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Cautions

Keep safety first in your circuit designs!

1

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

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

Notes regarding these materials

1

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

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

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

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

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

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

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

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

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

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

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

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




ADE-602-105H
Rev.9.0

3/7/03

Hitachi, Ltd.

Hitachi SuperH™ RISC engine

SH7708 Series

SH7708, SH7708S, SH7708R

Hardware Manual

LENESAS



Cautions

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi's or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

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

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi's sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directl
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment fo
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristic
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this docume
without written approval from Hitachi.

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




Preface

The SH7708, SH7708S, and SH7708R(SH7708 Series) use a RISC (reduced instruction set
computer) type CPU to achieve high-performance computational processing. Also incorporatir
the peripheral functions required for system configuration plus power-down features essential
microcontroller application systems, the SH7708 Series is a new-generation RISC microcontre
(SuperH™ RISC engine).

The SH7708 Series has a RISC type instruction set, with basic instructions executed in one st
offering a drastic improvement in instruction execution speed. It also has an on-chip 32-bit
multiplier (producing a 64-bit result) capable of high-speed multiply-and-accumulate operation
The SH7708 Series’s instructions are upward-compatible with those of the SH-1 and SH-2,
facilitating migration from these series to the SH7708 Series.

SH7708R is completely pin compatible with the SH7708S. On-chip supporting modules that
enable a user system to be configured with a minimum of components include oscillation circu
an interrupt controller (INTC), timers, a realtime clock (RTC), and a serial communication
interface (SCI). A user break controller (UBC) is provided as an on-chip module supporting
program development, allowing easy configuration of a simple debugger.

On-chip cache memory improves CPU processing performance, and a built-in memory
management unit (MMU) performs address translation between a 4-gigabyte virtual space anc
physical space. An on-chip bus state controller (BSC) provides more efficient external memon
access, and enables direct connection to synchronous DRAM, DRAM, and pseudo-SRAM wiit|
the need for glue logic.

This hardware manual describes the hardware of the SH7708 Series. Details of instructions c:
found in the programming manual.

Note: * SuperH is a trademark of Hitachi, Ltd.
Related Manuals

SH7708Series instructions
SH-3/SH-3E/SH3-DSP Programming Manual

Please consult your Hitachi sales representative for details of development environment system.
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Revisions and Additions in this Edition

Page Item Description

338,339 12.4.3 Usage Note about Periodic New section added
Interrupt on RTC

494 Figure 16.65 Output Load Circuits [Former Edition]

554 Figure 17.65 Output Load Circuits The mark of VRER = |

[This Edition]
The mark of VRER =V
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Section 1 Overview and Pin Functions

1.1 SH7708 Series Features

The SH7708, SH7708S, and SH7708R(SH7708 Series) are 32-bit RISC (reduced instruction se
computer) microcomputers, featuring object code upward-compatibility with SH-1 and SH-2
microcomputers. The SH7708R is completely pin compatible with the SH7708S. It includes an &
kbyte cache with a choice of write-back or write-through mode, and an MMU (memory
management unit) with a 128-entry 4-way set associative TLB (translation lookaside buffer).

The SH7708 Series has an on-chip bus state controller (BSC) that allows direct connection to
DRAM, synchronous DRAM (SDRAM), and pseudo-SRAM (PSRAM) without external circuitry.
Its 16-bit fixed-length instruction set enables program code size to be reduced by almost 50%
compared with 32-bit instructions.

The features of the SH7708 Series are summarized in table 1.1.
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Table 1.1 SH7708 Series Features

Item Features

CPU » Original Hitachi SuperH RISC engine architecture
e 32-bit internal data bus
¢ General-register machine
0 Sixteen 32-bit general registers (eight 32-bit bank registers)
O Five 32-bit control registers
O Four 32-bit system registers

¢ RISC-type instruction set (upward compatibility with the SH-1 and SH-2
series)

O Instruction length: 16-bit fixed length for improved code efficiency
O Load-store architecture
O Delayed branch instructions
O C-oriented instruction set
¢ Instruction execution time: one instruction/cycle for basic instructions
¢ Logical address space: 4 Gbytes (448-Mbyte actual memory space)
« Space identifier ASID: 8 bits, 256 logical address spaces
¢ On-chip multiplier
« Five-stage pipeline

Operating modes, « Clock mode: selected from an on-chip oscillator module, a frequency-
clock pulse doubling circuit, or a clock output by combining them by PLL synchronization
generator )
* Processing states:
Power-on reset state
Manual reset state
Exception processing state
Program execution state

Power-down state

O 0Ooooogao

Bus-released state
¢ Power-down modes:
0 Sleep mode
0 Standby mode
0 Hardware Standby mode(SH7708S, SH7708R only)
¢ On-chip clock pulse generator
¢ One watchdog timer channel
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Table 1.1

SH7708 Series Features (cont)

Item Features

Memory ¢ 4 Gbytes of address space, 256 address spaces (8-bit ASID)
me_magement e Supports single virtual memory mode and multiple virtual memory mode
unit (MMU)

Paging system
Supports multiple page sizes: 1 or 4 kbytes
128-entry, 4-way set associative TLB

Supports software selection of replacement method and random-replacement
algorithms

Contents of TLB are directly accessible by address mapping

Cache memory

Choice of operating mode

O Normal mode (8-kbyte cache)

0 RAM mode (4-kbyte cache + 4-kbyte RAM)

Mixed instruction/data, 128 entries, 16-byte block length
0 4-way set associative (8-kbyte cache)

O 2-way set associative (4-kbyte cache)

Selectable write method (write-back/write-through), LRU (least recently used)
replacement algorithm

Single-stage write-back buffer

Contents of TLB can be accessed directly by address mapping (can be used
as on-chip memory)

Interrupt e 5 external interrupt pins (NMI, IRLO to IRL3)

Z?\jn';;(:))”er * Encoded input of 15 external interrupt sources via pins IRLO to IRL3
e On-chip peripheral interrupts: priority levels set for each module

User break * Supports debugging by user break interrupts

controller

(UBC) 2 break channels

Addresses, data values, type of access, and data size can all be set as break
conditions

Supports a sequential break function

RENESAS



Table 1.1 SH7708 Series Features (cont)

Item Features

Bus state « Supports external memory access
controller 0 32/16/8-bit external data bus

(BSC)
« Physical address space divided into seven areas, each a maximum 64
Mbytes, with the following features settable for each area:

O Bus size (8, 16, or 32 bits)
O Number of wait cycles (also supports a hardware wait function)

0 Setting the type of space enables direct connection to DRAM,
synchronous DRAM, pseudo-SRAM, and burst ROM

0 Supports fast page mode and EDO for DRAM

O Supports PCMCIA interface

O Outputs chip select signal (CS0—CS6) for corresponding area
¢ DRAM/synchronous DRAM/pseudo-SRAM refresh function

O Programmable refresh interval

O Supports CAS-before-RAS refresh and self-refresh modes
* DRAM/synchronous DRAM/pseudo-SRAM burst access function
« Usable as either big- or little-endian machine

Timer e 3-channel auto-reload type 32-bit timer
¢ Input capture function
* 6 types of counter input clock can be selected

¢ Maximum resolution: 2 MHz

Realtime clock  «  On-chip clock and calendar functions

(RTC) ¢ On-chip 32-kHz crystal oscillator circuit with a maximum resolution (interrupt

cycle) of 1/256 second

Serial communi- «  Selection of asynchronous or synchronous mode
tion interf _
((:SCCIJ) erlace Full-duplex communication

¢ Supports smart card interface

Package *  144-pin plastic QFP(FP-144)
¢ 144-pin plastic TQFP (TFP-144)*

Note: * SH7708S only
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Table 1.1 SH7708 Series Features (cont)

Item Features
Product  product On-chip Operation Mask
Line-up  Number  Voltage Frequency  Version Model Package
SH7708 3.3Vvx0.3V  60MHz — HD6417708F60 144-pin
Plastic LQFP
(FP-144F)
SH7708S 3.3Vv+0.3V 60MHz — HD6417708SF60
— HD6417708STF60 144-pin
Plastic TQFP
(TFP-144)
SH7708R  3.15-3.6V 100MHz — HD6417708RF100 144-pin
(typ.) Plastic L-QFP
(FP-144F)

A-mask HD6417708RF100A
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1.2

Block Diagram

Figure 1.1 shows a block diagram of the SH7708 Series.
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Figure 1.1 SH7708 Series Block Diagram
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1.3 Pin Description

1.3.1 Pin Arrangement

MD3/CE2A
MDA4/CE2B
BREQ
MDO/SCK
MDL/TXD
MD2/RXD
EXTAL

Ve (PLL2)*2

CAP2
Vss (PLL2)*2

CS6/CE1B
Vce (PLL1)*2

1 CAP1

Vce
Vss

[0 Vss (PLL1)*2

100
90

:| *4
80% XTAL

R
WE2/DQMUL/ICIORD
CASHH/CAS2H

O]
O]
O]
O]
O]
O]
Vce E
WES3/DQMUU/ICIOW
O]
O]
O]
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WE1/DQMLU
WEO/DQMLL
CASLH

CASLL/CAS/OE SH7708(FP-144F)
Ve SH7708S(TFP-144, FP-144F)
RAS/CE SH7708R(FP-144F)

MD5/RAS2 [] 130 .
CKE Top view

WAIT 50

TCLK

Vce (RTC)*2
XTAL2
EXTAL2
Vss (RTC)*2
Vce

D31

D30

D29

D28

Vss

INB O
NN
[ayajaya)

Vss
Vce

D23/Port7
D22/Port6
D21/Port5
D20/Port4
D19/Port3
D18/Port2
D17/Portl
D16/Port0

Notes: 1. Make no connection.
2. Power supply pins for the on-chip RTC and on-chip PLL. These pins must be
connected to the power supply even if the RTC or PLL are not used.
3. Power supply pins for the on-chip PLL. Except in hardware standby mode,
these pins must be connected to the power supply even if the PLL is not used.
4. SH7708:Vcc
SH7708S,SH7708R:CA

L]

Figure 1.2 Pin Arrangement
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1.3.2

SH7708 Series Pin Functions

Table 1.2  SH7708 Series Pin Functions

No. Terminal 1/0 Description

1 D27 l[e} Data bus

2 D26 IO Data bus

3 D25 I/0 Data bus

4 D24 I/0 Data bus

5 D23/Port7 I/0 Data bus/port
6 Vss Power Power (0 V)
7 Vee Power Power (3.3 V)
8 D22/Port6 I/O Data bus/port
9 D21/Port5 I/O Data bus/port
10 D20/Port4 I/0 Data bus/port
11 D19/Port3 I/O Data bus/port
12 D18/Port2 I/O Data bus/port
13 D17/Portl I/0 Data bus/port
14 D16/Port0 I/O Data bus/port
15 D15 I/10 Data bus

16 D14 I/0 Data bus

17 Vss Power Power (0 V)
18 Vee Power Power (3.3 V)
19 Vss Power Power (0 V)
20 Vee Power Power (3.3 V)
21 D13 I/10 Data bus

22 D12 I/0 Data bus

23 D11 IO Data bus

24 D10 I/10 Data bus

25 D9 I/0 Data bus

26 D8 IO Data bus

27 D7 I/0 Data bus

28 D6 I/0 Data bus

29 D5 IO Data bus

8
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Table 1.2  SH7708 Series Pin Functions (cont)

No. Terminal 1/0 Description

30 Vss Power Power (0 V)
31 Vee Power Power (3.3 V)
32 D4 I/0 Data bus

33 D3 I/0 Data bus

34 D2 110 Data bus

35 D1 I/0 Data bus

36 DO I/0 Data bus

37 AO (0] Address bus
38 Al o Address bus
39 A2 o Address bus
40 A3 (0] Address bus
41 Vss Power Power (0 V)
42 Vee Power Power (3.3 V)
43 A4 (0] Address bus
44 A5 o Address bus
45 A6 o Address bus
46 A7 (0] Address bus
47 A8 o Address bus
48 A9 o Address bus
49 Vss Power Power (0 V)
50 Vee Power Power (3.3 V)
51 Al0 o Address bus
52 All (0] Address bus
53 Al2 o Address bus
54 Vss Power Power (0 V)
55 Vee Power Power (3.3 V)
56 Al3 O Address bus
57 Al4 o Address bus
58 A15 (0] Address bus
59 Vss Power Power (0 V)
60 Vee Power Power (3.3 V)
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Table 1.2

SH7708 Series Pin Functions (cont)

No. Terminal /0 Description
61 Al6 o Address bus
62 Al17 (0] Address bus
63 Al8 O Address bus
64 Al9 o Address bus
65 A20 (0] Address bus
66 A21 O Address bus
67 A22 o Address bus
68 Vss Power Power (0 V)
69 Vee Power Power (3.3 V)
70 A23 o Address bus
71 A24 (0] Address bus
72 A25 o Address bus
73 Vgg(PLL1)*2 Power Power (0 V) for PLL1
74 CAP1 (0] External capacitance pin for PLL1
75 Vee(PLLL)*2 Power Power (3.3 V) for PLL1
76 Vgg(PLL2)*2 Power Power (0 V) for PLL2
77 CAP2 (0] External capacitance pin for PLL2
78 Vee(PLL2)*2 Power Power (3.3 V) for PLL2
79 EXTAL I External clock/crystal oscillator pin
80 XTAL (0] Crystal oscillator pin
81(SH7708) Vcc Power Power(3.3V)
81(SH7708S, CA I Chip active
SH7708R)
82 Vss Power Power (0 V)
83 Vee Power Power (3.3 V)
84 MD2/RXD I Operating mode pin/serial data input
85 MD1/TXD I/O Operating mode pin/serial data output
86 MDO/SCK I/0 Operating mode pin/serial clock
87 BREQ I Bus request
88 RESET | Reset
89 NMI I Nonmaskable interrupt request
90 IRL3 I External interrupt source input
10
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Table 1.2

SH7708 Series Pin Functions (cont)

No. Terminal 1/0 Description

91 IRL2 I External interrupt source input

92 IRLT I External interrupt source input

93 IRLO I External interrupt source input

94 10I1S16 I I016-hit instruction

95 IRQOUT o} Bus request notification output

96 BACK (0] Bus acknowledge

97 STATUS1 0] Processor status

98 STATUSO (0] Processor status

99 NC o Leave unconnected

100 Vss Power Power (0 V)

101 CKIO I/0 System clock 1/O

102 Vee Power Power (3.3 V)

103 MD4/CE2B I/O Operating mode pin/PCMCIA CE pin
104 MD3/CE2A I/0 Operating mode pin/PCMCIA CE pin
105 BS o) Bus cycle start

106 RD/WR o} Read/write

107 RD 0 Read pulse

108 CS6/CE1B o} Chip select 6/PCMCIA CE pin
109 CS5/CETA o} Chip select 5/PCMCIA CE pin
110 CS4 o] Chip select 4

111 CS3 o} Chip select 3

112 CS2 0 Chip select 2

113 CSs1 o] Chip select 1

114 CSo o} Chip select 0

115 Vss Power Power (0 V)

116 Vee Power Power (3.3 V)

117 WE3/DQMUU/ICIOWR O D31-D24 selection signal/lO write
118 WE2/DQMUL/ICIORD O D23-D16 selection signal/lO read
119 CASHH/CAS2H o] D31-D24/D15-D8 selection signal
120 CASHL/CAS2L o) D23-D16/D7-DO selection signal
121 Vss Power Power (0 V)

RENESAS
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Table 1.2  SH7708 Series Pin Functions (cont)

No. Terminal /0 Description

122 Vee Power Power (3.3 V)

123 WE1/DQMLU (0] D15-D8 selection signal

124 WEO/DQMLL 0 D7-DO selection signal

125 CASLH o} D15-D8 selection signal

126 CASLL/CAS/OE o] D7-DO0 selection/memory selection signal
127 Vsg Power Power (0 V)

128 Vee Power Power (3.3 V)

129 RAS/CE o} RAS for DRAM, SDRAM/CE for PSRAM
130 MD5/RAS2 110 Operating mode pin/RAS for DRAM
131 CKE (0] Clock enable control for SDRAM

132 WAIT I Hardware wait request

133 Vsg Power Power (0 V)

134 TCLK 110 Clock I/O for TMU/RTC

135 Vcc (RTC)*3 Power Power (3.3 V)

136 XTAL2 (0] Crystal oscillator pin for on-chip RTC
137 EXTAL2 I Crystal oscillator pin for on-chip RTC
138 Vgg (RTC)*3 Power Power (0 V)

139 Vee Power Power (3.3 V)

140 D31 10 Data bus

141 D30 I/0 Data bus

142 D29 I/0 Data bus

143 D28 10 Data bus

144 Vss Power Power (0 V)

Notes: 1. With the SH7708S and SH7708R, except in hardware standby mode, all V.. and Vg
pins should be connected to the system power supply (power should be supplied
constantly). In hardware standby mode, power should be supplied at least to V.. (RTC)
and Vg (RTC). If power is not supplied to V.. and V¢ pins other than V. (RTC) and
V¢s (RTC), hold the CA pin low. With the SH7708, it is not possible to supply power
only to the RTC power supply.

2. Power should be supplied regardless of whether or not the on-chip PLL is used.

3. Power should be supplied regardless of whether or not the RTC is used.

12
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Section 2 CPU

2.1 Register Configuration

211 Privileged Mode and Banks

Processor ModesThere are two processor modes: user mode and privileged mode. The SH770
Series normally operates in user mode, and enters privileged mode when an exception occurs c
interrupt is accepted. There are three kinds of registers—general registers, system registers, an
control registers—and the registers that can be accessed differ in the two processor modes.

General Registers:There are 16 general registers, designated RO to R15. General registers RO t
R7 are banked registers which are switched by a processor mode change. In privileged mode, t
register bank bit (RB) in the status register (SR) defines which banked register set is accessed :
general registers, and which set is accessed only through the load control register (LDC) and st
control register (STC) instructions.

When the RB bit is 1, BANK1 general registers RO_BANK1-R7_BANK1 and non-banked
general registers R8—R15 function as the general register set, with BANKO general registers
RO_BANKO-R7_BANKO accessed only by the LDC/STC instructions.

When the RB bit is 0, BANKO general registers RO_BANKO-R7_BANKO and nonbanked genere
registers R8—R15 function as the general register set, with BANK1 general registers RO_BANK!
R7_BANK1 accessed only by the LDC/STC instructions. In user mode, the 16 registers
comprising bank 0 general registers RO_BANKO-R7_BANKO and non-banked registers R8—R1¢
can be accessed as general registers RO—R15, and bank 1 general registers RO_ BANK1-
R7_BANK1 cannot be accessed.

Control Registers: Control registers comprise the global base register (GBR) and status register
(SR) which can be accessed in both processor modes, and the saved status register (SSR), sa\
program counter (SPC), and vector base register (VBR) which can only be accessed in privilege
mode. Some bits of the status register (such as the RB bit) can only be accessed in privileged
mode.

System RegistersSystem registers comprise the multiply and accumulate registers
(MACL/MACH), the procedure register (PR), and the program counter (PC). Access to these
registers does not depend on the processor mode.

The register configuration in each mode is shown in figures 2.1 and 2.2.
Switching between user mode and privileged mode is controlled by the processor mode bit (MD

in the status register.

13
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31 0
RO_BANKOQ*1, *2
R1_BANKO*2
R2_BANKO*2
R3_BANKO*2
R4_BANKO*2
R5_BANKO*2
R6_BANKO*2
R7_BANKO*2
R8
R9
R10
R11
R12
R13
R14
R15

SR

GBR
MACH
MACL

PR

| PC |
User mode register configuration

Notes: 1. RO functions as an index register in the indexed register-indirect addressing
mode and indexed GBR-indirect addressing mode.
2. Banked register

14

Figure 2.1 User Mode Register Configuration
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31 0 31
RO_BANK1*1: *2 RO_BANKOQ*1, *3
R1_BANK1*2 R1_BANKO*3
R2_BANK1*2 R2_BANKO*3
R3_BANK1*2 R3_BANKO*3
R4 BANK1*2 R4 _BANKO*3
R5_BANK1*2 R5_BANKO*3
R6_BANK1*2 R6_BANKO*3
R7_BANK1*2 R7_BANKO*3
R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13 R13
R14 R14
R15 R15
SR SR
SSR SSR
Notes: 1. RO functions as an index
GBR GBR register in the indexed
MACH MACH register-indirect addressing
MACL MACL moge and indexgd GBR-
indirect addressing mode.
PR PR
VBR VBR 2. Banked register
When the RB bit of the SR
PC PC register is 1, the register can
SPC SPC be accessed for general use.
When the RB bit is 0, it can
RO BANKO*L: *3 RO BANK1*L: *2 only be accessed with the
R1_BANKO™3 R1_BANK1*2 LDC/STC instruction.
R2_BANKO*® R2_BANK1*2 3. Banked register
R3_BANKO0*3 R3_BANK1*2 When the RB bit of the SR
R4 _BANKO*3 R4 _BANK1*2 register is 0, the register can
R5 BANKO*3 R5 BANK1*2 be accessed for general use.
e e e,
R7_BANK0*® R7_BANK1*2 LDC/STC instruction.
a. Privileged mode b. Privileged mode
register configuration register configuration
(RB=1) (RB=0)

Figure 2.2 Privileged Mode Register Configuration
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Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers Initial Value
General registers RO to R15 Undefined
Control registers SR MD bit=1, RB bit=1, BL bit=1, 13—

10 =1111 (H'F), reserved bits = 0,
others undefined

GBR, SSR, SPC Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined

PC H'A0000000

Note: Initialized by a power-on reset or manual reset.

2.1.2 General Registers

There are 16 general registers, designated RO to R15 (figure 2.3). General registers RO to R7 are
banked registers, with a different RO—R7 register bank (RO_BANKO0-R7_BANKO or
RO_BANK1-R7_BANK1) being accessed according to the processor mode. For details, see
section 2.1.1, Privileged Mode and Banks.

General Registers
31 0
RO*1, *2 Notes:

R1*2 . . . . .
Ro*2 1. RO _funct_lon_s as an |nde)§ register in the_ indexed
R3%2 register-indirect addressing mode and indexed
RA*2 GBR-indirect addressing mode. In some instructions,
R5*2 only RO can be used as the source register or
R6*2 destination register.
R7*2

RS 2. RO-R7 are banked registers.

R9 In privileged mode, SR.RB specifies which banked
R10 registers are accessed as general registers

R11 (RO_BANKO-R7_BANKO or RO_BANK1-R7_BANK1).
R12

R13

R14

R15

Figure 2.3 General Registers
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2.13

System Registers

System registers can be accessed by the LDS and STS instructions. When an exception occurs
contents of the program counter (PC) are saved in the saved program counter (SPC). The SPC
contents are restored to the PC by the RTE instruction used at the end of the exception handlin
There are four system registers, as follows.

e Multiply and accumulate high register (MACH)
e Multiply and accumulate low register (MACL)

» Procedure register (PR)
* Program counter (PC)

The system register configuration is shown in figure 2.4.

31

MACH

MACL

31

PR

31

PC

System Registers

Multiply and Accumulate High and Low Registers
(MACHI/L)

Store the results of multiply-and-accumulate operations.

Its contents are undefined after a reset.

Procedure Register (PR)

Stores the return address for exiting a subroutine
procedure.

Its contents are undefined after a reset.

Program Counter (PC)

Indicates the address four addresses (two instructions)
ahead of the currently executing instruction. Initialized
to H'A0000000 by a reset.

214

Control Registers

Figure 2.4 System Registers

Control registers can be accessed in privileged mode using the LDC and STC instructions. The
GBR register can also be accessed in user mode. There are five control registers, as follows:

Status register (SR)

Saved status register (SSR)
Saved program counter (SPC)
Global base register (GBR)
Vector base register (VBR)

RENESAS
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31 0 Saved Status Register (SSR)
| SSR | Stores current SR value at time of exception to indicate processor
status in return to instruction stream from exception handler.
Its contents are undefined after a reset.

31 0 saved Program Counter (SPC)

| SPC Stores current PC value at time of exception to indicate return
address at completion of exception handling.
Its contents are undefined after a reset.

31 0 Global Base Register (GBR)
GBR Stores base address of GBR-indirect addressing mode.
The GBR-indirect addressing mode is used for on-chip supporting
module register area data transfers and logic operations.
The GBR register can also be accessed in user mode.
Its contents are undefined after a reset.

31 0 Vector Base Register (VBR)
| VBR Stores base address of exception handling vector area.
Initialized to H'0000000 by a reset.

31 30 292827 1098 7 3 10 Status
|0 [MD|rB[BL|0 o [m|Q|i3121110[0]0]s]|T] E‘g%i?tef

MD: Processor operation mode bit: Indicates the processor operation mode as follows:
MD =1: Privileged mode; MD = 0: User mode
MD is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.

RB: Register bank bit: Determines the bank of general registers RO—R7 used in processing mode.
RB = 1: RO_BANK1-R7_BANK1 and R8-R15 are general registers, and RO_BANKO—
R7_BANKO can be accessed by LDC/STC instructions.
RB = 0: RO_BANKO-R7_BANKO and R8-R15 are general registers, and RO_BANK1-
R7_BANK1 can be accessed by LDC/STC instructions.
RB is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.

BL: Block bit
BL = 1: Exceptions and interrupts are suppressed. See section 4, Exception
Handling, for details.
BL = 0: Exceptions and interrupts are accepted.
BL is set to 1 on generation of an exception or interrupt , and is initialized to 1 by a reset.

M and Q bits: Used by the DIVOS/U and DIV1 instructions.
I3—10 bits: Interrupt mask bits: 4-bit field indicating the interrupt request mask level.
13-10 do not change to the interrupt acceptance level when an interrupt is generated.
Initialized to B'1111 by a reset.
S bit: Used by the MAC instruction.
T bit: Used by the MOVT, CMP/cond, TAS, TST, BT, BF, SETT, CLRT, and DT instructions to
indicate true (1) or false (0).
Used by the ADDV/C, SUBV/C, DIVOU/S, DIV1, NEGC, SHAR/L, SHLR/L, ROTRI/L, and
ROTCRI/L instructions to indicate a carry, borrow, overflow, or underflow.
0 bits: These bits always read 0, and the write value should always be 0.

Note: The M, Q, S, and T bits can be set or cleared by special instructions in user mode.
Their values are undefined after a reset. All other bits can be read or written in privileged mode.

Figure 2.5 Register Set Overview, Control Registers
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits, figure 2.6). When a memory operand is only ¢
byte (8 bits) or a word (16 hits), it is sign-extended into a longword when loaded into a register.

31 0
| Longword

Figure 2.6 Longword

2.2.2 Data Format in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be accessec
8-bit byte, 16-bit word, or 32-bit longword form. A memory operand less than 32 bits in length is
sign-extended before being stored in a register.

A word operand must be accessed starting from a word boundary (even address of a 2-byte uni
address 2n), and a longword operand starting from a longword boundary (even address of a 4-k
unit: address 4n). An address error will result if this rule is not observed. A byte operand can be
accessed from any address.

Big-endian or little-endian byte order can be selected for the data format. The endian mode sho
be set with the MD5 external pin in a power-on reset. Big-endian mode is selected when the MC
pin is low, and little-endian when high. The endian mode cannot be changed dynamically. Bit
positions are numbered left to right from most-significant to least-significant. Thus, in a 32-bit
longword, the leftmost bit, bit 31, is the most significant bit and the rightmost bit, bit 0, is the leas
significant bit.

