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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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1. Preface 

1.1 Specification 
• A 64-, 128-, 256-, or 512-Mbit SDRAM (4 banks and 16-bit data bus) is connected to the SH7263 or SH7203 with 

a 16-bit data-bus width. 
 
 

1.2 Module Used 
• Bus state controller (BSC) 
 
 

1.3 Applicable Conditions 
• Microcontroller: SH7263/SH7203 (R5S72630/R5S72030) Groups 
• SDRAM: 64-Mbit product EDS6416AJTA (4 banks × 1 Mwords × 16 bits) 

       from Elpida Memory, Inc. 
 128-Mbit product EDS1216AGTA (4 banks × 2 Mwords × 16 bits) 
       from Elpida Memory, Inc. 
 256-Mbit product EDS2516ADTA (4 banks × 4 Mwords × 16 bits) 
       from Elpida Memory, Inc. 
 512-Mbit product K4S511632D (4 banks × 8 Mwords × 16 bits) 
       from Samsung Japan Corporation 

• 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. 
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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 units that 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 a list 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 

11 bits 16-Mbit SDRAM     
12 bits 64-Mbit SDRAM 128-Mbit SDRAM 256-Mbit SDRAM* 

Row address 

13 bits   256-Mbit SDRAM* 512-Mbit SDRAM 
Note * : For 256-Mbits SDRAM products, 9-bit and 10-bit column addresses are usable. 
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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 is only 
connected in one area, make the SDRAM-connection settings for area 3. 

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

CS2 space: 64 MB

Cache-enabled area

CS3 space: 64 MB

Cache-enabled area

SDRAM: 64 MB

(128 Mbits × 1)

Unused

CS3 space: 64 MB

Cache-disabled area

CS2 space: 64 MB

Cache-disabled area

H'0800 0000

H'0FFF FFFF

H'0BFF FFFF

H'0C00 0000

H'0CFF FFFF

H'0FFF FFFF

H'0C00 0000

H'2800 0000

H'2FFF FFFF

H'2BFF FFFF

H'2C00 0000

SH7263/SH7203

internal address

 

Figure 1   Memory Map (128-Mbit SDRAM × 1) 
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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 is with a single 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 Mbits are in use. 

 

64 MB

(512 Mbits × 1)

H'0FFF FFFF H'0FFF FFFF

H'0DFF FFFF

H'0CFF FFFF

H'0C00 0000

H'0C7F FFFF

32 MB

(256 Mbits × 1)

16 MB

(128 Mbits × 1)

Unused

H'0C00 0000H'0C00 0000H'0C00 0000
8 MB

(64 Mbits × 1)

Unused

RASL

CASL

RASL

CASL

SH7263/SH7203

internal address (CS3 space)

Unused

SH7263/SH7203

internal address (CS3 space)

SH7263/SH7203

internal address (CS3 space)

SH7263/SH7203

internal address (CS3 space)

512-Mbit SDRAM × 1 256-Mbit SDRAM × 1 128-Mbit SDRAM × 1 64-Mbit SDRAM × 1  

Figure 2   Memory Mapping (CS3 Space) 
 
Note: Handling of control signal pins with external pull-up or pull-down resistors 

Since the initial pin-function settings for individual control pins CKE, CS, RAS, CAS, WE, DQMU, and 
DQML are for operation as I/O pins, the pin-function controller (PFC) must be used to switch the pin functions. 
Furthermore, since the initial settings for I/O pins of the MCU is for 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 pin is pulled down (set to the low level) by an external resistor for a reason other than that stated 
above. This is on the assumption that the self-refresh state is to provide continual protection of data in the 
SDRAM even after signals from the MCU have stopped. 
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2.2.1 Connection of SDRAM with 12 Bits of Row Address (A0 to A11) 
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 a single SDRAM unit, and table 3 gives a list 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. 

A14

A13

A12

•

•

•

A1

CKIO

CKE

CS3

RASL

CASL

RD/WR

DQMUU

DQMUL

D15

•

•

•

D0

BA1 (A13)

BA0 (A12)

A11

•

•

•

A0

CLK

CKE

CS

RAS

CAS

WE

DQMU

DQML

DQ15

•

•

•

DQ0

VCC

VCCQ

VSS

VSSQ

SH7263/SH7203

64-, 128-, and 256-Mbit

SDRAM (× 16)

Examples of memory to be connected:

64-Mbit SDRAM (1 Mwords × 16 bits × 4 banks, product of 8-bit column address) × 1

128-Mbit SDRAM (2 Mwords × 16 bits × 4 banks, product of 9-bit column address) × 1

256-Mbit SDRAM (4 Mwords × 16 bits × 4 banks, product of 10-bit column address) × 1

3.3 V
3.3 V

3.3 V
3.3 V

3.3 V
3.3 V

3.3 V

GND

GND

Pull up by an

external

resistor.

