To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESANS



10.

11.

12.

Notice

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

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

Y ou should not ater, 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 losses incurred by
you or third parties arising from the use of these circuits, software, or information.

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

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

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

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace 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 a direct 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 physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

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

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

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

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

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




1RENESAS APPLICATION NOTE

SH7263/SH7203 Groups
Example of BSC SDRAM Interface Connection (16-Bit Data Bus)

Introduction

This application note describes the synchronous DRAM (SDRAM) interface of the bus state controller (BSC) and
provides a practical example of connection with a data-bus width of 16 bits.

Target Devices

SH7263/SH7203
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‘ z SH7263/SH7203 Groups
u E N ESAS Example of BSC SDRAM Interface Connection (16-Bit Data Bus)

1. Preface

1.1 Specification

e A 64-,128-, 256-, or 512-Mbit SDRAM (4 banks and 16-hit data bus) is connected to the SH7263 or SH7203 with
a 16-hit data-bus width.

1.2 Module Used
» Busstate controller (BSC)

1.3 Applicable Conditions

e Microcontroller: SH7263/SH7203 (R5S72630/R5S72030) Groups
» SDRAM: 64-Mbit productEDS6416AJTA (4 banks x 1 Mwords x 16 hits)
from Elpida Memory, Inc.
128-Mbit product EDSI1216AGTA (4 banks x 2 Mwords x 16 hits)
from Elpida Memory, Inc.
256-Mbit product EDS2516ADTA (4 banks x 4 Mwords x 16 bits)
from Elpida Memory, Inc.
512-Mbit product K4S511632D (4 banks x 8 Mwords x 16 bits)
from Samsung Japan Corporation
e Operating frequencies.  Internal clock 200 MHz
Bus clock 66.67 MHz

1.4 Related Application Notes

The operation of the reference program for this document was confirmed with the setting conditions described in the
SH7263/SH7203 Group Hardware Manual. Please refer to the hardware manual with this application note.

REJ06B0760-0100/Rev.1.00 June 2008 Page 2 of 25
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2. Description of Sample Application

2.1 Operational Overview of Module Used

The bus state controller (BSC) of the SH7263/SH7203 supports an SDRAM interface that is directly connectable to
SDRAM unitsthat have 11, 12, or 13 bits of row address, 8, 9, or 10 bits of column address, 4 or fewer banks, and in
which the A10 pin is used to set pre-charge mode in read and write command cycles. Burst reading/single writing (burst
length 1) and burst reading/burst writing (burst length 1) are supported as SDRAM operating modes.

Table 1 provides the specifications of SDRAM for the SH7263/SH7203 and table 2 gives alist of capacities of 16-bit
data bus products corresponding to the combinations of row- and column-address bits that are suitable for the SDRAM
specifications of the SH7263/SH7203.

Table 1 Specifications of SDRAM for the SH7263/SH7203

Item Description

Configuration 2 or 4 banks

Capacity 16, 64, 128, 256, or 512 Mbits

Data-bus width 16 or 32 bits

CAS latency 2 or 3 (programmable)

Refresh cycles 4096 or 8192 refresh cycles (max.) per 64 ms

Burst length 1, 2, 4, or 8 full pages (programmable)

Pre-charge Auto pre-charge/all bank pre-charge controlled via A10

Table 2 Capacity by Address Configuration of SDRAM for the SH7263/SH7203 (16-Bit Data Bus)

Column address

8 bits 9 bits 10 bits
Row address 11 bits 16-Mbit SDRAM O O
12 bits 64-Mbit SDRAM 128-Mbit SDRAM 256-Mbit SDRAM*
13 bits O 256-Mbit SDRAM* 512-Mbit SDRAM

Note * : For 256-Mbits SDRAM products, 9-bit and 10-bit column addresses are usable.

REJ06B0760-0100/Rev.1.00 June 2008 Page 3 of 25
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SH7263/SH7203 Groups
Example of BSC SDRAM Interface Connection (16-Bit Data Bus)

Figure 1 shows a memory map.

SDRAM can be connected to the CS2 and CS3 spaces of the SH7263/SH7203. In cases where the SDRAM isonly
connected in one area, make the SDRAM-connection settings for area 3.

In this sample program, the SDRAM is connected in the CS3 space.