The data format in memory is shown in figure 2.7. In little-endian mode, data written in byte-size
(8-bit) units should be read in byte-size units, and data written in word-size (16-bit) units should
be read in word-size units.

19
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Address iA +1 Address A+ 3 Address A+ 10 Addlress A+8

Address A Address A + 2| Address A + 11| Address A + 9
31y 23y 154y 7y 0] (314 23y 15y 740
Address A »(Byte0 [Bytel |Byte2 |Byte3| [Byte3 |Byte2|Bytel|ByteO|«Address A + 8

Address A+4 »| Word0 Word1 Word1 Word0 |« Address A +4
Address A + 8 » Longword Longword < Address A
Big-endian mode Little-endian mode

Figure 2.7 Byte, Word, and Longword Alignment

2.3 Instruction Features

2.3.1 Execution Environment

Data Length: The SH7708 Series instruction set is implemented with fixed-length 16-bit wide
instructions executed in a pipelined sequence with single-cycle execution for most instructions.
All operations are executed in 32-bit longword units. Memory can be accessed in 8-bit byte, 16-b
word, or 32-bit longword units, with byte or word units sign-extended into 32-bit longwords.
Literals are sign-extended in arithmetic operations (MOV, ADD, and CMP/EQ instructions) and
zero-extended in logical operations (TST, AND, OR, and XOR instructions).

Load/Store Architecture: The SH7708 Series features a load-store architecture in which basic
operations are executed in registers. Operations requiring memory access are executed in regist
following register loading, except for bit-manipulation operations such as logical AND functions,
which are executed directly in memory.

Delayed Branching: Unconditional branching is implemented as delayed branch operations.
Pipeline disruptions due to branching are minimized by the execution of the instruction following
the delayed branch instruction prior to branching. Conditional branch instructions are of two
kinds, delayed and normal.

BRA TRGET
ADD R1, RO ;ADD is executed prior to branching to TRGET

20
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T bit: The T bit in the status register (SR) is used to indicate the result of compare operations, &
is read as a TRUE/FALSE condition determining if a conditional branch is taken or not. To
improve processing speed, the T bit logic state is modified only by specific operations. An
example of how the T bit may be used in a sequence of operations is shown below.

ADD #1, RO ;T bit not modified by ADD operation
CMP/EQ R1,RO ;T bit set to 1 when RO =0
BT TRGET ;branch taken to TRGET when T bit =1 (RO = 0)

Literals: Byte-length literals are inserted directly into the instruction code as immediate data. To
maintain the 16-bit fixed-length instruction code, word or longword literals are stored in a table il
main memory rather than inserted directly into the instruction code. The memory table is access
by the MOV instruction using PC-relative addressing with displacement, as follows:

MOV.W  @(disp, PC), RO

Absolute AddressesAs with word and longword literals, absolute addresses must also be stored
in a table in main memory. The value of the absolute address is transferred to a register and the
operand access is specified by indexed register-indirect addressing, with the absolute address
loaded (like word and longword immediate data) during instruction execution.

16-Bit and 32-Bit Displacementsin the same way, 16-bit and 32-bit displacements also must be
stored in a table in main memory. Exactly like absolute addresses, the displacement value is

transferred to a register and the operand access is specified by indexed register-indirect addres
loading the displacement (like word and longword immediate data) during instruction execution.
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2.3.2

Addressing Modes

Addressing modes and effective address calculation methods are shown in table 2.2.

Table 2.2
Addressing Instruction
Mode Format

Effective Address Calculation Method

Addressing Modes and Effective Addresses

Calculation Formula

Register direct Rn

Effective address is register Rn. (Operand is

register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

e

Register @Rn+ Effective address is register Rn contents. A Rn

|nd|rgct with constapt is added to Rn after instruction After instruction
post-increment execution: 1 for a byte operand, 2 for a word execution

operand, 4 for a longword operand.

Byte:Rn+1 - Rn
Word: Rn+2 -~ Rn

Longword: Rn +4 - Rn

Register @-Rn
indirect with

pre-decrement

Effective address is register Rn contents,
decremented by a constant beforehand: 1 for
a byte operand, 2 for a word operand, 4 for a

longword operand.

Rn —1/2/4

Byte:Rn—-1 - Rn
Word: Rn—2 - Rn

Longword: Rn—4 - Rn

(Instruction executed
with Rn after
calculation)

22
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Table 2.2  Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Register @(disp:4, Effective address is register Rn contents with Byte: Rn + disp
indirect with  Rn) 4-bit displacement disp added. After disp is Word: Rn + disp x 2
displacement zero-extended, it is multiplied by 1 (byte), 2 ’

(word), or 4 (longword), according to the Longword:

operand size. Rn +disp x 4

- Rn
disp .
(zero-extended) + disp x 1/2/4

Indexed @ (RO, Rn) Effective address is sum of register Rn and Rn + RO

register indirect

RO contents.

S —s{Trrero]

GBR indirect @(disp:8, Effective address is register GBR contents Byte: GBR + disp
with GBR) vv_ith _8-bit displacement_ d_isp adt_:le_d. After Word: GBR + disp x 2
displacement disp is zero-extended, it is multiplied by 1

(byte), 2 (word), or 4 (longword), according to Longword:

the operand size. GBR +disp x 4

disp . GBR
(zero-extended) + disp x 1/2/4

Indexed GBR @(RO, Effective address is sum of register GBR and GBR + RO
indirect GBR) RO contents.

GBR + RO
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Table 2.2  Addressing Modes and Effective Addresses (cont)

Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula

PC-relative @(disp:8, Effective address is register PC contents with Word: PC + disp x 2
with PC) 8-bit displacement disp added. After disp is

; - A Longword:

displacement zero-extended, it is multiplied by 2 (word), or PC & H'EFFFE FFEC +

4 (longword), according to the operand size. disp x 4

With a longword operand, the lower 2 bits of

PC are masked.

(for longword)
or
i PC&H'FFFFFFFC
disp +disp x 4

(zero-extended)

PC-relative disp:8 Effective address is register PC contents with PC + disp x 2

8-bit displacement disp added after being
sign-extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2

disp:12 Effective address is register PC contents with PC + disp x 2
12-bit displacement disp added after being
sign-extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2
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Table 2.2  Addressing Modes and Effective Addresses (cont)
Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
PC-relative Rn Effective address is sum of register PC and PC +Rn
Rn contents.
©
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA —

instruction is zero-extended and multiplied
by 4.

Note: For the addressing modes below that use a displacement (disp), the assembler descriptions
in this manual show the value before scaling (x1, x2, or x4) is performed according to the
operand size. This is done to clarify the operation of the IC. Refer to the relevant assembler
notation rules for the actual assembler descriptions.

@ (disp:4, Rn) ; Register indirect with displacement
@ (disp:8, Rn) ; GBR indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12; PC-relative
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2.3.3 Instruction Formats

Table 2.3 explains the meaning of instruction formats and source and destination operands. The

meaning of the operands depends on the operation code. The following symbols are used.

XXXX: Operation code
mmmm: Source register

nnnn: Destination register
iiii: Immediate data
dddd: Displacement
Table 2.3  Instruction Formats
Source Destination Instruction
Instruction Format Operand Operand Example
0 format 15 0 — — NOP
XXXX  XXXX  XXXX  XXXX
n format 15 0o — nnnn: register MOVT Rn
xxxx| nnnn | XXXX  XXXX direct
Control register or nnnn: register STS
system register direct MACH,Rn
Control register or nnnn: register STC.L
system register indirect with SR,@-Rn
pre-decrement
m format 15 mmmm: register Control register LDC
XXXX |mmmm| XXXX  XXXX direct or system Rm,SR
register
mmmm: register Control register LDC.L
indirect with post-  or system @Rm+,SR
increment register
mmmm: register — JMP @Rm
indirect
mmmm: PC- — BRAF Rm

relative using Rm
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Table 2.3 Instruction Formats (cont)
Source Destination Instruction
Instruction Format Operand Operand Example
nm format 15 mmmm: register  nnnn: register ADD Rm,Rn
XXXX | nnnn |mmmm| XXXX direct direct
mmmm: register  nnnn: register MOV.L
direct indirect Rm,@Rn
mmmm: register MACH,MACL MAC.W
indirect with post- @Rm+,@Rn+
increment
(multiply-and-
accumulate
operation)
nnnn: * register
indirect with post-
increment
(multiply-and-
accumulate
operation)
mmmm: register nnnn: register MOV.L
indirect with post-  direct @Rm+,Rn
increment
mmmm: register  nnnn; register MOV.L
direct indirect with Rm,@-Rn
pre-decrement
mmmm: register nnnn: indexed MOV.L
direct register indirect Rm,@(RO,Rn)
md format 15 0 mmmmdddd: RO (register MOV.B

XXXX  XXXX |mmmm| dddd

register indirect

with displacement

direct)

@(disp,Rm),R0O

nd4 format 15

XXXX  XXXX | nnnn | dddd

RO (register
direct)

nnnndddd:
register indirect
with
displacement

MOV.B
RO,@(disp,Rn)

RENESAS
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Table 2.3

Instruction Formats (cont)

Source Destination Instruction
Instruction Format Operand Operand Example
nmd 15 mmmm: register  nnnndddd: MOV.L
format | XXXX | nnnn |mmmm| dddd | direct register Rm,@(disp,Rn)
indirect with

displacement

mmmmdddd:
register indirect
with displacement

nnnn: register
direct

MOV.L
@(disp,Rm),Rn

dformat 15

0

XXXX

XXXX

dddd dddd

dddddddd: GBR

RO (register

MOV.L

indirect with direct) @(disp,GBR),R0
displacement
RO (register dddddddd: MOV.L
direct) GBRindirect = RO,@(disp,GBR)
with
displacement
dddddddd: RO (register MOVA

PC-relative with
displacement

direct)

@(disp,PC),R0

dddddddd: — BF label
PC-relative
d12 format 15 0 dddddddddddd: — BRA  label
XXXX | dddd dddd dddd | PC-relative (label = disp +
PC)
nd8 format 15 0 dddddddd: nnnn: register  MOV.L

| XXXX | nnnn | dddd dddd

PC-relative with
displacement

direct

@(disp,PC),Rn

iformat 15 O iiiiiiii: immediate Indexed GBR AND.B
XXXX  XXXX | i iii indirect #imm,
@(RO,GBR)
iiiiiiii: immediate RO (register AND
direct) #imm,RO
iiiiiiii: immediate — TRAPA #imm
ni format 15 0 iiiiiiii: immediate nnnn: register  ADD
xoo | nnnn | i i direct #imm,Rn
Note: In a multiply-and-accumulate instruction, nnnn is the source register.
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2.4 Instruction Set

24.1 Instruction Set Classified by Function
The SH7708 Series instruction set includes 68 basic instruction types, as listed in table 2.4.

Table 2.4  Classification of Instructions

Operation No. of
Classification Types Code Function Instructions
Data transfer 5 MOV Data transfer 39

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
operations ADDC Binary addition with carry

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Initialization of signed division

DIvVoU Initialization of unsigned division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate operation,
double-precision multiply-and-accumulate
operation
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Table 2.4  Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Arithmetic 21 MUL Double-precision multiplication 33
operations MULS Signed multiplication
(cont) MULU Unsigned multiplication

NEG Negation

NEGC Negation with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow check
Logic 6 AND Logical AND 14
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 16

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

SHAD Dynamic arithmetic shift

SHLD Dynamic logical shift
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Table 2.4  Classification of Instructions (cont)

Operation No. of
Classification Types Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11

branch (T = 0)
BT Conditional branch, delayed conditional
branch (T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRT T bit clear 75
control CLRMAC  MAC register clear

CLRS Clear S bit

LDC Load to control register

LDS Load to system register

LDTLB Load PTE to TLB

NOP No operation

PREF Prefetch data to cache

RTE Return from exception handling

SETS Set S bit

SETT Set T bit

SLEEP Shift to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling

Total: 68 188

Table 2.5 lists the SH7708 Series instruction code formats.
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Table 2.5 Instruction Code Format

Item Format

Explanation

Instruction OP.Sz SRC,DEST

mnemonic

OP: Operation code
Sz: Size

SRC: Source

DEST: Destination

Rm: Source register
Rn: Destination register
imm: Immediate data
disp: Displacement

Instruction MSB « LSB

code

mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1
1111: R15
iiii: Immediate data
dddd: Displacement

Operation -,

Direction of transfer
Memory operand

Flag bits in SR

Logical AND of each bit
Logical OR of each bit
Exclusive OR of each bit
Logical NOT of each bit
n-bit shift

Privileged
mode

Indicates whether privileged mode applies

Execution
cycles

Value when no wait states are inserted

The execution cycles listed in the table are minimums. The

actual number of cycles may be increased in cases such

as the following:

1. When contention occurs between instruction fetches
and data access

2. When the destination register of the load instruction
(memory - register) and the register used by the next
instruction are the same

T bit

Value of T bit after instruction is executed
—: No change

Note: Scaling (x1, x2, x4) is performed according to the instruction operand size.
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Table 2.6 lists the SH7708 Series data transfer instructions

Table 2.6  Data Transfer Instructions
Privileged

Instruction Operation Code Mode Cycles T Bit

MOV #imm,Rn imm - Sign extension 1110nnnniiiiiiii — 1 —
- Rn

MOV.W  @(disp,PC),Rn (disp x 2 + PC) - Sign 1001nnnndddddddd — 1 —
extension » Rn

MOV.L  @(disp,PC),Rn (disp x4 + PC) - Rn 1101nnnndddddddd — 1 —

MOV Rm,Rn Rm - Rn 0110nnnnmmmmO0011 — 1 —

MOV.B Rm,@Rn Rm - (Rn) 0010nnNnnmmmmO000 — 1 —

MOV.W  Rm,@Rn Rm - (Rn) 0010nnnnmmmmO0001 — 1 —

MOV.L Rm,@Rn Rm - (Rn) 0010nnnnmmmmO0010 — 1 —

MOV.B  @Rm,Rn (Rm) — Sign extension 0110nnnnmmmmO0000 — 1 —
- Rn

MOV.W  @Rm,Rn (Rm) - Sign extension 0110nnnnmmmmO0001 — 1 —
- Rn

MOV.L @Rm,Rn (Rm) - Rn 0110nnnnmmmmO0010 — 1 —

MOV.B Rm,@-Rn Rn-1 - Rn,Rm - (Rn)  0010nnnnmmmmO0100 — 1 —

MOV.W Rm,@-Rn Rn-2 - Rn,Rm - (Rn)  0010nnnnmmmmO0101 — 1 —

MOV.L Rm,@-Rn Rn—4 - Rn,Rm - (Rn)  0010nnnnmmmmO0110 — 1 —

MOV.B  @Rm+,Rn (Rm) - Sign extension 0110nnnnmmmmO0100 — 1 —
- Rn,Rm+1 - Rm

MOV.W  @Rm+,Rn (Rm) - Sign extension 0110nnnnmmmmO0101 — 1 —
- Rn,Rm+2 -~ Rm

MOV.L @Rm+,Rn (Rm) - Rn,Rm+4 - Rm 0110nnnnmmmmO0110 — 1 —

MOV.B  RO,@(disp,Rn) RO - (disp + Rn) 10000000nnnndddd — 1 —

MOV.W  RO,@(disp,Rn) RO - (disp x 2 + Rn) 10000001nnnndddd — 1 —

MOV.L Rm,@(disp,Rn) Rm - (disp x 4 + Rn) 0001nnnnmmmmdddd — 1 —

MOV.B  @(disp,Rm),RO (disp + Rm) - Sign 10000100mmmmdddd — 1 —
extension - RO

MOV.W  @(disp,Rm),RO (disp x 2 + Rm) - Sign 10000101mmmmdddd — 1 —
extension —» RO

MOV.L @(disp,Rm),Rn (disp x4+ Rm) - Rn 0101lnnnnmmmmdddd — 1 —

MOV.B  Rm,@(RO,Rn) Rm - (RO + Rn) 0000nnNNnmmmmO100 — 1 —

MOV.W  Rm,@(RO,Rn) Rm - (RO + Rn) 0000nnNnNnmmmmO0101 — 1 —
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Table 2.6

Data Transfer Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

MOV.L Rm,@(RO,Rn) Rm - (RO + Rn) 0000nNnNnnmmmmO110 — 1 —

MOV.B  @(RO,Rm),Rn (RO + Rm) - Sign 0000nnnnmmmm1100 — 1 —
extension —» Rn

MOV.W  @(RO,Rm),Rn (RO + Rm) - Sign 0000OnNnnnmmmm1101 — 1 —
extension - Rn

MOV.L @(RO,Rm),Rn (RO +Rm) - Rn 0000nnnnmmmm1110 — 1 —

MOV.B RO,@(disp,GBR) RO - (disp + GBR) 11000000dddddddd — 1 —

MOV.W  RO,@(disp,GBR) RO -, (disp x2 + GBR) 11000001dddddddd — 1 —

MOV.L RO,@(disp,GBR) RO - (disp x4 + GBR) 11000010dddddddd — 1 —

MOV.B  @(disp,GBR),RO  (disp + GBR) - Sign 11000100dddddddd — 1 —
extension — RO

MOV.W  @(disp,GBR),R0 (disp x 2 + GBR) - 11000101dddddddd — 1 —
Sign extension - RO

MOV.L @(disp,GBR),R0  (disp x4 + GBR) - RO 11000110dddddddd — 1 —

MOVA @(disp,PC),R0O disp x4+ PC - RO 11000111dddddddd — 1 —

MOVT Rn T - Rn 0000nnnNn00101001 — 1 —

SWAP.B Rm,Rn Rm - Swap the bottom 0110nnnnmmmm1000 — 1 —
two bytes — Rn

SWAP.W Rm,Rn Rm - Swap two 0110nnnnmmmm1001 — 1 —
consecutive words - Rn

XTRCT Rm,Rn Rm: Middle 32 bits of 0010nnnnmmmm1101 — 1 —

Rn - Rn
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Table 2.7 lists the SH7708 Series arithmetic instructions.

Table 2.7  Arithmetic Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm,Rn Rn+Rm - Rn 0011lnnnnmmmm1100 — 1 —
ADD #imm,Rn Rn +imm - Rn 0111nnnniiiiiiii — 1 —
ADDC Rm,Rn Rn+Rm+T - Rn, 001lnnnnmmmm1110 — 1 Carry
Carry - T
ADDV Rm,Rn Rn+Rm - Rn, 0011nnnnmmmm1111l — 1 Overflow
Overflow - T
CMP/EQ #imm,R0O IfRO=imm,1 - T 10001000iiiiiiii — 1 Comparison
result
CMP/EQ Rm,Rn IfRN=Rm,1 - T 0011nnnnmmmmO0000 — 1 Comparison
result
CMP/HS Rm,Rn If Rn = Rm with 0011nnnnmmmmO0010 — 1 Comparison
unsigned data, 1 - T result
CMP/GE Rm,Rn If Rn = Rm with signed 0011nnnnmmmmO0011 — 1 Comparison
data,1 - T result
CMP/HI  Rm,Rn If Rn > Rm with 0011lnnnnmmmmO0110 — 1 Comparison
unsigned data, 1 - T result
CMP/GT Rm,Rn If Rn > Rm with signed 001lnnnnmmmmO0111 — 1 Comparison
data,1 - T result
CMP/PZ Rn IfRNn=20,1-T 0100nnnNn00010001 — 1 Comparison
result
CMP/PL Rn IfRN>0,1 - T 0100nnnn00010101 — 1 Comparison
result
CMP/STR Rm,Rn If Rn and Rm have an 0010nnnnmmmm1100 — 1 Comparison
equivalentbyte, 1 - T result
DIVl Rm,Rn Single-step division 0011nnnnmmmmO0100 — 1 Calculation
(Rn/Rm) result
DIVOS Rm,Rn MSB of Rn - Q, MSB 0010nnnnmmmmO0111 — 1 Calculation
ofRm - M,M*"Q - T result
DIVOU 0 - M/IQIT 0000000000011001 — 1 0

RENESAS
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Table 2.7  Arithmetic Instructions (cont)

Instruction Operation Code

Privileged
Mode

Cycles T Bit

DMULS.LRm,Rn Signed operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmmm21101

2(-5)

DMULU.LRm,Rn Unsigned operation of
Rn x Rm - MACH,
MACL 32 x 32 -, 64 bits

0011nnnnmmmmO0101

2(-5)*

DT Rn Rn-1 - Rn,ifRn=
0,1 - T,else0 - T

0100nnnNn00010000

Comparison
result

EXTS.B Rm,Rn A byte in Rm is sign-
extended - Rn

0110nnnnmmmm1110

EXTS.W Rm,Rn A word in Rm is sign-
extended - Rn

0110nnnnmmmm1111

EXTU.B Rm,Rn A byte in Rm is zero-
extended - Rn

0110nnnnmmmmZ1100

EXTUW Rm,Rn A word in Rm is zero-
extended —» Rn

0110nnnnmmmm21101

MAC.L @Rm+,@Rn+ Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+4 - Rn,
Rm+4 - Rm
32 x 32 + 64 - 64 bits

0000nnnnmmmm1111

2(-5)

MAC.W  @Rm+,@Rn+Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+2 - Rn,
Rm+2 - Rm
16 x 16 + 64 - 64 bits

0100nnnnmmmm1111

2(-5)

MUL.L Rm,Rn Rn x Rm - MACL
32 x 32 - 32 hits

0000NnnnnmmmmO111

2(-5)

MULS.W Rm,Rn Signed operation of Rn
x Rm - MAC
16 x 16 — 32 bits

0010nnnnmmmm1111

1(=3)*

MULU.W Rm,Rn Unsigned operation of
Rn x Rm - MAC
16 x 16 — 32 bits

0010nnnnmmmm1110

1(-3)*
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Table 2.7  Arithmetic Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

NEG Rm,Rn 0-Rm - Rn 0110nnnnmmmm1011 — 1 —

NEGC Rm,Rn 0-Rm-T - Rn, 0110nnnnmmmm1010 — 1 Borrow
Borrow - T

SUB Rm,Rn Rn—-Rm - Rn 0011lnnnnmmmm1000 — 1 —

SUBC Rm,Rn RN—-Rm-T - Rn, 0011lnnnnmmmm1010 — 1 Borrow
Borrow - T

SUBV Rm,Rn Rn-Rm - Rn, 001lnnnnmmmmi1011 — 1 Underflow

Underflow - T

Note: * The normal number of execution cycles is shown. The value in parentheses is the number
of cycles required in case of contention with the preceding or following instruction.
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Table 2.8 lists the SH7708 Series logic operation instructions.

Table 2.8  Logic Operation Instructions
Privileged
Instruction Operation Code Mode Cycles T Bit
AND Rm,Rn Rn & Rm - Rn 0010nnnnmmmm21001 — 1 —
AND #imm,R0O RO & imm - RO 1100100 Liiiiiiii — 1 —
AND.B #imm,@(R0O,GBR) (RO + GBR) & imm - 1100110diiiiiiii — 3 —
(RO + GBR)
NOT Rm,Rn ~Rm - Rn 0110nnnnmmmmO0111 — 1 —
OR Rm,Rn Rn|Rm - Rn 0010nnnnmmmm1011 — 1 —
OR #imm,RO RO | imm - RO 1100101 Liiiiiiii — 1 —
OR.B #imm,@(R0,GBR) (RO + GBR) | imm — 1100111 Liiiiiiii — 3 —
(RO + GBR)
TAS.B @Rn If(Rn)is0,1 - T; 0100nnnn00011011 — 3 Test
1 - MSB of (Rn) result
TST Rm,Rn Rn & Rm; if the result 0010nnnnmmmm31000 — 1 Test
is0,1 - T result
TST #imm,R0 RO & imm; if the result 110021000iiiiiiii — 1 Test
is0,1 - T result
TST.B #imm,@(R0,GBR) (RO + GBR) & imm; 11001100iiiiiiii — 3 Test
iftheresultis0,1 - T result
XOR Rm,Rn Rn”~Rm - Rn 0010nnnnmmmm1010 — 1 —
XOR #imm,R0O RO~ imm - RO 1100101 iiiiiiii — 1 —
XOR.B #imm,@(R0,GBR) (RO + GBR) "imm - 1100111 iiiiiiii — 3 —

(RO + GBR)
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Table 2.9 lists the SH7708 Series shift instructions.

Table 2.9  Shift Instructions
Privileged

Instruction Operation Code Mode Cycles T Bit
ROTL Rn T « Rn -« MSB 0100nnnn00000100 — 1 MSB
ROTR Rn LSB - Rn - T 0100nnnNn00000101 — 1 LSB
ROTCL Rn T<Rn T 0100nnNnn00100100 — 1 MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 — 1 LSB
SHAD Rm,Rn Rn=0: Rn<<Rm - Rn 0100nnnnmmmm1100 — 1 —

Rn < 0:Rn>>Rm -

[MSB - Rn]
SHAL Rn T<Rn<0 0100nnnn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnNn00100001 — 1 LSB
SHLD Rm,Rn Rn=0: Rn<<Rm - Rn 0100nnnnmmmm1101 — 1 —

Rn <0: Rn>>Rm -

[0 -~ Rn]
SHLL Rn T<Rn-0 0100nnNNN00000000 — 1 MSB
SHLR Rn 0O-Rn-T 0100nnnn00000001 — 1 LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnNn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLL16 Rn Rn<<16 - Rn 0100nnnNn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —
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Table 2.10 lists the SH7708 Series branch instructions.

Table 2.10 Branch Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

BF label If T=0,dispx2+PC A& PC; 10001011dddddddd — 3/1* —
if T =1, nop (where label is
disp + PC)

BF/S label Delayed branch, if T =0, 10001111dddddddd — 2/1* —
disp x2 + PC - PC;
if T=1, nop

BT label Delayed branch, if T = 1, 10001001dddddddd — 3/1* —
disp x2 + PC - PC;
if T=0, nop

BT/S label IfT=1,dispx2+PC - PC; 10001101dddddddd — 2/1* —
if T=0, nop

BRA label Delayed branch, 1010dddddddddddd — 2 —
dispx2+PC - PC

BRAF Rm Delayed branch, 0000mmmmO00100011 — 2 —
Rm+ PC - PC

BSR label Delayed branch, PC - PR, 1011dddddddddddd — 2 —
dispx2+PC - PC

BSRF Rm Delayed branch, PC - PR, 0000mmmmO0000011 — 2 —
Rm+ PC - PC

JMP @Rm Delayed branch, Rm - PC 0100mmmmO00101011 — 2 —

JSR @Rm Delayed branch, PC - PR, 0100mmmmO00001011 — 2 —
Rm - PC

RTS Delayed branch, PR - PC 0000000000001011 — 2 —

Note: * One state when there is no branch.
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Table 2.11 lists the SH7708 Series system control instructions.

