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Section 1 Overview

Items Specification
On-chip ROM o 128 Kbytes (Only in SH7131/SH7132) or 256 Kbytes
On-chip RAM e 8 Kbytes (Only in SH7131/SH7132) or 16 Kbytes

Bus state controller
(BSC)

Address space: A maximum 1 Mbyte for each of two areas (CS0 and
CS1) (Only in SH7132/SH7137)

8-bit external bus (Only in SH7132/SH7137)

The following features settable for each area independently
— Number of access wait cycles

— Idle wait cycle insertion

— Supports SRAM

Outputs a chip select signal according to the target area

Data transfer
controller (DTC)

Data transfer activated by an on-chip peripheral module interrupt can
be done independently of the CPU transfer.

Transfer mode selectable for each interrupt source (transfer mode is
specified in memory)

Multiple data transfer enabled for one activation source

Various transfer modes

Normal mode, repeat mode, or block transfer mode can be selected.

Data transfer size can be specified as byte, word, or longword

The interrupt that activated the DTC can be issued to the CPU.

— A CPU interrupt can be requested after one data transfer
completion.

— A CPU interrupt can be requested after all specified data transfer
completion.

Interrupt controller
(INTC)

Five external interrupt pins (NMI and IRQ3 to IRQ0)
On-chip peripheral interrupts: Priority level set for each module
Vector addresses: A vector address for each interrupt source
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Section2 CPU

Load/Store Architecture: Basic operations are executed between registers. In operations
involving memory, data is first loaded into a register (load/store architecture). However, bit
manipulation instructions such as AND are executed directly in memory.

Delayed Branching: Unconditional branch instructions means the delayed branch instructions.
With a delayed branch instruction, the branch is made after execution of the instruction
immediately following the delayed branch instruction. This minimizes disruption of the pipeline
when a branch is made. The conditional branch instructions have two types of instructions:
conditional branch instructions and delayed branch instructions.

Table 2.3  Delayed Branch Instructions

CPU in this LSI Description Example of Other CPUs
BRA TRGET ADD is executed before branch to TRGET. ADD.W R1,R0
ADD R1,R0 BRA TRGET

Multiply/Multiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operation is
executed in one to two cycles, and a 16 x 16 + 64 — 64 multiply-and-accumulate operation in two
to three cycles. A 32 x 32 — 64 multiply operation and a 32 x 32 + 64 — 64 multiply-and-
accumulate operation are each executed in two to four cycles.

T Bit: The result of a comparison is indicated by the T bit in SR, and a conditional branch is
performed according to whether the result is True or False. Processing speed has been improved
by keeping the number of instructions that modify the T bit to a minimum.

Table 2.4 T Bit

CPU in this LSI Description Example of Other CPUs
CMP/GE R1,R0 When RO > R1, the T bit is set. CMP.W R1,R0

BT TRGETO When RO > R1, a branch is made to TRGET0. BGE TRGETO

BF TRGET1 When RO < R1, a branch is made to TRGET1. BLT TRGETH1

ADD #-1,R0 The T bit is not changed by ADD. SUB.W #1,R0

CMP/EQ #0,R0 When RO = 0, the T bit is set. BEQ TRGET

BT TRGET A branch is made when RO = 0.

Immediate Data: 8-bit immediate data is placed in the instruction code. Word and longword
immediate data is not placed in the instruction code. It is placed in a table in memory. The table in
memory is accessed with the MOV immediate data instruction using PC relative addressing mode
with displacement.
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Section 3 MCU Operating Modes

H'00000000

H'0003FFFF
H'00040000

HFFFF7FFF
HFFFF8000

HFFFFBFFF
HFFFFC000

HFFFFFFFF

Mode 3
Single chip mode

On-chip ROM
(256 Kbytes)

Reserved

On-chip RAM
(16 Kbytes)

On-chip peripheral
1/O registers

Figure 3.2 Address Map for Each Operating Mode in SH7131 and SH7136
(256-Kbyte Flash Memory Version)

RENESAS
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Section 4 Clock Pulse Generator (CPG)

Table 4.1 shows the operating clock for each module.