SH7263/SH7203
internal address
H'0800 0000 CS2 space: 64 MB
HoBFF FFFE| Cache-enabled area
H'0C00 0000 CS3 space: 64 MB | ——————— H0C00 0000 SDRAM: 64 MB
H'OEFE EFEF Cache-enabled area _ » HOCFFFFFF (128 Mbits x 1)
Unused
HOFFF FFFF & K
H2800 0000 CS2 space: 64 MB
H2BFF FFFE| Cache-disabled area
H2C00 0000 CS3 space: 64 MB
H2FFF FEFE | Cache-disabled area | =
Figure 1 Memory Map (128-Mbit SDRAM x 1)
REJ06B0760-0100/Rev.1.00 June 2008 Page 4 of 25
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2.2 Description of Connection Example

This section describes how to connect SDRAM with capacities from 64- to 512-Mbits. In detail, connection methods
are divided into groups according to the row-address specification of the SDRAM to be connected. For a 16-bit data
bus, two types of product: @ those with 12 bits of row address (A0 to A11) and @ those with 13 bits of row address
(A0 to A12) are connectable. The SH7263/SH7203 has RASL/CASL and RASU/CASU pins, enabling the separate
control of two SDRAM units. The example of connection iswith asingle SDRAM unit.

Note: Relation between address space and levels on the RASL/CASL and RASU/CASU pins
The L/H bit of internal address A25 for the SH7263/SH7203 is used to switch the RASL/CASL and
RASU/CASU pins. A single 512-Mbit SDRAM unit can be connected to an address range of up to 512 Mbits
(64 Mbytes) in either the CS2 or the CS3 space. Figure 2 shows memory mapping in the CS3 space when
SDRAM units with capacities from 64 to 512 Mbitsarein use.

SH7263/SH7203 SH7263/SH7203 SH7263/SH7203 SH7263/SH7203
internal address (CS3 space) internal address (CS3 space) internal address (CS3 space) internal address (CS3 space)
H'0C00 0000 H'0C00 0000 H'0C00 0000 H'0C00 0000 8 MB
(1281|\(j|t')\ft§x N H'OC7F FFFF (64 Mbits x 1)
RASL 32 MB
CASL (256 Mbits x 1) H'OCFF FFFF
RASL 64 MB H'ODFF FFFF
CASL (512 Mbits x 1)
Unused Unused
Unused
H'OFFF FFFF H'OFFF FFFF
512-Mbit SDRAM x 1 256-Mbit SDRAM x 1 128-Mbit SDRAM x 1 64-Mbit SDRAM x 1

Figure 2 Memory Mapping (CS3 Space)

Note: Handling of control signal pinswith external pull-up or pull-down resistors
Sincetheinitial pin-function settings for individual control pins CKE, CS, RAS, CAS, WE, DQMU, and
DQML arefor operation as 1/0 pins, the pin-function controller (PFC) must be used to switch the pin functions.
Furthermore, since theinitial settings for 1/O pins of the MCU isfor input operation, the states of the pins are
undefined. To prevent undefined states on pins and stabilize memory operation, we recommend that levels on
the above control pins be pulled up or down by external resistors.
The general criterion for whether the control pins should be pulled up or down is stability of operation. We thus
recommend that the CS, RAS, CAS, WE, DQMU, and DQML pins be pulled up (set to the high level) by
external resistors.
The CKE pinis pulled down (set to the low level) by an external resistor for areason other than that stated
above. Thisis on the assumption that the self-refresh state is to provide continual protection of datain the

SDRAM even after signals from the MCU have stopped.
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SH7263/SH7203 Groups
Example of BSC SDRAM Interface Connection (16-Bit Data Bus)

221

Connection of SDRAM with 12 Bits of Row Address (A0 to All)

The SDRAM units with 64 Mbits (product of with 8-bit column address), 128 Mbits (product with 9-bit column
address), and 256 Mbits (product with 10-bit column address) listed in Table 2 are available are products with 12 bits of
row address. Figure 3 shows an example of the connections for asingle SDRAM unit, and table 3 gives alist of how
address-output pins are multiplexed in the case of a 128-bit SDRAM (product with 9-bit column address). For the
multiplexing of address-output pins in the case of other SDRAM units, refer to the SH7263/SH7203 Group Hardware

Manual.
64-, 128-, and 256-Mbit
SH7263/SH7203 SDRAM (x 16)
A14 » BA1 (A13)
A13 » BAO (A12)
A2 33V 33V 33V " AT
°| |Pullupbyan 33VL33VLi33v | .
external
. resistor. 7 7 .
A1 » AO
CKIO » CLK
CKE » CKE
Cs3 » CS
RASL »| RAS
CASL »| CAS
RD/WR » WE 3.3V
DQMUU » DQMU
DQMUL » DQML VCC
D15 |« » DQ15 VCecQ
e || Pull down by % .
e [|an external GND . VSS
o |[resistor. . VSSQ
DO [« » DQO - GND
Examples of memory to be connected:
64-Mbit SDRAM (1 Mwords x 16 bits x 4 banks, product of 8-bit column address) x 1
128-Mbit SDRAM (2 Mwords x 16 bits x 4 banks, product of 9-bit column address) x 1
256-Mbit SDRAM (4 Mwords x 16 bits x 4 banks, product of 10-bit column address) x 1
Figure 3 Example of Circuitry for SDRAM Connection (64-/128-/256-Mbit SDRAM % 1, 16-Bit Bus)
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Table 3 Connections between SH7263/SH7203 Pin Functions and 128-Mbit SDRAM (Product with 9-
Bit Column Address)

