 ttyc + tCSDz (min) tv:sm (max): 55 ns= 50 ns @P)

b. H8S/2655

i. Read data setup time calculation) [Tycle rise]

2 t(:yc -
Note:

Conditions

1%JASD (max)

t\I:AC (max) 60 nsz 15 ns @DS)

Access times are specified as follows according fand t,..

Applicable Time

t.., (calculated value) >t (max) and

t.,, (calculated value) <t_,  (max)

Access time from CAS (t

CAC)

RCD (calculated value) <t (max) and
t.,, (calculated value) > t

eap (MAX)

Access time from address (t,,)

t.., (calculated value) <t . (max) and

t.,, (calculated value) <t_,  (max)

Access time from RAS (t

RAC)

ii. Read data hold time calculation [Tcycle rise]

t

CASD (min)

2. Write Access

L.)FFl (min) — =0ns=0ns (&DH)

Figure 3.3.1 (d) shows the DRAM write timing chart. Confirm that the following AC
characteristics are satisfied.

Item

Symbol
DRAM Write command setup time tes
(HM514260C-7) Write command hold time ten

Write input setup time

t

Write input hold time

DS
t

DH

a. Write command setup time calculation

tvvcs (min) —

b. Write command hold time calculation,[Tcycle rise]

15¢, -

05, -

R}ASD (max)

10=15n20ns ({9

=55ns>15ns ()

RENESAS
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c. Write input setup time calculation
tWDS(mln) =05 Eyc_ 20=5ne0ns (&)

d. Write input hold time calculation [T cycle rise]
15 t:yc + LNRDI (min) + t\NDH (min) t:ASD (max): 95 ns= 15 ns GH)

3. Burst Mode
a. Fast page mode
In fast page mode, confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time toos
Read data hold time teon
DRAM Fast page mode CAS precharge time t,
(HM514260C-7) Fast page mode cycle time toe
RAS hold time from CAS precharge toce

i. H8S/2655
i-1 Read data setup time calculation,[Eycle rise]

3 tcyc_ taso (max) ter (max) — 90 ns> 15 ns (;DS)
i-2 Read data hold time calculation [ycle rise]

tcsm (mm)+ L.)FFI (min) — 0ns=0ns (&DH)

i. DRAM
ii-1 Fast page mod€AS precharge time calculation [T cycle rise]

tcyc + Tt:ASD (min) t:ASD (max): 30 ns=10 ns Q:p)
ii-2 Fast page mode cycle time calculatior) [€ycle rise]

3 tcyc + Tt:ASD (min) tCASD (max): 130 ns> 45 ns (AIC)
ii-3 RAS hold time fromCAS precharge calculation [T, cycle rise]

3 tcyc + tcsm (min) Q}ASD (max): 130 ns= 40 ns @HCP)

b. RAS down mode

RAS down mode can be selected by setting the RCDM bit to 1 in the memory control
register (MCR). This mode cannot be selected wheb' WiR pin is used for the.CAS
signal.
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4. Refresh CycleAS-BeforeRAS Refreshing)

Figures 3.3.1 (e) and 3.3.1 (f) show th&S-beforeRAS refresh timing charts. Confirm that
the following AC characteristics are satisfied.

Item Symbol

DRAM RAS precharge time t,

(HM514260C-7) CAS setup time t
RAS pulse width (.
CAS hold time ton
Normal mode CAS precharge time teon
Random read/write cycle time toc

a. RAS precharge time
i. Transition from normal cycle to refresh cycle,[Tycle rise]
15 Eyc I’CSDZ (mm) t’L’:SDl (max) 55 nsz 50 ns @P)

ii. Transition from refresh cycle to normal cycle
ii-1 When usingLCAS pin for LCAS signal [T, cycle rise]
L5 4+ Tesno in™ Lspr may™ 95 N2 50 ns (£)
ii-2 When usingLWR pin for LCAS signal [T,, cycle rise]
2.5 8,0 F tosnr min— tosor may = 105 N2 50 ns (4)

b. CAS setup time

tesr @min = 15 Ns> 10 ns (ts

c. RAS pulse width [T, cycle fall]
2'5 t Tt:sm (min) tcsoz (max) 105 ns 70 ns (l;/m)

d. CAS hold time [T, cycle fall]
2.5 t:yc + Tt:ASD (min) t:soz (max)_ 105 ns> 10 ns QHR)

e. Normal mod€AS precharge time
i.  Transition from normal cycle to refresh cycle,[Tycle rise]

tcyc + tCASD (min) tCASD (max) — =70ns=10ns @PN)

ii. Transition from refresh cycle to normal cycle
ii-1 When usindgLCAS pin for LCAS signal [T, cycle rise]
3 tcyc + tCASD (min) t:ASD (max) — 130 ns 10 ns @PN)
i-2 When usingLWR pin for LCAS signal [T,, cycle rise]

4 tcyc + tCASD (min) t:ASD (max) — 180 ns= 10 ns @PN)
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f. Random read/write cycle time [Tcycle fall]
i. When using.CAS pin forLCAS signal
4 tcyc + t\Z:SDZ (min)_ t’L’:SDZ (max): 180 n$ 130 ns GJ

ii. When usingLWR pin for LCAS signal
5 tcyc + t\Z:SDZ (min)_ t’L’:SDZ (max): 230 n$ 130 ns GJ

5. AC Characteristics

Table 3.3.1 (b) shows the AC characteristics of the H8S/2655, and table 3.3.1. (c) the AC
characteristics of the HM514260C-7.

Table 3.3.1 (b) AC Characteristics of H8S/2655

Item Symbol Min Max Unit
Address delay time to — 20 ns
Address hold time t 0.5xt, —10 — ns
CS delay time 1 teeo — 20 ns
CS delay time 2 teons — 20 ns
CAS delay time toeo — 20 ns
Read data setup time teos 15 — ns
Read data hold time toon 0 — ns
WR delay time 1 tro — 20 ns
Write data setup time tos 0.5xt, —20 — ns
Write data hold time ton 0.5t —10 — ns
WR setup time tes 05xt, —-10 — ns
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Table 3.3.1 (¢) AC Characteristics of HM514260C-7

Item Symbol Min Max Unit
Random read/write cycle time toc 130 — ns
RAS precharge time te. 50 — ns
RAS pulse width (. 70 10000 ns
Row address setup time ten 0 — ns
Row address hold time torn 10 — ns
Column address setup time toc 0 — ns
Column address hold time te 15 — ns
RAS-CAS delay time to 20 50 ns
RAS-column address delay time teno 15 35 ns
Access time from RAS t,. — 70 ns
Access time from CAS tope — 20 ns
Access time from address t,. — 35 ns
Output buffer turn-off time tores 15 ns
Write command setup time thes — ns
Write command hold time tocn 15 — ns
Data input setup time te 0 — ns
Data input hold time t.,, 15 — ns
CAS setup time toon 10 — ns
CAS hold time ton 10 — ns
Normal mode CAS precharge time  t,, 10 — ns
Fast page mode cycle time toe 45 — ns
Fast page mode CAS precharge time tee 10 — ns
Access time from CAS precharge [ — 40 ns
RAS hold time from CAS precharge t 40 — ns

RHCP

RENESAS
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Figure 3.3.1 (e) CAS-BeforeRAS Refresh Timing Chart (LCAS Pin Used forLCAS Signal)
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Figure 3.3.1 (f) CAS-BeforeRAS Refresh Timing Chart (LWR Pin Used forLCAS Signal)
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Circuit Diagram
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Figure 3.3.1 (g) HM514260CTT-7 InterfaceIl(CAS Pin Used forLCAS Signal)
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3.8 DRAM (HM514270C-7) Interface Using 2-WE Control

DRAM (HM514270C-7) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.3.2 (a) shows an example of the connection between an H8S/268%duitd
configuration DRAM (HM514270C-7). The H8S/2655 is set to mode 4 16-bit bus mode, and
the DRAM is allocated to area 2. TheWE method is used for byte control.

HM514270C-7
H8S/2655 (2-WE byte control)
1 —— MD2 Ag—Aq > Ag—Ao
0 7 |MP1 Tsz (RAS?) > RAS
0 —— MDO
(Mode 4) [ OE
CAS/OE > CAS
Oscillator > HWR *» UWE
(20 MHz)
LWR > LWE
D15-Do <: :> 1/015-1/0q

Figure 3.3.2 (a) Example of Connection between H8S/2655 and DRAM
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2. Figure 3.3.2 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the DRAM area is H'40 0000-H'47 FFFF.

H'200000

Area l

H'400000
H'400000 T22222222777777 "~~~
~A
DRAM

Area 2 | Image (512 kbytes)
H'600000

Area 3 H'47FFFF
H'800000

Figure 3.3.2 (b) Memory Map
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3. Table 3.3.2 (a) shows the bus controller settings.

Table 3.3.2 (&) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting

Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

control register % * * * * 0 * * Area 2: 16-bit
access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register * * * * * * * * _

Wait control WCRH w71 W70 w61 W60 w51 W50 w41l W40

register H * * * * * * * * _

Wait control WCRL w31 W30 w21 W20 w11 W10 wo1 W00

register L * * 0 1 * * * * 1 program wait
state inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTSO0

register H * * * * * 0 0 1 DRAM space:
Area 2

Bus control BCRL BRLE |[BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register 0 1 0 1 0 1 0 0 |1 precharge state
Fast page mode
RAS up mode
2-WE control
9-bit shift
CAS-before-RAS
refreshing, no wait

DRAM control |[DRAMCR| RFSHE | RCW | RMODE| CMF CMIE CKS2 CKsS1 CKSO0

register 1 0 0 * 0 0 0 1 |Refresh control
performed
CAS-before-RAS
refreshing wait
state insertion
disabled
CAS-before-RAS
refreshing
Compare-match
interrupts disabled
Refresh counter
clock: @2

Refresh time RTCOR

constant 0 1 0 0 1 1 1 1 |HaF?

register

*: Don't care

*1: The HM514270C-7 uses 512-cycle/8 ms refreshing. To allow for cases where refreshing cannot
be performed at the specified time, calculations are based on twice this figure: 1024 cycles/8
ms. With a refresh counter clock of ¢/2 (100 ns), the RTCOR value is (8 ms/1024 cycles) /

100 ns 079 (= H'4F).
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Operation

The calculations used to check whether the AC characteristics are satisfied in DRAM access ar
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 5. AC Characteristics below.