Table 4.1

Operating Clock

Operating Clock for Each Module

Operating Module Operating Clock

Operating Module

Internal clock (I9) CPU Peripheral clock (P¢) POE
UBC* SCI
ROM SSU
RAM RCAN-ET
I’C
A/D
CMT
WDT
Bus clock (B¢) BSC MTU2 clock (MP¢) MTU2
DTC MTU2S clock (Ml¢) MTU2S

Note: * SH7136 and SH7137 only.
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Section 6

Interrupt Controller (INTC)

Table 6.4 Interrupt Response Time
Number of Cycles
Peripheral

ltem NMI IRQ Modules Remarks

DTC active judgment — 2 x Beyc 1 x Pcyc

Interrupt priority decision 1 xlcyc + 2 x 1 xlcyc+ 1 x 1 xlcyc + 2 x

and comparison with mask  Pcyc Pcyc Pcyc

bits in SR

Wait for completion of X (=0) X (=0) X (=0) The longest sequence is

sequence currently being for interrupt or address-

executed by CPU error exception handling
(X=7xlcyc+m1+m2
+m3+m4). If an
interrupt-masking
instruction follows,
however, the time may
be even longer.

Time from start of interrupt 8 x Icyc + 8 x lcyc + 8 x lcyc + Performs the saving PC

exception handling until
fetch of first instruction of
exception handling routine
starts

m1+m2+ m3

m1+m2+ m3 m1+m2+ m3

and SR, and vector
address fetch.

Interrupt Total: 9 xlcyc +2 x 9 xlcyc+ 1 x 9 x leyc + 3 x
response Pcyc + m1 + m2 Pcyc +2 x Beyc + Pcyc + m1 + m2
time +m3+X mli+m2+m3+ +m3+X
X
Minimum®*: 12 x lcyc + 12 x leyc + 12 x leyc + SR, PC, and vector table
2 x Pcyc 1 x Peyc + 3 x Pcyc are all in on-chip RAM.
2 x Beyc
Maximum: 16 x lcyc + 16 x lcyc + 16 x lcyc +
2 x Pcyc +2 x 1 x Pcyc + 3 x Pcyc + 2 x
(m1+m2+m3) 2xBcyc+2x  (M1+m2+m3)
+ m4 (m1+m2+m3) +m4
+ m4
Notes: * Inthe case thatm1=m2=m3=m4 =1 x Icyc.

m1 to m4 are the number of cycles needed for the following memory accesses.
m1: SR save (longword write)

m2: PC save (longword write)

m3: Vector address read (longword read)

m4: Fetch first instruction of interrupt service routine
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Section 8 Data Transfer Controller (DTC)

Initial
Bit Bit Name Value R/W Description
1,0 — Undefined — Reserved
The write value should always be 0.
[Legend]
X: Don't care

8.2.2 DTC Mode Register B (MRB)

MRB selects DTC operating mode. MRB cannot be accessed directly by the CPU.

Bit: 7 6 5 4 3 2 1 0
|CHNE|CHNS|DISEL| DTS | DM[1:0] | ] | - |
Initial value: - - - - - -
R/W: - - - - - -
Initial
Bit Bit Name Value R/W Description
7 CHNE Undefined — DTC Chain Transfer Enable

Specifies the chain transfer. For details, see section
8.5.6, Chain Transfer. The chain transfer condition is
selected by the CHNS bit.

0: Disables the chain transfer
1: Enables the chain transfer
6 CHNS Undefined — DTC Chain Transfer Select

Specifies the chain transfer condition. If the following
transfer is a chain transfer, the completion check of the
specified transfer count is not performed and activation
source flag or DTCER is not cleared.