SH7263/SH7203 Row Address™® Column SDRAM Pin Function

Pin Address”™

Al4 A23™? A23? Al13 (BA1) Specifies bank
Al13 A22"7 A22"7? Al2 (BAO) Specifies bank
Al12 A21 Al2 All Address

All A20 L/H™ A10/AP Specifies address/pre-charge
Al10 Al19 Al10 A9 Address

A9 Al8 A9 A8 Address

A8 Al7 A8 A7 Address

A7 Al6 A7 A6 Address

A6 Al15 A6 A5 Address

A5 Al4 A5 A4 Address

A4 Al3 A4 A3 Address

A3 Al12 A3 A2 Address

A2 All A2 Al Address

Al A10 Al AO Address

Notes: 1. The L/H bit is used in command specification; it is fixed at L or H according to the access mode.
2. Bank address specification
3. The given bits are those output on the address pins during cycles of row-address/column-address
output.
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2.2.2

Connection of SDRAM with 13 Bits of Row Address (A0 to Al2)

The SDRAM units with 256 Mbits (product with 9-bit column address) and 512 Mbits (product with 10-bit column
address) listed in table 2 are available as products with 13 bits of row address. Figure 4 shows an example of the
connections for asingle SDRAM unit. The A25 pin is used to specify the bank address for the 512-Mbit SDRAM, so
only assertion of the RASL/CASL pinsisrequired (assertion of the RASU/CASU pinsis not required). Table 4 givesa
list of how address-output pins are multiplexed in the case of a512-Mbit SDRAM (product with 10-bit column
address). For the multiplexing of address-output pinsfor a 256-Mbit SDRAM unit (product with a 9-bit column
address), refer to the SH7263/SH7203 Group Hardware Manual.

SH7263/SH7203

A15
A14
A13

L]

L]

L]

A1
CKIO
CKE
CS3
RASL 1
CASL
RD/WR

DQMUU

DQMUL
D15

L]

DO

256- and 512-Mbit
SDRAM (x 16)

A\ 2B 4

Pull-up by
external
resistors.

Y Y Y Y YYVY VY YY

Pull-down by
an external
resistor.

iGND

Examples of memory to be connected:
256-Mbit SDRAM (4 Mwords x 16 bits x 4 banks, product with 9-bit column address) x 1
512-Mbit SDRAM (8 Mwords x 16 bits x 4 banks, product with 10-bit column address) x 1

BA1 (A14)
BAO (A13)
A12

L]

L]

L]

AO

CLK
CKE

Ccs

RAS
CAS

WE
DQMU
DQML
DQ15

o VSS
B VvSSQ

DQO

VCC
VCCQ

33V

¢

-

7 GND

Note: *1 As A25 is used to specify a bank address, only RASL and CASL are asserted in the case of
a 512-Mbit SDRAM unit (RASU and CASU are not asserted).

Figure 4 Example of Circuitry for SDRAM Connection (256-/512-Mbit SDRAM x 1, 16-Bit Bus)
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Table 4 Connection between SH7263/SH7203 Pin Functions and 512-Mbit SDRAM (Product with 10-
Bit Column Address)

SH7263/SH7203 Row Address™ Column SDRAM Pin Function

Pin Address™

Al5 A25™%3 A25™%3 Al4 (BA1) Specifies bank
Al4 A24" A247? A13 (BAO) Specifies bank
Al13 A23 Al13 Al2 Address

Al12 A22 Al2 All Address

All A21 L/H™ A10/AP Specifies address/pre-charge
Al10 A20 Al10 A9 Address

A9 Al19 A9 A8 Address

A8 Al8 A8 A7 Address

A7 Al7 A7 A6 Address

A6 Al16 A6 A5 Address

A5 Al5 A5 A4 Address

A4 Al4 A4 A3 Address

A3 Al3 A3 A2 Address

A2 Al12 A2 Al Address

Al All Al A0 Address

Notes: 1. The L/H bit is used in command specification; it is fixed at L or H according to the access mode.
2. Bank address specification
3. The A25 pin is used to specify the bank address, so only the RASL/CASL pins are asserted for a
512-Mbit SDRAM (the RASU/CASU pins are not).
4. The given bits are those output on the address pins during cycles of row-address/column-address
output.
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2.3 Procedure for Setting Module Used

231 Example of the Initialization Procedure for SDRAM
Figure 5 gives an example of the initialization procedure to place SDRAM in the CS3 space.