Table 2.11 System Control Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
CLRMAC 0 - MACH, MACL 0000000000101000 — 1 —
CLRS 0-S 0000000001001000 — 1 —
CLRT 0T 0000000000001000 — 1 0
LDC Rm,SR Rm - SR 0100mmmm00001110 v 5 LSB
LDC Rm,GBR Rm - GBR 0100mmmmO00011110 — 1 —
LDC Rm,VBR Rm - VBR 0100mmmm00101110 1 —
LDC Rm,SSR Rm - SSR 0100mmmm00111110 1 —
LDC  Rm,SPC Rm - SPC 0100mmmm01001110 1 —
LDC Rm,RO_BANK Rm - RO_BANK 0100mmmm10001110 v 1 —
LDC Rm,R1_BANK Rm - R1_BANK 0100mmmm10011110 1 —
LDC Rm,R2_BANK Rm - R2_BANK 0100mmmm10101110 V 1 —
LDC Rm,R3_BANK Rm - R3_BANK 0100mmmm10111110 v 1 —
LDC Rm,R4_BANK Rm - R4_BANK 0100mmmm11001110 v 1 —
LDC Rm,R5_BANK Rm - R5_BANK 0100mmmm11011110 V 1 —
LDC Rm,R6_BANK Rm - R6_BANK 0100mmmm11101110 v 1 —
LDC Rm,R7_BANK Rm - R7_BANK 0100mmmm11111110 1 —
LDC.L @Rm+,SR (Rm) -~ SR,Rm+4 - Rm 0100mmmm00000111  V 7 LSB
LDC.L @Rm+,GBR (Rm) - GBR,Rm+4 - Rm 0100mmmmO00010111 — 1 —
LDC.L @Rm+,VBR (Rm) - VBR,Rm+4 -, Rm 0100mmmm00100111 v 1 —
LDC.L @Rm+,SSR (Rm) - SSR,Rm +4 - Rm 0100mmmm00110111 vV 1 —
LDC.L @Rm+,SPC (Rm) - SPC,Rm +4 -, Rm 0100mmmm01000111 1 —
LDC.L @Rm+, (Rm) — RO_BANK, 0100mmmm10000111 v 1 —
RO_BANK Rm+4 - Rm
LDC.L @Rm+, (Rm) - R1_BANK, 0100mmmm10010111 v 1 —
R1 _BANK Rm+4 - Rm
LDC.L @Rm+, (Rm) — R2_BANK, 0100mmmm10100111 v 1 —
R2_BANK Rm+4 - Rm
LDC.L @Rm+, (Rm) - R3_BANK, 0100mmmm10110111 v 1 —
R3_BANK Rm+4 - Rm
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Table 2.11 System Control Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
LDC.L @Rm+, (Rm) - R4_BANK, 0100mmmm11000111 v 1 —
R4_BANK Rm+4 - Rm
LDC.L @Rm+, (Rm) - R5_BANK, 0100mmmm11010111  V 1 —_
R5_BANK Rm+4 - Rm
LDC.L @Rm+, (Rm) - R6_BANK, 0100mmmm11100111 v 1 —
R6_BANK Rm+4 - Rm
LDC.L @Rm+, (Rm) - R7_BANK, 0100mmmm11110111 vV 1 —_
R7_BANK Rm+4 - Rm
LDS Rm,MACH Rm - MACH 0100mmmmO00001010 — 1 —
LDS Rm,MACL Rm - MACL 0100mmmmO00011010 — 1 —
LDS Rm,PR Rm - PR 0100mmmm00101010 — 1 —
LDS.L @Rm+MACH (Rm) -~ MACH,Rm+4 -~ Rm 0100mmmmO00000110 — 1 —
LDS.L @Rm+MACL (Rm) -~ MACL,Rm+4 - Rm 0100mmmmO00010110 — 1 —_
LDS.L @Rm+,PR (Rm) - PR,Rm+4 - Rm 0100mmmm00100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 v 1 —
NOP No operation 0000000000001001 — 1 —
PREF @Rm (Rm) - cache 0000mmmm310000011 — 1 —
RTE Delayed branch, 0000000000101011 v 4 —
SSR/SPC - SR/PC
SETS 1.8 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011 v 4* —
STC SR,Rn SR - Rn 0000nNNN00000010 v 1 —
STC GBR,Rn GBR - Rn 0000nNNN00010010 — 1 —
STC VBR,RN VBR - Rn 0000nnnn00100010 v 1 —
STC SSR,Rn SSR - Rn 0000nnNNN00110010 v 1 —
STC SPC,Rn SPC - Rn 0000nNNN01000010 v 1 —
STC RO_BANK,Rn RO_BANK- Rn 0000nnNnn10000010 v 1 —
STC R1_BANK,Rn R1_BANK- Rn 0000nnNNn10010010 v 1 —
STC R2_BANK,Rn R2_BANK- Rn 0000nnNNNn10100010 v 1 —
STC R3_BANK,Rn R3_BANK- Rn 0000nnnn10110010 v 1 —

Note: * The number of cycles until the sleep state is entered.
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Table 2.11 System Control Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

STC R4 _BANK,Rn R4_BANK- Rn 0000nnnNn11000010 v 1 —

STC R5_BANK,Rn R5_BANK- Rn 0000nnnNn11010010 v 1 —

STC  R6_BANK,Rn R6 _BANK- Rn 0000nNNN11100010 v 1 —

STC R7_BANK,Rn R7_BANK- Rn 0000nnnNn11110010 v 1 —

STC.L SR,@-Rn Rn-4 - Rn, SR - (Rn) 0100nnnn00000011 v 1 —

STC.L GBR,@-Rn Rn-4 - Rn, GBR - (Rn) 0100nnnn00010011 — 1 —

STC.L VBR,@-Rn Rn-4 - Rn, VBR - (Rn) 0100nnnn00100011 v 1 —

STC.L SSR,@-Rn Rn-4 - Rn, SSR - (Rn) 0100nnnn00110011 v 1 —

STC.L SPC,@-Rn Rn-4 - Rn, SPC - (Rn) 0100nnnn01000011 v 1 —

STC.L RO_BANK, Rn-4 - Rn, RO_BANK - (Rn) 0100nnnn10000011 v 2 —
@-Rn

STC.L R1_BANK, Rn-4 - Rn, R1_BANK - (Rn) 0100nnnn10010011 v 2 —
@-Rn

STC.L R2_BANK, Rn-4 - Rn, R2_BANK - (Rn) 0100nnnn10100011 v 2 —
@-Rn

STC.L R3_BANK, Rn-4 - Rn, R3_BANK - (Rn) 0100nnnn10110011 v 2 —
@-Rn

STC.L R4_BANK, Rn-4 - Rn, R4_BANK - (Rn) 0100nnnn11000011 v 2 —
@-Rn

STC.L R5_BANK, Rn-4 - Rn, R5_BANK - (Rn) 0100nnnn11010011 v 2 —
@-Rn

STC.L R6_BANK, Rn-4 - Rn, R6_BANK - (Rn) 0100nnnn11100011 v 2 —
@-Rn

STC.L R7_BANK, Rn-4 - Rn, R7_BANK - (Rn) 0100nnnn11110011 v 2 —
@-Rn

STS MACH,Rn MACH - Rn 0000nNnNN00001010 — 1 —

STS MACL,Rn MACL - Rn 0000nnnn00011010 — 1 —

STS PR,Rn PR - Rn 0000nnnNn00101010 — 1 —

STS.L MACH,@-Rn Rn-4 - Rn, MACH - (Rn) 0100nnnNn00000010 — 1 —

STS.L MACL,@-Rn Rn-4 - Rn, MACL - (Rn) 0100nnnn00010010 — 1 —

STS.L PR,@-Rn Rn-4 - Rn, PR - (Rn) 0100nnnn00100010 — 1 —

TRAPA #imm PC - SPC, SR - SSR, 1100001 1Liiiiiiii — 6 —

imm - TRA
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Notes: 1. The table shows the minimum number of execution cycles. The actual number of
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instruction execution cycles will increase in cases such as the following:
« When there is contention between an instruction fetch and data access

* When the destination register in a load (memory-to-register) instruction is also used
by the next instruction

. With the addressing modes using displacement (disp) listed below, the assembler

descriptions in this manual show the value before scaling (x1, x2, or x4) is performed.
This is done to clarify the operation of the chip. For the actual assembler descriptions,
refer to the individual assembler notation rules.

@ (disp:4, Rn) ; Register-indirect with displacement
@ (disp:8, Rn) ; GBR-indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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Instruction Code Map

Table 2.12 shows the instruction code map.

Table 2.12

Instruction Code Map

Instruction Code

Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0000 Rn ! Fx ! 0000
0000, Rn | Fx | 0001
0000, Rn ,00MD| 0010|STC ~ SR,Rn STC GBR,Rn STC VBR,Rn STC SSR,RN
0000, Rn |01MD, 0010|STC SPC,Rn
0000/ Rn 110MD; 0010|STC RO_BANK,Rn |STC R1_BANK,Rn |STC R2_BANK,Rn |STC R3_BANK,Rn
ooooi Rn illMDi 0010|STC R4_BANK,Rn | STC R5_BANK,Rn |STC R6_BANK,Rn |STC R7_BANK,Rn
0000' Rm '00MD! 0011|BSRF  Rm BRAF  Rm
0000' Rm '10MD 0011|PREF  @Rm
0000, Rn | Rm ,0IMD MOV.B  Rm,@(RO,Rn) MOV.W ~Rm,@(RO,Rn) |[MOV.L ~ Rm,@(RO,Rn) [MULL ~ Rm,Rn
0000; 0000,00MD; 1000| CLRT SETT CLRMAC LDTLB
0000, 0000,01MD; 1000| CLRS SETS
00001 0000, Fx | 1001|NOP DIVOU
ooooi ooooi Fx 31010
0000/ 0000 Fx 1011 RTS SLEEP RTE
0000: RN : Fx :1000
0000, Rn | Fx | 1001 MOVT  Rn
0000, Rn | Fx ,1010/STS ~ MACHRn |STS MACLRn  |STS PR,RN
0000, Rn | Fx | 1011
0000/ Rn | Rm 111MDMOV.B  @(RO,Rm),Rn|MOV.W ~ @(RO.RM)Rn|MOV.L  @(RO.Rm)RN|MACL @Rm+@Rn+
00013 Rn i Rm idisp MOV.L  Rm,@(disp:4,Rn)
0010: RN : Rm :OOMD MOV.B  Rm,@Rn MOV.W Rm,@Rn MOV.L Rm,@Rn
0010' Rn | Rm 0IMD|MOV.B  Rm@Rn  |MOV.W Rm,@-Rn MOV.L Rm,@-Rn DIVOS  Rm,Rn
0010] Rn | Rm |10MD| TST Rm,Rn AND Rm,Rn XOR Rm,Rn OR Rm,Rn
0010, Rn | Rm |11MD|CMP/STR Rm,Rn XTRCT  Rm,Rn MULU.W Rm,Rn MULSW Rm,Rn
0011, Rn , Rm |00MD|CMP/EQ Rm,Rn CMP/HS Rm,Rn CMP/GE Rm,Rn
00111 Rn | Rm |01MD|DIVL Rm,RN DMULU.L Rm,Rn CMP/HI  Rm,Rn CMP/GT Rm,Rn
00113 Rn i Rm ilOMD SuUB Rm,Rn SUBC Rm,Rn SUBV Rm,Rn

Rn | Rm ADD Rm,RN DMULS.L Rm,Rn ADDC  Rm,Rn ADDV ~ Rm,Rn

0011!
I

111MD
I

RENESAS

45




Table 2.12

Instruction Code Map (cont)

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0100, Rn | Fx 10000|SHLL  Rn DT Rn SHAL  Rn
01003 RN \ Fx 30001 SHLR  Rn CMP/PZ Rn SHAR Rn
0100' Rn | Fx 10010/STSL MACH@Rn |STSL MACL@-Rn |STSL PR@-Rn
0100/ Rn 0OMD!0011|STC.L ~ SR,@-Rn STCL GBR,@-Rn |STCL VBR@-Rn |STCL SSR@-Rn
0100, Rn 01MD,0011|STCL  SPC,@-Rn
0100, Rn 10MD,0011/STCL  RO_BANK,@Rn |STC.L RI_BANK.@Rn |STC.L R2_BANK.@Rn |STC.L  R3_BANK@-Rn
0100: Rn :llMD:OOll STC.L R4_BANK,@-Rn |STC.L R5_BANK,@-Rn |STC.L R6_BANK,@-Rn [STC.L R7_BANK,@-Rn
0100/ Rn | Fx 10100|ROTL  Rn ROTCL Rn
01003 RN w Fx 30101 ROTR Rn CMP/PL Rn ROTCR Rn
0100' Rm | Fx '0110|LDS.L @Rm+MACH |LDSL @Rm+MACL |LDSL @Rm+PR
0100: Rm ‘DOMD:Olll LDC.L @Rm+,SR LDC.L @Rm+GBR |[LDCL @Rm+VBR |[LDCL @Rm+SSR
0100; Rm 01MD!0111|LDCL  @Rm+SPC
0100: Rm :lOMD:Olll LDC.L @Rm+,RO_BANK|LDC.L @Rm+,R1_BANK | LDC.L @Rm+,R2_BANK | LDC.L @Rm+,R3_BANK
0100: Rm :llMD:Olll LDC.L @Rm+,R4_BANK|LDC.L @Rm+,R5_BANK | LDC.L @Rm+,R6_BANK | LDC.L @Rm+,R7_BANK
0100, Rn | Fx 11000|SHLL2 Rn SHLL8 Rn SHLL16 Rn
01003 RN \ Fx 31001 SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100' Rm | Fx '1010/LDS Rm,MACH LDS Rm,MACL LDS Rm,PR
0100! Rm/ | Fx !|1011|JSR @Rm TASB  @Rn JMP  @Rm

| Rn |

0100: Rn : Rm :1100 SHAD Rm,Rn
01003 RN w Rm 31101 SHLD  Rm,Rn
0100! Rm 00MD!1110/LDC  Rm.SR LDC  Rm,GBR LDC  Rm\VBR LDC  Rm,SSR
0100: RmM ‘blMD:lllo LDC Rm,SPC
0100, Rm {10MD,1110|LDC ~ Rm,RO_BANK LDC ~ RmRI_BANK [LDC ~ RmR2_BANK [LDC  Rm,R3_BANK
0100; Rm 11MD,1110/LDC  Rm,R4_BANK |[LDC  Rm,R5_BANK |[LDC ~ Rm,R6_BANK |LDC  Rm,R7_BANK
0100, Rn | Rm 1111 MACW @Rm+@Rn+
0101: Rn : Rm :disp MOV.L  @(disp:4,Rm),Rn
01103 RN iRm :OOMD MOV.B  @Rm,Rn MOV.W @Rm,Rn MOV.L @Rm,Rn MOV~ Rm,Rn
0110! Rn ' Rm 0IMD/MOV.B @Rm+Rn MOV.W @Rm+Rn MOV.L @Rm+Rn NOT  Rm,Rn
0110/ Rn | Rm 10MD|SWAP.B Rm.Rn SWAP.W Rm,Rn NEGC Rm,Rn NEG  Rm,Rn
0110, Rn | Rm [11MD EXTU.B Rm,Rn EXTU.W Rm,Rn EXTS.B Rm,Rn EXTS.W Rm,Rn
0111, Rn | imm ADD  #mm:8Rn
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Table 2.12

Instruction Code Map (cont)

Instruction Code

Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
T [
1000100MD, Rn ' disp |MOV.B MOV.W
: I : RO, @(disp:4,Rn) RO,@(disp:4,Rn)
|
[
lOOOlOlMD: Rm | disp |MOV.B MOV.W
I | ! @(disp:4,Rm),RO @(disp:4,Rm),R0O
| |
T
1000'10MD;  imm/disp |CMP/EQ #imm:8,R0 BT label:8 BF label:8
|
1000:11MD\ imm/disp BT/S label:8 BF/S label:8
1001} Rn ' disp |MOV.W @(DISP:8,PC),RN
|
1010, disp BRA  label:12
[
1017, disp BSR label:12
T
1100,00MD' imm/disp |MOV.B MOV.W MOV.L TRAPA  #imm:8
|

RO,@(disp:8,GBR)

RO,@(disp:8,GBR)

RO,@(disp:8,GBR)

|
1100/01MD,  disp

MOV.B
@(disp:8,GBR),R0

MOV.W
@(disp:8,GBR),R0

MOV.L
@(disp:8,GBR),R0

MOVA
@(disp:8,PC),R0O

llOO\lOMD: imm

TST #imm:8,R0

AND #imm:8,R0

XOR #imm:8,R0

OR #imm:8,R0

1100‘11MD: imm
|

TST.B
#mm:8,@(R0,GBR)

AND.B
#imm:8,@(RO,GBR)

XOR.B
#imm:8,@(RO,GBR)

OR.B
#imm:8,@(R0,GBR)

|
1101, Rn

i disp MOV.L @(disp:8,PC),Rn
1110: Rn : imm MOV #imm:8,Rn
11113 Sk
Note: See the SH-3/SH-3E/SH3-DSP Programming Manual for details.
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25 Processor States and Processor Modes

2.5.1 Processor States

The SH7708 Series has five processor states: the reset state, exception-handling state, bus-rele:
state, program execution state, and power-down state.

Reset Stateln this state the CPU is reset. The reset state is entered wHIRSBEE pin goes
low. The CPU enters the power-on reset state iBREQ pin is high, or the manual reset state if
the BREQ pin is low. See section 4, Exception Handling, for more information on resets.

In the power-on reset state, the internal states of the CPU and the on-chip supporting module
registers are initialized. In the manual reset state, the internal states of the CPU and registers of
chip supporting modules other than the bus state controller (BSC) are initialized. Since the BSC i
not initialized in the manual reset state, refreshing operations continue. Refer to the register
configurations in the relevant sections for further details.

Exception-Handling State: This is a transient state during which the CPU’s processor state flow
is altered by a reset, general exception, or interrupt exception handling.

In the case of a reset, the CPU branches to address H'AO000000 and starts executing the user-
coded exception handling program.

In the case of a general exception or interrupt, the program counter (PC) contents are saved in tt
saved program counter (SPC) and the status register (SR) contents are saved in the saved statu
register (SSR). The CPU branches to the start address of the user-coded exception service routil
found from the sum of the contents of the vector base address and the vector offset. See section
Exception Processing, for more information on resets, general exceptions, and interrupts.

Program Execution State:In this state the CPU executes program instructions in sequence.

Power-Down State:In the power-down state, CPU operation halts and power consumption is
reduced. The power-down state is entered by means of the SLEEP instruction or the CA pin*.
There are three modes in the power-down state: sleep mode, standby mode and hardware stand
mode. See section 8, Power-Down Modes, for more information.

Note:SH7708S,SH7708R only

Bus-Released Statdn this state the CPU has released the bus to a device that requested it.

Transitions between the states are shown in figure 2.8.
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From any state except From any state except
hardware standby mode when hardware standby mode when
RESET =0and BREQ =1 RESET = 0 and BREQ =0

Interrupt

End of exception
transition
processing

Exception
interrupt

Interrupt

Bus
request
clearance

SLEEP
instruction
with STBY

|
I

Sleep mode Standby mode :

|

I

|

I

|

]

— ——— Hardware standby mode*
CA=1,RESET=0,BREQ=1 Power-down state

Note: * Driving the CA pin low in any state will cause a transition to hardware standby mode (SH7708S,SH7708R only).

Figure 2.8 Processor State Transitions

252 Processor Modes

There are two processor modes: privileged mode and user mode. The processor mode is
determined by the processor mode bit (MD) in the status register (SR). User mode is selected
when the MD bit is 0, and privileged mode when the MD bit is 1. When the reset state or
exception state is entered, the MD bit is set to 1. When exception handling ends, the MD bit is
cleared to 0 and user mode is entered. There are certain registers and bits which can only be
accessed in privileged mode.

49
RENESAS



2.6 Usage Note

In the SH7708R, operations may not be performed correctly when the following sequences are
executed with the cache on.

Address  Instruction

4n MAC.L (or MAC.W, DMULS.L, DMULU.L, MUL.L)

4n+2 MAC.L (or MAC.W, DMULS.L, DMULU.L, MUL.L)

4n+4 STS(.L)/LDS(.L) MACH/MACL

or

4n+2 MAC.L (or MAC.W, DMULS.L, DMULU.L, MUL.L)

4n+4 NOP (or one-cycle instruction except MAC instructfasr*branch
instruction®)

4n+6 MAC.L (or MAC.W, DMULS.L, DMULU.L, MUL.L)

4n+8 STS(.L)/LDS(.L) MACH/MACL

Notes: 1. MULS.W, MULU.W, MAC.L, MAC.W, DMULS.L, DMULU.L, MUL.L, MULS.W,
MULU.W

2. BF, BF/S, BT, BT/S, BRA, BRAF, BSR, BSRF, JMP, JSR, RTS
Software Remedy:This problem can be avoided in either of the following ways.

1. Do not use the above sequences.

2. When performing STS/LDS on the MACL/MACH register after consecutive execution of MAC
instructions, insert an NOP instruction between the MAC instructions and STS/LDS
instruction.
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Section 3 Memory Management Unit (MMU)

3.1 Overview

3.1.1 Features

The SH7708 Series has an on-chip memory management unit (MMU) that implements address
translation. The SH7708 Series features a resident translation lookaside buffer (TLB) that cache
information for user-created address translation tables located in external memory. It enables hi
speed translation of virtual addresses into physical addresses. Address translation uses the pag
system and supports two page sizes (1 kbyte and 4 kbytes). The access right to virtual address
space can be set for privileged and user modes to provide memory protection.

3.1.2 Role of MMU

The MMU is a feature designed to make efficient use of physical memory. As shown in figure 3.
if a process is smaller in size than the physical memory, the entire process can be mapped onta
physical memory. However, if the process increases in size to the extent that it no longer fits int
physical memory, it becomes necessary to partition the process and to map those parts requirin
execution onto memory as occasion demands ((1)). Having the process itself consider this
mapping onto physical memory would impose a large burden on the process. To lighten this
burden, the idea of virtual memory was born as a means of performing en bloc mapping onto
physical memory ((2)). In a virtual memory system, substantially more virtual memory than
physical memory is provided, and the process is mapped onto this virtual memory. Thus a proce
only has to consider operation in virtual memory. Mapping from virtual memory to physical
memory is handled by the MMU. The MMU is normally controlled by the operating system,
switching physical memory to allow the virtual memory required by a process to be mapped ont
physical memory in a smooth fashion. Switching of physical memory is carried out via secondar
storage, etc.

The virtual memory system that came into being in this way is particularly effective in a time-
sharing system (TSS) in which a number of processes are running simultaneously ((3)). If
processes running in a TSS had to take mapping onto virtual memory into consideration while
running, it would not be possible to increase efficiency. Virtual memory is thus used to reduce tt
load on the individual processes and so improve efficiency ((4)). In the virtual memory system,
virtual memory is allocated to each process. The task of the MMU is to perform efficient mappin
of these virtual memory areas onto physical memory. It also has a memory protection feature th
prevents one process from inadvertently accessing another process’s physical memory.

When address translation from virtual memory to physical memory is performed using the MMU
it may happen that the relevant translation information is not recorded in the MMU, with the restL
that one process may inadvertently access the virtual memory allocated to another process. In t
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case, the MMU will generate an exception, change the physical memory mapping, and record the
new address translation information.

Although the functions of the MMU could also be implemented by software alone, the need for
translation to be performed by software each time a process accesses physical memory would
result in poor efficiency. For this reason, a buffer for address translation (translation lookaside
buffer: TLB) is provided in hardware to hold frequently used address translation information. The
TLB can be described as a cache for storing address translation information. Unlike cache
memory, however, if address translation fails—that is, if an exception is generated—switching of
address translation information is normally performed by software. This makes it possible for
memory management to be performed flexibly by software.

The MMU has two methods of mapping from virtual memory to physical memory: a paging
method using fixed-length address translation, and a segment method using variable-length
address translation. With the paging method, the unit of translation is a fixed-size address space
(usually of 1 to 64 kbytes) called a page.

In the following text, SH7708 Series address space in virtual memory is referred to as virtual
address space, and address space in physical memory as physical memory space.
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3.1.3 SH7708 Series MMU

Virtual Address Map: The SH7708 Series uses 32-bit virtual addresses to access a 4-Gbyte
virtual address space that is divided into several areas. Address space mapping is shown in figur
3.2.

In privileged mode, there are five areas, PO—P4. The PO and P3 areas are mapped onto physical
address space in page units, in accordance with address translation table information. Addresse:
H'7F000000-H'7FFFFFFF in the PO area can be used as on-chip RAM space by making a settin
in the cache control register (CCR) (see section 5, Cache). In this case, mapping by means of th
address translation table is not performed for the on-chip RAM space. Write-back or write-throug
can be selected for write access by means of a CCR setting.

Mapping of the P1 area is fixed to physical address space (H'00000000 to H'1FFFFFFF). In the F
area, setting a virtual address MSBs (bit 31) to 0 generates the corresponding physical address.
area access can be cached, and the cache control register (CCR) is set to indicate whether to ca
or not. Write access is processed as write-through (SH7708). A CCR setting can be made to sele
write-back or write-through.

Mapping of the P2 area is fixed to physical address space (H'00000000 to H'1FFFFFFF). In the F
area, setting the top three virtual address bits (bits 31, 30, and 29) to 0 generates the corresponc
physical address. P2 area access cannot be cached.

The P1 and P2 areas are not mapped by the address translation table, so the TLB is not used an
no exceptions like TLB misses occur. Initialization of MMU-related registers, exception
processing handling, and the like are located in the P1 and P2 areas. Because the P1 area is
cached, handlers that require high-speed processing are placed there.

The P4 area is used for mapping on-chip control register addresses.

In user mode, the 2 Gbytes of virtual address space from H'00000000 to H'7FFFFFFF (area U0)
can be accessed. UO is mapped onto physical address space in page units. As with the PO area,
addresses H'7000000-H'7FFFFFFF can be used as on-chip RAM space by making a setting in t
cache control register (CCR). In this case, mapping by means of the address translation table is |
performed for the on-chip RAM space. The 2 Gbytes of virtual address space from H'80000000 t
H'FFFFFFFF cannot be accessed in user mode. Attempting to do so creates an address error.

Write-back or write-through mode can be selected for write accesses by means of a CCR setting
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H'00000000

H'7F000000

H'80000000

H'A0000000

H'C0000000

H'E0000000

H'FFFFFFFF

2-Ghyte virtual space,
cacheable
(write-back/write-through)

On-chip RAM space

0.5-Gbyte fixed physical
space, cacheable
(write-through: SH7708)
(write-back/write-through:
SH7708S, SH7708R)

0.5-Ghyte fixed
physical space,
non-cacheable

0.5-Gbyte virtual space,
cacheable
(write-back/write-through)

0.5-Gbyte control space,
non-cacheable

Privileged mode

H'00000000

Area PO

H'7F000000

H'80000000

Area P1

Area P2

Area P3

Area P4
H'FFFFFFFF

2-Ghyte virtual space,
cacheable

(write-back/write-through)

On-chip RAM space

Address error

User mode

Area UO

Figure 3.2 Virtual Address Space Mapping
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Physical Address SpaceThe SH7708 Series supports a 32-bit physical address space, but the
upper 3 bits are actually ignored and treated as a shadow. See section 10, Bus State Controller,
details.