1. Read Access

Figure 3.3.2 (c) shows the DRAM read timing chart. Confirm that the following AC
characteristics are satisfied.

Item Symbol

DRAM Row address setup time ter

(HM514270C-7) Row address hold time tonn
Column address setup time thec
Column address hold time ton
RAS-CAS delay time toeo
RAS-column address delay time toro
RAS precharge time t.

H8S/2655 Read data setup time teps
Read data hold time t

RDH

a. DRAM
i. Row address setup time calculation, [@ycle rise]

05 Eyc + I’CSDZ(min)_ tAD (max) = SHSZ 0 ns (LSR)

ii. Row address hold time calculation
ooy = 0.5 1, — 10 =15 n& 10 ns (§,.)

iii. Column address setup time calculation, [dycle rise]
tcyc + tCASD (min) tAD (max) =30ns=0ns (Lst)

iv. Column address hold time calculation [Tycle rise]
2t .+ 80 ns>15ns (t,.)

tAD (min) - I’L’:ASD (max) =
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v. RAS-CAS delay time calculation [T cycle fall]
15 t:yc + Tt:ASD (min) t:soz (max): 55 ns> 20 ns GCD)

vi. RAS-column address delay time calculation
tmm = 0-5 L, —10 =15 n& 15 ns (t,,)

vii. RAS precharge time calculation [Jcycle rise]
1.5 ttyc + tCSDz (min) tv:sm (max): 55 ns= 50 ns @P)

b. H8S/2655
i. Read data setup time calculatior), [Tycle rise]
2 t(:yc - L}ASD (max) tCAC (max) — =60 ns= 15 ns @DS)

Note: Access times are specified as follows accordingjand t,..

Conditions Applicable Time

t.., (calculated value) >t (max) and

Access time from CAS (t
t.,, (calculated value) <t_,  (max)

CAC)

RCD (calculated value) <t (max) and

Access time from address (t,,)
t.,, (calculated value) >t (max)

RAD

t.., (calculated value) <t . (max) and

Access time from RAS (t
t.,, (calculated value) <t_,  (max)

RAC)

ii. Read data hold time calculation [Tcycle rise]
tCASD (min) L)FFl (min) O nsz O ns (&DH)

2. Write Access

Figure 3.3.2 (d) shows the DRAM write timing chart. Confirm that the following AC
characteristics are satisfied.

Item

Symbol
DRAM Write command setup time s
(HM514270C-7) Write command hold time ten

Write input setup time

t

Write input hold time

DS
t

DH

a. Write command setup time calculation
tvvcs (min) — 0.5 Eyc_ 10=15n&0ns (\tvcs)

b. Write command hold time calculation,[Tcycle rise]
15 ttyc Q}ASD (max) 55 nsz 15 ns (\LCH)
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c. Write input setup time calculation
tWDS(mln) =05 Eyc_ 20=5ne0ns (&)

d. Write input hold time calculation [T cycle rise]
15 t:yc + tNRDl (min) + t\NDH (min) t:ASD (max): 95 ns= 15 ns GH)

3. Burst Mode
a. Fast page mode
In fast page mode, confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time toos
Read data hold time teon
DRAM Fast page mode CAS precharge time t,
(HM514270C-7) Fast page mode cycle time toe
RAS hold time from CAS precharge toce

i. H8S/2655
i-1 Read data setup time calculation,[cycle rise]

3 tcyc - 1;:ASD (max) tACP (max): 90 ns> 15 ns (‘EDS)
i-2 Read data hold time calculation [Eycle rise]

tcsm (m|n)+ tOFFl (mm): O nsz O ns (LDH)
i. DRAM
i-1 Fast page mod€AS precharge time calculation [T cycle rise]

tcyc + tCASD (min) tCASD (max): 30 ns> 10 ns @p)
ii-2 Fast page mode cycle time calculatior) [€ycle rise]

3 tcyc + tCASD (min) t:ASD (max): 130 ns> 45 ns (.IJ
i-3 RAS hold time fromCAS precharge calculation [, cycle rise]

3 tcyc + tcsm (min) tv:ASD (max): 130 ns= 40 ns (IEHCP)

b. RAS down mode

RAS down mode can be selected by setting the RCDM bit to 1 in the memory control
register (MCR).
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4. Refresh CycleAS-BeforeRAS Refreshing)

Figure 3.3.2 (e) shows tlggAS-beforeRAS refresh timing chart. Confirm that the following
AC characteristics are satisfied.

Item Symbol

DRAM RAS precharge time t,

(HM514270C-7) CAS setup time t
RAS pulse width (.
CAS hold time ton
Normal mode CAS precharge time teon
Random read/write cycle time toc

a. RAS precharge time
i. Transition from normal cycle to refresh cycle,[Tycle rise]

15 Eyc I’CSDZ (mm) t’L’:SDl (max) 55 nsz 50 ns @P)
ii. Transition from refresh cycle to normal cycle [Gycle rise]

15 Eyc I’CSDZ (mm) t’L’:SDl (max)_ 55 nsz 50 ns @P)

b. CAS setup time
t =15ns=210ns (t)

CSR (min) —

c. RAS pulse width [T, cycle fall]
2'5 t:yc + Tt:sm (min) tcsoz (max) 105 ns 70 ns (l;/m)

d. CAS hold time [T, cycle fall]
25 ttyc + tCASD (min) R:SDZ (max)_ 105 ns 10 ns Q:HR)

e. Normal mod&€AS precharge time
i. Transition from normal cycle to refresh cycle,[Tycle rise]

t\Z:ASD (min) t’L’:ASD (max)_ 70 nsz 10 ns @PN)
ii. Transition from refresh cycle to normal cycle,[Eycle rise]

3 tcyc + tCASD (min) t:ASD (max) — =130ns=10ns @PN)

f. Random read/write cycle time [Tcycle fall]
4 tcyc + t\Z:SDZ (min) t’L’:SDZ (max) 180 n$ 130 ns QJ
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5. AC Characteristics

Table 3.3.2 (b) shows the AC characteristics of the H8S/2655, and table 3.3.2. (c) the AC
characteristics of the HM514270C-7.

Table 3.3.2 (b) AC Characteristics of H8S/2655

Item Symbol Min Max Unit
Address delay time to — 20 ns
Address hold time t,, 0.5xt, —10 — ns
CS delay time 1 teoos — 20 ns
CS delay time 2 teeos — 20 ns
CAS delay time toeo — 20 ns
Read data setup time teos 15 — ns
Read data hold time toon 0 — ns
WR delay time 1 tros — 20 ns
Write data setup time tos 0.5xt, —20 — ns
Write data hold time ton 0.5xt , —10 — ns
WR setup time tes 05xt, —-10 — ns
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Table 3.3.2 (¢) AC Characteristics of HM514270C-7

Item Symbol Min Max Unit
Random read/write cycle time toc 130 — ns
RAS precharge time ten 50 — ns
RAS pulse width (. 70 10000 ns
Row address setup time ten 0 — ns
Row address hold time topn 10 — ns
Column address setup time toc 0 — ns
Column address hold time te 15 — ns
RAS-CAS delay time to 20 50 ns
RAS-column address delay time teno 15 35 ns
Access time from RAS t,. — 70 ns
Access time from CAS tope — 20 ns
Access time from address t,. — 35 ns
Output buffer turn-off time tores 0 15 ns
Write command setup time thes 0 — ns
Write command hold time tocn 15 — ns
Data input setup time te 0 — ns
Data input hold time t.,, 15 — ns
CAS setup time toon 10 — ns
CAS hold time ton 10 — ns
Normal mode CAS precharge time  t,, 10 — ns
Fast page mode cycle time toe 45 — ns
Fast page mode CAS precharge time tee 10 — ns
Access time from CAS precharge [ — 40 ns
RAS hold time from CAS precharge t 40 — ns

RHCP
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Figure 3.3.2 (d) DRAM Write Timing Chart
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: DRAM (HM514270C-7) AC characteristics

Figure 3.3.2 (e) CAS-BeforeRAS Refresh Timing Chart
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Figure 3.3.2 (f) HM514270CTT-7 Interface
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3.9 DRAM (HM51S4800C-7) Interface Using 2-CAS Control

DRAM (HM51S4800C-7) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.3.3 (a) shows an example of the connection between an H8S/26&5kdnd
configuration DRAMs (HM51S4800C-7s). The H8S/2655 is set to mode 4 16-bit bus mode,
and the DRAMs are allocated to area 2. Th€ ZS method is used for byte control.

H8S/2655 HM5154800C-7 HM5154800C-7
1 MD2 CS2 (RAS2) » RAS » RAS
0 MD1  CAS/OE » CAS » CAS
0 MBOo RD -/ oE »{OE
(Mode 4) _ . L
HWR » WE » WE
LCAS*
Oscillator |, LWR Ag-Ag ——— >\ Ag-Ao
(20 MHz) . o
1578 70
= >{ 110110, 1 107-1/0g
Ag—A;
D15—Dg <:

*: Either the LCAS or LWR pin is selected by a register setting.

Figure 3.3.3 (a) Example of Connection between H8S/2655 and DRAMs
(2-CAS Byte Control)
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2. Figure 3.3.3 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the DRAM area is H'40 0000-H'4F FFFF.

H'200000
Area 1
H'400000
H'400000 [/ ...0000000.0 T
\\A
Area 2 < Image
A A
H'600000 N DRAM
Area 3 h (1 Mbyte)
H'800000
H'4FFFFF

Figure 3.3.3 (b) Memory Map
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3. Table 3.3.3 (a) shows the bus controller settings.

