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Section 10   Bus State Controller 

The bus state controller outputs control signals for various types of memory and external devices 
that are connected to the external address space. The functions of this module enable this LSI to 
connect directly with SRAM, SDRAM, and other memory storage devices, and external devices. 

10.1 Features 

1. External address space 

 Supports for up to 8 Mbytes each in areas CS0 and CS3 (for the SH726A) or up to 64 
Mbytes each in areas CS0 to CS4 (for the SH726B). 

 Can specify the normal space interface, SRAM interface with byte selection, burst ROM 
(clocked synchronous or asynchronous), and SDRAM memory type for each address space. 

 Data bus width for CS0 space is 16 bits. Can select the data bus width (8 or 16 bits) for 
each of address spaces CS1 to CS4. 

 Controls insertion of wait cycles for each address space. 

 Controls insertion of wait cycles for each read access and write access. 

 Can set independent idle cycles during the continuous access for five cases: read-write (in 
same space/different spaces), read-read (in same space/different spaces), the first cycle is a 
write access. 

2. Normal space interface 

 Supports the interface that can directly connect to the SRAM. 

3. Burst ROM interface (clocked asynchronous) 

 High-speed access to the ROM that has the page mode function. 

4. SDRAM interface 

 Can set the SDRAM in up to two areas. 

 Multiplex output for row address/column address. 

 Efficient access by single read/single write. 

 High-speed access in bank-active mode. 

 Supports an auto-refresh and self-refresh. 

 Supports a power-down mode. 

 Issues MRS and EMRS commands. 
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(3) SDRAM* 

 CS2WCR 
 

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

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

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R R R R R R R R R R R R

0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0
R R R R R R R R/W R/W R R R R R R R

Bit:

Initial value:
R/W:

Bit:

Initial value:
R/W:

- - - - - - - - - - - - - - - -

- - - - - - - A2CL[1:0] - - - - - - -

 
 

Bit Bit Name 
Initial 
Value R/W Description 

31 to 11  All 0 R Reserved 

These bits are always read as 0. The write value 
should always be 0. 

10  1 R Reserved 

This bit is always read as 1. The write value should 
always be 1. 

9  0 R Reserved 

This bit is always read as 0. The write value should 
always be 0. 

8, 7 A2CL[1:0] 10 R/W CAS Latency for Area 2 

Specify the CAS latency for area 2. 

00: 1 cycle 

01: 2 cycles 

10: 3 cycles 

11: 4 cycles 

6 to 0  All 0 R Reserved 

These bits are always read as 0. The write value 
should always be 0. 

Note: * If only one area is connected to the SDRAM, specify area 3. In this case, specify area 2 
as normal space or SRAM with byte selection. 
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10.5.4 CSn Assert Period Expansion 

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits 
SW1 and SW0 in CSnWCR. The number of cycles from RD, WEn negation to CSn negation can 
be specified by setting bits HW1 and HW0. Therefore, a flexible interface to an external device 
can be obtained. Figure 10.9 shows an example. A Th cycle and a Tf cycle are added before and 
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other 
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful 
for devices with slow writing operations. 

T1

CKIO

A25 to A0

CSn

RD/WR

RD

D15 to D0

WEn

D15 to D0

BS

Th

Read

Write

T2

DACKn*

Tf

Note: * The waveform for DACKn is when active low is specified.  

Figure 10.9   CSn Assert Period Expansion 
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This LSI

A16      .      .      .
A1

CSn

RD

RD/WR

D15      .      .      .
D0

WE1

WE0

A15      .      .      .
A0

CS

OE

WE

I/O15      .      .      .
I/O0
UB

LB

64K × 16-bit 
SRAM

 

Figure 10.32   Example of Connection with 16-Bit Data-Width SRAM with Byte Selection 
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Bit Bit Name 
Initial 
Value R/W Description 

0 ITB4VE 0* R/W TCIV_4 Interrupt Skipping Link Enable 

Select whether to link A/D converter start requests 
(TRG4BN) with TCIV_4 interrupt skipping operation. 