Pull down by

an external

resistor.

 

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 
Pin 

Row Address*3 Column 
Address*3 

SDRAM Pin Function 

A14 A23*2 A23*2 A13 (BA1) Specifies bank 
A13 A22*2 A22*2 A12 (BA0) Specifies bank 
A12 A21 A12 A11 Address 
A11 A20 L/H*1 A10/AP Specifies address/pre-charge 
A10 A19 A10 A9 Address 
A9 A18 A9 A8 Address 
A8 A17 A8 A7 Address 
A7 A16 A7 A6 Address 
A6 A15 A6 A5 Address 
A5 A14 A5 A4 Address 
A4 A13 A4 A3 Address 
A3 A12 A3 A2 Address 
A2 A11 A2 A1 Address 
A1 A10 A1 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 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 A12) 
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 a single SDRAM unit. The A25 pin is used to specify the bank address for the 512-Mbit SDRAM, so 
only assertion of the RASL/CASL pins is required (assertion of the RASU/CASU pins is not required). Table 4 gives a 
list of how address-output pins are multiplexed in the case of a 512-Mbit SDRAM (product with 10-bit column 
address). For the multiplexing of address-output pins for a 256-Mbit SDRAM unit (product with a 9-bit column 
address), refer to the SH7263/SH7203 Group Hardware Manual. 

A15

A14

A13

•

•

•

A1

CKIO

CKE

CS3

RASL *1

CASL *1

RD/WR

DQMUU

DQMUL

D15

•

•

•

D0

BA1 (A14)

BA0 (A13)

A12

•

•

•

A0

CLK

CKE

CS

RAS

CAS

WE

DQMU

DQML

DQ15

•

•

•

DQ0

VCC

VCCQ

VSS

VSSQ

SH7263/SH7203

256- and 512-Mbit

SDRAM (× 16)

3.3 V
3.3 V

3.3 V
3.3 V

3.3 V
3.3 V

3.3 V

GND

GND

Pull-up by 

external

resistors.

Pull-down by

an external

resistor.

Examples of memory to be connected:

256-Mbit SDRAM (4 Mwords × 16 bits × 4 banks, product with 9-bit column address) × 1

512-Mbit SDRAM (8 Mwords × 16 bits × 4 banks, product with 10-bit column address) × 1

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 × 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 
Pin 

Row Address*4 Column 
Address*4 

SDRAM Pin Function 

A15 A25*2*3 A25*2*3 A14 (BA1) Specifies bank 
A14 A24*2 A24*2 A13 (BA0) Specifies bank 
A13 A23 A13 A12 Address 
A12 A22 A12 A11 Address 
A11 A21 L/H*1 A10/AP Specifies address/pre-charge 
A10 A20 A10 A9 Address 
A9 A19 A9 A8 Address 
A8 A18 A8 A7 Address 
A7 A17 A7 A6 Address 
A6 A16 A6 A5 Address 
A5 A15 A5 A4 Address 
A4 A14 A4 A3 Address 
A3 A13 A3 A2 Address 
A2 A12 A2 A1 Address 
A1 A11 A1 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 
2.3.1 Example of the Initialization Procedure for SDRAM 
Figure 5 gives an example of the initialization procedure to place SDRAM in the CS3 space. 

• Setting of CS3WCR
 [Functions]
 • Setting is made for the number of cycles to wait for pre-charge completion.
 • Setting is made for insertion of wait cycles between ACTV and subsequent
    READ(A)/WRIT(A) commands.
 • CAS latency for area 3 is set.
 • 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.

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

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

• Setting of RTCSR
 [Functions]
 • The clock that counts up refresh timer counter (RTCNT) is selected.
 • The number of times to perform refreshing is selected.

• Writing to SDRAM mode register
 [Functions]
 • Burst length is set.
 • Wrap type is set.
 • CAS latency is set.

Yes

*

No

START

END

Set pin function

controller (PFC)

Set CS3 space bus control

register (CS3BCR)

Set CS3 space wait control

register (CS3WCR)

Set SDRAM control

register (SDCR)

Set refresh timer constant

register (RTCOR)

Write to SDRAM mode register

Set refresh timer control/status

register (RTCSR)

Idle period elapsed?