Table 3.3.3 (&) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting
Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO
control register * * * * * 0 * * Area 2: 16-bit

access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register * * * * * * * * _

Wait control WCRH W71 W70 W61 W60 W51 W50 w41 W40

register H * * * * * * * * _

Wait control WCRL | W31 | W30 | W21 | W20 | Wil | W10 | WOl | W00

register L * * 0 1 * * * * 1 program wait
state inserted

Bus control BCRH | ICIS1 | ICISO |BRSTRM|BRSTS1|BRSTS0| RMTS2 | RMTS1 | RMTSO

register H * * * * * 0 0 1 DRAM space:
Area 2

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * 0: LCAS * 1 * * LCAS signal

pin selected from
or LCAS and LWR
1: LWR pins
pin Area partition

unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Ccw2 MXC1 MXCO0 RLW1 RLWO

control register 0 1 0 0 0 1 0 0 |1 precharge state
Fast page mode
RAS up mode
2-CAS control
9-bit shift

CAS-before-RAS
refreshing, no wait

DRAM control |[DRAMCR| RFSHE RCW | RMODE CMF CMIE CKS2 CKS1 CKSO0
register 1 0 0 * 0 0 0 1 |Refresh control
performed

CAS-before-RAS
refreshing wait
state insertion
disabled
CAS-before-RAS
refreshing
Compare-match
interrupts disabled

Refresh counter

clock: @2
Refresh time RTCOR
fg;z‘tz?t 0 1 0 0 1 1 1 1 |H4F?
*: Don't care

*1: The HM51S4800C-7 uses 1024-cycle/16 ms refreshing. To allow for cases where refreshing
cannot be performed at the specified time, calculations are based on twice this figure: 2048
cycles/16 ms. With a refresh counter clock of ¢/2 (100 ns), the RTCOR value is (16 ms/2048
cycles) / 100 ns 079 (= H'4F).
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Operation

The calculations used to check whether the AC characteristics are satisfied in DRAM access are
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 5. AC Characteristics below.

1. Read Access

Figure 3.3.3 (c) shows the DRAM read timing chart. Confirm that the following AC
characteristics are satisfied.

Item Symbol

DRAM Row address setup time ter

(HM5154800C-7) Row address hold time tonn
Column address setup time thec
Column address hold time ton
RAS-CAS delay time toeo
RAS-column address delay time toro
RAS precharge time t.

H8S/2655 Read data setup time teps
Read data hold time t

RDH

a. DRAM
i. Row address setup time calculation, [@ycle rise]

05 Eyc + I’CSDZ(min)_ tAD (max) = SHSZ 0 ns (LSR)

ii. Row address hold time calculation
oy = 0.5 1, — 10 =15n& 10 ns (§,.)

iii. Column address setup time calculation, [Eycle rise]
tcyc + tCASD (min) tAD (max) =30ns=0ns (Lst)

iv. Column address hold time calculation [Tycle rise]
2t .+t =80ns=215ns (t,.)

D (min) - I’L’:ASD (max)
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v. RAS-CAS delay time calculation [T cycle fall]
15¢, +

vi. RAS-column address delay time calculation
AH (min) =05 E

vii. RAS precharge time calculation [Tcycle rise]

Tt:ASD (min) t:soz (max): 55 ns> 20 ns GCD)

—-10=15n& 15 ns (t,,)

1.5 ttyc + tCSDz (min) tv:sm (max): 55 ns= 50 ns @P)

b. H8S/2655

i. Read data setup time calculation) [Tycle rise]

2 t(:yc -
Note:

Conditions

1%JASD (max)

t\I:AC (max) 60 nsz 15 ns @DS)

Access times are specified as follows according fand t,..

Applicable Time

t.., (calculated value) >t (max) and

t.,, (calculated value) <t_,  (max)

Access time from CAS (t

CAC)

RCD (calculated value) <t (max) and
t.,, (calculated value) > t

eap (MAX)

Access time from address (t,,)

t.., (calculated value) <t . (max) and

t.,, (calculated value) <t_,  (max)

Access time from RAS (t

RAC)

ii. Read data hold time calculation [Tcycle rise]

t

CASD (min)

2. Write Access

L.)FFl (min) — =0ns=0ns (&DH)

Figure 3.3.3 (d) shows the DRAM write timing chart. Confirm that the following AC
characteristics are satisfied.

Item

Symbol
DRAM Write command setup time tes
(HM5154800C-7) Write command hold time ten

Write input setup time

t

Write input hold time

DS
t

DH

a. Write command setup time calculation

tvvcs (min) —

b. Write command hold time calculation,[Tcycle rise]

15¢, -

05, -

R}ASD (max)

10=15n20ns ({9

=55ns>15ns ()

RENESAS
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c. Write input setup time calculation
tWDS(mln) =05 Eyc_ 20=5ne0ns (&)

d. Write input hold time calculation [T cycle rise]
15 t:yc + LNRDI (min) + t\NDH (min) t:ASD (max): 95 ns= 15 ns GH)

3. Burst Mode
a. Fast page mode
In fast page mode, confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time toos
Read data hold time teon
DRAM Fast page mode CAS precharge time t,
(HM51S4800C-7) Fast page mode cycle time toe
RAS hold time from CAS precharge toce

i. H8S/2655
i-1 Read data setup time calculation,[cycle rise]

3 tcyc - 1;:ASD (max) tACP (max): 90 ns> 15 ns (‘EDS)
i-2 Read data hold time calculation [Eycle rise]

tcsm (m|n)+ tDFFl (i) — Ons=0ns (&DH)

i. DRAM
i-1 Fast page modeAS precharge time calculation [T cycle rise]
tcyc + Laso (min) Laso (max) — 30 ns>10 ns @p)
ii-2 Fast page mode cycle time calculatior) [€ycle rise]

3 tcyc + tCASD (min) t:ASD (max): 130 ns= 45 ns (.IJ
i-3 RAS hold time fromCAS precharge calculation [, cycle rise]

3 tcyc + tcsm (min) tv:ASD (max): 130 ns= 40 ns (IEHCP)

b. RAS down mode

RAS down mode can be selected by setting the RCDM bit to 1 in the memory control
register (MCR). This mode cannot be selected wheh' WiR pin is used for the.CAS
signal.
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4. Refresh Cycle
a. CAS-beforeRAS refreshing

Figures 3.3.3 (e) and 3.3.3 (f) show th&S-beforeRAS refresh timing charts. Confirm
that the following AC characteristics are satisfied.

Item Symbol

DRAM RAS precharge time -

(HM5154800C-7) CAS setup time t.
RAS pulse width (I
CAS hold time ton
Normal mode CAS precharge time teen
Random read/write cycle time toc

i. RAS precharge time
i-1  Transition from normal cycle to refresh cycle [€ycle rise]
15 t:yc + Loz (min) Loo (max) 55 ns2 50 ns (n;p)
i-2 Transition from refresh cycle to normal cycle
* When usind.CAS pin for LCAS signal [T, cycle rise]
15 t:yc + tCSDz (min) ksm (ma) 55 ns250ns (IEP)
* When usind_WR pin for LCAS signal [T,, cycle rise]
2.5 t:yc + tCSDz (min) Q:SDl(max): 105 ns2 50 ns (IEP)

ii. CAS setup time
tesr @min = 15 NS> 10 ns (¢)

iii. RAS pulse width [T, cycle fall]
2.5 t:yc + Tt:sm (min) tcsoz (max): 105 ns>70 ns (l;/m)

iv. CAS hold time [T, cycle fall]
2.5 ttyc + tCASD (min) ksnz (max): 105 ns= 10 ns QHR)

v. Normal modeCAS precharge time
v-1 Transition from normal cycle to refresh cycle, [@ycle rise]
tcyc + tCASD (min) tv:ASD (max): 70ns210ns @PN)
v-2 Transition from refresh cycle to normal cycle
* When usind.CAS pin for LCAS signal [T, cycle rise]
3 tcyc + Tt:ASD (min) tCASD (max) — 130 ns210 ns QPN)
* When usind.WR pin for LCAS signal [T,, cycle rise]

4 tcyc + Tt:ASD (min) tCASD (max): 180 ns> 10 ns QPN)
vi. Random read/write cycle time [Tcycle fall]
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vi-1 When usind.CAS pin for LCAS signal

4 tcyc + tcsoz (min) tcsoz (max): 180 ns> 130 ns Q(J
vi-2 When usind_WR pin for LCAS signal

5 tcyc + tcsoz (min) tcsoz (max): 230 n&= 130 ns Q(J

b. Self-refresh mode
Figure 3.3.3 (g) shows the self-refresh timing chart.

A transition can be made to self-refresh mode by setting the RMODE bit to 1 in the DRAM
control register (DRAMCR), then executing a SLEEP instruction to enter software standby
mode.

In self-refresh mode, confirm that the following AC characteristics are satisfied.

Iltem Symbol

DRAM RAS pulse width torss

(HM51S4800C-7) CAS hold time .
RAS precharge time (.

i. RAS pulse width calculation [J cycle fall]
3.5, + (software standby time) 8, .o~ Lsoz @i
= 105 + (software standby time) 8400 ns (t,.)

ii. CAS hold time calculation []. cycle fall]
0.5 ttyc + tCASD (min) Esm (max): 5 nsz-50ns @Hs)

iii. RAS precharge time calculation [Tcycle fall]
When the interrupt handling routine area is in DRAM:
t.. + (interrupt exception handling time) + 1,5+ t.q., (nay= Lsor min

cyc

= 105 + (interrupt exception handling time)=n%30 ns (t.)

Note: Under the following conditions, the interrupt exception handling time ig 211050 ns,
so that the abovRAS precharge time inequality is true.
* Interrupt mode: Mode O
» Area 0 access states: 4
 Stack area access states: 3
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5. AC Characteristics

Table 3.3.3 (b) shows the AC characteristics of the H8S/2655, and table 3.3.3. (c) the AC
characteristics of the HM51S4800C-7.