0: Chain transfer every time
1: Chain transfer only when transfer counter = 0
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Section 9 Bus State Controller (BSC)

e When DTC activation request is generated during read access to external space from CPU

Read access to external
space from CPU

Internal bus DTC

Read access to external
space from CPU

DTC
activation request | ---- | ----- _|—|_

DTC activation request is generated in this period.

External bus

e When DTC activation request is generated during write access to external space from CPU (1)

Write to external
space from CPU

Internal bus DTC

Write access to external

External bus space from CPU

DTC
activation request

-~
DTC activation request is generated in this period.

e When DTC activation request is generated during write access to external space from CPU (2)
(When external space read request is generated by CPU during execution of write access to external space from CPU)

Internal bus

External bus

Write to external
space from CPU

Read access to external
space from CPU

DTC

Write access to external
space from CPU

Read access to external
space from CPU

DTC
activation request

]

P

DTC activation request is generated in this period.

e When DTC activation request is generated during write access to external space from CPU (3)
(When external space write request is generated by CPU during execution of write access to external space from CPU)

Internal bus

Write to external
space 1 from CPU

Write to external
space 2 from CPU

DTC

External bus

DTC

Write access to external
space 1 from CPU

Write access to external
space 2 from CPU

activation request

DTC activation request is generated in this period.

Figure 9.9 Bus Arbitration When DTC Activation Request Occur during External Space
Access from CPU
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Table 10.28 TIORU_S5, TIORV_5, and TIORW_S5 (Channel 5)

Description
TGRU_5,
TGRV_5, and
Bit4 Bit3 Bit2 Bit1 Bit0 TGRW_5
I0C4 I10C3 I10C2 I10C1 10CO Function TIC5U, TIC5V, and TIC5W Pin Function
0 0 0 0 0 Compare Compare match
1 match register Setting prohibited
1 X Setting prohibited
1 X X Setting prohibited
1 X X X Setting prohibited
1 0 0 0 0 Input capture Setting prohibited
1 register Input capture at rising edge
1 0 Input capture at falling edge
1 Input capture at both edges
1 X X Setting prohibited
1 0 0 0 Setting prohibited
1 Measurement of low pulse width of external input signal
Capture at trough of complementary PWM mode
1 0 Measurement of low pulse width of external input signal
Capture at crest of complementary PWM mode
1 Measurement of low pulse width of external input signal
Capture at crest and trough of complementary PWM
mode
1 0 0 Setting prohibited
1 Measurement of high pulse width of external input signal
Capture at trough of complementary PWM mode
1 0 Measurement of high pulse width of external input signal
Capture at crest of complementary PWM mode
1 Measurement of high pulse width of external input signal
Capture at crest and trough of complementary PWM
mode
[Legend]
X: Don't care
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Procedure for Selecting the Reset-Synchronized PWM Mode: Figure 10.35 shows an example

of procedure for selecting the reset synchronized PWM mode.

Reset-synchronized
PWM mode

|
| Stop counting

)

|1

Select counter clock and o
counter clear source 2]
Brushless DC motor 3

control setting 3]
| Set TCNT |14
| Set TGR |is1

PWM cycle output enabling, 6
PWM output level setting (6]
Set reset-synchronized 7]
PWM mode
| Enable waveform output |[8]
| PFC setting |[9]
| Start count operation |[10]

Reset-synchronized PWM mode

[1] Clear the CST3 and CST4 bits in the TSTR
to 0 to halt the counting of TCNT. The
reset-synchronized PWM mode must be set
up while TCNT_3 and TCNT_4 are halted.

Set bits TPSC2 to TPSCO and CKEG1 and
CKEGO in the TCR_3 to select the counter
clock and clock edge for channel 3. Set bits
CCLR2 to CCLRO in the TCR_3 to select TGRA
compare-match as a counter clear source.

[2

[3

When performing brushless DC motor control,
set bit BDC in the timer gate control register
(TGCR) and set the feedback signal input source
and output chopping or gate signal direct output.

[4] Reset TCNT_3 and TCNT_4 to H'0000.