0: Does not link with TCIV_4 interrupt skipping 

1: Links with TCIV_4 interrupt skipping 

Notes: 1. TADCR must not be accessed in eight bits; it should always be accessed in 16 bits. 
 2. When interrupt skipping is disabled (the T3AEN and T4VEN bits in the timer interrupt 

skipping set register (TITCR) are cleared to 0 or the skipping count set bits (3ACOR 
and 4VCOR) in TITCR are cleared to 0), do not link A/D converter start requests with 
interrupt skipping operation (clear the ITA3AE, ITA4VE, ITB3AE, and ITB4VE bits in the 
timer A/D converter start request control register (TADCR) to 0). 

 3. If link with interrupt skipping is enabled while interrupt skipping is disabled, A/D 
converter start requests will not be issued. 

 * Do not set to 1 when complementary PWM mode is not selected. 

 

Table 12.27 Setting of Transfer Timing by Bits BF1 and BF0  

Bit 7 Bit 6  

BF1 BF0 Description 

0 0 Does not transfer data from the cycle set buffer register to the cycle 
set register. 

0 1 Transfers data from the cycle set buffer register to the cycle set 
register at the crest of the TCNT_4 count.*1 

1 0 Transfers data from the cycle set buffer register to the cycle set 
register at the trough of the TCNT_4 count.*2 

1 1 Transfers data from the cycle set buffer register to the cycle set 
register at the crest and trough of the TCNT_4 count.*2 

Notes: 1. Data is transferred from the cycle set buffer register to the cycle set register when the 
crest of the TCNT_4 count is reached in complementary PWM mode, when compare 
match occurs between TCNT_3 and TGRA_3 in reset-synchronized PWM mode, or 
when compare match occurs between TCNT_4 and TGRA_4 in PWM mode 1 or 
normal operation mode. 

 2. These settings are prohibited when complementary PWM mode is not selected. 
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(g) PWM Cycle Setting 

In complementary PWM mode, the PWM pulse cycle is set in two registers—TGRA_3, in which 
the TCNT_3 upper limit value is set, and TCDR, in which the TCNT_4 upper limit value is set. 
The settings should be made so as to achieve the following relationship between these two 
registers: 

With dead time:  TGRA_3 set value = TCDR set value + TDDR set value 
 TCDR set value > two times TDDR + 2 
Without dead time:  TGRA_3 set value = TCDR set value + 1 
 TCDR set value > 4 

The TGRA_3 and TCDR settings are made by setting the values in buffer registers TGRC_3 and 
TCBR. The values set in TGRC_3 and TCBR are transferred simultaneously to TGRA_3 and 
TCDR in accordance with the transfer timing selected with bits MD3 to MD0 in the timer mode 
register (TMDR). 

The updated PWM cycle is reflected from the next cycle when the data update is performed at the 
crest, and from the current cycle when performed in the trough. Figure 12.42 illustrates the 
operation when the PWM cycle is updated at the crest. 

See (h) Register Data Updating, for the method of updating the data in each buffer register. 

Counter value TGRC_3
update

TGRA_3
update

TGRA_3

TCNT_3

TCNT_4

Time 

Figure 12.42   Example of PWM Cycle Updating 
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(5) Buffer Operation Timing 

Figures 12.86 to 12.88 show the timing in buffer operation. 

TGRA,
TGRB

Compare
match buffer
signal

TCNT

TGRC,
TGRD

n N

N

n n + 1

Pφ

 

Figure 12.86   Buffer Operation Timing (Compare Match) 

TGRA,
TGRB

TCNT

Input capture
signal

TGRC,
TGRD

N

n

n N + 1

N

N N + 1

Pφ

 

Figure 12.87   Buffer Operation Timing (Input Capture) 
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17.3.9 Data Control Register (SPDCR) 

SPDCR selects the width to access SPDR from longword-, word-, and byte-width, and enables or 
disables dummy data transmission for the master mode operation. 

If the contents of SPDCR are changed while bit TEND in the status register (SPSR) indicates that 
transmission is not completed, the subsequent operation cannot be guaranteed. 