Table 3.3.3 (b) AC Characteristics of H8S/2655

Item Symbol Min Max Unit
Address delay time to — 20 ns
Address hold time t,, 0.5xt, —10 — ns
CS delay time 1 teoos — 20 ns
CS delay time 2 teeos — 20 ns
RD delay time 1 toeo — 20 ns
CAS delay time toro — 20 ns
Read data setup time toos 15 — ns
Read data hold time teon 0 — ns
WR delay time 1 tos — 20 ns
Write data setup time tos 0.5xt, —20 — ns
Write data hold time o 0.5xt, —10 — ns
WR setup time s 0.5t —10 — ns
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Table 3.3.3 (¢) AC Characteristics of HM51S4800C-7

Item Symbol Min Max Unit
Random read/write cycle time toc 130 — ns
RAS precharge time ten 50 — ns
RAS pulse width (. 70 10000 ns
Row address setup time ten 0 — ns
Row address hold time topn 10 — ns
Column address setup time toc 0 — ns
Column address hold time te 15 — ns
RAS-CAS delay time to 20 50 ns
RAS-column address delay time teno 15 35 ns
Access time from RAS t,. — 70 ns
Access time from CAS tope — 20 ns
Access time from address t,. — 35 ns
Access time from OE tonc — 20 ns
Output buffer turn-off time tore 15 ns
Write command setup time thcs 0 — ns
Write command hold time ten 15 — ns
Data input setup time te 0 — ns
Data input hold time t.,, 15 — ns
CAS setup time (. 10 — ns
CAS hold time tom 10 — ns
Normal mode CAS precharge time  t_,, 10 — ns
Fast page mode cycle time toe 45 — ns
Fast page mode CAS precharge time t, 10 — ns
Access time from CAS precharge [ — 40 ns
RAS hold time from CAS precharge t..., 40 — ns
Self-refresh RAS pulse width toass 100 — ns
Self-refresh RAS precharge time teps 130 — ns
Self-refresh CAS hold time t -50 — ns
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Figure 3.3.3 (c) DRAM Read Timing Chart
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Figure 3.3.3 (d) DRAM Write Timing Chart
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Figure 3.3.3 (e) CAS-BeforeRAS Refresh Timing Chart (LCAS Pin Used forLCAS Signal)
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Figure 3.3.3 (f) CAS-BeforeRAS Refresh Timing Chart (LWR Pin Used forLCAS Signal)
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Figure 3.3.3 (g) Self-Refresh Timing Chart
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3.10 DRAM (HM51S4800C-7) Interface Using 2-WE Control

DRAM (HM51S4800C-7) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.3.4 (a) shows an example of the connection between an H8S/26&5kdnd
configuration DRAMs (HM51S4800C-7s). The H8S/2655 is set to mode 4 16-bit bus mode,
and the DRAMs are allocated to area 2. Th&E-method is used for byte control.

HM678127UH-12 HM51S4800C-7 HM51S4800C-7
1 MD2 CS2 (RAS2) » RAS » RAS
0 MD1  CAS/OE » CAS » CAS
0 MDO BD ~ OF » OE
(Mode 4) . _ _
HWR » WE » WE
LWR
Oscillator | Ag—Ag :(> Ag—Ao
(20 MHz)
D15—Dg D7—Dg
= {110,110, == >{ 110110,
Ag—Aq
D15-Do <:

Figure 3.3.4 (a) Example of Connection between H8S/2655 and DRAMs
(2-WE Byte Control)
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2. Figure 3.3.4 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the DRAM area is H'40 0000-H'4F FFFF.

H'200000
Area 1
H'400000
H'400000 [/ ...0000000.000 T
\\A
Area 2 < Image
A A
H'600000 N DRAM
Area 3 h (1 Mbyte)
H'800000
H'4FFFFF

Figure 3.3.4 (b) Memory Map
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3. Table 3.3.4 (a) shows the bus controller settings.

Table 3.3.4 (&) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting

Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

control register % * * * * 0 * * Area 2: 16-bit
access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register * * * * * * * * _

Wait control WCRH w71 W70 w61 W60 w51 W50 w41l W40

register H * * * * * * * * _

Wait control WCRL w31 W30 w21 W20 w11 W10 wo1 W00

register L * * 0 1 * * * * 1 program wait
state inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTSO0

register H * * * * * 0 0 1 DRAM space:
Area 2

Bus control BCRL BRLE |[BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register 0 1 0 1 0 1 0 0 |1 precharge state
Fast page mode
RAS up mode
2-WE control
9-bit shift
CAS-before-RAS
refreshing, no wait

DRAM control |[DRAMCR| RFSHE | RCW | RMODE| CMF CMIE CKS2 CKsS1 CKSO0

register 1 0 0 * 0 0 0 1 |Refresh control
performed
CAS-before-RAS
refreshing wait
state insertion
disabled
CAS-before-RAS
refreshing
Compare-match
interrupts disabled
Refresh counter
clock: @2

Refresh time RTCOR

constant 0 1 0 0 1 1 1 1 |HaF?

register

*: Don't care

*1: The HM51S4800C-7 uses 1024-cycle/16 ms refreshing. To allow for cases where refreshing
cannot be performed at the specified time, calculations are based on twice this figure: 2048
cycles/16 ms. With a refresh counter clock of ¢/2 (100 ns), the RTCOR value is (16 ms/2048
cycles) / 100 ns 079 (= H'4F).
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Operation

The calculations used to check whether the AC characteristics are satisfied in DRAM access ar
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 5. AC Characteristics below.

1. Read Access

Figure 3.3.4 (c) shows the DRAM read timing chart. Confirm that the following AC
characteristics are satisfied.

Item Symbol

DRAM Row address setup time ter

(HM5154800C-7) Row address hold time tonn
Column address setup time thec
Column address hold time ton
RAS-CAS delay time toeo
RAS-column address delay time toro
RAS precharge time t.

H8S/2655 Read data setup time teps
Read data hold time t

RDH

a. DRAM
i. Row address setup time calculation, [@ycle rise]

05 Eyc + I’CSDZ(min)_ tAD (max) = SHSZ 0 ns (LSR)

ii. Row address hold time calculation
ooy = 0.5 1, — 10 =15 n& 10 ns (§,.)

iii. Column address setup time calculation, [Eycle rise]
tcyc + tCASD (min) tAD (max) =30ns=0ns (Lst)

iv. Column address hold time calculation [Tycle rise]
2t .+t =80ns=215ns (t,.)

D (min) - I’L’:ASD (max)
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v. RAS-CAS delay time calculation [T cycle fall]
15 t:yc + Tt:ASD (min) t:soz (max): 55 ns> 20 ns GCD)

vi. RAS-column address delay time calculation
tmm = 0-5 L, —10 =15 n& 15 ns (t,,)

vii. RAS precharge time calculation [Tcycle rise]
1.5 ttyc + tCSDz (min) tv:sm (max): 55 ns= 50 ns @P)

b. H8S/2655
i. Read data setup time calculatior), [Tycle rise]
2 t(:yc - L}ASD (max) tCAC (max) — =60 ns= 15 ns @DS)

Note: Access times are specified as follows accordingjand t,..

Conditions Applicable Time

t.., (calculated value) >t (max) and Access time from CAS (t_,.)
t.,, (calculated value) <t_,  (max)

RCD (calculated value) <t (max) and Access time from address (t,,)
t.,, (calculated value) >t (max)
t.., (calculated value) <t . (max) and Access time from RAS (t., )

t.,, (calculated value) <t_,  (max)

ii. Read data hold time calculation [Tcycle rise]
tCASD (min) L)FFl (min) O nsz O ns (&DH)

2. Write Access

Figure 3.3.4 (d) shows the DRAM write timing chart. Confirm that the following AC
characteristics are satisfied.

Item

Symbol
DRAM Write command setup time s
(HM5154800C-7) Write command hold time ten
Write input setup time tos
Write input hold time t

DH

a. Write command setup time calculation
tvvcs (min) — 0.5 Eyc_ 10=15n&0ns (\tvcs)

b. Write command hold time calculation,[Tcycle rise]
15 ttyc Q}ASD (max) 55 nsz 15 ns (\LCH)
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c. Write input setup time calculation
tWDS(mln) =05 Eyc_ 20=5ne0ns (&)

d. Write input hold time calculation [T cycle rise]
15 t:yc + tNRDl (min) + t\NDH (min) t:ASD (max): 95 ns= 15 ns GH)

3. Burst Mode
a. Fast page mode
In fast page mode, confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time teon
DRAM Fast page mode CAS precharge time t,
(HM5154800C-7) Fast page mode cycle time toe
RAS hold time from CAS precharge toce

i. H8S/2655
i-1 Read data setup time calculation,[cycle rise]

3 tcyc - 1;:ASD (max) tACP (max): 90 ns> 15 ns (‘EDS)
i-2 Read data hold time calculation [Eycle rise]

tcsm (m|n)+ tOFFl (mm): O nsz O ns (LDH)
i. DRAM
i-1 Fast page mod€AS precharge time calculation [T cycle rise]

tcyc + tCASD (min) tCASD (max): 30 ns> 10 ns @p)
ii-2 Fast page mode cycle time calculatior) [€ycle rise]

3 tcyc + tCASD (min) t:ASD (max): 130 ns> 45 ns (.IJ
i-3 RAS hold time fromCAS precharge calculation [, cycle rise]

3 tcyc + tcsm (min) tv:ASD (max): 130 ns= 40 ns (IEHCP)

b. RAS down mode

RAS down mode can be selected by setting the RCDM bit to 1 in the memory control
register (MCR).
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4. Refresh Cycle
a. CAS-beforeRAS refreshing

Figure 3.3.4 (e) shows tl@AS-beforeRAS refresh timing chart. Confirm that the
following AC characteristics are satisfied.

Item Symbol

DRAM RAS precharge time -

(HM5154800C-7) CAS setup time t.
RAS pulse width (I
CAS hold time ton
Normal mode CAS precharge time teen
Random read/write cycle time toc

Vi.

RAS precharge time
i-1  Transition from normal cycle to refresh cycle [€ycle rise]

15 t:yc + Tt:soz (min) tCSDl (max): 55 ns= 50 ns (n;p)
i-2  Transition from refresh cycle to normal cyclg Elcle rise]

15 t:yc + Tt:soz (min) tCSDl (max): 55 ns= 50 ns (n;p)

. CAS setup time

tesk @min = 15 NS> 10 ns (¢)

RAS pulse width [T, cycle fall]
25 Eyc I’CSDl (mln) t’L’:SDZ (max) 105 ns 70 ns @AS)

iv. CAS hold time [T, cycle fall]

2.5 t:yc + tCASD (min) t:soz may— 105 ns210 ns QHR)

Normal modeCAS precharge time
v-1 Transition from normal cycle to refresh cyclg [€ycle rise]

cyc tCASD (min) tCASD (max)_ 70 nsz 10 ns @PN)
v-2  Transition from refresh cycle to normal cycle €cle rise]

3 tcyc + t\ZZASD (min) Q}ASD (max) 130 n$ 10 ns GPN)

Random read/write cycle time [Tcycle fall]
4 tcyc tcsoz (min) tcsoz (max) 180 ns 130 ns Q()
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b. Self-refresh mode
Figure 3.3.4 (f) shows the self-refresh timing chart.