5

TGRA_3 is the period register. Set the waveform
period value in TGRA_3. Set the transition timing
of the PWM output waveforms in TGRB_3,
TGRA_4, and TGRB_4. Set times within the
compare-match range of TCNT_3.

X < TGRA_3 (X: set value).
[6] Select enabling/disabling of toggle output
synchronized with the PMW cycle using bit PSYE
in the timer output control register (TOCR1), and set
the PWM output level with bits OLSP and OLSN.
When specifying the PWM output level by using TOLBR
as a buffer for TOCR2, see figure 10.3.

[7] Set bits MD3 to MDO in TMDR_3 to B'1000 to select

the reset-synchronized PWM mode. Do not set to TMDR_4.

[8] Set the enabling/disabling of the PWM waveform output
pin in TOER.

[9] Set the port control register and the port I/O register.

[10] Setthe CST3 bitin the TSTR to 1 to start the count
operation.

Note: The output waveform starts to toggle operation at the point of
TCNT_3 =TGRA_3 = X by setting X = TGRA, i.e., cycle = duty.

Figure 10.35 Procedure for Selecting Reset-Synchronized PWM Mode
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

VPeriod during which Period during which Period during which Period during which

changing skipping count changing skipping count changing skipping count changing skipping count
can be performed can be performed can be performed can be performed

Figure 10.74 Periods during which Interrupt Skipping Count can be Changed

2. Example of Interrupt Skipping Operation

Figure 10.75 shows an example of TGIA_3 interrupt skipping in which the interrupt skipping
count is set to three by the 3ACOR bit and the T3AEN bit is set to 1 in the timer interrupt
skipping set register (TITCR).

Interrupt skipping period Interrupt skipping period

TGIA_S3 interrupt

flag set signal |_| |_| |_| |_| |_| Tl
l
(P_

Skipping counter 00 01 02 03 \ 00 01 02 03

-

TGFA_3 flag

Figure 10.75 Example of Interrupt Skipping Operation
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

10.4.11 External Pulse Width Measurement
The pulse widths of up to three external input lines can be measured in channel 5.

Example of External Pulse Width Measurement Setting Procedure:

External pulse width [1] Use bits TPSC1 and TPSCO in TCR to select the
measurement counter clock.

| [2] In TIOR, select the high level or low level for the pulse
1] width measuring condition.

Select counter clock

| [3] Set bits CST in TSTR to 1 to start count operation.

Select pulse width measuring | (5] Notes: 1. Do not set bits CMPCLR5U, CMPCLR5V, or

conditions CMPCLR5W in TCNTCMPCLR to 1.
| 2. Do not set bits TGIE5U, TGIE5V, or TGIE5SW in
TIER_5to 1.
Start count operation [3] 3.The value in TCNT is not captured in TGR.

!

<External pulse width measurement>

Figure 10.87 Example of External Pulse Width Measurement Setting Procedure

Example of External Pulse Width Measurement:

TCNT5_U 0000 |0001 |0002 |0003| 0004| 0005| 0006| 0007 \ 0007| 0008|0009|000A| 000B
Il

Figure 10.88 Example of External Pulse Width Measurement
(Measuring High Pulse Width)
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

10.7.18 Contention between TCNT Write and Overflow/Underflow

If there is an up-count or down-count in the T2 state of a TCNT write cycle, and
overflow/underflow occurs, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is
not set.

Figure 10.135 shows the operation timing when there is contention between TCNT write and
overflow.

TCNT write cycle

T1 T2
MP¢ _l_l l_l |_| |_| |_|
Address X TCNT address X
Write signal |_| / TCNT write data
TCNT H'FFFF X M

Disabled — ==============.
TCFV flag H

Figure 10.135 Contention between TCNT Write and Overflow

10.7.19 Cautions on Transition from Normal Operation or PWM Mode 1 to Reset-
Synchronized PWM Mode

When making a transition from channel 3 or 4 normal operation or PWM mode 1 to reset-
synchronized PWM mode, if the counter is halted with the output pins (TIOC3B, TIOC3D,
TIOC4A, TIOC4C, TIOC4B, TIOC4D) in the high-level state, followed by the transition to reset-
synchronized PWM mode and operation in that mode, the initial pin output will not be correct.