Single Address Translation:When the MMU is enabled, the virtual address space is divided into
units called pages. Physical addresses are translated in page units. Address translation tables in
external memory hold information such as the physical address that corresponds to the virtual
address and memory protection codes. With the TLB, the contents of address translation tables i
external memory are cached to speed up address translation. When an access to areas P1 or P
occurs, there is no TLB access and the physical address is defined uniquely by the hardware. If i
belongs to areas PO, P3 or UO, the TLB is searched by virtual address and, if that virtual address
registered in the TLB, the access hits the TLB. The corresponding physical address and the page
control information are read from the TLB and the physical address is determined.

If the virtual address is not registered in the TLB, a TLB miss exception occurs and processing
will shift to the TLB miss handler. In the TLB miss handler, the TLB address translation table in
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that causec
the TLB miss is re-executed. When the MMU is enabled, address translation information that
results in a physical address space of H'80000000—-H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, the virtual address is used directly as the physical address. As the
SH7708 Series supports a 29-bit address space as the physical address space, the top 3 bits of
physical address are ignored, and constitute a shadow space (see section 10, Bus State Controll
(BSC)). For example, addresses H'00001000 in the PO area, H'80001000 in the P1 area,
H'A0001000 in the P2 area, and H'C0001000 in the P3 area are all mapped onto the same physi
address. When access to these addresses is performed with the cache enabled, an address with
top 3 bits of the physical address masked to 0O is stored in the cache address array to ensure dat:
congruity.

Single Virtual Memory Mode and Multiple Virtual Memory Mode: There are two virtual

memory modes: single virtual memory mode and multiple virtual memory mode. In single virtual
memory mode, multiple processes run in parallel using the virtual address space exclusively and
the physical address corresponding to a given virtual address is specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, so a
given virtual address may be translated into different physical addresses depending on the proce
Either single or multiple virtual mode is selected according to the value set in the MMU control
register. The items used in address comparison are the VPN and ASID. The VPN of the virtual
address used to access external memory is compared with the VPN of the TLB entry selected by
the index number.

56
RENESAS



Address Space Identifier (ASID):When multiple processes run in parallel sharing the same
virtual address space and the processes have unique address translation tables, the virtual spa
can be multiplexed. The ASID is 8 bits in length and is held in PTEH within the MMU indicating
the current process. With ASID, the TLB need not be purged when the process is switched.

When multiple processes run in parallel using the virtual address space exclusively, the physica
address corresponding to a given virtual address is specified uniquely. For this kind of single
virtual memory, the ASID becomes a key to protect memory (see section 3.4.2).

3.14 Register Configuration

A register that has an undefined initial value must be initialized by the software. Table 3.1 show:
the configuration of the MMU control registers.

Table 3.1 Register Configuration

Name Abbreviation R/W Size Initial Value* 1 Address
Page table entry register PTEH R/W Longword Undefined H'FFFFFFFO
high

Page table entry register low PTEL R/W Longword Undefined H'FFFFFFF4
Translation table base TTB R/W Longword Undefined H'FFFFFFF8
register

TLB exception address TEA R/W Longword Undefined H'FFFFFFFC
register

MMU control register MMUCR R/W Longword *2 H'FFFFFFEO

Notes: 1. Initialized by a power-on reset or manual reset.
2. SV bit: undefined
Other bits: 0
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3.2 Register Description

There are five registers for MMU processing. These are all peripheral module registers, so they &
located in address space area P4 and can only be accessed from privileged mode by specifying
address. These registers consist of:

1.
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The page table entry register high (PTEH) register residing at address H'FFFFFFFO, which
consists of a virtual page number (VPN) and ASID. The VPN set is the VPN of the virtual
address at which the exception is generated in the case of an MMU exception or address errc
exception. When the page size is 4 kbytes, the VPN is the upper 20 bits of the virtual address
but in this case the upper 22 bits of the virtual address are set. The VPN can also be modified
by software. As the ASID, software sets the number of the currently executing process. The
VPN and ASID are recorded in the TLB by the LDTLB instruction.

The page table entry register low (PTEL) register residing at address H'FFFFFFF4, and used
store the physical page humber and page management information to be recorded in the TLB
by the LDTLB instruction. The contents of this register are only modified in response to a
software command.

The translation table base register (TTB) residing at address H'FFFFFFF8, which points to the
base address of the current page table. The hardware does not set any value in TTB
automatically. TTB is available to software for general purposes.

The TLB exception address register (TEA) register residing at address H'FFFFFFFC, which
stores the virtual address corresponding to a TLB or address error exception. This value
remains valid until the next exception or interrupt.

The MMU control register (MMUCR) residing at address H'FFFFFFFO, which makes the
MMU settings described in figure 3.3. Any program that modifies MMUCR should reside in
the P1 or P2 area.
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The MMU registers are shown in figure 3.3.

SV:

RC:

TF:

AT:

31 10 7 0
VPN 0 ASID
PTEH
31 109876 4 3210
PPN 0|V|0|PR|SZ|C|D|SH|0O
PTEL
31 0
TTB
TTB
31 0
Virtual address causing TLB-related
or address error exception

TEA
31 8 765432 1 0

0 |SV|OO|RC|O|TF|IX|AT|

MMUCR

Reserved bits (except MMUCR): Always read as 0. Writing is ignored.
(MMUCR) :Except bit 3 is read as 0. Bit 3 is don't care. Writing is

should be 0.

Single virtual memory mode bit. Set to 1 for single virtual memory mode, cleared

to 0 for multiple virtual memory mode.

A 2-bit random counter, automatically updated by hardware according to the

following rules in the event of an MMU exception. When a TLB miss exception

occurs, all TLB entry ways corresponding to the virtual address at which the

exception occurred are checked, and if all ways are valid, 1 is added to RC; if

there is one or more invalid way, they are set by priority from way 0, in the order:

way 0, way 1, way 2, way 3. In the event of an MMU exception other than a TLB

miss exception, the way which caused the exception is set in RC.

TLB flush bit. Write 1 to flush the TLB (clear all valid bits of the TLB to 0). Always

reads O.

. Index mode bit. When 0, VPN bits 16—-12 are used as the TLB index number.

When 1, the value obtained by EX-ORing ASID bits 4-0 in PTEH and VPN bits
16-12 are used as the TLB index number.

Address translation bit. Enables/disables the MMU.

0: MMU disabled

Figure 3.3 MMU Register Contents
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3.3

331

The TLB caches address translation table information located in external memory. The address
translation table stores the physical page number translated from the virtual page number and th:
control information for the page, which is the unit of address translation. Figure 3.4 shows the
overall TLB configuration. The TLB is 4-way set associative with 128 entries. There are 32 entrie

TLB Functions

Configuration of the TLB

for each way. Figure 3.5 shows the configuration of virtual addresses and TLB entries.

Way 0-3 Way 0-3
[ I I I [ I I
[ I I I [ I I I
[ I I I | [ I I I I

Entry 0 | VPN(31-17) [VPN(11-10)| ASID(7-0) | V | H Entry O |PPN(31-10) |PR(1-0)|SZ SH

Entry 1 _—_ Entry 1
Entry 31 - Entry31

Address array Data array
Figure 3.4 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 1 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) ) ® @ 1)d (22) 2 1)@
VPN (31-17)| VPN (11-10)| ASID [SH|SzZ| V| | PPN [PR|C[D|
TLB entry
VPN: Virtual page number. Top 22 bits of virtual address for a 1-kbyte page, or top 20 bits of virtual

ASID:

SH:

SZ:

PPN:

PR:

address for a 4-kbyte page. Since VPN bits 16-12 are used as the index number, they are
not stored in the TLB entry.

Address space identifier. Indicates the process that can access a virtual page. In single
virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit is O,
the address is compared with the ASID in PTEH when address comparison is performed.
Share status bit

0 = Page not shared between processes

1 = Page shared between processes

Page size bit

0 = 1-kbyte page

1 = 4-kbyte page

Valid bit. Indicates whether entry is valid.

0 = Invalid

1 =Valid

Cleared to 0 by a power-on reset. Not affected by a manual reset.

Physical page number. Top 22 bits of physical address. PPN bits 11-10 are not used in the
case of a 4-kbyte page. Attention must be paid to the synonym problem in the case of a
1-kbyte page (see section 3.4.4).

Set the most significant bit to 0.

Protection key field. 2-bit field encoded to define the access rights to the page.

00: Reading only is possible in privileged mode.

01: Reading/writing is possible in privileged mode.

10: Reading only is possible in privileged/user mode.

11: Reading/writing is possible in privileged/user mode.

Cacheable bit. Indicates whether the page is cacheable.

0: Non-cacheable

1: Cacheable

Dirty bit. Indicates whether the page has been written to.

0 = Not written to

1 = Written to

Figure 3.5 Virtual Address and TLB Structure
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3.3.2 TLB Indexing

The TLB uses a 4-way set associative scheme, so entries must be selected by index. VPN bits 1
to 12 are used as the index number regardless of the page size. The index number can be gener
in two different ways depending on the setting of the IX bit in MMUCR.

1. When IX =0, VPN bits 16—-12 alone are used as the index number

2. When IX =1, VPN bits 16-12 are EX-ORed with ASID bits 4-0 to generate a 5-bit index
number

The second method is used to prevent lowered TLB efficiency that results when multiple
processes run simultaneously in the same virtual address space and a specific entry is selected |
indexing of each process. Figures 3.6 and 3.7 show the indexing schemes.

Virtual address PTEH register
31 1716 1211 0 31 10 7 0
‘ ’ VPN ‘ 0 ‘ ASID ‘
ASID(4-0
Exclusive-OR )« ¢-9
Index
Way 0-3

I I I —] [
[ I I I ‘ I I N I —
[ [ [ [ [ [ [ [ [ [

0| VPN(31-17) |VPN(11-10)| ASID(7-0) | V | PPN(31-10) |PR(1-0)|SZ| C | D | SH

31

Address array Data array

Figure 3.6 TLB Indexing (IX = 1)
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Virtual address
31 1716 1211 0

Index

Way 0-3

0| VPN@31-17) |VPN(11-10) | ASID(7-0) | V || PPN(31-10) |PR(1-0)|SZ| C | D |SH

31

Address array Data array

Figure 3.7 TLB Indexing (IX = 0)

3.3.3 TLB Address Comparison

The results of address comparison determine whether a specific virtual page number is register
in the TLB. The virtual page number of the virtual address that accesses external memory is
compared to the virtual page number of the indexed TLB entry. The ASID within the PTEH is
compared to the ASID of the indexed TLB entry. All four ways are searched simultaneously. If tt
compared values match, and the indexed TLB entry is valid (V bit = 1), the hit is registered.

It is necessary to have the software ensure that TLB hits do not occur simultaneously in more tt
one way, as hardware operation is not guaranteed if this happens. For example, if there are two
identical TLB entries with the same VPN and a setting is made such that a TLB hit is made only
by a process with ASID = H'FF when one is in the shared state (SH = 1) and the other in the nol
shared state (SH = 0), then if the ASID in PHE is set to H'FF, there is a possibility of simultaneo
TLB hits in both these ways. It is therefore necessary to ensure that this kind of setting is not me
by the software.

The object compared varies depending on the page management information (Sz, SH) in the Tl
entry. It also varies depending on whether the system supports multiple virtual memory or single
virtual memory.

The page size information determines whether VPN (11-10) is compared. VPN (11-10) is
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).
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The sharing information (SH) determines whether the PTEH.ASID and the ASID in the TLB entry
are compared. ASIDs are compared when there is no sharing between processes (SH = 0) but n
when there is sharing (SH = 1).

When single virtual memory is supported (MMUCR.SV = 1) and privileged mode is engaged
(SR.MD = 1), all process resources can be accessed. This means that ASIDs are not compared
when single virtual memory is supported and privileged mode is engaged. The objects of addres:
comparison are shown in figure 3.8.

SH=1or
(SR.MD = 1 and No
MMUCR.SV = 1)?

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

\4 Y

Bits compared: Bits compared: Bits compared: Bits compared:

VPN (31-17) VPN (31-17) VPN (31-17) VPN (31-17)

VPN (11-10) VPN (11-10) ASID (7-0)
ASID (7-0)
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Figure 3.8 Objects of Address Comparison
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3.34 Page Management Information

In addition to the SH and SZ bits, the page management information of TLB entries also include
D, C, and PR bits.

The D bit of a TLB entry indicates whether the page is dirty (i.e., has been written to). If the D bi
is 0, an attempt to write to the page results in an initial page write exception. For physical page
swapping between secondary memory and main memory, for example, pages are controlled so
a dirty page is paged out of main memory only after that page is written back to secondary
memory. To record that there has been a write to a given page in the address translation table i
memory, an initial page write exception is used.

The C bit in the entry indicates whether the referenced page resides in a cacheable or non-
cacheable area of memory. The PR field specifies the access rights for the page in privileged ar
user modes and is used to protect memory. Attempts at nonpermitted accesses result in TLB
protection violation exceptions.

Access states designated by the D, C, and PR bits are shown in table 3.2.

Table 3.2  Access States Designated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
1 Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11 Permitted Permitted Permitted Permitted

RENESAS
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34 MMU Functions

34.1 MMU Hardware Management

MMU hardware management is of the following two kinds.

1.

The MMU decodes the virtual address accessed by a process and performs address translati
by controlling the TLB in accordance with the MMUCR settings.

In address translation, the MMU receives page management information from the TLB, and
determines the MMU exception and whether the cache is to be accessed (using the C bit). Fo
details of the determination method and the hardware processing, see section 3.5, MMU
Exceptions.

3.4.2 MMU Software Management

There are three kinds of MMU software management, as follows.

1.

MMU register setting. MMUCR setting, in particular, should be performed in areas P1 and P2
for which address translation is not performed. Also, since SV and IX bit changes constitute
address translation system changes, in this case, TLB flushing should be performed by
simultaneously writing 1 to the TF bit also. Since MMU exceptions are not generated in the
MMU disabled state with the AT bit cleared to 0, use in the disabled state must be avoided
with software that does not use the MMU.

TLB entry recording, deletion, and reading. TLB entry recording can be done in two ways—by
using the LDTLB instruction, or by writing directly to the memory-mapped TLB. For TLB

entry deletion and reading, the memory allocation TLB can be accessed. See section 3.4.3,
MMU Instruction (LDTLB), for details of the LDTLB instruction, and section 3.6, Memory-
Mapped TLB Configuration, for details of the memory-mapped TLB.

MMU exception handling. When an MMU exception is generated, it is handled on the basis of
information set from the hardware side. See section 3.5, MMU Exceptions, for details.

When single virtual memory mode is used, it is possible to create a state in which physical
memory access is enabled in privileged mode only by clearing the share status bit (SH) to 0 to
specify recording of all TLB entries. This strengthens inter-process memory protection, and
enables special access levels to be created in privileged mode only.

Recording a 1-kbyte page TLB entry may result in a synonym problem. See section 3.4.4,
Avoiding Synonym Problems.
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3.4.3 MMU Instruction (LDLTB)

The load TLB instruction (LDTLB) is used to record TLB entries. When the IX bit in MMUCR is
0, the LDTLB instruction changes the TLB entry in the way specified by the RC bit in MMUCR
to the value specified by PTEH and PTEL, using VPN bits 16—12 specified in PTEH as the inde:
number. When the IX bitin MMUCR is 1, the EX-OR of VPN bits 16-12 specified in PTEH and
ASID bits 4-0 in PTEH are used as the index number.

Figure 3.9 shows the case where the IX bit in MMUCR is 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. The way is set in the RC bit of MMUCR for each exceptit
according to the rules shown in figure 3.9. Consequently, if the LDTLB instruction is issued aftel
setting only PTEL in the MMU exception handling routine, TLB entry recording is possible. Any
TLB entry can be updated by software rewriting of PTEH and the RC bits in MMUCR.

As the LDTLB instruction changes address translation information, there is a risk of destroying
address translation information if this instruction is issued in the PO, UOQ, or P3 area. Make sure,
therefore, that this instruction is issued in the P1 or P2 area. Also, an instruction associated witt
access to the PO, UOQ, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDLTB instruction.

MMUCR
31 9 0
o [sv]o]ofre]o[te]w]at]
Index T Way selection
PTEH register —L— PTEL register
31 17 12 10 8 0 31 10 0
VPN ‘ ‘VPN ‘ 0 ‘ ASID | ’ PPN ‘O‘V‘O‘PR‘SZ‘C‘D‘SH‘O|
Write Write
~_ v ~_
Way 0 to 3
r T T — I T e
I I I I I I I —
0| VPN(31-17) VPN(11-10) | ASID(7-0) |V PPN(31-10) PR(1-0)|SZ|C |D |SH
—»
31
Address array Data array

Figure 3.9 Operation of LDTLB Instruction
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3.4.4 Avoiding Synonym Problems

When a 1-kbyte page is recorded in a TLB entry, a synonym problem may arise. If a number of
virtual addresses are mapped onto a single physical address, the same physical address data wi
recorded in a number of cache entries, and it will not be possible to guarantee data congruity. Th
reason why this problem only occurs when using a 1-kbyte page is explained below with referenc
to figure 3.10.

To achieve high-speed operation of the SH7708 Series cache, an index number is created using
virtual address bits 10-4. When a 4-kbyte page is used, virtual address bits 10—4 are included in
the offset, and since they are not subject to address translation, they are the same as physical
address bits 10-4. In cache-based address comparison and recording in the address array, since
cache tag address is a physical address, physical address bits 31-10 are recorded.

When a 1-kbyte page is used, also, a cache index number is created using virtual address bits 1(
However, in the case of a 1-kbyte page, virtual address bit 10 is subject to address translation an
therefore may not be the same as physical address bit 10. Consequently, the physical address is
recorded in a different entry from that of the index number indicated by the physical address in th
cache address array.

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the following
translation has been performed are recorded in two TLBs:

Virtual address 1 H'00000000- physical address H'00000400
Virtual address 2 H'00000400- physical address H'00000400

Virtual address 1 is recorded in cache entry H'00, and virtual address 2 in cache entry H'40. Sinc
the two virtual addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as a write is performed to eith
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical address is the san
as a physical address already used in another TLB entry, it should be recorded in such a way the
physical address bit 10 is the same.
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When using a 4-kbyte page

Virtual address

31 121110 0
VPN | N\  Offset |

>

Virtual address (10—4)

Physical address
31 121110 0

= NETE

Physical address (31-10) >

Cache address
array

When using a 1-kbyte page
Virtual address
31 109 0

VPN N Offset |

>

Physical address
31 109 0
PPN N Offset |

Physical address (31-10) <

Cache address
array

Figure 3.10 Synonym Problem
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3.5 MMU Exceptions

There are four MMU exceptions: TLB miss, TLB protection violation, TLB invalid, and initial
page write.

351 TLB Miss Exception

A TLB miss results when the virtual address and the address array of the selected TLB entry are
compared and no match is found. TLB miss exception handling includes both hardware and
software operations.

Hardware Operations: In a TLB miss, the SH7708 Series hardware executes a set of prescribed
operations, as follows:

1. The VPN field of the virtual address causing the exception is written to the PTEH register.

2. The virtual address causing the exception is written to the TEA register.

3. Either exception code H'040 for a load access, or H'060 for a store access, is written to the
EXPEVT register.

4. The PC value indicating the address of the instruction in which the exception occurred is
written to the save program counter (SPC). If the exception occurred in a delay slot, the PC
value indicating the address of the related delayed branch instruction is written to the SPC.

5. The contents of the status register (SR) at the time of the exception are written to the save

status register (SSR).

The mode (MD) bit in SR is set to 1 to place the SH7708 Series in privileged mode.

The block (BL) bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is setto 1.

The RC field in the MMU control register (MMUCR) is incremented by 1 when all entries

indexed are valid. When some entries indexed are invalid, the smallest way number of them i

set in RC.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000400 to invoke the user-written TLB miss exception handler.

© © N o

Software (TLB Miss Handler) Operations: The software searches the page tables in external
memory and allocates the required page table entry. Upon retrieving the required page table entr
the software must execute the following operations:

1. Write the value of the physical page number (PPN) field and the protection key (PR), page siz
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
recorded in the address translation table in external memory into the PTEL register in the
SH7708 Series.
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2. If using software for way selection for entry replacement, write the desired value to the RC
field in MMUCR.

3. Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

4. Issue the return from exception handler (RTE) instruction to terminate the handler routine an
return to the instruction stream. The RTE instruction should be issued at least two instructior
after the LDTLB instruction.

3.5.2 TLB Protection Violation Exception

A TLB protection violation exception results when the virtual address and the address array of tl
selected TLB entry are compared and a valid entry is found to match, but the type of access isr
permitted by the access rights specified in the PR field. TLB protection violation exception
handling includes both hardware and software operations.

Hardware Operations: In a TLB protection violation exception, the SH7708 Series hardware
executes a set of prescribed operations, as follows:

1. The VPN field of the virtual address causing the exception is written to the PTEH register.
2. The virtual address causing the exception is written to the TEA register.

3. Either exception code H'0AO for a load access, or H'0OCO for a store access, is written to the
EXPEVT register.

4. The PC value indicating the address of the instruction in which the exception occurred is
written into SPC (if the exception occurred in a delay slot, the PC value indicating the addres
of the related delayed branch instruction is written into SPC).

The contents of SR at the time of the exception are written to SSR.

The MD bit in SR is set to 1 to place the SH7708 Series in privileged mode.
The BL bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is setto 1.

. The way that generated the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the TLB protection violation exception handler.

© © N o »

Software (TLB Protection Violation Handler) Operations: The software resolves the TLB
protection violation and issues the RTE (return from exception handler) instruction to terminate
the handler and return to the instruction stream. The RTE instruction should be issued at least t
instructions after the LDTLB instruction.
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3.5.3 TLB Invalid Exception

A TLB invalid exception results when the virtual address is compared to a selected TLB entry
address array and a match is found but the entry is not valid (the V bit is 0). TLB invalid exceptiot
handling includes both hardware and software operations.

Hardware Operations: In a TLB invalid exception, the SH7708 Series hardware executes a set of
prescribed operations, as follows:

P wbdpE

o

© N o

The VPN number of the virtual address causing the exception is written to the PTEH register.
The virtual address causing the exception is written to the TEA register.
The way number causing the exception is written to RC in MMUCR.

Either exception code H'040 for a load access, or H'060 for a store access, is written to the
EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in a delay slot, the PC value indicating the
address of the delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written into SSR.
The mode (MD) bit in SR is set to 1 to place the SH7708 Series in privileged mode.
The block (BL) bit in SR is set to 1 to mask any further exception requests.

9. The register bank (RB) bit in SR is set to 1.
10. Execution branches to the address obtained by adding the value of the VBR contents and

H'00000100, and the TLB protection violation exception handler starts.

Software (TLB Invalid Exception Handler) Operations: The software searches the page tables
in external memory and assigns the required page table entry. Upon retrieving the required page
table entry, the software must execute the following operations:

1.

72

Write the values of the physical page number (PPN) field and the values of the protection key
(PR), page size (SZ), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the pag:
table entry recorded in external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to the RC
field in MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

Issue the RTE instruction to terminate the handler and return to the instruction stream. The
RTE instruction should be issued after two LDTLB instructions.
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354 Initial Page Write Exception

An initial page write exception results in a write access when the virtual address and the addres
array of the selected TLB entry are compared and a valid entry with the appropriate access righ
is found to match, but the D (dirty) bit of the entry is 0 (the page has not been written to). Initial
page write exception handling includes both hardware and software operations.

Hardware Operations: In an initial page write exception, the SH7708 Series hardware executes
set of prescribed operations, as follows:

The VPN field of the virtual address causing the exception is written to the PTEH register.
The virtual address causing the exception is written to the TEA register.
Exception code H'080 is written to the EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in a delay slot, the PC value indicating the
address of the related delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written to SSR.

The MD bit in SR is set to 1 to place the SH7708 Series in privileged mode.
The BL bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bit in SR is set to 1.

. The way that caused the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents and
H'00000100 to invoke the user-written initial page write exception handler.

A owbdpE

© © N o u

Software (Initial Page Write Handler) Operations: The software must execute the following
operations:

1. Retrieve the required page table entry from external memory.
2. Set the D bit of the page table entry in external memory to 1.

3. Write the value of the PPN field and the PR, SZ, C, D, SH, and V bits of the page table entry
external memory to the PTEL register.

4. If using software for way selection for entry replacement, write the desired value to the RC
field in MMUCR.

5. Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

6. Issue the RTE instruction to terminate the handler and return to the instruction stream. The
RTE instruction should be issued after two LDTLB instructions.

Figure 3.11 shows the flowchart for MMU exceptions.
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No
and ASIDs
Yes match?
» Yes
B Y
No
v y
TLB miss TLB invalid
exception exception

User mode User or Privileged mode

privileged?
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w

R/W?
R

Yy A\ A\

TLB protection TLB protection

violation violation
exception
A\
Initial page No (noncacheable) Yes (cacheable)
write
exception Memory Cache
access access

Figure 3.11 MMU Exception Generation Flowchart
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355 Processing Flow in Event of MMU Exception (Same Processing Flow for Address
Error)

Figure 3.12 shows the MMU exception signals in instruction fetch mode.

B

|||:|ID EX | MA | WB
EX

Handler transition

ID MA | WB .
processing
D | EX | MA | WB
NOP
NOP

MMU exception handler —» | IF | ID | EX MA| WB|

I:I : Exception source stage

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

Figure 3.12 MMU Exception Signals in Instruction Fetch
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Figure 3.13 shows the MMU exception signals in data access mode.

IF ID | EX
IF ID
IF
Handler transition
WwB processing
MA | WB |
NOP ]
NOP

MMU exception handler — | IF | ID |EX | MA WB|
|:| : Exception source stage

: Stage cancellation for instruction
that has begun execution

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

Figure 3.13 MMU Exception Signals in Data Access

76
RENESAS




3.6 Memory-Mapped TLB

In order for TLB operations to be managed by software, TLB contents can be read or written to |
privileged mode using the MOV instruction. The TLB is assigned to the P4 area in virtual addres
space. The TLB address array (VPN, V bit, and ASID) is assigned to H'F2000000-H'F2FFFFFF
and the data array (PPN, PR, Sz, C, D, and SH bits) to H'F3000000—-H'F3FFFFFF. The V bit in
the address array can also be accessed from the data array. Only longword access is possible
both the address array and the data array.

3.6.1 Address Array

The address array is assigned to H'F2000000 to H'F2FFFFFF. To access an address array, the
32-bit address field (for read/write operations) and 32-bit data field (for write operations) must b
specified. The address field specifies information for selecting the entry to be accessed; the dat
field specifies the VPN, V bit and ASID to be written to the address array (figure 3.14 (1)).

In the address field, specify the entry address for selecting the entry (bits 16—12), W for selectin
the way (bits 9-8: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3) and H'F2 to indicate addre
array access (bits 31-24). The IX bit in MMUCR indicates whether an EX-OR is taken of the
entry address and ASID.

When writing, specify bit 7 as the A bit. The A bit indicates whether addresses are compared
during writing. When the A bit is 1, the VPNs of the four entries selected by the entry addresses
are compared to the VPN to be written into the address array specified in the data field. Writing
takes place to the way that has a hit. When a miss occurs, nothing is written to the address arra
and no operation occurs. The way number specified in bits 9-8 is not used. The item compared
determined by the SZ and SH bits of the entry selected by the entry address, the SV bit in
MMUCR and the MD bit in SR, just as in ordinary operations (see section 3.3.3).