A transition can be made to self-refresh mode by setting the RMODE bit to 1 in the DRAN
control register (DRAMCR), then executing a SLEEP instruction to enter software standb
mode.

In self-refresh mode, confirm that the following AC characteristics are satisfied.

Item Symbol

DRAM RAS pulse width (.

(HM51S4800C-7) CAS hold time L
RAS precharge time (.

i. RAS pulse width calculation [J cycle fall]
3.5, + (software standby time) .t ..~ Lsoz @i
= 105 + (software standby time) 8400 ns (,.J)

ii. CAS hold time calculation []. cycle fall]
0.5 t:yc + Tt:ASD (min) t:sm (max): 5 ns=-50 ns Q:HS)

iii. RAS precharge time calculation [Tcycle fall]
When the interrupt handling routine area is in DRAM:

t.. + (interrupt exception handling time) + 1.5+t oy, ca0— Lsp1 i
= 105 + (interrupt exception handling time)=n%30 ns (i.)

Note: Under the following conditions, the interrupt exception handling time ig 211050 ns,
so that the abovRAS precharge time inequality is true.
* Interrupt mode: Mode 0
¢ Area 0 access states: 4
» Stack area access states: 3
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5. AC Characteristics

Table 3.3.4 (b) shows the AC characteristics of the H8S/2655, and table 3.3.4. (c) the AC
characteristics of the HM51S4800C-7.

Table 3.3.4 (b) AC Characteristics of H8S/2655

Item Symbol Min Max Unit
Address delay time to — 20 ns
Address hold time t,, 0.5xt, —10 — ns
CS delay time 1 teoos — 20 ns
CS delay time 2 teeos — 20 ns
RD delay time 1 toeo — 20 ns
CAS delay time toro — 20 ns
Read data setup time toos 15 — ns
Read data hold time teon 0 — ns
WR delay time 1 tros — 20 ns
Write data setup time tos 0.5xt, —20 — ns
Write data hold time o 0.5xt, —10 — ns
WR setup time s 0.5xt, —10 — ns
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Table 3.3.4 (¢) AC Characteristics of HM51S4800C-7

Item Symbol Min Max Unit
Random read/write cycle time toc 130 — ns
RAS precharge time te. 50 — ns
RAS pulse width (. 70 10000 ns
Row address setup time ten 0 — ns
Row address hold time torn 10 — ns
Column address setup time toc 0 — ns
Column address hold time te 15 — ns
RAS-CAS delay time to 20 50 ns
RAS-column address delay time teno 15 35 ns
Access time from RAS t,. — 70 ns
Access time from CAS tope — 20 ns
Access time from address t,. — 35 ns
Access time from OE tonc — 20 ns
Output buffer turn-off time tore 15 ns
Write command setup time thcs — ns
Write command hold time ten 15 — ns
Data input setup time te 0 — ns
Data input hold time t.,, 15 — ns
CAS setup time (. 10 — ns
CAS hold time tom 10 — ns
Normal mode CAS precharge time  t_,, 10 — ns
Fast page mode cycle time toe 45 — ns
Fast page mode CAS precharge time t, 10 — ns
Access time from CAS precharge tacr — 40 ns
RAS hold time from CAS precharge t..., 40 — ns
Self-refresh RAS pulse width toass 100 — ns
Self-refresh RAS precharge time teps 130 — ns
Self-refresh CAS hold time t -50 — ns
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Rev. 1.0, 09/98, page 111 of 163



_ Tp_1 N Tr_l p TCl_l“ TW_l P TC2_1‘ TCl_z . TW_2 L TCZ_Z‘ Tp_g L Tr_3 O
0 Z_\—] 1 F\f\J ) Z_\_AZ_\_//_\_J[_\\_J/_\;
(H8S/2655) _/l tap ﬂx i
traAH
tAD tAH tASC tCAH
[ i: » » »
asiesss _ XX - CHE
(H8S/2655) RTW Column Column Row
tasr
l tesp1 EEDZ
t
L2 tRHCP “:4 trRp
CS2 (RAS2) "o /L—
(H8S/2655) . RA \
tpc
tcAsD t t >l
CASD CASD > tcasD
P tRCD 4_: tCAC - 4_:‘
- g tcp
CAS )
(H8S/2655) \ / |
trsD1 toc -
E‘O_AC, . i
RD ZT—Z /
(H8S/2655) | / \
tacp
_ taa | tros | fRoH _Iros | _tRDH_|
D15-Do A |
(DRAM - 1 y '
'l ) P
H8S/2655) iz S

: DRAM (HM51S4800C-7) AC characteristics

Figure 3.3.4 (c) DRAM Read Timing Chart
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Figure 3.3.4 (e) CAS-BeforeRAS Refresh Timing Chart
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Figure 3.3.4 (g) HM51S4800CJ-7 Interface
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3.11 DRAM (HM51S4800C-7) Interface Using 8-Bit Bus Mode

DRAM (HM51S4800C-7) Interface MCU: Functions Used:
H8S/2655 Mode 4 (8-Bit Bus Mode)

Specifications

1. Figure 3.3.5 (a) shows an example of the connection between an H8S/26&5kdnd
configuration DRAM (HM51S4800C-7). The H8S/2655 is set to mode 4 8-bit bus mode, and
the DRAM is allocated to area 3.

H8S/2655 HM5154800C-7
1 —MD2 CS3 (RAS3) » RAS
0 ——MD1 CAS/OE » CAS
0 —MDO — __
RD » OE
(Mode 4)
HWR » WE
Oscillator > Ag—Ao :> Ag—Ao
(20 MHz)

D15—Dsg <: :> 1/07-1/0¢

Figure 3.3.5 (a) Example of Connection between H8S/2655 and DRAM
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2. Figure 3.3.5 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the DRAM area is H'60 0000-H'67 FFFF.

H'400000

Area 2

H'600000
H600000 777777777,
~&
DRAM

Area 3 | Image (512 kbytes)
H'800000

Area 4 H'67FEFE
H'A00000

Figure 3.3.5 (b) Memory Map
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3. Table 3.3.5 (a) shows the bus controller settings.

Table 3.3.5 (a) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting

Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

control register * * * * 1 * * * Area 3: 8-bit
access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register * * * * * * * * _

Wait control WCRH w71 W70 w61 W60 w51 W50 w41l W40

register H * * * * * * * * _

Wait control WCRL w31 W30 w21 W20 w11 W10 wo1 W00

register L 0 1 * * * * * * 1 program wait
state inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1 |BRSTSO| RMTS2 | RMTS1 | RMTSO0

register H * * * * * 0 1 1 DRAM space:
Areas 2 and 3

Bus control BCRL BRLE |[BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM Cw2 MXC1 | MXCO RLW1 | RLWO

control register 0 1 0 * 0 1 0 0 |1 precharge state
Fast page mode
RAS up mode
2-WE control
9-bit shift
CAS-before-RAS
refreshing, no wait

DRAM control |[DRAMCR| RFSHE | RCW | RMODE| CMF CMIE CKS2 CKsS1 CKSO0

register 1 0 0 * 0 0 0 1 |Refresh control
performed
CAS-before-RAS
refreshing wait
state insertion
disabled
CAS-before-RAS
refreshing
Compare-match
interrupts disabled
Refresh counter
clock: @2

Refresh time RTCOR

constant 0 1 0 0 1 1 1 1 |HaF?

register

*: Don't care

*1: The HM51S4800C-7 uses 1024-cycle/16 ms refreshing. To allow for cases where refreshing
cannot be performed at the specified time, calculations are based on twice this figure: 2048
cycles/16 ms. With a refresh counter clock of ¢/2 (100 ns), the RTCOR value is (16 ms/2048
cycles) / 100 ns 079 (= H'4F).
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Operation

The calculations used to check whether the AC characteristics are satisfied in DRAM access ar
shown below. The,f value, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 5. AC Characteristics below.

1. Read Access

Figure 3.3.5 (c) shows the DRAM read timing chart. Confirm that the following AC
characteristics are satisfied.

Item Symbol

DRAM Row address setup time ter

(HM5154800C-7) Row address hold time tonn
Column address setup time thec
Column address hold time ton
RAS-CAS delay time toeo
RAS-column address delay time toro
RAS precharge time t.

H8S/2655 Read data setup time teps
Read data hold time t

RDH

a. DRAM
i. Row address setup time calculation, [@ycle rise]

05 Eyc + I’CSDZ(min)_ tAD (max) = SHSZ 0 ns (LSR)

ii. Row address hold time calculation
ooy = 0.5 1, — 10 =15 n& 10 ns (§,.)

iii. Column address setup time calculation, [Eycle rise]
tcyc + tCASD (min) tAD (max) =30ns=0ns (Lst)

iv. Column address hold time calculation [Tycle rise]
2t .+t =80ns=215ns (t,.)

D (min) - I’L’:ASD (max)
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v. RAS-CAS delay time calculation [T cycle fall]
15 t:yc + Tt:ASD (min) t:soz (max): 55 ns> 20 ns GCD)

vi. RAS-column address delay time calculation
tmm = 0-5 L, —10 =15 n& 15 ns (t,,)

vii. RAS precharge time calculation [Tcycle rise]
1.5 ttyc + tCSDz (min) tv:sm (max): 55 ns= 50 ns @P)

b. H8S/2655
i. Read data setup time calculatior), [Tycle rise]
2 t(:yc - L}ASD (max) tCAC (max) — =60 ns= 15 ns @DS)

Note: Access times are specified as follows accordingjand t,..

Conditions Applicable Time

t.., (calculated value) >t (max) and Access time from CAS (t_,.)
t.,, (calculated value) <t_,  (max)

RCD (calculated value) <t (max) and Access time from address (t,,)
t.,, (calculated value) >t (max)
t.., (calculated value) <t . (max) and Access time from RAS (t., )

t.,, (calculated value) <t_,  (max)

ii. Read data hold time calculation [Tcycle rise]
tCASD (min) L)FFl (min) O nsz O ns (&DH)

2. Write Access

Figure 3.3.5 (d) shows the DRAM write timing chart. Confirm that the following AC
characteristics are satisfied.