( START )

Y

Set pin function e PCCRL1: Selects CS3
controller (PFC) ¢ PCCRL2: Selects DQMLU and DQMUL
¢ PCCRL3: Selects CASL and RASL
e PCCRL4: Selects CKE and RD/WR
[Function]  Multiplexed pins are selected.

|

Idle period elapsed? ¢ Wait for the SDRAM idle period

e Setting of CS3BCR
[Functions]
o Setting is made for cycle insertion between write and read, and write and write.
e Memory type is set.
e Data bus width is set.

Set CS3 space bus control
register (CS3BCR)

Y

Set CS3 space wait control
register (CS3WCR)

e Setting of CS3WCR
[Functions]
e Setting is made for the number of cycles to wait for pre-charge completion.
e Setting is made for insertion of wait cycles between ACTV and subsequent
READ(A)/WRIT(A) commands.
o CAS latency for area 3 is set.
o Setting is made for the number of cycles to wait for start-up of pre-charge.
¢ Release from the REF command and self-refreshing
—Setting is made for the number of idle cycles among ACTV, REF,
and MRS commands.

e Setting of SDCR
[Functions]
e Setting is made to implement refresh for SDRAM.
o Setting is made to implement auto-refresh.
o Auto pre-charge mode is set.
o Row address of area 3 is set.
e Column address of area 3 is set.

Y

Set SDRAM control
register (SDCR)

Y

Set refresh timer constant
register (RTCOR)

f

e Setting of RTCOR
[Function]
Setting is made for interval at which refreshing of SDRAM is requested.

¢ Setting of RTCSR
Set refresh timer control/status [Functions]
register (RTCSR) * The clock that counts up refresh timer counter (RTCNT) is selected.
e The number of times to perform refreshing is selected.
Y
Write to SDRAM mode register e Writing to SDRAM mode register

[Functions]

o Burst length is set.
e Wrap type is set.

Y o CAS latency is set.

Note: Do not attempt write-access to a device connected to the external bus from within this section.

Figure 5 Example of Procedure for Initial Settings to Place SDRAM in the CS3 Space
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2.3.2 Power-On Sequence

To perform SDRAM initialization, registers of the bus state controller must first be set, followed by awrite to the
SDRAM mode register.

Once power has been supplied, SDRAM needs a constant idle period. Anidle period of at least 200 psis set up by the
software in this sample program. The required period differs with the SDRAM specification. Please refer to the manual
for the SDRAM you are using.

To write to the SDRAM mode register, a mode-register setting (MRS) command is issued in combination with CS3,
RASL, CASL, and RD/WR pins. The address provides the data for input to SDRAM. Table 5 shows the addresses to be
accessed in writing to the SDRAM mode register when SDRAM is allocated to the CS3 space.

Table 5 Addresses to be Accessed as Values Written to the SDRAM Mode Register (CS3 Space)

Data Bus CAS Latency Burst Read/Single Write Burst Read/Burst Write
Width (Burst Length 1) (Burst Length 1)
Access External Access External
Address Address Pin Address Address Pin
16 bits 2 H'FFFC 5440 H'0000 0440 H'FFFC 5040 H'0000 0040
3 H'FFFC 5460 H'0000 0460 H'FFFC 5060 H'0000 0060
32 bits 2 H'FFFC 5880 H'0000 0880 H'FFFC 5080 H'0000 0080
3 H'FFFC 58C0 H'0000 08CO H'FFFC 50C0 H'0000 00CO

In this sample program, the following settings are made in the SDRAM mode register.

e Burst length: burst read/single write (burst length 1)
*  Wrap type: sequential
» CASlatency: 2 cycles

Asshown in table 5, these settings are written to the SDRAM mode register by writing aword of any value to H'FFFC
5440 (the data are ignored). In detail, the following commands are issued sequentially to the SDRAM.

1. All bank pre-charge command (PALL)

Idle cycles (Tpw) as specified by the WTRP[1:0] bitsin CS3WCR are inserted between the PALL and the first REF.
2. Auto-refresh command (REF; eight times)

Idle cycles (Trc) as specified by the WTRC[1:0] bits in CS3WCR are inserted after the REF command is issued.
3. Mode-register setting command (MRS)

June 2008 Page 11 of 25
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Figure 6 shows an example of timing in writing to the SDRAM mode register.

Tp ¢+ Tpw  Trr + Trc | i Trr 0 Trc @ Tmw @ Tnop

SN e s I S s O M B

! ! ! Issuing REF command 8 times ! ;

\ 4

SDRAM
command

PALL | DSEL | REF | DSEL | \\ | REF | DSEL | MRS | DSEL

RASL

CASL

e AN TN

DQMxx " (High) SB |
D I
[Legend] | | | | | | | | | |

PALL: All banks pre-charge command
REF: Auto-refresh command

MRS: Mode register set command
DESL: Deselect command

Figure 6 Example of Timing in Writing to the SDRAM Mode Register
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2.4 Example of Bus State Controller Settings

Table 6 gives an example of bus state controller settings for bus-clock operation of the SH7263/SH7203 at 66.67 MHz.
For details on individual registers, please refer to the section on the bus state controller in the SH7263/SH7203 Group
Hardware Manual.