7 6 5 4 3 2 1 0Bit:

Initial value:
R/W:

0 0 1 0 0 0 0 0
R/W R/W R/W R R R R R

TXDMY SPLW1 SPLW0 ⎯ ⎯ ⎯ ⎯ ⎯

 
 

Bit Bit Name 
Initial 
Value R/W Description 

7 TXDMY 0 R/W Dummy Data Transmission Enable 

Enables or disables dummy data transmission. 

When communication is performed with this bit set to 
1, dummy data is transmitted from the MOSI pin and 
a serial communication can be performed even if 
there is no transmit data in the transmit buffer. 

Specifically, if there is no transmit data in the 
transmit buffer and this bit is set to 1, dummy data is 
transferred to the shift register. Data previously 
transmitted from the pin is used as dummy data. If 
this bit is set to 1 after the initialization and a transfer 
is performed, the transmitted dummy data is 
undefined. 

0: Disables dummy data transmission. 

1: Enables dummy data transmission. 

Note: This bit is valid only in the master mode. 
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18.6 Usage Notes 

18.6.1 Notes on Transfer to Read Data in SPI Operating Mode 

If the setting for the bit mode is for division by two or more in SPI operating mode, take note of 
the following points for caution when setting the SPI mode enable setting register (SMENR) to 
enable transfer only for reading data. 

“Transfer only for reading data” indicates transfer to read data while the CDE, OCDE, ADE[3:0], 
and OPDE[3:0] bits in SMENR are all 0. 

(1) Transfer to read data while the signal on the SPBSSL pin is de-asserted 

Set the SMENR.SPIDE[3:0] bits to 1100 or 1111 when transfer only for reading data is to 
proceed. 

Transfer will not proceed normally if the setting of the SMENR.SPIDE[3:0] bits is 1000. 

(2) Transfer to read data while the signal on the SPBSSL pin is asserted 

When transfer only for reading data is to proceed, set the SMENR.SPIDE[3:0] bits to 1100 or 
1111, or end the immediately preceding transfer with reading data. 

When the immediately preceding transfer is of a command, optional command, address, or option 
data, or is transfer for writing data, the subsequent transfer only for reading data will not proceed 
normally if the setting of the SMENR.SPIDE[3:0] bits is 1000. 

18.6.2 Notes on Starting Transfer from the SPBSSL Retained State in SPI Operating 

Mode 

Be sure to set the SPIWE bit in the SMCR register to 1 when the transfer of a command, optional 
command, address, or option data is started while the SPBSSL pin is being asserted in SPI 
operating mode. 

18.6.3 Note on Initialization 

Before using this module, be sure to set the AC characteristics adjustment register (SPBACR) to 
H'0000A508. 
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19.4.3 Master Receive Operation 

In master receive mode, the master device outputs the receive clock, receives data from the slave 
device, and returns an acknowledge signal. For master receive mode operation timing, refer to 
figures 19.7 and 19.8. The reception procedure and operations in master receive mode are shown 
below. 

1. Clear the TEND bit in ICSR to 0, then clear the TRS bit in ICCR1 to 0 to switch from master 
transmit mode to master receive mode. Then, clear the TDRE bit to 0. 

2. When ICDRR is read (dummy data read), reception is started, and the receive clock is output, 
and data received, in synchronization with the internal clock. The master device outputs the 
level specified by ACKBT in ICIER to SDA, at the 9th receive clock pulse. 

3. After the reception of first frame data is completed, the RDRF bit in ICSR is set to 1 at the rise 
of 9th receive clock pulse. At this time, the receive data is read by reading ICDRR, and RDRF 
is cleared to 0. 

4. The continuous reception is performed by reading ICDRR every time RDRF is set. If 8th 
receive clock pulse falls after reading ICDRR by the other processing while RDRF is 1, SCL is 
fixed low until ICDRR is read. 

5. If next frame is the last receive data, set the RCVD bit in ICCR1 to 1 before reading ICDRR. 
This enables the issuance of the stop condition after the next reception. 