Item

Symbol
DRAM Write command setup time s
(HM5154800C-7) Write command hold time ten
Write input setup time tos
Write input hold time t

DH

a. Write command setup time calculation
tvvcs (min) — 0.5 Eyc_ 10=15n&0ns (\tvcs)

b. Write command hold time calculation,[Tcycle rise]
15 ttyc Q}ASD (max) 55 nsz 15 ns (\LCH)
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c. Write input setup time calculation
tWDS(mln) =05 Eyc_ 20=5ne0ns (&)

d. Write input hold time calculation [T cycle rise]
15 t:yc + tNRDl (min) + t\NDH (min) t:ASD (max): 95 ns= 15 ns GH)

3. Burst Mode
a. Fast page mode
In fast page mode, confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time teon
DRAM Fast page mode CAS precharge time t,
(HM5154800C-7) Fast page mode cycle time toe
RAS hold time from CAS precharge toce

i. H8S/2655
i-1 Read data setup time calculation,[cycle rise]

3 tcyc - 1;:ASD (max) tACP (max): 90 ns> 15 ns (‘EDS)
i-2 Read data hold time calculation [Eycle rise]

tcsm (m|n)+ tOFFl (mm): O nsz O ns (LDH)
i. DRAM
i-1 Fast page mod€AS precharge time calculation [T cycle rise]

tcyc + tCASD (min) tCASD (max): 30 ns> 10 ns @p)
ii-2 Fast page mode cycle time calculatior) [€ycle rise]

3 tcyc + tCASD (min) t:ASD (max): 130 ns> 45 ns (.IJ
i-3 RAS hold time fromCAS precharge calculation [, cycle rise]

3 tcyc + tcsm (min) tv:ASD (max): 130 ns= 40 ns (IEHCP)

b. RAS down mode

RAS down mode can be selected by setting the RCDM bit to 1 in the memory control
register (MCR).
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4. Refresh Cycle
a. CAS-beforeRAS refreshing
Figures 3.3.5 (e) and 3.3.5 (f) show th&S-beforeRAS refresh timing charts. Confirm

that the following AC characteristics are satisfied. (The LCASS bit in bus control register L
is written as BCRL.LCASS, and the CW?2 bit in the memory control register as

MCR.CW?2.)

Item Symbol

DRAM RAS precharge time t,

(HM51S4800C-7) CAS setup time -
RAS pulse width (.
CAS hold time ton
Normal mode CAS precharge time teen
Random read/write cycle time toc

i. RAS precharge time
i-1  Transition from normal cycle to refresh cycle [Tycle rise]
15 ttyc + Loz (min) Lson (max) 55 ns2 50 ns @p)
i-2 Transition from refresh cycle to normal cycle
i-2.1 When BCRL.LCASS =0 and MCR.CW2 =0 or MCR.CW2=1
[T, cycle rise]
15 ttyc + Loz (min) Lson (max) 55 ns2 50 ns @p)
i-2.2 When BCRL.LCASS = 1 and MCR.CW2 = Q,[Eycle rise]
2.5 t:yc + Loz (min) Loo (max) 105 ns2 50 ns (n;p)

ii. CAS setup time
t =15ns=210ns (t)

CSR (min)
iii. RAS pulse width [T, cycle fall]
2.5 t:yc + Tt:sm (min) tcsoz (max): 105 ns>70 ns (l;/m)

iv. CAS hold time [T, cycle fall]
2.5 t:yc + Tt:ASD (min) t:soz (max): 105 ns> 10 ns QHR)
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v. Normal modeCAS precharge time
v-1 Transition from normal cycle to refresh cycle, [Eycle rise]
tcyc + tCASD (min) tv:ASD (max): 70ns210ns QPN)
v-2 Transition from refresh cycle to normal cycle €ycle rise]
v-2.1 When BCRL.LCASS =0 and MCR.CW2 =0 or MCR.CW2 =1
[T, cycle rise]
3 tcyc + tCASD (min) EASD (max): 130 n& 10 ns Q:PN)
v-2.2 When BCRL.LCASS =1 and MCR.CW?2 = Q,[Tycle rise]

4 tcyc + tCASD (min) EASD (max): 180 ns= 10 ns Q:PN)

vi. Random read/write cycle time [Tcycle fall]
vi-1 When BCRL.LCASS =0 and MCR.CW2 =0 or MCR.CW2 =1
41+ oo i~ Lspz may= 180 N2 130 ns (1)
vi-2 When BCRL.LCASS =1 and MCR.CW2 =0
5 b0 tosns min— tspz may = 230 NS 130 ns (1)

b. Self-refresh mode
Figure 3.3.5 (g) shows the self-refresh timing chart.

A transition can be made to self-refresh mode by setting the RMODE bit to 1 in the DRAN
control register (DRAMCR), then executing a SLEEP instruction to enter software standb
mode.

In self-refresh mode, confirm that the following AC characteristics are satisfied.

Item Symbol

DRAM RAS pulse width (.

(HM51S4800C-7) CAS hold fime L
RAS precharge time (.

i. RAS pulse width calculation [J cycle fall]
3.5, + (software standby time) +t, .o~ Lsoz @i
= 105 + (software standby time) r4.00 ns (t,.)

ii. CAS hold time calculation []_ cycle fall]
0.5 tyc + Tt:ASD (min) t:sm (max): 5 ns=-50 ns Q:HS)

iii. RAS precharge time calculation [Tcycle fall]
When the interrupt handling routine area is in DRAM:

t.. + (interrupt exception handling time) + 1,5+ t.q,, (nay™ Lsor min
= 105 + (interrupt exception handling time)=0%30 ns (i.)
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Note: Under the following conditions, the interrupt exception handling time ig 211050 ns,
so that the abovRAS precharge time inequality is true.
* Interrupt mode: Mode 0
* Area O access states: 4
» Stack area access states: 3

5. AC Characteristics

Table 3.3.5 (b) shows the AC characteristics of the H8S/2655, and table 3.3.5. (c) the AC
characteristics of the HM51S4800C-7.

Table 3.3.5 (b) AC Characteristics of H8S/2655

Item Symbol Min Max Unit
Address delay time t, — 20 ns
Address hold time t 0.5xt, —10 — ns
CS delay time 1 teeo — 20 ns
CS delay time 2 teons — 20 ns
RD delay time 1 (. — 20 ns
CAS delay time toeo — 20 ns
Read data setup time teos 15 — ns
Read data hold time toon 0 — ns
WR delay time 1 t o — 20 ns
Write data setup time tos 0.5xt, —20 — ns
Write data hold time ton 0.5t —10 — ns
WR setup time tes 05xt, —-10 — ns
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Table 3.3.5 (c) AC Characteristics of HM51S4800C-7

Item Symbol Min Max Unit
Random read/write cycle time toc 130 — ns
RAS precharge time te. 50 — ns
RAS pulse width (. 70 10000 ns
Row address setup time ten 0 — ns
Row address hold time torn 10 — ns
Column address setup time toc 0 — ns
Column address hold time te 15 — ns
RAS-CAS delay time to 20 50 ns
RAS-column address delay time teno 15 35 ns
Access time from RAS t,. — 70 ns
Access time from CAS tope — 20 ns
Access time from address t,. — 35 ns
Access time from OE tonc — 20 ns
Output buffer turn-off time tore 15 ns
Write command setup time thcs — ns
Write command hold time ten 15 — ns
Data input setup time te 0 — ns
Data input hold time t.,, 15 — ns
CAS setup time (. 10 — ns
CAS hold time tom 10 — ns
Normal mode CAS precharge time  t_,, 10 — ns
Fast page mode cycle time toe 45 — ns
Fast page mode CAS precharge time t, 10 — ns
Access time from CAS precharge tacr — 40 ns
RAS hold time from CAS precharge t..., 40 — ns
Self-refresh RAS pulse width toass 100 — ns
Self-refresh RAS precharge time teps 130 — ns
Self-refresh CAS hold time t -50 — ns
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: DRAM (HM51S4800C-7) AC characteristics

Figure 3.3.5 (c) DRAM Read Timing Chart
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Figure 3.3.5 (d) DRAM Write Timing Chart
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Normal cycle

Figure 3.3.5 (e) CAS-BeforeRAS Refresh Timing Chart
(BCRL.LCASS =0 and MCR.CW2 =0 or MCR.CW2 =1)
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: DRAM (HM51S4800C-7) AC characteristics

Figure 3.3.5 (f) CAS-Before-RAS Refresh Timing Chart
(BCRL.LCASS =1 and MCR.CW2 = 0)
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Circuit Diagram
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Figure 3.3.5 (h) HM51S4800CJ-7 Interface
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3.12

EDO DRAM (HM51W16165J-6) Interface Using 2-CAS Control

EDO DRAM (HM51W16165J-6) Interface

MCU:
H8S/2655

Functions Used:
Mode 4

Specifications

1. Figure 3.3.5 (a) shows a block diagram of the connection between an H8S/2655 and an
HM51W16165J-6 using mode 4 (16-Mbyte access, 16-bit data bus, on-chip ROM disabled).

H8S/2655 HM51W16165J-6
CS2 » RAS
CAS *» UCAS
LWR » LCAS
HWR » WE
A-Ap, Ao—-A11
Do-Dis 1/0g—1/O15
77,7— OE

Figure 3.3.5 (a) Block Diagram of Connection between H8S/2655 and HM51W16165J-6
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2. Figure 3.3.5 (b) shows the DRAM area designation.
Area 2 (H'40 0000—H'5F FFFF) in the H8S/2655's external address space (16-Mbyte memory
space) is designated as DRAM (HM51W16165J-6).

H'1FFFFF
H'200000
Area l
(2 Mbytes)
H'300000 H'400000
H'400000 F 7777722222224~~~ T
Area 2
(2 Mbytes) HM51W16165J-6
H'500000 (2 Mbytes)
He00000 | | Tt
Area 3 X
(2 Mbytes) H'5FFFFF
H'700000
H'800000

Figure 3.3.5 (b) Designated DRAM Area (Memory Map)

Rev. 1.0, 09/98, page 132 of 163

RENESAS



Operation

Figures 3.3.5 (c) and 3.3.5 (d) show the EDO page mode read cycle and EDO page mode write
cycle.

When an HM51W16165J-6 is connected to the H8S/2655, check whether the following timing
conditions can be satisfied.