When the A bit is 0, it is written to the entry selected with the entry address and way number
without comparing addresses.

When reading, the VPN (31-17, 11-10), V bit, and ASID of the entry specified by the entry
address and way number are read in the format of the data field in figure 3.14 without comparin
addresses. Zero is read in the data field (16—-12).

To invalidate a specific entry, specify the entry and write 0 to its V bit. When 1 is specified for th
A bit, only the required VPN entry is invalidated.
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3.6.2 Data Array

The data array is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
address field (for read/write operations), and 32-bit data field (for write operations) must be
specified. These are specified in the general register. The address section specifies information f
selecting the entry to be accessed; the data section specifies the longword data to be written to
data array (figure 3.14 (2)).

In the address section, specify the entry address for selecting the entry (bits 16-12), W for
selecting the way (bits 9-8: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3), and H'F3 to
indicate data array access (bits 31-24). The IX bit in MMUCR indicates whether an EX-OR is
taken of the entry address and ASID.

Both reading and writing use the longword of the data array specified by the entry address and
way humber. The access size of the data array is fixed at longword.
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(1) TLB Address Array Access

Read access

31 24 23 17 16 12111098 7 6 0
Address field | 11110010  [g e %] VPN [x|d] W [o]g x|
31 1716 12111098 7 0
Data field | VPN lo--o|veN[o]v]  AsID |
Write access
31 24 23 1716 121110987 6 0
Address field | 11110010 ot *| VPN |*|*| Wi |A|* ............. *|
31 1716 12111098 7 0
Data field | VPN % x[veN[x]V]  AsiD |
VPN: Virtual page number ASID: Address space identifier
V:  Valid bit % Don't care bit

A: Association bit
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

(2) TLB Data Array Access

Read/write access

31 24 23 17 16 12111098 7 0
Address field | 11110011 o *| VPN |*|*| W |* ................ *|
31 109 8 7654 3 2 1 0
Data field | PPN |x|v|x|PR[sz|c|D|sH|X|
PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit % Don't care bit

VPN: Virtual page number
X: 0 for read, don't care bit for write
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

Figure 3.14 Specifying Address and Data for Memory-Mapped TLB Access

RENESAS




3.6.3 Usage Examples

Invalidating Specific Entries: Specific TLB entries can be invalidated by writing O to the entry’s

V bit. When the A bit is 1, the VPN and ASID specified by the write data is compared to the VPN
and ASID within the TLB entry selected by the entry address and data is written to the matching
way. If no match is found, there is no operation. RO specifies the write data and R1 specifies the
address.

; RO=H'1547 381C R1=HF201 3080

; MMUCR.IX=0

; VPN(31-17)=B'0001 0101 0100 011 VPN(11-10)=B'10 ASID=B'0001 1100
; corresponding entry association is made from the entry selected by

; the VPN(16-12)=B'1 0011 index, the V bit of the hit way is cleared to

; 0,achieving invalidation.

MOV.L RO,@R1

Reading the Data of a Specific EntryThis example reads the data section of a specific TLB
entry. The bit order indicated in the data field in figure 3.14 (2) is read. RO specifies the address
and the data section of a selected entry is read to R1.

: RO=HF3004300 VPN(16-12)=B'00100 Way 3

;MOV.L @RO,R1

3.7 Usage Note

Instructions that manipulate the MD or BL bit in register SR (the LDC Rm, SR instruction, LDC
@Rm+, SR instruction, and RTE instruction) and the following instruction, or the LDTLB
instruction, should be used with the TLB disabled or in a fixed physical address space (the P1 or
P2 space).
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Section 4 Exception Handling

4.1 Overview

41.1 Features

Exceptions are deviations from normal program execution that require special handling. The
processor responds to an exception by aborting execution of the current instruction (execution i
allowed to continue to completion in all interrupt requests) and passing control from the
instruction stream to the appropriate user-written exception handling routine. Here, all exception
other than resets and interrupts will be called general exceptions. There are thus three types of
exceptions: resets, general exceptions, and interrupts.

41.2 Register Configuration

A register with an undefined initial value should be initialized by software. Table 4.1 lists the
registers used for exception handling.

Table 4.1 Register Configuration

Register Abbr. R/W  Size Initial Value Address
TRAPA exception register TRA R/W Longword Undefined H'FFFFFFDO
Exception event register = EXPEVT R/W Longword Power-on reset: H'FFFFFFD4
H'000
Manual reset: H'020
Interrupt event register INTEVT R/W Longword Undefined H'FFFFFFD8

4.2 Exception Handling Function

421 Exception Handling Flow

Usually the contents of the program counter (PC) and status register (SR) are saved in the save
program counter (SPC) and saved status register (SSR), respectively, and execution of the
exception handler is invoked from a vector address. The return from exception handler (RTE)
instruction is issued by the exception handler routine at the completion of the routine, restoring t
contents of the PC and SR to return to the processor status at the point of interruption and the
address where the exception occurred.
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A basic exception processing sequence consists of the following operations:

* The contents of the PC and SR are saved in the SPC and SSR, respectively.

« The block (BL) bit in SR is set to 1, masking any subsequent exceptions.

* The mode (MD) bit in SR is set to 1 to place the SH7708 Series in privileged mode.

* The register bank (RB) bit in SR is set to 1.

* An encoded value identifying the exception event is written to bits 11-0 of the exception even
(EXPEVT) or interrupt event (INTEVT) register.

« Instruction execution jumps to the designated exception processing vector address to invoke
the handler routine.

4.2.2 Exception Handling Vector Addresses

The reset vector address is fixed at H'A0000000. The other three events are assigned offsets fro
the vector base address by software. Translation lookaside buffer (TLB) miss exceptions have ar
offset from the vector base address of H'00000400. The vector address offset for general except
events other than TLB miss exceptions is H'00000100. The interrupt vector address offset is
H'00000600. The vector base address is loaded into the vector base register (VBR) by software.
The vector base address should reside in P1 or P2 fixed physical address space. Figure 4.1 sho\
the relationship between the vector base address, the vector offset, and the vector table.

»
>

'

VBR + Vector offset ———

H'A000 0000 ———»

Vector table

Figure 4.1 Vector Table

In table 4.2, exceptions and their vector addresses are listed by exception type, instruction
completion status, relative acceptance priority, relative order of occurrence within an instruction
execution sequence and vector address for exceptions and their vector addresses.
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Table 4.2

Vectored Exception Events

Exception  Current Exception Vector Vector
Type Instruction Exception Event Priority* 1 Order Address Offset
Reset Aborted Power-on 1 — H'A00000000 —
Manual reset 1 — H'A00000000 —
General Aborted Address error 2 1 — H'00000100
exception andretried (instruction access)
events TLB miss (instruction 2 2 — H'00000400
access)
TLB invalid 2 3 — H'00000100
(instruction access)
TLB protection 2 4 — H'00000100
violation
(instruction access)
Reserved instruction 2 5 — H'00000100
code exception
lllegal slot 2 5 — H'00000100
instruction exception
Address error 2 6 — H'00000100
(data access)
TLB miss 2 7 — H'00000400
(data access)
TLB invalid (data 2 8 — H'00000100
access)
TLB protection 2 9 — H'00000100
violation
(data access)
Initial page write 2 10 — H'00000100
Completed Unconditional trap 2 5 — H'00000100
(TRAPA instruction)
User breakpoint trap 2 n*2 — H'00000100

RENESAS
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Table 4.2  Vectored Exception Events (cont)

Exception  Current Exception Vector Vector
Type Instruction Exception Event Priority* 1 Order Address Offset
General Completed Nonmaskable 3 — — H'00000600
interrupt interrupt
requests External hardware ~ 4*3 — - H'00000600
interrupt
Peripheral module 4%3 — — H'00000600
interrupt

Notes: 1. Priorities are indicated from high to low, 1 being highest and 4 being lowest.

2. The user defines the break point traps. 1 is a break point before instruction execution
and 11 is a break point after instruction execution. For an operand break point, use 11.

3. Use software to specify relative priorities of external hardware interrupts and peripheral
module interrupts (see section 6, Interrupt Controller (INTC)).

4.2.3 Acceptance of Exceptions

Processor resets and interrupts are asynchronous events unrelated to the instruction stream. All
exception events are prioritized to establish an acceptance order whenever two or more exceptic
events occur simultaneously. The power-on reset and manual reset may not occur simultaneousl|
so they have the same priority.

All general exception events occur in a relative order in the execution sequence of an instruction
(i.e., execution order), but are handled at priority level 2 in instruction-stream order (i.e., program
order), where an exception detected in a preceding instruction is accepted prior to an exception
detected in a subsequent instruction.

Three general exception events (reserved instruction code exception, unconditional trap, and
illegal slot instruction exception) are detected in the decode stage of different instructions and are
mutually exclusive events in the instruction pipeline. They have the same execution priority.
Figure 4.2 shows the order of general exception acceptance.
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Pipeline Sequence:

Instruction n | F [ o | x| ma|ws |

¢ TLB miss (data access)
Instruction n + 1 | F | o[ ex|[wma|ws |

¢ A TLB miss (instruction access)
Instruction n + 2 | F | o[ ex | wma]ws |

RIE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

'

TLB miss (instruction n) and RIE (instruction n + 2) = simultaneous detection
Handling Order: Program Order:

TLB miss (instruction n)

¢ 1

Re-execution of instruction n

'

TLB miss (instruction n + 1)

¢ 2

Re-execution of instruction n + 1

'

RIE (instruction n + 2) 3

IF = Instruction fetch

ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back

Figure 4.2 Example of Acceptance Order of General Exceptions

All exceptions other than a reset are detected in the pipeline ID stage, and accepted on instructi
boundaries. However, an exception is not accepted between a delayed branch instruction and tl
delay slot. A re-execution type exception detected in a delay slot is accepted before execution ¢
the delayed branch instruction. A completion type exception detected in a delayed branch

instruction or delay slot is accepted after execution of the delayed branch instruction. The delay
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slot here refers to the next instruction after a delayed unconditional branch instruction, or the nex
instruction when a delayed conditional branch instruction is true.

424 Exception Codes

Table 4.3 lists the exception codes written to bits 11-0 of the EXPEVT register (for reset or
general exceptions) or the INTEVT register (for general interrupt requests) to identify each
specific exception event. An additional exception register, the TRAPA (TRA) register, is used to
hold the 8-bit immediate data in an unconditional trap (TRAPA instruction).

Table 4.3  Exception Codes

Exception Type Exception Event Exception Code
Reset Power-on H'000
Manual reset H'020
General exception events TLB miss/invalid (load) H'040
TLB miss/invalid (store) H'060
Initial page write H'080
TLB protection violation (load) H'0AO0
TLB protection violation (store) H'0CO
Address error (load) H'OEO
Address error (store) H'100
Unconditional trap (TRAPA instruction) H'160
Reserved instruction code exception H'180
lllegal slot instruction exception H'1A0
User break point trap H'1EO
General interrupt requests Nonmaskable interrupt H'1CO

External hardware interrupts:

IRL3—-IRLO = 0000 H'200
IRL3—-IRLO = 0001 H'220
IRL3-IRLO = 0010 H'240
IRL3—-IRLO = 0011 H'260
IRL3—-IRLO = 0100 H'280
IRL3-IRLO = 0101 H'2A0
IRL3—-IRLO = 0110 H'2C0
IRL3-IRLO = 0111 H'2EO
IRL3-IRLO = 1000 H'300

86
RENESAS



Table 4.3  Exception Codes (cont)

Exception Type Exception Event Exception Code
General interrupt requests External hardware interrupts (cont):
(cont) IRL3-IRLO = 1001 H'320
IRL3-IRLO = 1010 H'340
IRL3-IRLO = 1011 H'360
IRL3—-IRLO = 1100 H'380
IRL3-IRLO = 1101 H'3A0
IRL3-IRLO =1110 H'3CO
Peripheral module interrupt:
TMUO TUNIO H'400
TMU1 TUNI1 H'420
TMU2 TUNI2 H'440
TICPI2 H'460
RTC ATI H'480
PRI H'4A0
CuUl H'4CO
SCI ERI H'4EOQ
RXI H'500
TXI H'520
TEI H'540
WDT ITI H'560
REF RCMI H'580
ROVI H'5A0

Note: Exception codes H'120, H'140, and H'3EQ are reserved.

425 Exception Request Masks
When the BL bit in SR is cleared to 0, exceptions and interrupts are accepted.

If a general exception event occurs when the BL bitin SR is 1, the CPU's internal registers are ¢
to their post-reset state, other module registers retain their contents prior to the general exceptic
and a branch is made to the same address (H'A0000000) as for a reset.

If a general interrupt occurs when BL = 1, the request is masked (held pending) and not accepte
until the BL bit is cleared to O by software. For reentrant exception handling, the SPC and SSR
must be saved and the BL bit in SR cleared to O.
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4.2.6 Returning from Exception Handling

The RTE instruction is used to return from exception handling. When RTE is executed, the SPC
value is set in the PC, and the SSR value in SR, and the return from exception handling is
performed by branching to the SPC address.

If the SPC and SSR have been saved in external memory, set the BL bit in SR to 1, then restore
the SPC and SSR, and issue an RTE instruction.

4.3 Register Description

There are three registers related to exception handling. These are peripheral module registers, a
therefore reside in area P4. They can be accessed by specifying the address in privileged mode
only.

1.

The exception event register (EXPEVT) resides at address H'FFFFFFD4, and contains a 12-k
exception code. The exception code set in EXPEVT is that for a reset or general exception
event. The exception code is set automatically by hardware when an exception occurs.
EXPEVT can also be modified by software.

The interrupt event register (INTEVT) resides at address H'FFFFFFD8, and contains a 12-bit
exception code. The exception code set in EXPEVT is that for an interrupt request. The
exception code is set automatically by hardware when an exception occurs. INTEVT can also
be modified by software.

The TRAPA exception register (TRA) resides at address H'FFFFFFDO, and contains 8-bit
immediate data (imm) for the TRAPA instruction. TRA is set automatically by hardware when
a TRAPA instruction is executed. TRA can also be modified by software.

The bit configurations of the EXPEVT, INTEVT, and TRA registers are shown in figure 4.3.

EXPEVT register and INTEVT register TRA register
31 11 0 31 9 20
0 0| Exception code | | 0 0 imm |00|

0: Reserved bits, always read as zero
imm: 8-bit immediate data in TRAPA instruction
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4.4 Exception Handler Operation

44.1 Reset

The reset sequence is used to power up or restart the SH7708 Series from the initialization stat
TheRESET signal is sampled every clock cycle, and in the case of a power-on reset, all
processing being executed (excluding the RTC) is suspended, all unfinished events are cancele
and reset processing is executed immediately. In the case of a manual reset, however, process
to retain external memory contents is continued. BREQ (bus request) signal is used to
distinguish between a power-on reset (high-level input) and manual reset (low-level input). The
reset sequence consists of the following operations:

» The MD bitin SR is set to 1 to place the SH7708 Series in privileged mode.
e« The BL bitin SR is set to 1, masking any subsequent exceptions.
« The RBbitin SR is setto 1.

e An encoded value of H'000 in a power-on reset or H'020 in a manual reset is written to bits 1
0 of the EXPEVT register to identify the exception event.

* Instruction execution jumps to the user-written exception handler at address H'A0000000.

4.4.2 Interrupts

An interrupt processing request is accepted on completion of the current instruction. The interru
acceptance sequence consists of the following operations:

» The contents of the PC and SR are saved in SPC and SSR, respectively.

* The BL bitin SR is set to 1, masking any subsequent exceptions.

 The MD bitin SR is set to 1 to place the SH7708 Series in privileged mode.
« The RB bitin SR is setto 1.

» An encoded value identifying the exception event is written to bits 11-0 of the INTEVT
register.

» Instruction execution jumps to the vector location designated by the sum of the value of the
contents of the vector base register (VBR) and H'00000600 to invoke the exception handler.

4.4.3 General Exceptions

When the SH7708 Series encounters any exception condition other than a reset or interrupt
request, it executes the following operations:

» The contents of the PC and SR are saved in the SPC and SSR, respectively.
e« The BL bitin SR is set to 1, masking any subsequent exceptions.
» The MD bitin SR is set to 1 to place the SH7708 Series in privileged mode.
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e The RBbitin SR is setto 1.

« An encoded value identifying the exception event is written to bits 11-0 of the EXPEVT
register.

« Instruction execution jumps to the vector location designated by either the sum of the vector
base address and offset H'00000400 in the vector table in a TLB miss trap, or by the sum of tl
vector base address and offset H'00000100 for exceptions other than TLB miss traps, to invol
the exception handler.

4.5 Individual Exception Operations

This section describes the conditions for specific exception handling, and the processor operatiot

45.1 Resets

* Power-On Reset
O Conditions:BREQ pin high andRESET low
O Operations: EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the IMASK field is set to B'1111. The CPU and on-chip supporting modules are
initialized. See the register descriptions in the relevant sections for details. A power-on
reset must always be performed when powering on.
* Manual Reset
O Conditions:BREQ pin low andRESET low
O Operations: EXPEVT set to H'020, VBR and SR initialized, branch to PC = H'A0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB, and BL bits are set
to 1 and the IMASK field is setto B'1111. The CPU and on-chip supporting modules are
initialized. See the register descriptions in the relevant sections for details.

Table 4.4  Types of Reset

Conditions for Transition

to Reset State Internal State
Type BREQ RESET CPU On-Chip Supporting Modules
Power-on High Low Initialized (See register configuration in
reset relevant sections)
Manual Low Low Initialized
reset
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45.2 General Exceptions

TLB miss exception
O Conditions: Comparison of TLB addresses shows no address match

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The RC bit in MMUCR is
incremented by one for replacement.

The PC and SR of the instruction that generated the exception are saved to the SPC and SS
respectively. If the exception occurred during a read, H'040 is set in EXPEVT,; if the exceptio
occurred during a write, H'060 is set in EXPEVT. The BL, MD and RB bits in SR are setto 1
and a branch occurs to PC = VBR + H'0400.

To speed up TLB miss processing, the offset differs from other exceptions.
TLB invalid exception

O Conditions: Comparison of TLB addresses shows address match but V =0

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bits in MMUCR.

The PC and SR of the instruction that generated the exception are saved in the SPC and SS
respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the exceptio
occurred during a write, H'060 is set in EXPEVT. The BL, MD, and RB bits in SR are set to 1
and a branch occurs to PC = VBR + H'0100.
Initial page write exception
O Conditions: A hit occurred to the TLB for a store access, butD =0

This occurs for initial writes to the page registered by the load.

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in MMUCR.RC.

The PC and SR of the instruction that generated the exception are saved to the SPC and SS
respectively. H'080 is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1 and a
branch occurs in PC = VBR + H'0100.
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TLB protection exception

O

Conditions: When a hit access violates the TLB protection information (PR bits) shown
below:

PR Privileged mode User mode

00 Only read enabled No access

01 Read/write enabled No access

10 Only read enabled Only read enabled
11 Read/write enabled Read/write enabled

Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bits in MMUCR.

The PC and SR of the instruction that generated the exception are saved to the SPC and SSF
respectively. If the exception occurred during a read, H'OAQ is set in EXPEVT; if the exceptionr
occurred during a write, H'OCO is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1
and a branch occurs to PC = VBR + H'0100.

Address error

O

a
b.
c

Conditions:

Instruction fetch from odd address (4n + 1, 4n + 3)

Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)
Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,

4n + 3)

Virtual space accessed in user mode in the area H'80000000 to H'FFFFFFFF.

Operations: The virtual address (32 bits) that caused the exception is set in TEA. The PC
and SR of the instruction that generated the exception are saved to the SPC and SSR,
respectively. If the exception occurred during a read, H'OEOQ is set in EXPEVT; if the
exception occurred during a write, H'100 is set in EXPEVT. The BL, MD, and RB bits in
SR are set to 1 and a branch occurs to PC = VBR + H'0100.

For details see section 3.5.5, Processing Flow in Event of MMU Exception.

Unconditional trap

O
g

Conditions: TRAPA instruction executed

Operations: The exception is a processing-completion type, so the PC of the instruction
after the TRAPA instruction is saved to the SPC. SR from the time when the TRAPA
instruction was executing is saved to SSR. The 8-bit immediate value in the TRAPA
instruction is quadrupled and set in TRA(9-0). H'160 is set in EXPEVT. The BL, MD, and
RB bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100.
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Reserved instruction exception

O

a.

Conditions:

When undefined code not in a delay slot is decoded

Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instructions: H'Fxxx(SH7708, SH7708S), H'FxxF(SH7708R)

When a privileged instruction not in a delay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access GBR
with LDC/STC are not privileged instructions

Operations: The PC and SR of the instruction that generated the exception are saved to t
SPC and SSR, respectively. H'180 is set in EXPEVT. The BL, MD, and RB bits in SR are
set to 1 and a branch occurs to PC = VBR + H'0100. When an undefined instruction othel
than H'Fxxx is decoded, operation cannot be guaranteed.

lllegal slot instruction

O

a.

Conditions:

When undefined code in a delay slot is decoded

Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
Undefined instructions: H'Fxxx(SH7708, SH7708S), H'FxxF(SH7708R)

When an instruction that rewrites the PC in a delay slot is decoded

Instructions that rewrite the PC: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT, BF,
BT/S, BF/S, TRAPA, LDC Rm, SR, LDC.L, @Rm+, SR

When a privileged instruction in a delay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access GBR
with LDC/STC are not privileged instructions

Operations: The PC of the previous delay branch instruction is saved to the SPC. SR of tl
instruction that generated the exception is saved to SSR. H'1A0 is set in EXPEVT. The B
MD, and RB bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100. When ar
undefined instruction other than H'Fxxx is decoded, operation cannot be guaranteed.

User break point trap

ad
g

Conditions: When a break condition set in the user break point controller is satisfied
Operations: When a post-execution break occurs, the PC of the instruction immediately
after the instruction that set the break point is set in the SPC. If a pre-execution break
occurs, the PC of the instruction that set the break point is set in the SPC. SR when the
break occurs is setin SSR. H'1EOQ is set in EXPEVT. The BL, MD, and RB bits in SR are
set to 1 and a branch occurs to PC = VBR + H'0100. See section 7, User Break Controlle
for more information.
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Interrupts

NMI

g
O

Conditions: NMI pin edge detection

Operations: The PC and SR after the instruction that receives the interrupt are saved to the
SPC and SSR, respectively. H'01CO is set in INTEVT. The BL, MD, and RB bits in SR are
set to 1 and a branch occurs to PC = VBR + H'0600. This interrupt is not masked by
SR.IMASK and is accepted with top priority when the BL bit in SR is 0. When the BL bit

is 1, the interrupt is masked. See section 6, Interrupt Controller, for more information.

IRL interrupts

O

O

Conditions: The value of the interrupt mask bits in SR is lower than the IRL3—IRLO level
and the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. SR
the time the interrupt is accepted is saved to SSR. The code corresponding to the
IRL3—IRLO level is set in INTEVT. The corresponding code is given as H'200 +
B'(IRL3—IRLO) x H'20. The BL, MD, and RB bits in SR are set to 1 and a branch occurs to
VBR + H'0600. The received level is not set in SR.IMASK. See section 6, Interrupt
Controller, for more information.

On-chip module interrupts

ad

O

Conditions: The value of the interrupt mask bits in SR is lower than the on-chip module
(TMU, RTC, SCI, CPG, REF) interrupt level and the BL bit in SR is 0. The interrupt is
accepted at an instruction boundary.

Operations: The PC after the instruction that accepts the interrupt is saved to the SPC. SR
the time the interrupt is accepted is saved to SSR. The code corresponding to the interrups
source is set in INTEVT. See table 6.4, Interrupt Exception Vectors and Rankings, for the
corresponding codes. The BL, MD, and RB bits in SR are set to 1 and a branch occurs to
VBR + H'0600. B'0000 to B'1111 are set in the interrupt priority level registers (IRPA,

IRPB) within the interrupt controller. See section 6, Interrupt Controller, for more
information.
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4.6 Cautions

» Return from exception handling

0 Check the BL bit in SR with software. When the SPC and SSR have been saved to extert
memory, set the BL bit in SR to 1 before restoring them.

O Issue an RTE instruction. Set the SPC in the PC and SSR in SR with the RTE instruction,
branch to the SPC address, and return from exception handling.

» Operation when exception or interrupt occurs while SR.BL =1

O Interrupt: Acceptance is suppressed until the BL bit in SR is set to 0 by software. If there i
a request and the reception conditions are satisfied, the interrupt is accepted after the
execution of the instruction that sets the BL bit in SR to 0. During the sleep or standby
mode, however, the interrupt will be accepted even when the BL bit in SR is 1.

O Exception: No user break point trap will occur even when the break conditions are met.
When one of the other exceptions occurs, a branch is made to the fixed address of the re
(H'A0000000). In this case, the values of the EXPEVT, SPC, and SSR registers are
undefined.

» SPC when an Exception Occurs: The PC saved to the SPC when an exception occurs is as
shown below:

0O Re-executing-type exceptions: The PC of the instruction that caused the exception is set
the SPC and re-executed after return from exception handling. If the exception occurred i
a delay slot, however, the PC of the immediately prior delayed branch instruction is set in
the SPC. If the condition of the conditional delayed branch instruction is not satisfied, the
delay slot PC is set in SPC.

O Completed-type exceptions and interrupts: The PC of the instruction after the one that
caused the exception is set in the SPC. If the exception was caused by a delayed
conditional instruction, however, the branch destination PC is set in SPC. If the condition
of the conditional delayed branch instruction is not satisfied, the delay slot PC is set in
SPC.

 Initial register values after reset

O Undefined registers
RO_BANKO0/1-R7_BANKO0/1, R8-R15, GBR, SPC, SSR, MACH, MACL, PR

O Initialized registers
VBR = H'00000000
SR.MD =1, SR.BL =1, SR.RB =1, SR.I3-SR.10 = H'F. Other SR bits are undefined.

PC = H'A0000000
» Ensure that an exception is not generated at an RTE instruction delay slot, as operation is nc
guaranteed in this case.
e When the BL bit in SR is 1, ensure that a TLB-related exception or address error is not caust
by an LDC instruction that updates SR and the following instruction, as these may be
identified as multiple exceptions and may start reset processing.
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Section 5 Cache

51 Overview

511 Features
The cache specifications are listed in table 5.1.

Table 5.1 Cache Specifications

Parameter Specification
Capacity Selectable: Normal mode: 8 kbytes
RAM mode: 4 kbytes cache and 4 kbytes RAM
Structure Instruction/data mixed, 4-way set associative (2-way set associative in
RAM mode)
Line size 16 bytes
Number of entries 128 entries/way
Write system PO, P1, P3, UO: Write-back/write-through selectable
Replacement method Least-recently-used (LRU) algorithm

5.1.2 Cache Structure

The cache mixes data and instructions and uses a 4-way set associative system. It is composec
four ways (banks), each of which is divided into an address section and a data section. Each of
address and data sections is divided into 128 entries. The data section of the entry is called a lir
Each line consists of 16 bytes (4 byte4). The data capacity per way is 2 kbytes (16 bytea3
entries), with a total of 8 kbytes in the cache as a whole (4 ways). Figure 5.1 shows the cache
structure.