When making a transition from normal operation to reset-synchronized PWM mode, write H'11 to
registers TIORH_3, TIORL_3, TIORH_4, and TIORL_4 to initialize the output pins to low level
output, then set an initial register value of H'00 before making the mode transition.

When making a transition from PWM mode 1 to reset-synchronized PWM mode, first switch to
normal operation, then initialize the output pins to low level output and set an initial register value
of H'00 before making the transition to reset-synchronized PWM mode.
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Section 10 Multi-Function Timer Pulse Unit 2 (MTU2)

Operation when Error Occurs during Normal Mode Operation, and Operation is Restarted
in Reset-Synchronized PWM Mode: Figure 10.143 shows an explanatory diagram of the case
where an error occurs in normal mode and operation is restarted in reset-synchronized PWM mode
after re-setting.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
RESET TMDR TOER TIOR PFC TSTR Match Error PFC TSTR TIOR TIOR TOER TOCR TMDR TOER PFC TSTR
(normal) (1) (1init (MTU2) (1) occurs (PORT)  (0) (0O init (disabled) (0) (RPWM) (1) (MTU2) (1)
0 out) 0 out)
MTU2 module outout  §  y v LR TN ORI NN S AN JN S

Port output B

!
e Hovz o .
: o e

PEo— | Hghz i ]

D e s N S A N A S A N N

Figure 10.143 Error Occurrence in Normal Mode,
Recovery in Reset-Synchronized PWM Mode

1 to 13 are the same as in figure 10.138.

14. Select the reset-synchronized PWM output level and cyclic output enabling/disabling with
TOCR.

15. Set reset-synchronized PWM.

16. Enable channel 3 and 4 output with TOER.
17. Set MTU?2 output with the PFC.

18. Operation is restarted by TSTR.
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Section 14 Serial Communication Interface (SCI)

14.3.9  Serial Direction Control Register (SCSDCR)

The DIR bit in the serial direction control register (SCSDCR) selects LSB-first or MSB-first
transfer. With an 8-bit data length, LSB-first/MSB-first selection is available regardless of the
communication mode.

Bit: 7 6 5 4 3 2 1 0
- [ -[-[-Jos] -] -1]-]
Initial value: 1 1 1 1 0 0 1 0

R/W: R R R R R/W R R R

Initial

Bit Bit Name Value R/W Description

7t04 — All 1 R Reserved
These bits are always read as 1. The write value should
always be 1.

3 DIR 0 R/W Data Transfer Direction
Selects the serial/parallel conversion format. Valid for
an 8-bit transmit/receive format.
0: SCTDR contents are transmitted in LSB-first order

Receive data is stored in SCRDR in LSB-first
1: SCTDR contents are transmitted in MSB-first order
Receive data is stored in SCRDR in MSB-first

2 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

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

0 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
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Section 18 Compare Match Timer (CMT)

18.2.3 Compare Match Counter (CMCNT)

CMCNT is a 16-bit register used as an up-counter. When the counter input clock is selected with
bits CKS1 and CKSO in CMCSR and the STR bit in CMSTR is set to 1, CMCNT starts counting
using the selected clock.

When the value in CMCNT and the value in compare match constant register (CMCOR) match,
CMCNT is cleared to H'0000 and the CMF flag in CMCSR is set to 1.

The initial value of CMCNT is H'0000.

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

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

18.24  Compare Match Constant Register (CMCOR)
CMCOR is a 16-bit register that sets the interval up to a compare match with CMCNT.

The initial value of CMCOR is H'FFFF.