6. When the RDRF bit is set to 1 at rise of the 9th receive clock pulse, issue the stage condition. 

7. When the STOP bit in ICSR is set to 1, read ICDRR. Then clear the RCVD bit to 0. 

8. The operation returns to the slave receive mode. 
 
Note: If only one byte is received, read ICDRR (dummy-read) after the RCVD bit in ICCR1 is 

set. 
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Bit Bit Name 
Initial 
Value R/W Description 

0 TXEACK 0 R/(W)* Acknowledge Bit Status 

Indicates the data received in the acknowledge bit of 
the data field. 

 Acknowledge bit other than in the data field 

This module terminates the transmission and enters 
the wait state if a NAK is received. In this case, this 
bit is set to 1. 

 Acknowledge bit in the data field 

This module retransmits data up to the maximum 
number of bytes defined by the communications 
mode until an ACK is received from the receive unit 
if a NAK is received from the receive unit during 
data field transmission. In this case, when an ACK 
is received from the receive unit during 
retransmission, this flag is not set and transmission 
will be continued. When transmission is terminated 
without receiving an ACK, this flag is set to 1. 

Note: This flag is invalid in broadcast communications. 

[Setting condition] 

 When the acknowledge bit of 1 (NAK) is detected 

[Clearing condition] 

 When 1 is written 

Note: * only 1 can be written to clear the flag. 
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25.4.5 Buffering Format 

Figure 25.15 shows the format of the output data stream produced by CD-ROM decoding. 

A 2-byte-wide window register STRMDOUT0 is provided for the output. When this window 
register is accessed after decoding of a CD-ROM sector has finished, the bytes of data are output 
in order from the sync code. 

Sync code

Header

Subheader

Data

EDC

ECC

Erasure

Reserved

H'00 Block error

H'0000

H'0000

Status (See next page)

H'0000

Reserved

Storage flag

12 bytes

4 bytes

8 bytes

2048 bytes

27
68

 b
yt

es

4 bytes

276 bytes

294 bytes

108 bytes

2 bytes

2 bytes

2 bytes

2 bytes

2 bytes

2 bytes

2 bytes  

Figure 25.15   Output Data Stream Format 
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Register Name Abbreviation R/W Address 
Access 
Size 

Pipe 3 transaction counter register PIPE3TRN R/W H'FFFF C09A 16 

Pipe 4 transaction counter enable register PIPE4TRE R/W H'FFFF C09C 16 

Pipe 4 transaction counter register PIPE4TRN R/W H'FFFF C09E 16 

Pipe 5 transaction counter enable register PIPE5TRE R/W H'FFFF C0A0 16 

Pipe 5 transaction counter register PIPE5TRN R/W H'FFFF C0A2 16 

Device address 0 configuration register DEVADD0 R/W H'FFFF C0D0 16 

Device address 1 configuration register DEVADD1 R/W H'FFFF C0D2 16 

Device address 2 configuration register DEVADD2 R/W H'FFFF C0D4 16 

Device address 3 configuration register DEVADD3 R/W H'FFFF C0D6 16 

Device address 4 configuration register DEVADD4 R/W H'FFFF C0D8 16 

Device address 5 configuration register DEVADD5 R/W H'FFFF C0DA 16 
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27.3.10 Interrupt Enable Registers 1 and 2 (INTENB1 and INTENB2) 

INTENB1 is a register that enables or disables the various interrupts when the host controller 
function is selected on the port 0 side. INTENB2 is a register that enables or disables the various 
interrupts when the host controller function is selected on the port 1 side. INTENB1 also sets the 
interrupt mask for setup transaction. 

On detecting the interrupt corresponding to the bit in these registers that has been set to 1, these 
modules generate the USB interrupt. 

These modules set 1 to each status bit in INTSTS1 and INTSTS2 when a detection condition of 
the corresponding interrupt source has been satisfied regardless of the set value in INTENB1 and 
INTENB2 (regardless of whether the interrupt output is enabled or disabled). 

While the status bit in INTSTS1 and INTSTS2 corresponding to the interrupt source indicates 1, 
these modules generate the USB interrupt when the corresponding interrupt enable bit in 
INTENB1 and INTENB2 is modified from 0 to 1. 