1. EDO Page Mode Read Cycle
a. Read data setup time from RAS

tRAc = 2(P + tCL (max) Esnz (max) tRDS (min)
=100ns+20ns—-20ns—-15ns

=85 ns= 60 ns (memory, max)

b. Read data access time from CAS
t t

CAC — "ACC1 (max)

=25 ns= 15 ns (memory, max)

c. Read data access time from address
t, =t

AA ACC3 (max)

=75 ns= 30 ns (memory, max)

d. Read data access time from RAS
t. =t

ACC4 (max)

=100 ns= 60 ns (memory, max)

DS

2. EDO Page Mode Early Write Cycle
a. Write data setup time from CAS

tDs = tWDS (min)
=5 ns= 0 ns (memory, min)

b. Write data hold time from CAS

tDH = tCH (min) + t\I:F(min) + LNRDI (min) + l‘WDH (min) - R:ASD (max)
=20ns+0ns+0ns+15ns-20ns
=15 ns= 10 ns (memory, min)

c. Write command setup time from CAS

tWCS = tWCS (min)

=5 ns= 0 ns (memory, min)

d. Write command hold time from CAS

tWCH = tWCH (min)
=15 ns= 10 ns (min)
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3. Common to Read and Write Accesses
a. RAS setup time
tASR = tAS (min)

=10 ns= 0 ns (memory, min)

b. RAS hold time
tRAH = tAH (min)

=15 ns= 10 ns (memory, min)

c. EDO page mode RAS pulse width

tRASP = 2(P + tcsm (min)+ tCL(mm) - Esnz (max)
=100ns+0ns +20ns—20ns

=100 ns= 0 ns (memory, min)

d. CAS pulse width
tCAS =p+ tCASD (min) EASD (max)+ tCR (min)
=50ns+0ns—-20ns+0ns
=30 ns= 10 ns (memory, min)

e. CAS hold time
tCSH = 1.5[) + tCASD (min) t:soz (max)
=75ns+0ns—-20ns
=55 ns= 40 ns (memory, min)

f. RAS hold time
tRSH =p+ tcsm (min) EASD (max)
=50ns+0ns-20ns
= 30 ns= 13 ns (memory, min)

g. RAS precharge time
t

RP = tPCH (min)
=55 ns= 40 ns (memory, min)

As it has been confirmed that the above EDO page mode/early write cycle timing conditions are
satisfied, interfacing is performed with no wait.
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Figure 3.3.5 (e) shows the CAS-before-RAS refresh cycle.

When an HM51W16165J-6 is connected to the H8S/2655, check whether the following timing

conditions can be satisfied.

4. CAS-Before-RAS Refresh
a. CAS setup time

tCSR = tCSR (min)

=15 ns= 5 ns (memory, min)

b. CAS hold time

tCHR = 2(P + Tt:ASD (min) + L:L (min) + L:R (min) t:soz (max) ';:R (min)

=100ns+0ns+20ns+0ns-20ns

=100 ns= 10 ns (memory, min)

_ Trp Trr

»a

TRe1

>l

TRe2

CS2 (RAS) / i

fcsr
tesr

-

tcHr

CAS (UCAS) \
LWR (LCAS)

L

tcasp,_

tesr - tcHr

T

fesr

/

L

tcasp

Figure 3.3.5 () CAS-Before-RAS Refresh Cycle
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Circuit Diagram
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Figure 3.3.5 (f) HM51W16165J-6 Interface
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3.13 Pseudo-SRAM (HM658512A-10) Interface Using 16-Bit Bus Mode

Pseudo-SRAM (HM658512A-10) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.4.1 (a) shows an example of the connection between an H8S/26&5kdnd
configuration pseudo-SRAMs (HM658512A-10s). The H8S/2655 is set to mode 4 16-bit bus
mode, and the pseudo-SRAMs are allocated to area 2.

H8S/2655 HM658512A-10
1 — MD2 CS2 » CE
0 — MD1 OE/RFSH » OE/RFSH
0 — MDO HWR » WE
(Mode 4) LWR

D15-Dg

D1s-Do [ {10,110,
A19_A1 <: — :> A18_A0

HM658512A-10

Oscillator » CE
(20 MHz) » OE/RFSH
» WE
D7-Do
{10,110,
:> A15—Ao

Figure 3.4.1 (a) Example of Connection between H8S/2655 and Pseudo-SRAMs
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2. Figure 3.4.1 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the pseudo-SRAM area is H'40 0000-H'4F FFFF.

H'200000
Area l
H'400000
H'400000 777700004
\A
Area 2 “Image
L 2N
H'600000 Pseudo-SRAM
Area 3 . (1 Mbyte)
H'800000
H'4FFFFF

Figure 3.4.1 (b) Memory Map
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3. Table 3.4.1 (a) shows the bus controller settings.

Table 3.4.1 (a) Bus Controller Settings

Name Abbrev. | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting

Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

control register * * * * * 0 * * Area 2: 16-bit
access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register % * % * % 1 % * Area 2: 3-state
access space

Wait control WCRH W71 W70 weél W60 W51 W50 w41 W40

register H * * * * * * * * _

Wait control WCRL W31 W30 w21 W20 w11 W10 Wwo1 W00

register L * * 0 1 * * * * Area 2: 1 program
wait state inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO | RMTS2 | RMTS1 | RMTSO

register H * * * * * 1 0 1 |Area2only:
Pseudo-SRAM
space; areas 3-5:
ordinary space

Bus control BCRL BRLE |BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM CwW2 MXC1 | MXCO RLW1 | RLWO

control register 1 0 * * * * * * 2 precharge states
Burst access
disabled (always
full access)

DRAM control |[DRAMCR| RFSHE | RCW |RMODE | CMF CMIE CKS2 CKS1 CKSO0

register 1 0 0 * 0 0 0 1 |Refresh control
performed
RCW bit fixed at 0
Refresh mode:
Auto-refresh
Compare-match
interrupts disabled
Refresh counter
clock: @2

Refresh time RTCOR

constant 0 1 0 0 1 1 1 1 |HaFE!

register

*: Don't care

*1: Refresh time constant register (RTCOR) setting
Pseudo-SRAM (HM658512A-10) auto-refresh spec: 2048 cycles/32 ms
@2 (100 ns) is used as the CPU refresh counter clock. Although the pseudo-SRAM auto-refresh
spec is 2048 cycles/32 ms, 4096/32 ms is used to provide a margin.

O RTCOR = (32 ms/4906 cycles) / 100 ns OD'79 (= H'4F)

RENESAS

Rev. 1.0, 09/98, page 141 of 163




Operation

The calculations used to check whether the AC characteristics are satisfied in pseudo-SRAM
access are shown below. Thevalue, unspecified min value, and unspecified max value are as
follows.

* t, 50 ns (20 MHz oscillator (g))
« Unspecified min value: 0 ns
» Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 5. AC Characteristics below.

1. Read Access

Figure 3.4.1 (c) shows the pseudo-SRAM read timing chart. Confirm that the following items
are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time teon
PSRAM Chip enable precharge time t,
(HM658512A-10) Address setup time tys
Address hold time t.,
Output enable hold time t

a. H8S/2655.4,
i. When CS is critical
+ Setup time calculation [T cycle fall]

35 ttyc - R}SD (max)_ Q}EA (max) = 55 nsz 15 ns @DS)

ii. When OE is critical
» Setup time calculation [T cycle rise]

3 tcyc - 1;:ASD (max) tOEA (max) =100 ns 15 ns (l;m)

b. H8S/26554,
» Hold time calculation [J,, cycle rise]

tCASD (min) + L.)HZ (min) — Ons=0ns (&DH)
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c. Pseudo-SRAM.tt, t,,and{,.

» Chip enable precharge time calculatiop, [Eycle rise]
25 ttyc - R}SDl (max)+ t(:SDz(rnin): 105 ns 50 ns (II)

» Address setup time calculation,[Tcycle rise]
25 Eyc - L\D (max) + I’CSDZ (min): 105 ns 0 ns (I\S)

» Address hold time calculation [T, cycle fall]
35 Eyc - R}SDZ (max)+ tAD (min) = 155 ns 30 ns (/IH)

+ Output enable hold time calculation,[Tcycle fall]

05 ttyc - R}SDZ (max)+ tCASD (min) = 5 nsz 0 ns (EH(‘)

2. Write Access
Figure 3.4.1 (d) shows the pseudo-SRAM write timing chart. Confirm that the following items
are satisfied.

Item Symbol

PSRAM Input data setting timer tow

(HM658512A-10) Input data hold time ton
Write command pulse width e
Chip enable time tw

* Input data setting time calculation,[Tcycle fall]
2 t(:yc - tNDD (max) + l‘WRDI (min) = 70 nsz 25 ns @W)
* Input data hold time calculation
tWDH (min) = 15 nsz O ns (EH)
»  Write command pulse width calculation,[Eycle fall]
3 tcyc - tNRDl (max)+ tWRDl (min) =80ns==30ns (\Lp)
» Chip enable time calculation [Tcycle fall]
3 t(:yc - 1%}SDZ (max)+ l‘WRDl (min) = 130 ns 100 ns GN)

Rev. 1.0, 09/98, page 143 of 163
RENESAS



3. Auto-Refresh Cycle

Figure 3.4.1 (e) shows the auto-refresh timing chart. Confirm that the following items are
satisfied.

Item Symbol

PSRAM Refresh precharge time t,

(HM658512A-10) Refresh command pulse width tpe
Refresh command delay time terp
Auto-refresh cycle time te

* Refresh precharge time calculation T cycle rise]

2 tcyc - 1;:ASD (max)+ tCASD (min) =80 ns=40ns (IP)
* Refresh command pulse width calculatiop, [ycle rise]

3 tcyc - 1;:ASD (max)+ tCASD (min) =130 ns 80 ns (‘IAP)
* Refresh command delay time calculatiop.[Tcycle rise]

2 tcyc - 1;:soz (max)+ tCASD (min) =80 ns>30ns (KEFD)
» Auto-refresh cycle time calculation [T, cycle rise]
5 t(:yc - 1%ZSDZ(r-nax)-}- t\Z:ASD (min) = 230 nE 160 ns @9

4. Self-Refresh Cycle

Figure 3.4.1 (f) shows the self-refresh timing chart. Confirm that pseudo-SRA(vetresh
command pulse width) is satisfied.