Table 6 Example of Bus State Controller Settings

Name of Register Address Setting Function
CS3 space bus control H'FFFC 0010 H'1000 4400 * IWWI[2:0] = B'001
register (CS3BCR) Idle period between writing and

reading and between writing and
writing: 1 cycle

e TYPE[2:0] = B'100: SDRAM

* BSZ[1:0] = B'10: 16-bit data bus width

CS3 space wait control H'FFFC 0034 H'0000 4892 « WTRP[1:0] = B'10
register (CS3WCR) Number of cycles to wait for pre-
charge completion: 2
« WTRCDI[1:0] =B'10
ACTV command — Number of wait
cycles between READ (A)/WRITE (A)
commands: 2
* A3CL[1:0]=B'01
CAS latency of area 3: 2 cycles
« TRWL[1:0]=B'10
Number of cycles to wait for pre-
charge start-up: 2
« WTRC[1:0] =B'10
REF command/self-refresh

cancellation » Number of idle cycles
among ACTV/REF/MRS commands: 5

SDRAM control register H'FFFC 004C H'0000 0809 * RFSH = 1: Refresh
(SDCR) « RMODE = 0: Auto-refresh
« BACTV = 0: Auto pre-charge mode
« A3ROWI[1:0] =B'01
Row address of area 3: 12 bits
e A3COL[1:0]=B'01
Column address of area 3: 9 bits

Refresh timer H'FFFC 0050 H'A55A 0010* « CKS[2:0] =B'010
control/status register Select B@/16 as the clock
(RTCSR) « RRCJ[2:0] = B'000

Selects one as the number of
consecutive refresh cycles

Refresh timer constant H'FFFC 0058 H'A55A 0041* - 1 cycle = 1/(Be (66 MHz)/16) = 240 ns

register (RTCOR) « Interval between SDRAM-refresh
requests: 4,096 cycles/64 ms = 15.625
ps/time

e Setting value of RTCOR = 15.625 us +
240 ns =65 =H'41

Note*: When writing, set the higher-order 16 bits of write data to H'A55A so that the write protection is
canceled.
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2.5 Settings of SDRAM Timing in Sample Program

To connect SDRAM, the number of wait cycles corresponding to the access speed (CAS latency) and other AC
characteristics of the SDRAM in use must be set. Theinterval for refreshing must also be set. This section describes the
main points regarding the settings in the sample program for the cycles of waiting and refreshing.

In this sample program, the bus clock for the SH7263/SH7203 is set to 66.67 MHz (tcyc = 15 ns).

For AC characteristics of the SH7263/SH7203 and SDRAM, refer to the datasheets for the individual devices. The
SDRAM starts operating on arising edge of CKIO.

251 Cycles of Waiting for Access

1. Set cycleof waiting (Trw) between the Tr and Tc cycles.

2. Set cycle of waiting (Tcw) between the Tc and Td cycles.

3. Set cycle of waiting (Tap) between the Tde and Tr cycles.

4. Cycle of waiting (Trwl) until auto pre-chargeis placed in the active state are set.
With this setting, it is confirmed that bus timings of the SH7263/SH7203 and SDRAM are satisfied. (In this sample
program, the following settings are made; Trw =2, Tew =1, Tap=1, and Trwl = 2.)
Furthermore, Tr, Tc, Td, and Tde used in the following formulae are tcyc.

e tRC of the SDRAM (for read cycles)
tRC (min) < (tcyc x Trw) + (Tc) + (tcyc x (CL — 1)) + (Td) + (Tde) + (tcyc x Tap) + (Tr)...... (figure 7)
Note: Tr=Tc=Td=Tde=tcyc

» tRC of the SDRAM (for write cycles)
tRC (min) < (tcyc x Trw) + (Tc) + (tcyc x Trwl) + (tcyc X Tap) + (Tr) coccvvveeeeeeeeeiicciiieeeeeenn, (figure 11)

» tRAS of the SDRAM (column activation time)
tRAS (Min) < (tcyc X Trw) + (TC) + Td (1CYC X BL) uvvviieiieeiieieeeee e (figure 7)

* tRCD of the SDRAM (delay time from row to column)
tRCD (MiN) < (CYC X TIW) 4 (TC) cuttieeeiitite ettt ettt et e e e e (figure 7)

e tRPof the SDRAM (column pre-charge time/for read cycles)
tRP (min) < (tcyc x (CL — 2)) + (Td) + (Tde) + (tcyc X Tap) + (Tr) coeeeeeciiiieeieeeeeeiiiieeeeeeennn (figure 7)

e tRP of the SDRAM (column pre-charge time/for write cycles)
tRP (MIiN) < ((CYC X TaAP) & (TF) trreeieeeeiiiiiitie e ee e e e e ettt e e e e e e e e s re e e e e e e s e st ea e e e e e e e e e e snnnrnneeeeeas (figure 7)