When the function controller function is selected, the interrupts should not be enabled. These 
registers are initialized by a power-on reset. 

(1) INTENB1 

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

Initial value:
R/W:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R/W R R/W R/W R R R R R/W R/W R/W R R R R

— BCHGE — DTCHE ATT
CHE — — — EOF

ERRE SIGNE SACKE — — — ——

 
 

Bit Bit Name 
Initial 
Value R/W Description 

15  0 R Reserved 

This bit is always read as 0. The write value should 
always be 0. 

14 BCHGE 0 R/W USB Bus Change Interrupt Enable 

Enables or disables the USB interrupt request when 
the BCHG interrupt is detected.  

0: Interrupt request disabled 

1: Interrupt request enabled 

13  0 R Reserved 

This bit is always read as 0. The write value should 
always be 0. 
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27.3.12 NRDY Interrupt Enable Register (NRDYENB) 

NRDYENB is a register that enables or disables the NRDY bit in INTSTS0 to be set to 1 when the 
NRDY interrupt is detected for each pipe. 

On detecting the NRDY interrupt for the pipe corresponding to the bit in this register that has been 
set to 1, this module sets 1 to the corresponding PIPENRDY bit in NRDYSTS and the NRDY bit 
in INTSTS0, and generates the NRDY interrupt. 

While at least one PIPENRDY bit in NRDYSTS indicates 1, this module generates the NRDY 
interrupt when the corresponding interrupt enable bit in NRDYENB is modified from 0 to 1. 

This register is initialized by a power-on reset. 

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

Initial value:
R/W:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R R R R R R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

— — — — — — PIPE9
NRDYE

PIPE8
NRDYE

PIPE7
NRDYE

PIPE6
NRDYE

PIPE5
NRDYE

PIPE4
NRDYE

PIPE3
NRDYE

PIPE2
NRDYE

PIPE1
NRDYE

PIPE0
NRDYE

 
 

Bit Bit Name 
Initial 
Value R/W Description 

15 to 10  All 0 R Reserved 

These bits are always read as 0. The write value 
should always be 0. 

9 PIPE9NRDYE 0 R/W NRDY Interrupt Enable for PIPE9 

0: Interrupt output disabled 

1: Interrupt output enabled 

8 PIPE8NRDYE 0 R/W NRDY Interrupt Enable for PIPE8 

0: Interrupt output disabled 

1: Interrupt output enabled 

7 PIPE7NRDYE 0 R/W NRDY Interrupt Enable for PIPE7 

0: Interrupt output disabled 

1: Interrupt output enabled 

6 PIPE6NRDYE 0 R/W NRDY Interrupt Enable for PIPE6 

0: Interrupt output disabled 

1: Interrupt output enabled 
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Bit Bit Name 
Initial 
Value R/W Description 

13 to 11  All 0 R Reserved 

These bits are always read as 0. The write value 
should always be 0. 

10 BFRE 0 R/W BRDY Interrupt Operation Specification 

Specifies the BRDY interrupt generation timing from 
this module to the CPU with respect to the selected 
pipe. 

0: BRDY interrupt upon transmitting or receiving of 
data 

1: BRDY interrupt upon completion of reading of 
data 

This bit is valid when any of pipes 1 to 5 is selected. 

When this bit has been set to 1 and the selected pipe 
is in the receiving direction, this module detects the 
transfer completion and generates the BRDY 
interrupt on having read the pertinent packet. 

When the BRDY interrupt is generated with the 
above conditions, 1 needs to be written to BCLR. 
The FIFO buffer assigned to the selected pipe is not 
enabled for reception until 1 is written to BCLR. 

When this bit has been set to 1 and the selected pipe 
is in the transmitting direction, this module does not 
generate the BRDY interrupt. 

For details, refer to section 27.4.2 (1), BRDY 
Interrupt. 

Modify these bits while PID is NAK and before the 
pipe is selected by the CURPIPE bits. 