• PCCRL1: Selects CS3
• PCCRL2: Selects DQMLU and DQMUL
• PCCRL3: Selects CASL and RASL
• PCCRL4: Selects CKE and RD/WR
 [Function] Multiplexed pins are selected.

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

• Wait for the SDRAM idle period

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 a write to the 
SDRAM mode register. 

Once power has been supplied, SDRAM needs a constant idle period. An idle period of at least 200 µs is 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) 

Burst Read/Single Write 
(Burst Length 1) 

Burst Read/Burst Write 
(Burst Length 1) 

Data Bus 
Width 

CAS Latency 

Access 
Address 

External 
Address Pin 

Access 
Address 

External 
Address Pin 

2 H'FFFC 5440 H'0000 0440 H'FFFC 5040 H'0000 0040 16 bits 
3 H'FFFC 5460 H'0000 0460 H'FFFC 5060 H'0000 0060 
2 H'FFFC 5880 H'0000 0880 H'FFFC 5080 H'0000 0080 32 bits 
3 H'FFFC 58C0 H'0000 08C0 H'FFFC 50C0 H'0000 00C0 

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

• Burst length: burst read/single write (burst length 1) 
• Wrap type: sequential 
• CAS latency: 2 cycles 
 
As shown in table 5, these settings are written to the SDRAM mode register by writing a word 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] bits in 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) 
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Figure 6 shows an example of timing in writing to the SDRAM mode register. 

PALL

(High)

SDRAM

command

CKIO

A25 to A0

A11

CS3

DQMxx

D15 to D0

[Legend]

PALL: All banks pre-charge command

REF: Auto-refresh command

MRS: Mode register set command

DESL: Deselect command

DSEL REF DSEL REF DSEL MRS DSEL

RASL

RD/WR

CASL

Issuing REF command 8 times

Tp Tpw Trr Trc Trr Trc Tmw Tnop

Hi-Z

 

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 
register (CS3BCR) 

H'FFFC 0010 H'1000 4400 • IWW[2:0] = B'001 
Idle period between writing and 
reading and between writing and 
writing: 1 cycle 

• TYPE[2:0] = B'100: SDRAM 
• BSZ[1:0] = B'10: 16-bit data bus width 

CS3 space wait control 
register (CS3WCR) 

H'FFFC 0034 H'0000 4892 • WTRP[1:0] = B'10 
Number of cycles to wait for pre-
charge completion: 2 

• WTRCD[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 
(SDCR) 

H'FFFC 004C H'0000 0809 • RFSH = 1: Refresh 
• RMODE = 0: Auto-refresh 
• BACTV = 0: Auto pre-charge mode 
• A3ROW[1:0] = B'01 

Row address of area 3: 12 bits 
• A3COL[1:0] = B'01 

Column address of area 3: 9 bits 
Refresh timer 
control/status register 
(RTCSR) 

H'FFFC 0050 H'A55A 0010* • CKS[2:0] = B'010 
Select Bφ/16 as the clock 

• RRC[2:0] = B'000 
Selects one as the number of 
consecutive refresh cycles 

Refresh timer constant 
register (RTCOR) 

H'FFFC 0058 H'A55A 0041* • 1 cycle = 1/(Bφ (66 MHz)/16) ≈ 240 ns 
• Interval between SDRAM-refresh 

requests: 4,096 cycles/64 ms = 15.625 
µs/time 

• Setting value of RTCOR = 15.625 µs ÷ 
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. The interval 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 a rising edge of CKIO. 

 

2.5.1 Cycles of Waiting for Access 
1. Set cycle of 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-charge is 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, Tcw = 1, Tap = 1, and Trwl = 2.) 
Furthermore, Tr, Tc, Td, and Tde used in the following formulae are tcyc. 

 
• tRC of the SDRAM (for read cycles) 

tRC (min) ≤ (tcyc × Trw) + (Tc) + (tcyc × (CL − 1)) + (Td) + (Tde) + (tcyc × Tap) + (Tr)......  (figure 7) 
Note: Tr = Tc = Td = Tde = tcyc 
 
• tRC of the SDRAM (for write cycles) 

tRC (min) ≤ (tcyc × Trw) + (Tc) + (tcyc × Trwl) + (tcyc × Tap) + (Tr) ...................................  (figure 11) 
 
• tRAS of the SDRAM (column activation time) 

tRAS (min) ≤ (tcyc × Trw) + (Tc) + Td (tcyc × BL) ...............................................................  (figure 7) 
 
• tRCD of the SDRAM (delay time from row to column) 

tRCD (min) ≤ (tcyc × Trw) + (Tc) .........................................................................................  (figure 7) 
 