» tDPL of the SDRAM (write recovery time)
tDPL (MiN) S (CYC X TIWI) ittt e e e r e e e e s e e e e e e e e e e e ennrenneees (figure 11)

» tDAL of the SDRAM (delay time from end of datainput to Act)
tDAL (min) < (tcyc X Trwl) + (tCYC X TaP) + (T) ceeeiiiiieeiiiee et (figure 11)

* tRRD of the SDRAM (delay time from Act to Act)
tRRD (MiN) < (1CYC X TAP) F (TIT) ceeeiiiiiiiiiie ettt e e e e e e e e s eabeeeeeaaeeas (figure 13)
Note: Tpw =Tap
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25.2 Refresh Cycle
1. Settheinterval (tREF) for refreshing of the SDRAM.
2. Set cycle of waiting (Trc) between auto-refresh cycles.
Confirm that these settings satisfy the bus-timing regquirements of the SH7263/SH7203 and SDRAM.

» tREF of the SDRAM (refresh intervals)
tREF (max) = tcyc x CKS x RTCOR x Ref_Cyc
Note: Ref Cycintheformulaaboveisthe number of refresh cycles. In the sample program, this number is 4,096.
tcyc x CKSindicates clock cycles of the refresh counter. The value obtained by multiplying the number of
clock cyclesfor the refresh counter and RTCOR is the interval between refreshing.

Reference
When Tcyc = 15 ns, CKS = 16, RTCOR = 64, and Ref_Cyc = 4,096,

» Period corresponding to number of clock cyclesfor the refresh counter: tcyc x CKS = 240 (ns)
* Interval between refreshing: tcyc x CKS x RTCOR = 15.36 (l1S)
» Intervals corresponding to refreshing 4,096 times: tcyc x CKS x RTCOR x Ref_Cyc = 62.91 (ms)

» tRC of the SDRAM (for the refresh cycle)
tRC (MIN) S (TCYC X TIC) F (TT) trrreeieeeii i ittt e e e e e e e e e e e e e e e st e e e e e e e e e e snnrnreeeeeas (figure 13)
Note: Tr=Trc=tcyc
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Figure 7 shows the timing for single reading of the SDRAM (CL = 2).

CKIO

AD 3 3 Rowaddréss 3 + 3 3 ! 3 Cqu‘mn address ! 3 ! 3 ! 3 !
R

s\ | N
ithvmf ! ‘ :
RD/WR B 3
1 ! ‘
| - I I ] ; ] ;‘j ] : ! : !
! ! ! ! ! IRASD1; IRASD1,
RASURASL  © \ | | A U o
S L ‘ o |
. e RASf———— .
: CASD1! CASD1! ! : ‘ ‘
CASUICASL A O L A
| = A
A € CL = 2 iy ! A
! : ! ! ! = ! : ! : !
DavD!! : : : Qw1 |
DQM_’* L ‘ 1 \k o
DQ15 to DQO 1 :

D: AC characteristics of SDRAM

Figure 7 Timing for Single Reading of the SDRAM
(CL =2,and WTRCD =2, A3CL =1 and WTRP =1)
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Figure 8 shows the timing for single reading of the SDRAM (CL = 3).

T © Tw | Tc | Towl ! Tew2 | Td | Tde ! Tap  Tr

CKIO

AD1 : HAD1 : : : ! : ! : ! tAD1 : ! !
AD 3 . Row address 3 | 3 i Column address 3 I 3 3 I 3 I
= — — —
1cspf | —tRCD|— | | | 1cspf | i 1cspf | |
cs P ‘ ‘ ‘ ‘ b )/ A T U
! 1 | ! | N—
HRWD1! ! ! ! ! HtRWD1 3 !
—— ‘ : : —
ROWR | [ | | A U
— O S
‘ : s ——fw———————— |
|tRASD1 3 [tRASD1 3 | | | 3 | : |tRASD1 3 |tRASD1 3
> I > Il Il ! Il (g I [ Il
RASURASL | \ | * | | | | 3 3
‘ | {CASD1 3 tCASDT 3 | | |
CASU/CASL A O A A
1oQup1! ! | | |
- ! |
DQM ! ! 1
DQ15 to DQO -

C]: AC characteristics of SDRAM

Figure 8 Timing for Single Reading of the SDRAM (CL = 3, and WTRCD =2, A3CL =2 and WTRP =1)
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LENESANS

Figure 9 shows the timing for burst reading of the SDRAM (CL = 2).