97
RENESAS



Address array (ways 0-3) Data array (ways 0-3) LRU section
[
[
[

Entry 0 |V |U| Address 0| LWO | LWl | LW2 | LW3 0

Entry 1 1 1

Entry 127 H 127 127
24 (1 +1 + 22) bits 128 (32 x 4) bits 6 bits
‘> - > -+

LWO-LW3: Longword data 0—3

Figure 5.1 Cache Structure

Address Array: The V bit indicates whether the entry data is valid. When the V bit is 1, data is
valid; when 0, data is not valid. The U bit indicates whether the entry has been written to in write-
back mode. When the U bit is 1, the entry has been written to; when 0, it has not. The address ta
holds the physical address used in the external memory access. It is composed of 22 bits (addre:
bits 31-10) used for comparison during cache searches.

In the SH7708 Series, the top three of the 32 physical address bits are used as shadow bits (see
section 10), and therefore in a normal replace operation the top three bits of the vector address &
cleared to 0.

The V and U bits are initialized to 0 by a power-on reset, but are not initialized by a manual reset
The tag address is not initialized by either a power-on or manual reset.

Data Array: Holds a 16-byte instruction or data. Entries are registered in the cache in line units
(16 bytes). The data array is not initialized by a power-on or manual reset.

LRU: With the 4-way set associative system, up to four instructions or data with the same entry
address (address bits 10-4) can be registered in the cache. When an entry is registered, the LRL
shows which of the four ways it is recorded in. There are six LRU bits, controlled by hardware. A
least-recently-used (LRU) algorithm is used to select the way.

In normal mode, four ways are used as cache and six LRU bits indicate the way to be replaced
(table 5.2). If a bit pattern other than those listed in table 5.2 is set in the LRU bits by software, th
cache will not function correctly. When modifying the LRU bits by software, set one of the
patterns listed in table 5.2.
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In RAM mode, two ways are used as cache (way 0 and way 1). Bit 5 of the LRU bits indicates
which way is to be replaced. When bit 5 is 0, way 1 is to be replaced. When bit 5 is 1, way 0 is t
be replaced.

The LRU bits are initialized to 0 by a power-on reset, but are not initialized by a manual reset.
Table 5.2 LRU and Way Replacement in Normal Mode

LRU (5-0) Way to be Replaced

000000, 000100, 010100, 100000, 110000, 110100 3

000001, 000011, 001011, 100001, 101001, 101011

2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0

5.1.3 Register Configuration
Table 5.3 shows details of the cache control register.

Table 5.3  Register Configuration

Register Abbr. R/W  Size Initial Value*  Address

Cache control register CCR R/W  Longword H'00000000 H'FFFFFFEC

Note: * Initialized by a power-on reset or manual reset.

5.2 Register Description

5.2.1 Cache Control Register (CCR)

The cache is enabled or disabled using the CE bit of the cache control register (CCR). CCR als
has an RA bit (which switches the cache operation mode between RAM mode and normal mode
a CF bit (which invalidates all cache entries), a WT bit and a CB bit* (which selects either write-
through mode or write-back mode). Programs that change the contents of the CCR register sho
be placed in address space that is not cached. When updating the contents of the CCR register
always set bit 4 to 0. Figure 5.2 shows the configuration of the CCR register. CB bit is not
supported in emulator.

Note: * SH7708S, SH7708R Only

99
RENESAS



31

6 5 4 3 2 1

---|RA| 0 |c|:| * |WT|CE|

RA:

CE:

CB:

RAM bit. Indicates the cache operation mode.
1 = 4 kbytes cache/4 kbytes cache (RAM mode)
0 = 8 kbytes cache (normal mode)

: Always set to 0 when setting the register.
: Cache flush bit. Invalidates all cache entries. 1 = flush (clears the V, U, and LRU bits

of all entries to 0).
Always reads 0. Write-back to external memory is not performed when the cache is
flushed.

: Reserved bits. Always read 0; and the write value should always be 0.
WT:

Write-through bit. Indicates the cache’s operating mode for areas PO, U0, and P3.
1 = write-through mode, 0 = write-back mode.

Cache enable bit. Indicates whether the cache function is used.

1 = cache used, 0 = cache not used.

P1 area write-back/write-through switching bit

1 = write-back mode, 0 = write-through mode

Note:SH7708:Reserved bit

SH7708S,SH7708R:CB

531

Figure 5.2 CCR Register Configuration
Cache Operation

Searching the Cache

If the cache is enabled, whenever instructions or data in memory are accessed the cache will be
searched to see if the desired instruction or data is in the cache. Figure 5.3 illustrates the methoc
by which the cache is searched. The cache is a physical cache and holds physical addresses in i
address section.

Entries are selected using bits 10—4 of the address (virtual) of the access to memory and the
address tag of that entry is read. In parallel to reading of the address tag, the virtual address is
translated to a physical address in the MMU. The physical address after translation and the
physical address read from the address section are compared. The address comparison uses all
ways in normal mode. In RAM mode, two ways (way 0 and way 1) are used in the address
comparison. When the comparison shows a match and the selected entry is valid (V = 1), a cach
hit occurs. When the comparison does not show a match or the selected entry is not valid (V = 0)
a cache miss occurs. Figure 5.3 shows a hit on way 1.
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Virtual address

31 11 10 43210
Entry selection Longword (LW) selection
Ways 0-3 Ways 0-3
[ [
v I [ I [
MMU 0 |V]|U Address LWO LW1 LW2 LW3
1
127 = -
Physical address
Yy Yy Yy Yy oY A A A

CMPO|CMP1|CMP2 |CMP3

Hit signal 1

CMPO: Comparison circuit 0
CMP1: Comparison circuit 1
CMP2: Comparison circuit 2
CMP3: Comparison circuit 3

Figure 5.3 Cache Search Scheme (Normal Mode)
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5.3.2 Read Access

Read Hit: In a read access, instructions and data are transferred from the cache to the CPU. The
transfer unit is 32 bits. The LRU is updated.

Read Miss: An external bus cycle starts and the entry is updated. The way replaced is the one
least recently used. Entries are updated in 16-byte units. When the desired instruction or data the
caused the miss is loaded from external memory to the cache, the instruction or data is transferre
to the CPU in parallel with being loaded to the cache. When it is loaded in the cache, the U bit is
cleared to 0 and the V bit is set to 1. When the U bit of a replaced entry in write-back mode is 1,
the cache fill cycle starts after the entry is transferred to the write-back buffer. After the cache
completes its fill cycle, the write-back buffer writes back the entry to memory. The write-back unit
is 16 bytes.

5.3.3 Write Access

Write Hit: In a write access in write-back mode, data is written to the cache and the U bit of the
entry written is set to 1. Writing occurs only to the cache; no external memory write cycle is
issued. In write-through mode, data is written to the cache and an external memory write cycle is
issued.

Write Miss: In write-back mode, an external bus cycle starts when a write miss occurs and an
entry with its U bit set to 1 is replaced. The way to be replaced is the one least recently used.
When the U bit of the entry to be replaced is 1, the cache fill cycle starts after the entry is
transferred to the write-back buffer. After the cache completes its fill cycle, the write-back buffer
writes back the entry to memory. The write-back unit is 16 bytes. Data is written to the cache anc
the U bit is set to 1. In write-through mode, no write to cache occurs in a write miss; the write is
only to external memory.

5.3.4 Write-Back Buffer

When the U bit of the entry to be replaced in write-back mode is 1, it must be written back to
external memory. To increase performance, the entry to be replaced is first transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to
external memory. During the write back cycles, the cache can be accessed. The write-back buffe
can hold one line of cache data (16 bytes) and its physical address. Figure 5.4 shows the
configuration of the write-back buffer.
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PA (31-4)|Longword O |Longword 1 | Longword 2 | Longword 3

PA (31-4): Physical address written to external memory
Longword 0-3: The line of cache data to be written to
external memory

Figure 5.4 Write-Back Buffer Configuration

5.35 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by the SH7708 Series and another device is accessed, the latest data may be in a write-
mode cache, so invalidate the entry that includes the latest data in the cache, generate a write &
and update the data in memory before using it. When the caching area is updated by a device ¢
than the SH7708 Series, invalidate the entry that includes the updated data in the cache.

5.3.6 RAM Mode

In RAM mode, way 0 and way 1 function as a 4-kbyte two-way set associative cache, while way
and way 3 function as 4-kbyte internal RAM. The internal RAM is mapped onto H'7F000000 to
H'7FO00FFF with 4-kbyte shadow areas from H'7F001000 to H'7FFFFFFF. In RAM mode with
the MMU enabled, a virtual address from H'7F00000 to H'7FFFFFFF is not translated to an
external physical address. The internal RAM can be accessed in both privileged and user mode
setting its address as source or destination address in the instructions. Before changing the RA
in the CCR register to change the cache operation mode, all entries in the cache should be
invalidated.

54 Memory-Mapped Cache

To allow software management of the cache, it is mapped onto virtual address space P4. The
address array is mapped onto addresses H'FO000000 to H'FOFFFFFF and the data array onto
addresses H'F1000000 to H'F1FFFFFF. In privileged mode, the cache contents can be read or
written using the MOV instruction. With the address array and data array, the access size is fixe
at longword, and instruction fetches cannot be performed.

5.4.1 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array, tf
32-bit address field (for read/write accesses) and 32-bit data field (for write accesses) must be
specified. The address field specifies information for selecting the entry to be accessed; the dat:
field specifies the address, V bit, U bit, and LRU bits to be written to the address array (figure
5.5 (2)).
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In the address field, specify the entry address for selecting the entry (bits 10—4), W for selecting
the way (bits 12-11: 00 is way 0, 01 is way 1, 10 is way 2, 11 is way 3 in normal mode (8-kbyte
cache); 00 and 10 are way 0, and 01 and 11 are way 1 in RAM mode), and H'FO to indicate
address array access (bits 31-24).

When writing, specify bit 3 as the A bit. The A bit indicates whether addresses are compared
during writing. When the A bit is 1, the addresses of the four entries selected by the entry
addresses are compared to the addresses to be written into the address array specified in the da
field. Writing takes place to the way that has a hit. When a miss occurs, nothing is written to the
address array and no operation occurs. The way number (W) specified in bits 12—-11 is not used.
When the A bit is 0, it is written to the entry selected with the entry address and way number
without comparing addresses. The address specified by bits 31-10 in the data specification in
figure 5.5 (1), address array access, is a virtual address. When the MMU is enabled, the address
translated into a physical address, then the physical address is used in comparing addresses wh
the A bitis 1. The physical address is written into the address array.

When reading, the address tag, V bit, U bit, and LRU bits of the entry specified by the entry
address and way number (W) are read using the data format shown in figure 5.5 without
comparing addresses. To invalidate a specific entry, specify the entry by its entry address and w:
number, and write 0 to its V bit. To invalidate only an entry for an address to be invalidated,
specify 1 for the A bit.

When an entry for which 0 is written to the V bit has a U bit set to 1, if it is a valid entry it will be
written back. This allows coherency to be achieved between the external memory and cache by
invalidating the entry. However, when 0 is written to the V bit, 0 must also be written to the U bit
of that entry.

In the SH7708 Series, the top 3 bits of the 32-bit physical address are treated as a shadow (see
section 10, Bus State Controller (BSC)). Therefore, in the event of a cache miss, 0 is registered i
the top 3 bits of the address array address tag.

When directly changing the address array using the MOV instruction, also, a value other than 0
must not be set in the top 3 bits of the address tag.

5.4.2 Data Array

The data array is mapped onto H'F1000000 to H'F1FFFFFF. To access a data array, the 32-bit
address field (for read/write accesses) and 32-bit data field (for write accesses) must be specifiec
The address field specifies information for selecting the entry to be accessed; the data field
specifies the longword data to be written to the data array (figure 5.5 (2)).

In the address field, specify the entry address for selecting the entry (bits 10-4), L for indicating
the longword position within the (16-byte) line (bits 3—2: 00 is longword 0, 01 is longword 1, 10 is
longword 2, 11 is longword 3), W for selecting the way (bits 12—11: 00 is way 0, 01 is way 1, 10
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isway 2, 11 is way 3 in normal mode; 00 and 10 are way 0, and 01 and 11 are way 1 in RAM
mode), and H'F1 to indicate data array access (bits 31-24).

Both reading and writing use the longword of the data array specified by the entry address, way
number and longword address. The access size of the data array is fixed at longword.

(1) Address array access
Address specification

Read access
31 24 23 13 12 11 10 4 3 2 0

| 11120000 | x—% | W | Entry B

Write access
31 24 23 13 12 11 10 4 3 2 0

| 11110000 | x—% | W | Entry (A lx x % |

Data specification (both read and write accesses)

31 10 9 4 3 2 1 0
| Address tag (31-10) | LRU | X X | U| Vv |

(2) Data array access (both read and write accesses)
Address specification

31 24 23 13 12 11 10 43 21 0
| 11110001 | x—% | W | Entry L[ % %]

Data specification
31 0
| Longword |

X: 0 for read, don't care bit for write
%: Don't care bit

Figure 5.5 Specifying Address and Data for Memory-Mapped Cache Access
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5.5 Usage Examples

551 Invalidating Specific Entries

Specific cache entries can be invalidated by writing 0 to the entry’s V bit. When the A bitis 1, the
address tag specified by the write data is compared to the address tag within the cache selected
the entry address, and data is written when a match is found. If no match is found, there is no
operation. RO specifies the write data in RO and R1 specifies the address. When the V bit of an
entry in the address array is set to 0, the entry is written back if the entry’s U bit is 1.

; R0=H'01100010; VPN=B'0000 0001 0001 0000 0000 00, U=0, V=0
; R1=H'F0000088; address array access, entry=B'0001000, A=1

MOV.L RO,@R1

5.5.2 Reading the Data of a Specific Entry

This example reads the data section of a specific cache entry. The longword indicated in the date
field of the data array in figure 5.5 is read to the register. RO specifies the address and R1 is reac

; R1=H'F100 004C; data array access, entry=B'0000100, Way = 0, longword
;address =3

1

MOV.L @RO,R1 ; Longword 3 is read.
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Section 6 Interrupt Controller (INTC)

6.1 Overview

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to handle interrupt requests according to the user-set priority.

6.1.1 Features

INTC has the following features:

15 levels of interrupt priority can be set: By setting the two interrupt-priority registers, the
priorities of on chip supporting module interrupts can be selected from 15 levels for different
request sources.

NMI noise canceller function: NMI input level bit indicates NMI pin status. By reading this bit
in the interrupt exception handler, the pin status can be checked, enabling it to be used as a
noise canceler.

External devices can be notified that an interrupt has been recBN@AT pin): For

example, when the SH7708 Series has released the bus, the external bus master can be no
of the fact that an external interrupt, an on-chip supporting module interrupt, or a memory
refresh request has occurred, enabling the SH7708 Series to request the bus.
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6.1.2

Block Diagram

Figure 6.1 shows a block diagram of the INTC.
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Figure 6.1 INTC Block Diagram
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6.1.3 Pin Configuration

Table 6.1 shows the INTC pin configuration.

Table 6.1  Pin Configuration

Name Abbreviation 1/0  Description

Nonmaskable interrupt input pin NMI | Input of nonmaskable interrupt request
signal

Interrupt input pins IRL3—-IRLO Input of interrupt request signals
(maskable by 13-10 in SR)

Bus request output pin IRQOUT (0] Output of signal that notifies external

devices that an interrupt or memory
refresh request has occurred

6.1.4 Register Configuration

The INTC has the three registers listed in table 6.2.

Table 6.2  Register Configuration

Initial Access
Name Abbr. R/W  Value*l Address Size
Interrupt control register ICR RIW  *2 H'FFFFFEEO 16
Interrupt priority level setting register A IPRA R/W  H0000 HFFFFFEE2 16
Interrupt priority level setting register B IPRB R/W  H0000 H'FFFFFEE4 16

Notes: 1. Initialized by a power-on reset or manual reset.

2. H'8000 when the NMI pin is high, H'0000 when the NMI pin is low.

6.2 Interrupt Sources

There are three types of interrupt sources: NMI, IRL, and on-chip supporting modules. Each
interrupt has a priority level (0—16) with O the lowest and 16 the highest. Priority level 0 masks a

interrupt.
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6.2.1 NMI Interrupts

The NMI interrupt has the highest priority level of 16. It is always accepted unless the BL bit in
the status register in the CPU is set to 1, and is edge-detected. In sleep or standby mode, the
interrupt is accepted regardless of the BL setting. The NMI edge select bit (NMIE) in the interrupt
control register (ICR) is used to select either the rising or falling edge. When the NMIE bit in the
ICR register is changed, the NMlI interrupt is not detected for 20 cycles after changing ICR. NMI
interrupt exception handling does not affect the interrupt mask level bits (13—10) in the status
register (SR).

6.2.2 IRL Interrupts

IRL interrupts are input by level at piflRL3—IRLO0. The priority level is the level indicated by
pinsIRL3-IRLO. An IRL3-IRLO value of 0 (0000) indicates the highest-level interrupt request
(interrupt priority level 15). A value of 15 (1111) indicates no interrupt request (interrupt priority
level 0). Figure 6.2 shows an examples of an IRL interrupt connection. Table 6.3IRIRqiss

and interrupt levels.

SH7708Series
B — e
. 4
_
Interrupt —>S Priority | IRL3 to IRLO
request ——2——pm] encoder —
IRL3 to IRLO

Figure 6.2 Example of IRL Interrupt Connection
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Table 6.3 IRL3-IRLO Pins and Interrupt Levels

IRL3 IRL2 IRL1 IRLO Interrupt Priority Level Interrupt Request

0 0 0 0 15 Level 15 interrupt request
0 0 0 1 14 Level 14 interrupt request
0 0 1 0 13 Level 13 interrupt request
0 0 1 1 12 Level 12 interrupt request
0 1 0 0 11 Level 11 interrupt request
0 1 0 1 10 Level 10 interrupt request
0 1 1 0 9 Level 9 interrupt request
0 1 1 1 8 Level 8 interrupt request
1 0 0 0 7 Level 7 interrupt request
1 0 0 1 6 Level 6 interrupt request
1 0 1 0 5 Level 5 interrupt request
1 0 1 1 4 Level 4 interrupt request
1 1 0 0 3 Level 3 interrupt request
1 1 0 1 2 Level 2 interrupt request
1 1 1 0 1 Level 1 interrupt request
1 1 1 1 0 No interrupt request

A noise-cancellation feature is built in, and the IRL interrupt is not detected unless the levels
sampled at every supporting module cycle remain unchanged for two consecutive cycles, so the
no transient level on thRL pin change is detected. In standby mode, as the peripheral clock is
stopped, noise cancellation is performed using the 32.768 kHz clock for the RTC instead.
Therefore when the RTC is not used, interruption by means of IRL interrupts cannot be perform
in standby mode.

The priority level of the IRL interrupt must not be lowered unless the interrupt is accepted and tf
interrupt handling starts. However, the priority level can be changed to a higher one.

The interrupt mask bits (13—10) in the status register (SR) are not affeci®dLtigterrupt
handling.
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6.2.3 On-Chip Supporting Module Interrupts
On-chip supporting module interrupts are generated by the following five modules:

e Timer unit (TMU)

e Realtime clock (RTC)

» Serial communication interface (SCI)
« Bus state controller (BSC)

* Watchdog timer (WDT)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected on the
interrupt event register (INTEVT). It is easy to identify sources by using the values of the
INTEVT register as branch offsets (in the exception handler routine).

The priority level (from 0—15) can be set for each module by writing to interrupt priority setting
registers A-B (IPRA-IPRB).

The interrupt mask bits (13—10) in the status register are not affected by the on-chip supporting
module interrupt handling.

On-chip supporting module interrupt source flag and interrupt enable flag updating should only b
performed when the BL bit in the status register (SR) is set to 1. To prevent acknowledgment of
erroneous interrupt from an interrupt source that should have been updated, first read the on-chij
peripheral register containing the relevant flag, then clear the BL bit to 0. This will secure the
necessary timing internally. When updating a number of flags, there is no problem if only the
register containing the last flag updated is read.

If flag updating is performed while the BL bit is cleared to 0, the program may jump to the
interrupt service routine when the INTEVT register value is 0. In this case, interrupt handling is
initiated due to the timing relationship between the flag update and interrupt request recognition
within the chip. Processing can be continued without any problem by executing an RTE
instruction.

6.2.4 Interrupt Exception Handling and Priority

Table 6.3 lists the codes for the interrupt event register (INTEVT), and the order of interrupt
priority. Each interrupt source is assigned unique code. The start address of the interrupt handler
common to each interrupt source. This is why, for instance, the value of INTEVT is used as offse
at the start of the interrupt handler and branched to identify the interrupt source.

The order of priority of the on-chip supporting module is set within the priority levels 0-15 at will
by using the interrupt priority level set in registers A and B (IPRA-IPRB). The order of priority of
the on-chip supporting module is set to zero by a reset.
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When the priorities for multiple interrupt sources are set to the same level and such interrupts al
generated at the same time, they are handled according to the default order listed in table 6.4.

Updating of interrupt priority level setting registers A and B should only be performed when the
BL bit in the status register (SR) is set to 1. To prevent erroneous interrupt acknowledgment, fir:
read one or other of the interrupt priority level setting registers, then clear the BL bit to 0. This
will secure the necessary timing internally.

Table 6.4  Interrupt Exception Vectors and Rankings
INTEVT Interrupt Priority  IPR (Bit Priority within Default
Interrupt Source Code (Initial Value) Numbers) IPR Setting Unit  Priority
NMI H'1CO 16 — — High
IRL  IRL3-IRLO H200 15 — —
IRL3-IRLO H220 14 — —
IRL3-IRLO H240 13 — —
IRL3-IRLO H260 12 — —
IRL3-IRLO H280 11 — —
IRL3-IRLO H2A0 10 — —
IRL3-IRLO H2CO 9 — —
IRL3-IRLO H2E0 8 — —
IRL3-IRLO H300 7 — — .
IRL3-IRLO H'320 6 — —
IRL3-IRLO H'340 5 — —
IRL3-IRLO H'360 4 — —
IRL3-IRLO H'380 3 — —
IRL3-IRLO H3A0 2 — —
IRL3-IRLO H3CO 1 — —
TMUO TUNIO*! H400 0-15(0) IPRA (15-12) —
TMU1 TUNI1*! H420 0-15(0) IPRA (11-8) —
TMU2 TUNI2*! H440  0-15(0) IPRA (7-4) High
TMU2 TICPI2*2 H'460  0-15 (0) IPRA (7-4) Low Low
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Table 6.4

Interrupt Exception Vectors and Rankings (cont)

INTEVT  Interrupt Priority IPR (Bit Priority within Default

Interrupt Source Code (Initial Value) Numbers) IPR Setting Unit  Priority
RTC ATI*3 H'480 0-15 (0) IPRA (3-0) High High
RTC PRI*4 H'4A0 0-15 (0) IPRA (3-0) !
RTC CuI H'4C0 0-15 (0) IPRA (3-0) Low
SCI ERI*6 H'4EQ 0-15 (0) IPRB (7-4) High
SCI RXI*7 H'500 0-15 (0) IPRB (7-4) . !
SCI TX|*8 H'520 0-15 (0) IPRB (7-4)
SCI TEI*? H'540 0-15 (0) IPRB (7-4) Low
wWDT ITI H'560 0-15 (0) IPRB (15-12) —
REF RCMI*10  H'580 0-15 (0) IPRB (11-8)  High
REF ROVI¥1  H5A0 0-15 (0) IPRB (11-8) Low Low
Notes: 1. TUNIO-TUNI2: Underflow interrupts, see section 11.

2. TICPI2: Input capture interrupt, see section 11.

3. ATI: Alarm interrupt, see section 12.

4. PRI: Periodic interrupt, see section 12.

5. CUI: Carry-up interrupt, see section 12.

6. ERI: Receive error interrupt, see section 13.

7. RXI: Receive-data-full interrupt, see section 13.

8. TXI: Transmit-data-empty interrupt, see section 13.

9. TEI: Transmit-data-end interrupt, see section 13.

10. ITI: Interval timer interrupt, see section 9.

11. RCMI: Compare-match interrupt, see section 10.

12. ROVI: Refresh counter overflow interrupt, see section 10.
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6.3 INTC Registers

6.3.1 Interrupt Priority Registers A and B (IPRA, IPRB)

Interrupt priority registers A and B (IPRA and IPRB) are 16-bit read/write registers that set
priority levels from 0 to 15 for on-chip supporting module interrupts. These registers are
initialized to H'0000 by a reset. They are not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
Bit name: | | | | | | | |
Initial value: 0 0 0 0 0 0 0 0

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

Bit: 7 6 5 4 3 2 1 0
Bit name: | ] | | | ] |
Initial value: 0 0 0 0 0 0 0 0

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

Table 6.5 lists the relationship between the interrupt sources and the IPRA and IPRB bits.

Table 6.5 Interrupt Request Sourcesand IPRA, IPRB

Register Bits 15 to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRA TMUO TMU1 TMU2 RTC
IPRB WDT REF*! SCl Reserved *2

Notes: 1. REF is the memory refresh unit in the bus state controller. See section 10, Bus State
Controller, for details.

2. Reserved hits: Always read 0. Only 0 should be written.

As listed in table 6.5, four sets of on-chip supporting modules are assigned to each register. 4-b
groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to 0) are set with values from H'0 (0000
to H'F (1111). Setting H'O means priority level 0 (masking is requested); H'F is priority level 15
(the highest level).
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6.3.2 Interrupt Control Register (ICR)

ICR is a 16-bit register that sets the input signal detection mode of the external interrupt input pin
NMI and indicates the input signal level to the NMI pin. This register is initialized by a power-on
reset or manual reset. It is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
Bitname:‘ NMIL \ — \ — \ — \ — \ — \ — \ NMIE \
Initial value: o/1* 0 0 0 0 0 0 0
R/W: R R R R R R R R/W
Bit: 7 6 5 4 3 2 1 0
stramer[ = | = | = | = | = [ = [ = ] — |
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R

Note: When NMI input is high: 1; when NMI input is low: 0.

Bit 15—NMI Input Level (NMIL): Sets the level of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. It cannot be modified.

Bit 15: NMIL Description
0 NMI input level is low
1 NMI input level is high

Bit 8—NMI Edge Select (NMIE): Selects whether the falling or rising edge of the interrupt
request signal to the NMI is detected.

Bit 8: NMIE Description

0 Interrupt request is detected on the falling edge of NMI input
(Initial value)

1 Interrupt request is detected on rising edge of NMI input

Bits 14—-9 and 7-0—Reserved: These bits always read 0. The write value should always be 0.

116
RENESAS



6.4 INTC Operation

6.4.1 Interrupt Sequence

The sequence of interrupt operations is explained below. Figure 6.3 is a flowchart of the
operations.

1.

The interrupt request sources send interrupt request signals to the interrupt controller.

2. The interrupt controller selects the highest priority interrupt from the interrupt requests sent,

© N o g s

following the priority levels set in interrupt priority registers A and B (IPRA and IPRB).

Lower priority interrupts are held pending. If two of these interrupts have the same priority
level or if multiple interrupts occur within a single module, the interrupt with the highest
default priority or the highest priority within its IPR setting unit (as indicated in table 6.4) is
selected.

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (I3—10) in the status register (SR) of the CPU. If the request priority level i
higher than the level in bits 13—10, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU. When the interrupt controller receives an interrupt, a low
level is output from th&RQOUT pin.