• tRP of the SDRAM (column pre-charge time/for read cycles) 

tRP (min) ≤ (tcyc × (CL − 2)) + (Td) + (Tde) + (tcyc × Tap) + (Tr) .......................................  (figure 7) 
 
• tRP of the SDRAM (column pre-charge time/for write cycles) 

tRP (min) ≤ (tcyc × Tap) + (Tr) ............................................................................................  (figure 7) 
 
• tDPL of the SDRAM (write recovery time) 

tDPL (min) ≤ (tcyc × Trwl)....................................................................................................  (figure 11) 
 
• tDAL of the SDRAM (delay time from end of data input to Act) 

tDAL (min) ≤ (tcyc × Trwl) + (tcyc × Tap) + (Tr)...................................................................  (figure 11) 
 
• tRRD of the SDRAM (delay time from Act to Act) 

tRRD (min) ≤ (tcyc × Tap) + (Trr) ........................................................................................  (figure 13) 
Note: Tpw = Tap 
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2.5.2 Refresh Cycle 
1. Set the interval (tREF) for refreshing of the SDRAM. 
2. Set cycle of waiting (Trc) between auto-refresh cycles. 

Confirm that these settings satisfy the bus-timing requirements of the SH7263/SH7203 and SDRAM. 
 
• tREF of the SDRAM (refresh intervals) 

tREF (max) ≥ tcyc × CKS × RTCOR × Ref_Cyc 
Note: Ref_Cyc in the formula above is the number of refresh cycles. In the sample program, this number is 4,096. 

tcyc × CKS indicates clock cycles of the refresh counter. The value obtained by multiplying the number of 
clock cycles for 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 cycles for the refresh counter: tcyc × CKS = 240 (ns) 
• Interval between refreshing: tcyc × CKS × RTCOR = 15.36 (µs) 
• Intervals corresponding to refreshing 4,096 times: tcyc × CKS × RTCOR × Ref_Cyc = 62.91 (ms) 
 
• tRC of the SDRAM (for the refresh cycle) 

tRC (min) ≤ (tcyc × Trc) + (Tr) .............................................................................................  (figure 13) 
Note: Tr = Trc = tcyc 
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Figure 7 shows the timing for single reading of the SDRAM (CL = 2). 
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: AC characteristics of SDRAM

BL = 1

CL = 2

Pre-charge

cmd

READA
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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). 
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Figure 8   Timing for Single Reading of the SDRAM (CL = 3, and WTRCD = 2, A3CL = 2 and WTRP = 1) 
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Figure 9 shows the timing for burst reading of the SDRAM (CL = 2). 

Td2Td1 Td3 Td4

Tde Tap TrTr

CKIO

AD

RD/WR

CASU/CASL

DQM

DQ15 to DQ0

CS

RASU/RASL

tRCD

tRAS

tLZ

tAC tAC tAC

Row address

tRC

tRPtSI tHI

tAD1

tCSD1

tRWD1

tRASD1

tCASD1

tDQMD1 tDQMD1

tRDS2 tRDH2 tRDS2

tHZtAC

tOH

tRDS2 tRDH2

tDQMD1

tCASD1

tRASD1 tRASD1 tRASD1

tRWD1

tCSD1 tCSD1

tAD1 tAD1

Trw

: AC characteristics of SDRAM

BL = 1 BL = 1 BL = 1 BL = 1

Pre-charge

cmd
READ

cmd
READ

cmd
READ

cmd
READA

Tc1 Tc2 Tc3 Tc4

CL = 2

Column

address

Column

address

Column

address
Column address

tOHtOH tOH

tRDH2 tRDS2 tRDH2

 

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



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

REJ06B0760-0100/Rev.1.00 June 2008 Page 21 of 25 

Figure 12 shows the timing for burst writing of the SDRAM. 
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Figure 12   Timing for Burst Writing of the SDRAM (WTRCD = 2, WTRP = 1, and TRWL = 1) 
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Figure 13 shows timing for refreshing of the SDRAM. 
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Note: * Address pins connected to pin A10 of SDRAM  

Figure 13   Timing for Refreshing of the SDRAM (WTRP = 1 and WTRC = 1) 
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3. Documents for Reference 
• Software Manual 

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

 
• Hardware Manuals 

SH7263 Group Hardware Manual 
SH7203 Group Hardware Manual 
The most up-to-date versions of the documents are available on the Renesas Technology Website. 
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Website and Support 
Renesas Technology Website 

http://www.renesas.com/ 
 
Inquiries 

http://www.renesas.com/inquiry 
csc@renesas.com 
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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.

Notes regarding these materials
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