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

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW:RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
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Section 20 Pin Function Controller (PFC)

Table 20.10 SH7131/SH7136 Pin Functions in Each Operating Mode

Pin Name
Single-Chip Mode (MCU Mode 3)
Pin No. Initial Function Functions Selectable by PFC
10, 27, 44,57, 79 Vce Vcee
1,13, 29, 49 Vss Vss
15, 46 Vceu Vceu
78 AVce AVce
63 AVss AVss
60 PLLVss PLLVss
68 AVrefh AVrefh
73 AVrefl AVrefl
56 EXTAL EXTAL
55 XTAL XTAL
62 MD1 MD1
59 FWE*' FWE*'
54 RES RES
80 WDTOVF WDTOVF
58 NMI NMI
61 ASEMDO*' ASEMDO*'
53 PAO PAO/POEO/RXDO
52 PA1 PA1/POE1/TXDO
51 PA2 PA2/IRQO/POE2/SCKO
50 PA3 PA3/IRQ1/RXD1
48 PA4 PA4/IRQ2/TXD1
47 PA5 PA5/IRQ3/SCK1
45 PA6 PA6/UBCTRG*/TCLKA/POE4
43 PA7 PA7/TCLKB/POE5/SCK2
42 PA8 PA8/TCLKC/POE6/RXD2
41 PA9 PA9/TCLKD/POES/TXD2
40 PA10 PA10/RXD0O
39 PA11 PA11/TXDO/ADTRG
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Section 20 Pin Function Controller (PFC)

Initial
Bit Bit Name Value R/W Description
6 PA1MD2 0’ R/W PA1 Mode
5 PA1MD1 0 R/W  Select the function of the PA1/A1/POE1/TXDO pin.
4 PA1MDO 0 R/W 000: PA1 1/O (port)
001: TXDO output (SCI)
100: A1 output (BSC)**
111: POE1 input (POE)
Other than above: Setting prohibited
3 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
2 PAOMD2 0’ R/W PAO Mode
PAOMD1 0 R/W  Select the function of the PA0/AO/POEO/RXDO pin.
0 PAOMDO 0 R/W 000: PAO I/O (port)

001: RXDO input (SCI)

100: AO output (BSC)**

111: POEO input (POE)

Other than above: Setting prohibited

Notes: 1. The initial value is 1 in the on-chip ROM disabled external-extension mode.

2. This function is available only in the on-chip ROM enabled/disabled external-extension
mode. Do not set to this value in single-chip mode.
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Section 20 Pin Function Controller (PFC)

Initial
Bit Bit Name Value R/W Description
10 PB2MD2 0 R/W PB2 Mode
9 PB2MD1 0 R/W Select the function of the
8 PB2MDO 0 R/W PB2/IRQO/POEO/TIC5VS/SCL pin.
000: PB2 I/O (port)
001: IRQO input (INTC)
010: POEQ input (POE)
011: TIC5VS input (MTU2S)
100: SCL /O (lIC2)
Other than above: Setting prohibited
7t00 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Section 22 Flash Memory

(1) On-Chip RAM Address Map when Programming/Erasing is Executed
Parts of the procedure program that are made by the user, like download request,
programming/erasing procedure, and decision of the result, must be executed in the on-chip
RAM. All of the on-chip program that is to be downloaded is in on-chip RAM. Note that on-
chip RAM must be controlled so that these parts do not overlap.

Figure 22.10 shows the program area to be downloaded.

<On-chip RAM> Address
RAMTOP (H'FFFF8000)*

Area that can be
used by user

A DPFR FTDAR setting
(Return value: 1 byte)
System use area

(15 bytes)
) FTDAR setting+16
Area to be Programming/
downloaded erasing entry
(Size: 3 Kbytes)
Initialization FTDAR setting+32

Unusable area in process entry

programming/erasing
processing period Initialization +
programming program
or Initialization +
erasing program

Area that can be FTDAR setting+3072

used by user

HFFFFA000
HFFFFAFFF

RAM emulation area

Area that can be
used by user

RAMEND (H'FFFFBFFF)

Note: * H'FFFFA000 on SH7131/SH7132.

Figure 22.10 RAM Map after Download
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