The CPU receives an interrupt at a break in instructions.

The interrupt source code is set in the interrupt event register (INTEVT).

The status register (SR) and program counter (PC) are saved to SSR and SPC, respectively
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumps to the start address of the interrupt handler (the sum of the value set in the
vector base register (VBR) and H'00000600). The interrupt handler may branch with the
INTEVT register value as its offset in order to identify the interrupt source. This enables it to
branch to the handling routine for the individual interrupt source.

Notes: 1. The interrupt mask bits (13—10) in the status register (SR) are not changed by

acceptance of an interrupt in the SH7708 Series.

2. IRQOUT outputs a low level until the interrupt request is cleared. However, if the
interrupt source is masked by an interrupt mask bitIRQEUT pin returns to the
high level. The level is output without regard to the BL bit.

3. The interrupt source flag should be cleared in the interrupt handler. To ensure that ar
interrupt request that should have been cleared is not inadvertently accepted again, r
the interrupt source flag after it has been cleared, then wait for the interval shown in
table 6.6 (Time for priority decision and SR mask bit comparison) before clearing the
BL bit or executing an RTE instruction.
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+ A
Program
execution state

Y

Interrupt
generated?

(SR. BL
=0) or (sleep
or standby
mode)?

Yes Level 15
interrupt?
Level 14 No
interrupt?
Yes 1310 level
14 or lower?
< Level 1
v No interrupt?
Yes 1310 level
IRQOUT = low 13 or lower?
v
Setinterrupt | | v _______|___I% 13-10
cause in INTEVT level 07
+ No

Save SR to SSR;
save PC to SPC

v
Set BL/IMD/RB
bitsin SRto 1
v
Branch to exception
handler
[ v Y A4

I13—10: Interrupt mask bits in status register (SR)

Figure 6.3 Interrupt Operation Flowchart
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6.4.2 Multiple Interrupts
When handling multiple interrupts, an interrupt handler should include the following procedures:

1. Branch to a specific interrupt handler corresponding to a code set in INTEVT. The code in
INTEVT can be used as a branch-offset for branching to the specific handler.

Clear the cause of the interrupt in each specific handler.

Save SSR and SPC to memory.

Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask bits in SR.
Handle the interrupt.

Execute the RTE instruction.

L

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted after clearing BL in step 4. Figure 6.3 shows a sample interrupt operal
flowchart.

119
RENESAS



6.5 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception handling is performed
and fetching of the first instruction of the exception handler is started (the interrupt response time
is shown in table 6.6. Figure 6.4 shows an example of pipeline operation when an IRL interrupt is
accepted. When SR.BL is 1, interrupt exception handling is masked, and is kept waiting until
completion of an instruction that clears BL to 0.

Table 6.6  Interrupt Response Time

Number of States

Supporting
ltem NMI IRL Modules Notes
Time for priority 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc
decision and SR mask + 0.5 x Bcyc + 0.5 x Beyc + 1.5 x Pcyc
bit comparison + 0.5 x Pcyc + 2 xPcyc
Wait time untilend of X (20) xlcyc X (20) xlcyc X (20) xlIcyc Interrupt exception
sequence being handling is kept waiting
executed by CPU until the executing

instruction ends. If the
number of instruction
execution states is S*1,
the maximum wait time
is:

X =S - 1. However, if
BL is setto 1 by
instruction execution or
by an exception,
interrupt exception
handling is deferred
until completion of an
instruction that clears
BL to 0. If the following
instruction masks
interrupt exception
handling, the handling
may be further deferred.

Time from interrupt 5 xIcyc 5 xIcyc 5 xIcyc
exception handling

(save of SR and PC)

until fetch of first

instruction of

exception handler is

started

120
RENESAS



Table 6.6 Interrupt Response Time (cont)

Number of States

Peripheral
Item NMI RL Modules Notes
Response Total (5.5+ X) xIcyc (5.5+ X) xlIcyc (5.5+ X) xIcyc
time + 0.5 x Beyc + 0.5 x Beyc + 1.5 x Pcyc
+ 0.5 x Pcyc + 2 x Pcyc
Minimum 6.5 8 7 At 60 MHz operation:
case*? 0.10-0.14 ps
Maximum 7 +S 13+S 105+S At 60 MHz operation:
case*3 0.23-0.34 ps (in case of

operand cache-hit)

At 60 MHz operation:
0.27-0.37 us (when
external memory access
is performed with wait =
0)

Icyc: Duration of one cycle of internal clock supplied to CPU, etc.
Bcyc: Duration of one CKIO cycle

Pcyc: Duration of one cycle of peripheral clock supplied to supporting modules

Notes: 1. S also includes the memory access wait time.

The processing requiring the maximum execution time is LDC.L @Rm+, SR. When the
memory access is a cache-hit, this requires 7 instruction execution cycles. When
external access is performed, the corresponding number of cycles must be added.
There are also instructions that perform two external memory accesses; if external
memory access is slow, the number of instruction execution cycles will increase

accordingly.
2. The internal clock : CKIO : peripheral clock ratiois 1: 1: 1.
3. The internal clock : CKIO : peripheral clock ratiois 1: 1 : 1/4.
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IRL

Instruction (instruction

replaced by interrupt | IF | ID | EX | EX | EX | EX
exception handling) '

Interrupt Start of interrupt
acceptance handling

0.5 x Icyc

+ 0.5 x Beyc
+ 2 x Pcyc
g |

|
< 5 x Icyc

Overrun fetch IE
First instruction of interrupt m-
handler IF EX

IF:
ID:
EX:

Instruction fetch ... Instruction is fetched from memory in which program is stored.
Instruction decode ... Fetched instruction is decoded.

Instruction execution ... Data operation and address calculation are performed in
accordance with result of decoding.
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Section 7 User Break Controller (UBC)

7.1 Overview

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling programs to be
debugged in the chip alone, without using an in-circuit emulator. Break conditions that can be se
in the UBC are instruction fetch or data read/write, data size, data content, address value, and <
timing during instruction fetches.

7.1.1 Features
The features of the user break controller are listed below.

» Two break channels (channel A and channel B). User break interrupts can be requested usir
either independent or sequential condition for the two channels (sequential breaks are chanr
A, then channel B).

» Selection and setting of the following as break compare conditions:

O Address
Selection of 32-bit logical address and ASID to be compared
Address: Compare all bits, mask bottom 10 bits, mask bottom 12 bits. mask all bits
ASID: Compare all bits/mask all bits

Data (channel B only, 32-bit maskable)

Bus cycle: Instruction fetch/data access

Read/write

Operand size: byte/word/longword

« The instruction fetch cycle break can be performed before or after the instruction is executed

» User break trap generated when break conditions are satisfied. A user-designed user break
routine can be run.

g
O
g
O

7.1.2 Block Diagram

Figure 7.1 shows the logical block diagram of the user break controller.
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Access Address

control bus Channel A Data bus
2 3
l »| Access | BBRA |« >
| comparator
< BARA >
Address | P -
comparator | BASRA | "
‘_
< BAMRA |« >
Channel B
» Access |« BBRB |«
| comparator
< BARB nilg
Address
comparator [ BASRB |« v
‘_
< BAMRB |« >
> Data < BDRB >
v comparator
-« BDMRB <>
BBRA: Break bus cycle register A
BARA: Break address register A
BASRA: Break ASID register A
BAMRA: Break address mask register A
BBRB: Break bus cycle register B B P -
BARB: Break address register B —>| Control BRCR |«
BASRB: Break ASID register B
BAMRB: Break address mask register B \
User break

BDRB: Break data register B
BDMRB: Break data mask register B
BRCR: Break control register

trap request

Figure 7.1 Logical Block Diagram of User Break Controller
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7.1.3 Register Configuration

Table 7.1 shows the user break controller registers.

Table 7.1  UBC Registers

Channel Register Initial Value* 1 Access Size Access Address R/W
A BARA Undefined Longword H'FFFFFFBO RIW
BASRA Undefined Byte H'FFFFFFE4 RIW
BAMRA Undefined Byte H'FFFFFFB4 RIW
BBRA H'0000%*2 Word H'FFFFFFB8 RIW
B BARB Undefined Longword H'FFFFFFAO RIW
BAMRB Undefined Byte H'FFFFFFA4 RIW
BASRB Undefined Byte H'FFFFFFES RIW
BBRB H'0000*2 Word H'FFFFFFA8 RIW
BDRB Undefined Longword H'FFFFFF90 R/W
BDMRB Undefined Longword H'FFFFFF94 RIW
Common BRCR H'0000*2 Word H'FFFFFF98 RIW

Notes: 1. Value is retained in standby mode.

2. Initialized by power-on reset or manual reset.

7.1.4 Break Conditions and Register Settings

The relationship between break conditions and register settings is as follows:

1.
2.

Break conditions for channel A or B are set in the respective registers.

The address is set in the BARA or BARB register. ASID is set in the BASRA or BASRB
register. Whether the address is included in the break conditions, or whether or not masking
to be performed, is set in the BAMA or BAMB bit of the BAMRA or BAMRB register. If

ASID is included in the conditions, this is set in the BASMA or BASMB bit of the BAMRA or
BAMRSB register.

Bus cycle break conditions are set in the BBRA or BBRB register. Settings are instruction
fetch or data access, read or write, and data access size. In the case of an instruction fetch,
whether the break is to be made before or after instruction execution is set in the PCBA or
PCBB bit of the BRCR register.

For channel B, data can be included in the break conditions. Data is set in the BDRB registe
If data is to be masked, it is set in the BDMRB register. Data inclusion in or exclusion from
break conditions is set in the DBEB hit of the BRCR register.
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5. Sequential use of channels A and B is set in the SEQ bit of the BRCR. When sequential use i
designated, a user break occurs when the channel B conditions are matched after matching o
channel A conditions.

6. When a user break occurs, the CMFA and CMFB bits in the BRCR register are setto 1. If a
break is to be generated again, the CMFA and CMFB bits should be cleared to 0.

7.2 UBC Register Functions

7.2.1 Break Address Register A (BARA)

Bit 31 30 29 28 27 26 25 24
Bit name: | BAA31 | BAA30 | BAA29 | BAA28 | BAA27 | BAA26 | BAA25 | BAA24 |
Initial value: — — — — — — — —

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

Bitt 23 22 21 20 19 18 17 16
Bit name: | BAA23 | BAA22 | BAA21 | BAA20 | BAAL9 | BAALS | BAAL7 | BAAILG |
Initial value: — — — — — — — _

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

Bitt 15 14 13 12 11 10 9 8
Bitname: | BAALS | BAAL4 | BAAL3 | BAAL2 | BAALL | BAIO | BAA9 | BAAS |
Initial value: — — — — — — — _

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

Bitt 7 6 5 4 3 2 1 0
Bitname: | BAA7 | BAA6 | BAAS | BAA4 | BAA3 | BAA2 | BAAL | BAAO |
Initial value: — — — — — _ — _

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

Break address register A (BARA) is a 32-bit read/write register that stores the virtual address of
the channel A break condition. It is not initialized by a reset.

Bits 31 to 0—Break Address A31 to 0 (BAA31 to BAAO): These bits store the virtual address of
the channel A break condition.

7.2.2 Break Address Register B (BARB)

BARB is the break address register for channel B. The bit configuration is the same as for BARA
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7.2.3 Break ASID Register A (BASRA)

Bitt 7 6 5 4 3 2 1 0
Bit name:\ BASA7 \ BASAB\ BASAS \ BASA4\ BASA3 \ BASA2 \ BASAl‘ BASAO \

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Break ASID register A (BASRA) specifies the ASID that serves as the break condition for chann
A. It is compared to the ASID field of the MMU's PTEH register. BASRA is an 8-bit read/write
register. It is not initialized by a reset.

Bits 7 to 0—Break ASID A7 to 0 (BASA7 to BASAOQ): These bits store the ASID (bits 7 to 0) that
is the channel A break condition.

7.24 Break ASID Register B (BASRB)

BASRSB is the break ASID register for channel B. The bit configuration is the same as for
BASRA.

7.2.5 Break Address Mask Register A (BAMRA)

Bit: 7 6 5 4 3 2 1 0
Bit name: \ — \ — \ — \ — \ — \ BASMA‘ BAMAl‘ BAMAO \
Initial value: 0 0 0 0 0 — — —

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

Break address mask register A (BAMRA) is an 8-bit read/write register that specifies which bits
the break ASID specified in BASRA and which bits in the break address specified in BARA are
masked. It is not initialized by a reset.

Bits 7 to 3—Reserved: These bits always read 0. The write value should always be 0.

Bit 2—Break ASID Mask A (BASMA): Indicates whether the bits of the channel A breakpoint
ASID7 to ASIDO (BASA7 to BASAOQ) set in BASRA are masked.

Bit 2: BASMA Description

0 BASRA not masked; all bits included in break condition.

1 All BASRA bits masked; ASID not included in break condition.
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Bits 1 and 0—Break Address Mask Al and A0 (BAMA1 and BAMAO): These bits indicate which
of the channel A break address bits 31-0 (BAA31-BAAO) set in BARA are masked.

Bit 1: BAMA1 Bit 0: BAMAO  Description

0 0 BARA not masked; all bits included in break condition.

0 1 Lowest 10 bits masked and excluded from break condition.
1 0 Lowest 12 bits masked and excluded from break condition.
1 1 All BARA bits masked; address not included in break

condition.

7.2.6 Break Address Mask Register B (BAMRB)

BAMRSB is the break address mask register for channel B. The bit configuration is the same as fo
BAMRA.

7.2.7 Break Bus Cycle Register A (BBRA)

Bit. 15 14 13 12 11 10 9 8
Bit name: — — ‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit. 7 6 5 4 3 2 1 0
Bitname:| — | — | IDAL | IDAO | RWAL | RWAO | SZAL | SZAO |
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

The break bus cycle register A (BBRA) is a 16-bit read/write register that sets the following three
channel A break conditions for channel A: (1) instruction fetch/data access, (2) read/write, and (3
operand size. A reset initializes BBRA to H'0000.

Bits 15 to 6—Reserved: These bits always read 0. The write value should always be 0.
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Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1 and IDAOQ): These bits select wheth
to break channel A on instruction fetch and/or data access cycles.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 No conditions compared (Initial value)
1 Break on instruction fetch cycle

1 0 Break on data access cycle
1 Break on either instruction fetch or data access cycle

Bits 3 and 2—Read/Write Select A (RWA1 and RWAQ): These bits select whether to break
channel A on read and/or write cycles.

Bit 3: RWAL Bit 2: RWAO Description

0 0 No conditions compared (Initial value)
1 Break on read cycles

1 0 Break on write cycles
1 Break on both read and write cycles

Bits 1 and 0—Operand Size Select A (SZA1 and SZAQ): These bits select the bus cycle operan
size as a channel A break condition.

Bit 1: SZA1 Bit 0: SZA0 Description

0 0 Operand size is not a break condition (Initial value)
1 Break on byte access

1 0 Break on word access
1 Break on longword access

7.2.8 Break Bus Cycle Register B (BBRB)

BBRB is the break bus cycle register for channel B. The bit configuration is the same as for
BBRA.
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7.2.9 Break Data Register B (BDRB)

Bitt 31 30 29 28 27 26 25 24
Bit name:\ BDB31 \ BDBSO‘ BDB29 \ BDBZS‘ BDB27 \ BDB26 \ BDBZS‘ BDB24 \
Initial value: — — — — — — — —

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

Bitt 23 22 21 20 19 18 17 16
Bit name:‘ BDB23 \ BDB22 \ BDB21 \ BDB20 \ BDB19 \ BDB18 \ BDB17 \ BDB16 \
Initial value: — — — — — — — _

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

Bitt 15 14 13 12 11 10 9 8
Bit name:‘ BDB15 \ BDBl4‘ BDB13 \ BDBlZ‘ BDB11 \ BDB10 \ BDB9 \ BDBS \

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ BDB7 \ BDB6 \ BDB5 \ BDB4 \ BDB3 \ BDB2 \ BDB1 \ BDBO \

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Break data register B (BDRB) is a 32-hit read/write register that specifies the data that is the brec
condition for channel B data breaks. BDRB is not initialized by a reset.

BDRB Bits 31 to 0—Break Data B31 to BO (BDB31 to BDBO0): These bits store the data that is
the break condition for break channel B.

When byte access has been specified by the SZB bit in the BBRB register, set the same byte dat
in bits BDB15-BDBS8 as has been set in bits BDB7-BDBO. Bits BDB31-BDB16 are ignored
when either byte or word access is specified. When the instruction fetch cycle is specified as a
channel B break condition, or when the data bus is not included in the conditions according to the
DBEB bit specification in BRCR (0), the BDRB value is ignored.
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7.2.10 Break Data Mask Register B (BDMRB)

Bitt 31 30 29 28 27 26 25 24
Bit name:\ BDMSl‘ BDMSO‘ BDMZQ‘ BDM28‘ BDMZ?‘ BDMZG‘ BDM25‘ BDM24‘
Initial value: — — — — — — — —

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

Bitt 23 22 21 20 19 18 17 16
Bit name:‘ BDM23‘ BDM22‘ BDMZl‘ BDMZO‘ BDMlQ‘ BDM18‘ BDM17‘ BDMlG‘
Initial value: — — — — — — — _

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

Bitt 15 14 13 12 11 10 9 8
Bit name:‘ BDMlS‘ BDM14‘ BDM13‘ BDMlZ‘ BDMll‘ BDMlO‘ BDM9 \ BDMS \

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
Bit name:‘ BDM7 \ BDM6 \ BDMS5 \ BDM4 \ BDM3 \ BDM2 \ BDM1 \ BDMO \

Initial value: — — — — — — — _
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Break data mask register B (BDMRB) is a 32-bit read/write register that determines which of the
bits in the break address set in BDRB are masked. BDMRB is not initialized by a reset.

BDMRB Bits 31 to 0—Break Data Mask B31 to BO (BDMB31 to BDMBO): These bits specify
whether bits B31-B0 (BDB31 to BDBO) of the channel B break data set in BDRB are masked. S
the same values in BDMB15-BDMBS as are set in BDMB7-BDMB 0.

Bits 31 —-0: BDMBn Description
0 Channel B break data bit BDBn is included in the break condition.
1 Channel B break data bit BDBn is masked and therefore not included

in the break condition.

n=31t00

Notes: 1. When the data bus value is contained in the break conditions, specify the operand size.
2. For byte data, set the same data in bits 0—7 and bits 8—15 of BDRB and BDMRB.
3. Bits 31-16 of BDRB and BDMRB are ignored for byte and word sizes.
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7.2.11 Break Control Register (BRCR)

Bit. 15 14 13 12 11 10 9 8
Bitname:| CMFA | CMFB | — | — | — |PcBA| — | — |
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW R R R RIW
Bit. 7 6 5 4 3 2 1 0
Bitname:| DBEB | PCBB | — | — | SEQ | — | — | — |
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW R R RIW

The break control register (BRCR) is a 16-bit read/write register that controls user breaks.
BRCR:

1. Determines whether to use channels A and B as two independent channels or as sequential
conditions.

2. Selects whether to break before or after instruction execution during the instruction fetch cycle
3. Determines whether to include the BDRB register in the channel B comparison conditions.

It also has a condition-match flag. A power-on or manual reset initializes BRCR to H'0000.

Bit 15—Condition Match Flag A (CMFA): Set to 1 when the break conditions set in channel A are
met. Not cleared to 0. To check a flag setting after it has been set, clear it by writing 0.

Bit 15: CMFA Description
0 Channel A break conditions do not match. (Initial value)
1 Channel A break conditions match.

Bit 14—Condition Match Flag B (CMFB): Set to 1 when the break conditions set in channel B are
met. Not cleared to 0. To check a flag setting after it has been set, clear it by writing 0.

Bit 14: CMFB Description
0 Channel B break conditions do not match. (Initial value)
1 Channel B break conditions match.

Bits 13 to 11—Reserved: These bits always read 0. The write value should always be 0.
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Bit 10—PC Break Select A (PCBA): Selects whether to place the channel A instruction fetch
cycle break before or after instruction execution.

Bit 10: PCBA Description
0 Places the channel A PC break before instruction execution.

(Initial value)
1 Places the channel A PC break after instruction execution.

Bits 9 and 8—Reserved: These bits always read 0. The write value should always be 0.

Bit 7—Data Break Enable B (DBEB): Selects whether to include data bus conditions in the
channel B break conditions.

Bit 7: DBEB Description
0 Do not include data bus conditions in the channel B conditions.

(Initial value)
1 Include data bus conditions in the channel B conditions.

Note: When the data bus is not included in the break conditions, the IDB1 and IDBO bits of break
bus cycle register B (BBRB) should be 10 or 11.

Bit 6—PC Break Select B (PCBB): Selects whether to place the channel B instruction fetch cycl
break before or after instruction execution

Bit 6: PCBB Description
0 Places the channel B PC break before instruction execution.

(Initial value)
1 Places the channel B PC break after instruction execution.

Bits 5 and 4—Reserved: These bits always read 0. The write value should always be 0.

Bit 3—Sequence Condition Select (SEQ): Selects whether to handle the channel A and B
conditions independently or sequentially. When set for sequential, the CMFB flag is set when th
channel B condition is matched after the channel A condition has already been matched.

Bit 3: SEQ Description

0 Compare channel A and B conditions independently. (Initial value)

1 Compare channel A and B conditions sequentially (channel A, then
channel B).

Bits 2 to 0—Reserved: These bits always read 0. The write value should always be 0.
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7.3 UBC Operation

7.3.1 User Break Operation Flow

The flow from break condition setting to user break trap processing is as follows:

1.

In the break conditions, set the break address in the break address register for the relevant
channel (BARA or BARB), the ASID corresponding to the break space in the break ASID
register (BASRA or BASRB), and the address and ASID masking method in the break addres
masking register (BAMRA or BAMRB). If the data bus value is included in the break
conditions, set the break data in the break data register (BDRB) and the data mask in the bre:
data mask register (BDMRB).

Set the break bus conditions in the break bus cycle register (BBRA or BBRB). If 00 is set for
even one set out of BBRA/BBRB register instruction fetch/data access select and read/write
select, a user trap break will not be generated in the corresponding channel.

Set such specifications as pre- or post-execution in the case of instruction fetch, whether the
data bus value is to be included in the conditions in the case of data access, and independent
sequential conditions for channels A and B, in the break control register (BRCR).

Set the BBRA and BBRB registers only after all other break-related register settings have bee
completed. If break enabling is set with the BBRA and BBRB registers while the break
address, data, mask, and other registers are still in their initial post-reset state, a break may
occur inadvertently.

When a condition is matched, the condition match flag for the relevant channel (CMFA or
CMFB) is set. This flag is set by a condition match but is not reset. To confirm setting of the
same flag again, therefore, it should first be cleared to 0.

When sequential conditions are set, a break is made at the instruction matched by channel B
when the channel B condition is matched after matching of the channel A condition. No break
is made if the channel B set condition is matched before or at the same time as the channel A
condition.

With sequential conditions, the condition match flag is set only for channel B, and not for
channel A.
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7.3.2 Instruction Fetch Cycle Break

1. Making an instruction fetch/read/word setting made in the break bus cycle register
(BBRA/BBRB) enables an instruction fetch cycle to be set as a break condition. In this case,
pre- or post-execution of the instruction can be selected by means of bit PCBA/PCBB in the
break control register (BRCR).

2. When instructions are fetched consecutively, 32 bits (two instructions) are fetched in one bu:
cycle. In this case, although only one bus cycle is generated, breaks can be set for both
instructions by setting the start addresses of the respective instructions in the break address
registers (BARA and BARB).

3. With an instruction subject to a pre-execution break, the break is executed when it has been
confirmed that the instruction has been fetched and is to be executed. Consequently, an
overrun-fetched instruction (an instruction fetched but not executed in the event of a branch
exception) cannot be subject to a break. If an exception when an instruction subject to a bre:
is fetched, exception processing is performed first, and the break is executed only when the
instruction is re-executed.

Since a delayed branch instruction and delay slot instruction are executed as a single
instruction, if a pre-execution condition is specified for the delay slot instruction, a break is
made before execution of the delayed branch instruction. However, a pre-execution break
condition cannot be specified for an RTE instruction delay slot instruction.

4. With a post-execution condition, the instruction set as the break condition is executed and a
break trap is generated before the next instruction is executed. In the same way, a break car
be specified for an overrun-fetch instruction. When a post-execution condition is set for a
delayed branch instruction, similarly, the break is made after executing the delay slot and
before executing the instruction at the branch destination.

5. When an instruction fetch cycle is set for channel B, break data register B (BDRB) is ignored
Therefore, break data need not be set for an instruction fetch cycle break.

6. Instruction fetch cycle breaks cannot be specified consecutively for a delayed branch
instruction and its delay slot.
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7.3.3 Data Access Cycle Break

1.

In the case of a data access cycle break, the bits used for comparison with the address bus

depend on the break bus cycle register (BBRA/BBRB) operand size specification, as follows:

Operand size Compared address

Not included in conditions (00): For byte address, comparison with address bits A31-A0
For word address, comparison with address bits A31-Al
For longword address, comparison with address bits

A31-A2

Byte (01): Comparison with address bits A31-A0
Word (10): Comparison with address bits A31-Al
Longword (11): Comparison with address bits A31-A2

2. When data value is included in break condition in channel B
When the data value is included in the break conditions, set the DBEB bit in the break control
register (BRCR) to 1. In this case, break data register B (BDRB) and break data mask registel
B (BDMRB) settings are needed in addition to the address condition. A user break trap is
generated on a match of the address condition and the data condition.
Bits IDB1 and IDBO of break bus cycle register B (BBRB) should be set to 00 or 01.
When byte data is specified, set the same data in the two bytes comprising bits 15-8 and bits
7-0 in break data register B (BDRB) and break mask register B (BDMRB). If word or byte is
designated, bits 31-16 of BDRB and BDMRB are ignored.
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7.3.4 Saved Program Counter (PC) Value

1. When instruction fetch (pre-execution) is set as break condition
The program counter (PC) value saved in the SPC in user break interrupt handling is the
address of the instruction for which the break condition matched. In this case, the fetched
instruction is not executed, due to the user break interrupt generated prior to its execution. Ir
the fetch cycle of an instruction located in the delay slot of a delayed branch instruction, a
break is generated before the branch, so that the SPC value indicates the delayed branch
instruction.

2. When instruction fetch (post-execution) is set as break condition
The program counter (PC) value saved in the SPC in user break interrupt processing is the
address of the next instruction to be executed after the instruction for which the break
condition matched. In this case, the fetched instruction is executed, and a user break trap
occurs before execution of the next instruction. When a delayed branch instruction is
designated, the delay slot instruction is executed and a user break occurs before execution ¢
the instruction at the branch destination. In this case, the PC value saved in the SPC is the
address of the branch destination instruction.

3. When data access (address only) is set as break condition
The value saved is the address of the next instruction to be executed after the instruction for
which the condition matched. The condition-matching instruction is executed, and a user bre
trap occurs before execution of the next instruction.