To modify these bits after completing USB 
communication using the selected pipe, write 1 and 
then 0 to ACLRM continuously to clear the FIFO 
buffer assigned to the selected pipe while the PID 
and CURPIPE bits are in the above-described state. 

Before modifying these bits after modifying the PID 
bits for the selected pipe from BUF to NAK, check 
that PBUSY is 0. However, if the PID bits have been 
modified to NAK by this module, checking PBUSY is 
not necessary. 
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Bit Bit Name 
Initial  
Value R/W Description 

1, 0 PID[1:0] 00 R/W Response PID 

Specifies the response type for the next transaction 
of the pertinent pipe. 

00: NAK response 

01: BUF response (depending on the buffer state) 

10: STALL response 

11: STALL response 

The default setting of these bits is NAK. Modify the 
setting to BUF to use the pertinent pipe for USB 
transfer. Tables 27.10 and 27.11 show the basic 
operation (operation when there are no errors in the 
transmitted and received packets) of this module 
depending on the PID bit setting. 

After modifying the setting of these bits from BUF to 
NAK during USB communication using the pertinent 
pipe, check that PBUSY is 0 to see if USB 
communication using the pertinent pipe has actually 
entered the NAK state. 

This module modifies the setting of these bits as 
follows. 

 This module sets PID to STALL (11) on receiving 
the data packet with the payload exceeding the 

maximum packet size of the pertinent pipe. 

 This module sets PID to NAK on detecting a USB 
bus reset when the function controller function is 
selected. 
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Figure 27.8   Token Issuance when IITV = 0 
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Figure 27.9   Token Issuance when IITV = 1 
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The interval counting starts at the different timing depending on the IITV bit setting (similar to 
the timing during OUT transfers). 

The interval counting is cleared on any of the following conditions in function controller 
mode. 

 When a power-on reset is applied. 

 When the ACLRM bit is set to 1. 

 When this module detects a USB bus reset. 
 
(4) Setup of Data to be Transmitted using Isochronous Transfer when the Function 

Controller Function is Selected 

With isochronous data transmission using this module in function controller function, after data 
has been written to the buffer memory, a data packet can be sent with the next frame in which an 
SOF packet is detected. This function is called the isochronous transfer transmission data setup 
function, and it makes it possible to designate the frame from which transmission began. 

If a double buffer is used for the buffer memory, transmission will be enabled for only one of the 
two buffers even after the writing of data to both buffers has been completed, that buffer memory 
being the one to which the data writing was completed first. For this reason, even if multiple IN 
tokens are received, the only buffer memory that can be sent is one packet's worth of data. 

When an IN token is received, if the buffer memory is in the transmission enabled state, this 
module transmits the data. If the buffer memory is not in the transmission enabled state, however, 
a zero-length packet is sent and an underrun error occurs. 

Figure 27.12 shows an example of transmission using the isochronous transfer transmission data 
setup function with this module, when IITV = 0 (every frame) has been set.  
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Section 31   General Purpose I/O Ports 

This LSI has ten general purpose I/O ports: A, B, C, D, E, F, G, H, J, and K. 

All port pins are multiplexed with other peripheral module pin functions. 

Each port is provided with registers for selecting the pin functions and those I/O directions of 
multiplex pins, data registers for storing the pin data and port registers for reading the states of the 
pins. 

31.1 Features 

 By setting the control registers, multiplexed pin functions can be selectable. 

 When the general I/O function or TIOC I/O function of multi-function timer pulse unit 2 is 
specified, the I/O direction can be selected by I/O register settings. 

 
Table 31.1 Number of General Purpose I/O Pins 

Port SH726A SH726B 

A 2 I/O pins 

B 22 I/O pins 

C 9 I/O pins 

D 16 I/O pins 

E 8 input pins with open-drain outputs 

F 8 I/O pins 

G 2 I/O pins 4 input pins 

H 6 input pins 8 input pins 

J  15 I/O pins 

K  2 I/O pins 

Total 73 pins (57 I/O pins, 8 input pins with 
open-drain outputs, and 8 input pins) 

94 pins (74 I/O pins, 8 input pins with open-
drain outputs, and 12 input pins) 

 