» Refresh command pulse width calculatiop, [dycle rise]
3, + (software standby time) (min) £.4, ..,
=100 ns + (software standby time) (min)

28 s (Lo

Notes: « t,. (refresh command pulse width)
Set the software standby time so that the specified value of 8 us (min) is satisfied.
* . (refresh reset time)

Make a setting by software so that the specified value of 600 ns (min) is satisfied.
During this time, an access should be made to a different area so tG8Rt(EE)
signal is not asserted.
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5. AC Characteristics

a. H8S/2655
Item Symbol Min Max Unit
Address delay time t, — 20 ns
CS delay time 1 teoos — 20 ns
CS delay time 2 teeos — 20 ns
CS pulse width toow 25xt, -20 — ns
CAS delay time toeo — 20 ns
Read data setup time teos 15 — ns
Read data hold time toon 0 — ns
Read data access time 3 tces — 20xt,-25 ns
Read data access time 4 e — 25xt, -25 ns
WR delay time 1 turon — 20 ns
Write data delay time too — 30 ns
Write data hold time o 0.5xt, —10 — ns
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b. HM658512A-10

Item Symbol Min Max Unit
Chip enable access time teen — 100 ns
Output enable access time toea — 40 ns
Output disable-output delay torz — 25 ns
(when Hi-2)

Chip enable pulse width te 100 n 10 S
Chip enable precharge time t, 50 — ns
Address setup time t 0 — ns
Address hold time t 25 — ns
Write command pulse width te 30 — ns
Chip enable time tew 100 — ns
Output enable hold time toc 0 — ns
Input data setting time tow 25 — ns
Input data hold time t.,, 0 — ns
Refresh command delay time terp 50 — ns
Refresh precharge time - 40 — ns
Refresh command pulse width [ 80n 18 s
(auto-refresh)

Auto-refresh cycle time t. 160 — ns
Auto-refresh cycle time (self-refresh) t_ 8 — us
Refresh reset time (self-refresh) t 600 — ns
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: Pseudo-SRAM (HM658512A-10) AC characteristics

Figure 3.4.1 (c) Pseudo-SRAM Read Timing Chart
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: Pseudo-SRAM (HM658512A-10) AC characteristics

Figure 3.4.1 (d) Pseudo-SRAM Write Timing Chart
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: Pseudo-SRAM (HM658512A-10) AC characteristics

Figure 3.4.1 (e) Auto-Refresh Timing Chart
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Pseudo-SRAM (HM658512A-10) AC characteristics

Figure 3.4.1 (f) Self-Refresh Timing Chart
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3.14  Burst ROM (HN27C4000G-15) Interface Using 16-Bit Bus Mode

EPROM (HN27C4000G-15) Interface MCU: Functions Used:
H8S/2655 Mode 4 (16-Bit Bus Mode)

Specifications

1. Figure 3.5.1 (a) shows an example of the connection between an H8S/268%-duitd
configuration burst ROM (HN27C4000G-15). The H8S/2655 is set to mode 4 16-bit bus mod
and the burst ROM is allocated to area O.

H8S/2655 HN27C4000G-15
1 — MD2 CSo0 » CE
0 ——|MPL Rp ~ OF
0 — MDO
(Mode 4) Do—D1s <: Do-Dis
A-Ajg :> Ag—A17
Oscillator
(20 MHz)

Figure 3.5.1 (a) Example of Connection between H8S/2655 and Burst ROM
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2. Figure 3.5.1 (b) shows the memory map. When the 16-Mbyte address space is divided into
areas in 2-Mbyte units, the burst ROM area is H'00 0000-H'07 FFFF.

H'000000
H'000000 [/ ............0.....004
hRY Y
Burst ROM
Area 0
| Image (512 kbytes)
H'200000 T
Area 1 H'O7FFFF
H'400000
Area 2
H'600000

Figure 3.5.1 (b) Memory Map
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3. Table 3.5.1 (a) shows the bus controller settings.

Table 3.5.1 (a) Bus Controller Settings

Name Abbrev. Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Setting

Bus width ABWCR | ABW7 | ABW6 | ABW5 | ABW4 | ABW3 | ABW2 | ABW1 | ABWO

control register % * % * % * * 0 Area O 16-bit
access space

Access state ASTCR | AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO

control register * * * * * * 0 0 Full access
states: 3

Wait control WCRH W71 W70 weél W60 W51 W50 w41 W40

register H * * * * * * * * _

Wait control WCRL W31 W30 w21 W20 w11 W10 Wwo1 W00

register L * * * * * * 0 1 Area 0: 1 program
wait inserted

Bus control BCRH ICIS1 ICISO |BRSTRM|BRSTS1|BRSTSO | RMTS2 | RMTS1 | RMTSO

register H * * 1 1 0 * * * Burst ROM
selection: Enabled
Burst cycles:
2 states
Burst words:
Max. 4

Bus control BCRL BRLE |[BREQOE| EAE LCASS DDS ASS WDBE | WAITE

register L * * * * * 1 * * Area partition
unit: 2 Mbytes
(16 Mbytes)

Memory MCR TPC BE RCDM CW2 MXC1 MXCO RLW1 RLWO

control register * * * * * * * * _

DRAM control |[DRAMCR| RFSHE | RCW |RMODE | CMF CMIE CKS2 CKS1 CKSO0

register * * * * * * * * _

Refresh time RTCOR

constant * * * * * * * * _

register

*: Don't care
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Operation

The calculations used to check whether the AC characteristics are satisfied in burst ROM access
are shown below. Thg tvalue, unspecified min value, and unspecified max value are as follows.

* t, 50 ns (20 MHz oscillator (g))

« Unspecified min value: 0 ns
« Unspecified max value: min value

In the times obtained based @rthe reference timing is shown in [].
For the timing values, see 3. AC Characteristics below.

1. Read Access
Figure 3.5.1 (c) shows the burst ROM read timing chart.
Confirm that the following AC characteristics are satisfied.

Item Symbol
H8S/2655 Read data setup time teos
Read data hold time t

RDH

a. H8S/2655.],
i. When address is critical
» Setup time calculation [T cycle rise]

4 t(:yc - L\D (max)_ L\CC (max) = 30 ng 15 ns (IEDS)

ii. When CS s critical
» Setup time calculation [T cycle rise]

3 tcyc_ 1;:sm (max) t:E (max): 30 ns> 15 ns (‘;DS)

iii. When RD is critical
» Setup time calculation [T cycle rise]

35 tyc_ tsor ma) toe (max) — 85 ns> 15 ns (;DS)

b. H8S/26554,,
i. Hold time calculation [T, cycle fall]

{tAH (max) (0'5 ch - tASD (max)} + tOH (min) =15ns=0ns (&DH)
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2. Burst Access Mode
Confirm that the following AC characteristics are satisfied. See figure 3.5.1 (c).

Item Symbol
H8S/2655 Read data setup time teps
Read data hold time t

RDH

a. H8S/2655.],
» Setup time calculation [T cycle rise]

2 tcyc_ t&D (max) t&cc (max): 20 ns= 15 ns (le)

b. H8S/26554,
» Hold time calculation [J, cycle fall]

{tAH (max) (0-5 ch - tASD (maxQ} + tOH (min) — 15ns=0ns (EDH)

3. AC Characteristics

a. H8S/2655
Item Symbol Min Max Unit
Address delay time t, — 20 ns
Address hold time t,, 0.5xt, —10 — ns
CS delay time 1 teoos — 20 ns
AS delay time te — 20 ns
RD delay time 1 (. — 20 ns
RD delay time 2 toos — 20 ns
Read data setup time teos 15 — ns
Read data hold time toon 0 — ns

b. HN27C4000G-15
Item Symbol Min Max Unit
Access Time thec — 150 ns
CE-output delay time t. — 150 ns
OE-output delay time to — 70 ns
Burst access time [ — 60 ns
Data output hold time t.,, 5 — ns
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Circuit Diagram
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Figure 3.5.1 (d) HN27C4000G-15 Interface
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3.15 Flash Memory (HN29WB800T-12) Interface Using 16-Bit Bus Mode

Flash Memory (HN29WB800T-12) Interface | MCU: Functions Used:
H8S/2655 Mode 4

Specifications

1. Figure 3.6.1 (a) shows a block diagram of the connection between an H8S/2655 and an
HN29WBB800T-12 using mode 4 (16-Mbyte access, 16-bit data bus).

H8S/2655 % HN29WB800T-12
CSo » CE
RD » OE
A1—Arg Ag—A1s
Do—Dss 1/0g—1/015
WE
3

Figure 3.6.1 (a) Block Diagram of Connection between H8S/2655 and HN29WB800T-12
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2. Figure 3.6.1 (b) shows the flash memory area designation.
Area 0 (H'00 0000-H'1F FFFF) in the H8S/2655's external address space (16-Mbyte memor
space) is designated as flash memory (HN29WB800T-12).

H'000000
H'000000
Area 0
(2 Mbytes) HN29WB800T-12
H'100000 (1 Mbyte)
H'200000
Area 1l :
(2 Mbytes) H'08FFFF
H'300000
H'400000
Area 2
(2 Mbytes)
H'500000
H'600000

Figure 3.6.1 (b) Designated Flash Memory Area (Memory Map)
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Operation

1. Read Timing
Figure 3.6.1 (c) shows the read timing chart. Check whether the read data holg Jimedt
data access times(t t_, t,.) are satisfied.

a. Data hold time

tOH = tRDH (min) tRSDZ (max)
= -20 nx 0 ns (memory, min)

b. Data access time from address
=t

ACCS5 (max)

=125 ns= 120 ns (memory, max)

tACC

c. Data access time fro@8 (CE)
t.. =t

"ACC5 (max)

=125 ns= 120 ns (memory, max)

CE

d. Data access time froRD (OE)
t. =t

ACC4 (max)

=100 ns= 60 ns (memory, max)

OE

As there is no problem with the above four timing conditions, the H8S/2655 performs 3-state-
access, no-wait interfacing.
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Do—D1s
(110g—1/015)

T1 T2 T3

tRep2 | |/

tacca tog ton
[ S— L d
_ ftaccs ftce - _ troH
taccs tacc
>, N
/]
| /
/|

: HN29WBB800T-12 AC characteristics
( ): HN29WBB800T-12 pins

Figure 3.6.1 (c) Read Timing Chart
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Circuit Diagram
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Figure 3.6.1 (d) HN29WBS800T-12 Interface 1
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Figure 3.6.1 (e) HN29WBS800T-12 Interface 2
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