| | | | [ Tdl | Td2 | Td3 | Td4 | | | |
| Tr . Trw | Tel . Tc2 | Tc3 | Tc4 | . . Tde | Tap | Tr |
wor | 1 wor! 01 o1 bor b b et
Pa~iy i ! el | ! ! i ! i ! i ! | ! Paday i !
T T p \ T T T T T T
i I i Column Column Column | I i I i
AD I : Row addr?ss | * address X address X address X } | : Colu‘mn address : | : : I :
| T ! T ! T ! i ! i RO ! T T ! T |
I 1 T T 1 T 1 T ;J T 1 T T T 1 T > | I
! | ! | ! | ! | ! | ! ! | | | ! | | ! |
[ I I S ! A A
eS| -« 1 ‘ ‘ ! ‘ ‘ ! ‘ 1 1 ! 1 ‘ ! ‘
0 I i ; i I i I i i I i i | | | i I i
cs ! | | ! | | ! | | ! | | | ! | | ! |
D —— : : 1 b ‘
! i i ! i ! i ! i ! i i i | ! |
! | | ! | ! | ! | ! | | | | ! |
! | | ! | ! | ! | ! | | | | ! |
{RWD1! | ! l ! l ! l ! | | | | ! |
[ | ! | | ! |
RD/WR * | | | cmd | cmd | cmd [omd | ! | ! | ! | ! | ! |
‘ | 1 ! 1 READ 1 READ 1 READ | | |READA| | ! | ! | ! | ! ‘ ‘ ‘
! ‘ | | | | | | ‘ : : ‘ |
\ ! ! ! | | _ |
ts| ; | | | | | |
I I ‘ I ‘ I ‘ I ! I I ! I ! ! !
HRASD! tRASD1 ! ! ! ! ! ! ! ! ! ! ! ! URASDI! lRASD1 !
| k |
RASU/RASL ! ! | ! : |BL=1| ! |BL=1| ! |BL=1| 3 |BL=1| ! ! | ! ! !
; ! | e ———— | ! ! ; !
| | | | | |
s ani el EEERE
! ! {CASD1! ! ! ! ! hasor! ! ! ! ! ! ! !
: : ! Lo ! : : : : : :
CASU/CASL . . . . ! . . . . . . . .
| | | | | ‘ ‘ | | | |
| | | | | | | |
| | | | | | | |
! ! ! ! ! Lo !
tDoMm‘ 1 1 1 1 1 1HDQMD1} 1
| | | | l 1 | |
DQM | | | | | | | |
. . . . | |
i i i i i
| | | | |
i i i i i
| | | | |
i i i i i
| | | | |
| | | | |
! | | | |
DQ15 to DQO ‘ ‘ 1 1 T
| ! | | |
| | | |

[ J: AC characteristics of SDRAM

Figure 9 Timing for Burst Reading of the SDRAM (CL =2, and WTRCD =2, A3CL =1 and WTRP =1)
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Figure 10 shows the timing for burst reading of the SDRAM (CL = 3).

| | | | | [ Td1 | Td2 | Td3 | Td4 | | | |
CTr 0 Tw 0 Tl 1 T2 1 T3 | Teh | | [ Tde  Tap | Tr |
CKIO I I I I I I I I I I I I I I I I I I I I I I I I I I
S S S N SN L B N
! ! ' ! ! Column Column Column ! ! ! ! ! ' ! ! * !
AD : * : Ro‘w addrgss : * address X address X address X : 1 | : c“'”F"" ad({ress : : | |
| e e : : : : : :
| i i | i
| |
Lo
1tCSD1 | B tRCD !
— L |
cs | | ! ! | ! | | | | |
) | | | | | | |
\ | | \ | \ | | | | | | !
i | | | | | | | | | | i
\ 1 i 1 i 1 i I I I I !
.me | 1 1 1 1 1 1
w
o ] ‘ ‘ ‘ ‘ ‘ ‘
RD/WR i ! cmd cmd cmd cmd
! | | w READ w READ w READ w READA| w
|
'ﬂ
(RASD1 1RASD1 1 \ Pre- charge 1 : 1 : 1 : tRASDW‘ 1IRASD1:
i | | | i |
! : . |
RASU/RASL YA |BL 1] |BL 1| |BL 1] |BL 1) | ! ! !
| = : : : | 1 1
| ::::m | | | |
o L e ‘
1 ! \tCASD1 ! | ! ! ItCASD1! 1 ! !
| | | | | | | | | | | | | | |
[ | | B i i | i i | | | | | | | |
CASU/CASL | | i | i | | i | | i | i | i | | i | | i
| | | | | T T T T T : | | L‘_ 1 | | | | i i
; = |
| i | '—:—' | | i
| ! | | !
1 ! | | |
1tDQMD1! 1 1 1 |
L ! I I I I I I
i
bam | | | | ‘ ‘ ! ! ‘ ! : !
| | | | | | | | | i
T - T - T - T T T ‘ ‘ - | |
| | | | ‘m ‘m m | R |
| | E‘ OH ! |
‘ ! : : ‘IRDSZ tRDHZ ‘tRDSZ 1RD ‘IRDSQ IRDHZ ‘(RDSZ ‘tRDHZ ‘ 3 ! : !
DQ15 to DQO : : : : : ( ﬂ 1 @ : : : :
1 | 1 | — /A — /Y ‘ 1 | | |

: AC characteristics of SDRAM

Figure 10 Timing for Burst Reading of the SDRAM
(CL =3,and WTRCD =2, A3CL =2 and WTRP =1)
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Figure 11 shows the timing for single writing of the SDRAM.

Tr O Trw | Tc  Tow | Tap | Tr

CKIO

tAD1 ! | ! tAD1 | tAD1 !

AD Row address

1tCSD1 | : —tRCD— 1tCSD1 | ! 1tCSD1 |
. ! | ! ] ! — -—

HRWD1! tRWD1 tRWD1 RWD1!

RDWR | 3 W\ )/

1 cmd | , :
‘ ﬂ 3 ' |WRITEA| ! | | |
- o .« {RP——»

tRASD1

| |
tRASD1 ! ItRASD1| Pre-charge tRASD1 !

g
—
|

RASU/RASL o |
| [ |

{CASD1! {CASD1! ‘

CASU/CASL : 3

'tDQMD1; i 1 i 1 tDQMD1; i 1 tDQMD1;

=~ )

sl

tWDH2 |

DQ15 to DQO

—

|:|: AC characteristics of SDRAM

Figure 11 Timing for Single Writing of the SDRAM (WTRCD =2, WTRP =1, and TRWL =1)
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Figure 12 shows the timing for burst writing of the SDRAM.

CKIO

AD

RASU/RASL
CASU/CASL
DQ15 to DQO

[ ]: AC characteristics of SDRAM

:_’]_)

1, and TRWL

2, WTRP =

Figure 12 Timing for Burst Writing of the SDRAM (WTRCD
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Figure 13 shows timing for refreshing of the SDRAM.

Tp Tpw Trr Trc Trc Trc Tr

CKIO

A - A A S S
| | | | | - | | | | |

fRow addressf Column address ‘

o o i femdp
wor ¢ [PALLL G [REF] e
il . : . . : . : . g I .

A25 to AO

A12A11* [ | |
HCSD1 ! HCSD1 | ! ! 1CSD1 ¢
s\ /i '\ L IRV
| P 1 | |Refresh| | | |
e T e T
ItRWD11 tRWD1 i | | | | | | ItRWD1 | |
— | 1 1 1 1 ‘ 1 1
RD/WR O\ | | | |
HRASD1! HRASDT' HRASD1! HRASD1 ! 1 1 HRASD1!
RASU/RASL o\ | | | | L
; A
[tCASD1 [tCASD1 | | ItCASD1 |
CASU/CASL S o | R N
| | o | C pawot
| | | | | | ] | |
DQM 3
R R R R A s B |
DQ15 to DQO ————————————————— Hi-Z |- ‘ 3 ‘ ‘

I:]: AC characteristics of SDRAM

Note: * Address pins connected to pin A10 of SDRAM

Figure 13 Timing for Refreshing of the SDRAM (WTRP =1 and WTRC =1)

REJ06B0760-0100/Rev.1.00 June 2008 Page 22 of 25




‘ z SH7263/SH7203 Groups
u E N ESAS Example of BSC SDRAM Interface Connection (16-Bit Data Bus)

3. Documents for Reference

e Software Manual

SH-2A/SH-FPU Software Manual
The most up-to-date version of this document is available on the Renesas Technology Website.

e Hardware Manuas
SH7263 Group Hardware Manual

SH7203 Group Hardware Manual
The most up-to-date versions of the documents are available on the Renesas Technology Website.

REJ06B0760-0100/Rev.1.00 June 2008 Page 23 of 25



LENESANS

SH7263/SH7203 Groups
Example of BSC SDRAM Interface Connection (16-Bit Data Bus)

Website and Support

Renesas Technology Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry
csc@renesas.com
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light
of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products
are not designed, manufactured or tested for applications or otherwise in systems the failure or malfunction of
which may cause a direct threat to human life or create a risk of human injury or which require especially high
quality and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare,
combustion control, aerospace and aeronautics, nuclear power, or undersea communication transmission. If you
are considering the use of our products for such purposes, please contact a Renesas sales office beforehand.
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

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

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions.
Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or
damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas products
are attached or affixed, the risk of accident such as swallowing by infants and small children is very high. You
should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

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

© 2008. Renesas Technology Corp., all rights reserved.
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