4. When data access (address + data ) is set as break condition
The value saved is the start address of the next instruction after the instruction for which
execution has been completed when user break trap processing is initiated. When a data val
is set as a break condition, the point at which the break is to be made cannot be specified. A
break is executed before execution of the instruction fetched around the time of the break da
access.
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7.3.5 Examples of Use
Register settings, set conditions, and states in which the set conditions are matched, are as follo

1. Instruction fetch cycle break condition setting (independent channel A and B conditions)

BRCR = H'0400: Independent channel A and B conditions, post-execution for channel A,
pre-execution for channel B

Channel A: BASRA = H'80: ASID H'80
BARA = H'00000404: Address H'00000404
BAMRA = H'00: Address mask H'00
BBRA = H'0014: Bus cycle, instruction fetch (post-execution),

read (operand size not included in conditions)

Channel B: BASRB = H'70: ASID H'70
BARB = H'00008010:  Address H'00008010
BAMRB = H'02: Address mask H'02
BBRB = H'0014: Bus cycle, instruction fetch (pre-execution),

read (operand size not included in conditions)
BDRB = H'00000000:  Data H'00000000
BDMRB = H'00000000: Data mask H'00000000

A user break is generated after execution of the instruction at address H'00000404 with
ASID = H'80, or before execution of instructions at addresses H'00008000 to H'000083FE witl
ASID = H'70.
2. Instruction fetch cycle break condition setting (independent channel A and B conditions)
BRCR = H'0080: Channel A- channel B sequential conditions, pre-execution for channel
A, pre-execution for channel B

Channel A: BASRA = H'80: ASID H'80
BARA = H'00037226:  Address H'00037226
BAMRA = H'00: Address mask H'00
BBRA = H'0016: Bus cycle, instruction fetch (pre-execution),
read, word
Channel B: BASRB = H'70: ASID H'70
BARB = H'0003722E:  Address H'0003722E
BAMRB = H'00: Address mask H'00
BBRB = H'0016: Bus cycle, instruction fetch (pre-execution),
read, word

BDRB = H'00000000:  Data H'00000000
BDMRB = H'00000000: Data mask H'00000000

A user break is generated before execution of the instruction at address H'0003722E with
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4.

ASID = H'70, after execution of the instruction at address H'00037226 with ASID = H'80.
3. Data access cycle break condition setting
BRCR = H'0080: Independent channel A and B conditions, data break enable

Channel A:

Channel B:

BASRA = H'80: ASID H'80

BARA = H'00123456: Address H'00123456

BAMRA = H'00: Address mask H'00

BBRA = H'0024: Bus cycle, data access, read (operand size not

included in conditions)

BASRB = H'70: ASID H'70

BARB = H'000ABCDE: Address H'000ABCDE

BAMRB = H'02: Address mask H'02

BBRB = H'002A: Bus cycle, data access, write, word

BDRB = H'0000A512: Data H'0000A512, (data break enable)
BDMRB = H'00000000: Data mask H'00000000

For channel A, a user break trap occurs when ASID = H'80 and a longword read is performe:
at address H'00123454, a word read is performed at address H'00123456, or a byte read is
performed at address H'00123456.

For channel B, a user break trap occurs when ASID = H'70 and H'A512 is written anywhere i
addresses H'000AB000 to H'O00ABFFE.

Instruction fetch cycle break condition setting (example of setting error)
BRCR = H'0000: Independent channel A and B conditions, pre-execution for channel A, pre

Channel A:

Channel B:

execution for channel B

BASRA = H'80: ASID H'80

BARA = H'00027128  Address H'00027128

BAMRA = H'00: Address mask H'00

BBRA = H'001A: Bus cycle, instruction fetch (pre-execution),
write, word

BASRB = H'70: ASID H'70

BARB = H'00031415 Address H'00031415

BAMRB = H'00: Address mask H'00

BBRB = H'0014: Bus cycle, instruction fetch (pre-execution),

read, (operand size not included in conditions)
BDRB = H'00000000:  Data H'00000000
BDMRB = H'00000000: Data mask H'00000000

For channel A, a user break trap does not occur since an instruction fetch is not a write cycle
For channel B, a user break trap does not occur since an instruction fetch is performed on ar

even address.
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7.3.6 Cautions

1. If pre-execution is specified for one channel and post-execution for the other for the same
address, a pre-execution break will be generated but the condition match flag will be set for
both channels.

2. Do not set consecutive PC breaks for a delayed branch instruction and a delay slot instructior

3. If a PC break (post-execution condition) is set for the TRAPA instruction, the condition match
flag will be set but a break will not be executed. The TRAP instruction will be processed
correctly.

4. If data access (address + data) is set as a break condition, and an exception is generated by
instruction (including the delay slot for a delayed branch instruction) following that at which
that break condition was matched, the condition match flag will be set but a break will not be
executed. The exception generated after the break will be processed correctly.

5. If data access (address + data) is set as a break condition, and the instruction following that a
which that break condition was matched is a SLEEP instruction, the condition match flag will
be set but a break will not be executed. The SLEEP instruction will be processed correctly.

6. If an instruction fetch (halt after execution) is set as a break condition, and a nonmaskable
interrupt is detected at the instruction following that at which that break condition was
matched, the condition match flag will be set but a break will not be executed. The
nonmaskable interrupt will be processed correctly.

7. When a sequential break setting is made, a condition match occurs on a channel B match in ¢
bus cycle after that in which a channel A match occurred. Therefore, a condition match will
not be recognized if bus cycles occurring simultaneously in channel A and B are designated.
Also, since the CPU has a pipeline structure, the order of instruction fetch and data access
cycles is determined by the pipeline. With sequential conditions, therefore, the sequential
conditions will be taken as being matched as long as the respective channel conditions match
in the order in which the bus cycles occur.

8. With an emulator, the UBC is used on the emulator system side in order to implement the

emulator’s break functions. Consequently, no UBC functions can be used when an emulator i
used.
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Section 8 Power-Down Modes

8.1 Overview

In the power-down modes, all CPU and some on-chip supporting module functions are halted.
This lowers power consumption.

8.11 Power-Down Modes
The SH7708 Series have the following power-down modes:

Sleep mode

Standby mode

Module standby function (TMU, RTC, and SCI on-chip supporting modules)
Hardware standby mode (SH7708S, SH7708R only)

DR

Table 8.1 shows the transition conditions for entering the modes from the program execution stz
as well as the CPU and supporting module states in each mode and the procedures for cancelir
each mode.
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Table 8.1 Power-Down Modes

State
CPU On-Chip
Transition Reg- On-Chip Peripheral External Canceling
Mode Conditions CPG CPU ister Memory Modules Pins Memory Procedure
Sleep Execute SLEEP Runs Halts Held Held Run Held Refresh 1. Interrupt
mode instruction with (Reg- 2. Reset
STBY bit cleared ister
to 0 in STBCR held)
Standby Execute SLEEP Halts Halts Held Held Halts** Held Self- 1. Interrupt
mode instruction with (Reg- refresh 2. Reset
STBY bit setto 1 ister
in STBCR held)
Hardware Drive CA pin Halts Halts Held Held Halts*® Held Self- Power-on
standby low (Reg- refresh  reset
mode ister
held)
Module  Set MSTP bitof Runs Runs Held Held Specified  *? Refresh 1. Clear
standby STBCRto 1 module MSTP
halts bit to 0

2. Reset

Notes: 1. The RTC still runs if the START bit in RCR2 is set to 1 (see section 12, Realtime Clock
(RTC)). TMU still runs when output of the RTC is used as input to its counter (see
section 11, Timer (TMU)).

2. Depends on the on-chip supporting module.
TMU external pin: Held
SCI external pin: Reset

3. The RTC still runs if the START bit in RCR2 is set to 1 (see section 12, Realtime Clock
(RTC)). The TMU does not run.

8.1.2 Register Configuration
Table 8.2 shows the configuration of the control register for the power-down modes.

Table 8.2  Register Configuration

Name Abbreviation R/W Initial Value Address Access Size

Standby control register STBCR R/W H'00* H'FFFFFF82 Byte
Note: * Initialized by a power-on reset. In a manual reset, the register contents are retained.
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8.1.3 Pin Configuration
Table 8.3 lists the pins used for the power-down modes.

Table 8.3  Pin Configuration

Processing Processing Processor
Status 1 Pin (STATUS1) Status 0 Pin (STATUSO) /0 Operating Status
High High (0] Reset
Low Sleep mode
Low High Standby mode
Low Normal operation

Note: The “normal operation” status applies during refresh cycles even in sleep mode.

8.2 Register Description

8.2.1 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit read/write register that sets the power-down
mode. STBCR is initialized to H'00 by a power-on reset. Always set bits 6—3 to 0 when writing tc
the STBCR register.

Bit. 7 6 5 4 3 2 1 0
Bitname: | STBY | — | — | — | — |MSTP2| MSTP1| MSTPO |
Initial value: 0 0 0 0 0 0 0 0
RW:  R/W R R R R RW  RW  RW

Bit 7—Standby (STBY): Specifies transition to standby mode.

Bit 7: STBY Description
0 Executing SLEEP instruction puts the chip into sleep mode. (Initial value)
1 Executing SLEEP instruction puts the chip into standby mode.

Bits 6 to 3—Reserved: These bits always read 0. The write value should always as 0.
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Bit 2—Module Standby 2 (MSTP2): Specifies halting the clock supply to the timer unit TMU (an
on-chip supporting module). When the MSTP2 bit is set to 1, the supply of the clock to the TMU
is halted.

Bit 2: MSTP2 Description
0 TMU runs. (Initial value)
1 Clock supply to TMU is halted.

Bit 1—Module Standby 1 (MSTP1): Specifies halting the clock supply to the realtime clock RTC
(an on-chip supporting module). When the MSTP1 bit is set to 1, the supply of the clock to RTC i
halted. When the clock halts, all RTC registers become inaccessible, but the counter keeps
running.

Bit 1: MSTP1 Description
0 RTC runs. (Initial value)
1 Clock supply to RTC is halted.

Bit 0—Module Standby 0 (MSTPO): Specifies halting the clock supply to the serial
communication interface SCI (an on-chip supporting module). When the MSTPO bit is set to 1, th
supply of the clock to the SCI is halted.

Bit 0: MSTPO Description

0 SCI operates. (Initial value)
1 Clock supply to SCI is halted.
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8.3 Sleep Mode

8.3.1 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is 0 causes a transition from the
program execution state to sleep mode. Although the CPU halts immediately after executing the
SLEEP instruction, the contents of its internal registers remain unchanged. The on-chip support
modules continue to run during sleep mode and the clock continues to be output to the CKIO pi
In sleep mode, the STATUSL1 pin is set high and the STATUSO pin low. However, during a
refresh cycle, the STATUSL1 pin and STATUSO pin are both set low.

8.3.2 Canceling Sleep Mode

Sleep mode is canceled by an interrupt (NMI, IRL, on-chip supporting module) or reset. Interrup
are accepted during sleep mode even when the BL bit in the SR register is 1.

Canceling with an Interrupt: When an NMI, IRL or on-chip supporting module interrupt occurs,
sleep mode is canceled and interrupt exception handling is executed. A code indicating the
interrupt source is set in the INTEVT register.

Canceling with a ResetSleep mode is canceled by a power-on reset or a manual reset.

8.4 Standby Mode

8.4.1 Transition to Standby Mode

To enter standby mode, set the STBY bit to 1 in STBCR, then execute the SLEEP instruction. T
chip moves from the program execution state to standby mode. In standby mode, power
consumption is greatly reduced by halting not only the CPU, but the clock and on-chip supportin
modules as well. The clock output from the CKIO pin also halts. CPU and cache register conten
are held, but some on-chip supporting modules are initialized. Table 8.4 lists the states of regist
in standby mode.
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Table 8.4 Register States in Standby Mode

Module Registers Initialized Registers Retaining Data
Interrupt controller — All registers

Break controller — All registers

Bus state controller — All registers

On-chip clock pulse generator — All registers

Timer unit TSTR register Registers other than TSTR
Realtime clock — All registers

The procedure for moving to standby mode is as follows:

1. Clear the TME bit in the WDT’s timer control register (WTCSR) to O to stop the WDT. Set the
WDT'’s timer counter (WTCNT) and the CKS2—CKSO0 bits of the WTCSR register to
appropriate values to secure the specified oscillation settling time.

2. When PLL circuit 1 is running in clock modes 3-6, clear the PSTBY and PLLEN bits in the
frequency control register (FRQCR) to 0 to stop PLL circuit 1.

3. After the STBY bit in the STBCR register is set to 1, a SLEEP instruction is executed.

4. Standby mode is entered and the clocks within the chip are halted. The STATUS1 pin output
goes low and the STATUSO pin output goes high.

8.4.2 Canceling Standby Mode
Standby mode is canceled by an interrupt (NMI, IRL, or on-chip supporting module) or a reset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip detects
an NMI, IRL,'? or on-chip supporting module (except the interval tifeinterrupt, the clock

will be supplied to the entire chip and standby mode canceled after the time set in the WDT's
timer control/status register has elapsed. The STATUS1 and STATUSO pins both go low. Interru
handling then begins and a code indicating the interrupt source is set in the INTEVT register.
Interrupts are accepted during standby mode even when the BL bit in the SR register is 1.
Immediately after an interrupt is detected, the phase of the clock output of the CKIO pin may be
unstable, until the processor starts interrupt handling. (The canceling condition is that the
IRL3-IRLO level is higher than the mask level in the 1310 bits in the SR register.)

Notes: 1. When the RTC is being used, standby mode can be canceled using IRL3—-IRLO.

2. Standby mode can be canceled with an RTC or TMU (only when running on the RTC
clock) interrupt.

146
RENESAS



Canceling with a ResetStandby mode can be canceled with a reset (power-on or manual). Keef
the RESET pin low until the clock oscillation settles. The internal clock will continue to be output
to the CKIO pin.

8.4.3 Clock Pause Function

In standby mode, the clock input from the EXTAL pin or CKIO pin can be halted and the
frequency can be changed. This function is used as follows:

1.
2.

Enter standby mode using the appropriate procedures.

Once standby mode is entered and the clock stopped within the chip, the STATUS1 pin outf
is low and the STATUSO pin output is high.

Once the STATUS1 pin goes low and the STATUSO pin goes high, the input clock is stoppe
or the frequency is changed.

. When the frequency is changed, an NMI or IRL interrupt is input after the change. When the

clock is stopped, the same interrupts are input after the clock is applied.

. After the time set in the WDT has elapsed, the clock starts being applied internally within the

chip, the STATUS1-STATUSO pins both go low, interrupts are handled, and operation
resumes.

8.5 Module Standby Function

8.5.1 Transition to Module Standby Function

Setting the standby control register MSTP2—-MSTPO bits to 1 halts the supply of clocks to the
corresponding on-chip supporting modules. This function can be used to reduce the power
consumption in sleep mode. The module standby function holds the status prior to halt of the
external pins of the on-chip supporting modules. TMU external pins hold their status prior to the
halt. SCI external pins go to the reset state. With a few exceptions, all registers hold their values

Bit Value Description
MSTP2 0 TMU runs.

1 Supply of clock to TMU is halted. Registers are initialized."?
MSTP1 0 RTC runs.

1 Supply of clock to RTC is halted. Register access is prohibited.*2
MSTPO 0 SCI operates.

1 Supply of clock to SCl is halted.

Notes: 1. The registers initialized are the same as in standby mode (table 8.4).

2. The counter runs.
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8.5.2 Clearing the Module Standby Function

The module standby function can be cleared by clearing the MSTP2—-MSTPO bits to 0, or by a
power-on reset or manual reset.

8.6 Timing of STATUS Pin Changes
The timing of STATUS1 and STATUSO pin changes is shown in figures 8.1 through 8.9.
The meaning of the STATUS descriptions is as follows:

Reset: HH (STATUSL1 high, STATUSO high)
Sleep:  HL (STATUS1 high, STATUSO low)
Standby: LH (STATUS1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)

The meaning of the clock units is as follows:

Bceyc: Bus clock cycle
Pcyc: Peripheral clock cycle

8.6.1 Timing for Resets

Power-On Reset (Clock Modes 0, 1, 2, and 7):

ckio L L L N L L L LT

—» !
PLL settling }
time |

=

0to 5 Beyc 0 to 30 Becye

Reset Normal
|
|

|
3
RESET !
|
|
|
|
|

STATUS Normal

R

Figure 8.1 Power-On Reset (Clock Mode 0, 1, 2, and 7) STATUS Output
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Power-On Reset (Clock Modes 3 and 4):

Seipinininiiy inliy inlplniiginipininliy

| | | |
RESET i | i
1 1 1 ‘
I : :
| | | |
STATUS Normal ! X ! Reset X Normal
> « >
0to 5 Beyc 0 to 30 Beye

Figure 8.2 Power-On Reset (Clock Mode 3 and 4) STATUS Output

Manual Reset:

JL4><4444444

STATUS Normal >< Reset Normal
4—4 <
0 Bcyc or more* 0 to 30 Beyc

Note: * During manual reset, STATUS becomes HH (reset) and the internal
reset begins after waiting for the executing bus cycle to end.

Figure 8.3 Manual Reset STATUS Output
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8.6.2 Timing for Canceling Standbys

Standby to Interrupt:

Oscillation stops Interrupt request WDT overflow

ckio _ LT LI l lFﬂTmﬂSﬂT\j_\_ﬂ_ﬂ

WDT count

STATUS Normal >< Standby Normal

Figure 8.4 Standby to Interrupt STATUS Output

Standby to Power-On Reset:

Oscillation stops  Reset

RESET*

STATUS Normal >< Standby ‘ ><Norma|
|
0 to 10 Beyc 0 to 30 Beyc

Note: When standby mode is cleared with a power-on reset, the WDT does not
count. Keep RESET low during the PLL'’s oscillation settling time.

*: Undefined

Figure 8.5 Standby to Power-On Reset STATUS Output
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Standby to Manual Reset:

Oscillation stops Reset

l |

ckio _[ LI 1I1 o S

|
|
RESET* | | }
|
| |
STATUS Normal >< Standby >:< Reset : Normal
| 0 to 20 Beyc ‘

Note: When standby mode is cleared with a manual reset, the WDT does not count.
Keep RESET low during the PLL’s oscillation settling time.

Figure 8.6 Standby to Manual Reset STATUS Output

8.6.3 Timing for Canceling Sleep Mode

Sleep to Interrupt:

Interrupt request

|
|
3
STATUS  Normal X Sleep

Figure 8.7 Sleep to Interrupt STATUS Output
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Sleep to Power-On Reset:

Reset

|
ckio LML LU A L

|
| |
RESET* | | |
| |
| |
|
|

|
1
Reset |
I
[

STATUS Normal >< Sleep >< Normal
|
| s ~—
0to 10 Becyc 0 to 30 Becyc

Note: When the PLL1's multiplication ratio is changed by a power-on reset,
keep RESET low during the PLL'’s oscillation settling time.

*: Undefined

Figure 8.8 Sleep to Power-On Reset STATUS Output

Sleep to Manual Reset:

0 to 30 Beyc 0 to 30 Beyc

Note: Keep RESET low until the STATUS becomes reset.

Figure 8.9 Sleep to Manual Reset STATUS Output
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8.7 Hardware Standby Mode

The hardware standby mode is provided only in the SH7708S and SH7708R. This mode is not
supported in emulator.

8.7.1 Transition to Hardware Standby Mode

Driving the CA pin low causes a transition to hardware standby mode. In hardware standby moc
all modules except those operating on an RTC clock are halted, as in the standby mode enterec
execution of a SLEEP instruction.

Hardware standby mode differs from standby mode as follows.

Interrupts and manual resets are not accepted.
The TCLK clock output is fixed low.
The TMU does not operate.

In the SH7708S and SH7708R, the RTC continues to operate even if power is not supplied t
power supply pins other than those for RTC power. In this case, all output pins go to the nor
drive state. With the SH7708, it is not possible to supply power only to the RTC power

supply.

A owbdpE

Operation when a low-level signal is input at the CA pin depends on the CPG state, as follows.

1. In standby mode

The clock remains stopped and the chip enters the hardware standby state. Acceptance of
interrupts and manual resets is disabled, TCLK output is fixed low, and the TMU halts.

2. During WDT operation when standby mode is canceled by an interrupt
The chip enters hardware standby mode after standby mode is canceled and the CPU resun
operation.

3. In sleep mode
The chip enters hardware standby mode after sleep mode is canceled and the CPU resume:
operation.

4. During PLL standby (see section 9.6 for the PLL standby function)
The chip enters hardware standby mode after forced implementation of the PLL OFF state.

Hold the CA pin low in hardware standby mode.
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8.7.2 Canceling Hardware Standby Mode
Hardware standby mode can only be canceled by a power-on reset.

When the CA pin is driven high while tlRESET pin is low and th&REQ pin is high, clock
oscillation is started. Hold tHRESET pin low until clock oscillation stabilizes. When tRESET
pin is driven high, the CPU begins power-on reset processing.

Hardware standby mode cannot be canceled by an interrupt or manual reset.

8.7.3 Hardware Standby Mode Timing
Figures 8.10 and 8.11 show examples of pin timing in hardware standby mode.

The CA pin is sampled using EXTALZ2 (32.768 kHz), and a hardware standby request is only
recognized when the pin is low for two consecutive clock cycles.

The CA pin must be held low while the chip is in hardware standby mode.

Clock oscillation starts when the CA pin is driven high afteRBSET pin is driven low.

| |
| |
ckio [[[TIITTITTITTEITTLTIT] 22 CLLCEETEETEET LT
| |
| ;
CA | | | |
| | | }
} | | |
|
RESET | | L |
| | -
f | | !
STATUS I Normal Standb Undefined Reset
} } y >}<n elne><
N g D
2 Rcyc or more 0to 10 Beye
Rcyc: EXTALZ2 (32.768 kHz) cycle

Figure 8.10 Hardware Standby Mode Timing (When CA Goes Low in Normal Operation)
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|
| |
ckio [T

N4
T~

| | |
|
1 |
N — 3 li
| | | | |
| | | | |
RESET i | i |
| | | | |
B : :
STATUS ‘StandbS/ : Normal >:< Standby ><Jndefine>:< Reset
— —

|
‘ 1
WDT operation } 0to 10 Becyc
|
|
|
|

|
| »
< >

2 Rcyc or more

Figure 8.11 Hardware Standby Mode Timing (When CA Goes Low during WDT Operation
on Standby Mode Cancellation)
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Section 9 On-Chip Oscillation Circuits

9.1 Overview

The clock pulse generator (CPG) supplies all clocks to the processor and controls the power-do
modes. The watchdog timer (WDT) is a single-channel timer that counts the clock settling time
and is used when clearing standby mode and temporary standbys, such as frequency changes.
can also be used as an ordinary watchdog timer or interval timer.

9.1.1 Features

The CPG has the following features:

Six clock modes: Selection of six clock modes for different frequency ranges, power
consumption, direct crystal input, and external clock input.

Three clocks generated independently: An internal clock for the CPU, cache, andp);LeB (I
peripheral clock () for the on-chip supporting modules; and a bus clock (CKIO) for the
external bus interface.

Frequency change function: Internal and peripheral clock frequencies can be changed
independently using the PLL circuit and divider circuit within the CPG. Frequencies are
changed by software using frequency control register (FRQCR) settings.

PLL on/off function: Power consumption can be decreased by stopping the PLL circuit when
operating at low frequencies.

Power-down mode control: The clock can be stopped for sleep mode and standby mode and
specific modules can be stopped using the module standby function.

The WDT has the following features:

Can be used to ensure the clock settling time: Use the WDT to cancel standby mode and the
temporary standbys which occur when the clock frequency is changed.

Can switch between watchdog timer mode and interval timer mode.

Generates internal resets in watchdog timer mode: Internal resets occur after counter overflc
Selection of power-on reset or manual reset.

Generates interrupts in interval timer mode: Internal timer interrupts occur after counter
overflow.

Selection of eight counter input clocks. Eight clocks {0x1/4096) can be obtained by

dividing the peripheral clock.
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9.2 Overview of the CPG

9.2.1 CPG Block Diagram

A block diagram of the on-chip clock pulse generator is shown in figure 9.1(SH7708, SH7708S)
and figure 9.2(SH7708R).

Clock pulse generator
cAP1 [X] |
_| PLL circuit 1 .| Divider 1
(x1,2,4) L [x1 _.‘
—»
1 ~ x1/2 Lyl » Internal
ckio X < > x1/4—>‘ clock (1)
Cycle = Bcyc Cycle = Icyc
carP2 X
Divider 2
XTAL |X; Crystal > L X1 .
oscillator _| PLL circuit 2 "‘_» « 1/2 Lyl L, Peripheral
4 | x4 > ;‘ > clock (Pg)
EXTAL [ ~ " ! x 14 Cycle = Pcyc
A /Y
CPG control unit
v
. | Clock frequency |« » Standby control . Standby
mp2 [ "| control circuit circuit " control
mp1 [X T T
Mo [X] FRQCR STBCR
JY JY
v 4
< Bus interface )
A
A 4
Internal bus
FRQCR: Frequency control register STBCR: Standby control register

Figure 9.1 Block Diagram of Clock Pulse Generator(SH7708, SH7708S)
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Clock pulse generator
cAP1 [X |
_|PLL circuit 1 .| Divider 1
(x1,2,34) [ x1 b
ckio X <|I > x1/2 > |  Internal
B x 1/3 clock (lg)
Cycle = Bcyc x 1/4 ] Cycle = Icyc
cAP2 [X]
Divider 2
XTAL |X} Crystal > 1 1 Ll
oscillator PLL circuit 2 .
i > (x1, 4) ~ x 1/2 —{ | _ Peripheral
EXTAL [X] ° > ’ ™ [x13f» | clock (Pg)
x 1/4 [ Cycle = Pcyc
A i
CPG control unit
A j
.| Clock frequency |« » Standby control . Standby
mp2 [X] control circuit circuit " control
mp1 [X] T T
Mo [X] FRQCR STBCR
i i
v A j
< Bus interface >
A
\ 4
Internal bus
FRQCR: Frequency control register

Figure 9.2 Block Diagram of Clock Pulse Generator(SH7708R)
The clock pulse generator blocks function as follows:

1. PLL Circuit 1: PLL circuit 1 doubles, triples*, quadruples, or leaves unchanged the input cloc
frequency from the CKIO terminal. The multiplication rate is set by the frequency control
register. When this is done, the phase of the leading edge of the internal clock is controlled s
that it will agree with the phase of the leading edge of the CKIO pin.

2. PLL Circuit 2: PLL circuit 2 leaves unchanged or quadruples the frequency of the crystal
oscillator or the input clock frequency coming from the EXTAL pin. The multiplication ratio is
fixed by the clock operation mode. The clock operation mode is set by pins MDO, MD1, and
MD2. See table 9.3 for more information on clock operation modes.
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3. Crystal Oscillator: This oscillator is used when a crystal oscillator element is connected to the
XTAL and EXTAL pins. It operates according to the clock operating mode setting.

4. Divider 1: Divider 1 generates a clock at the operating frequency used by the internal clock.
The operating frequency can be 1, 1/2, 1/3*, or 1/4 times the output frequency of PLL circuit 1
as long as it stays at or above the clock frequency of the CKIO pin. The division ratio is set in
the frequency control register.

5. Divider 2: Divider 2 generates a clock at the operating frequency used by the peripheral clock
The operating frequencies can be 1, 1/2, 1/3*, or 1/4 times the output frequency of PLL Circui
1 or the clock frequency of the CKIO pin, as long as it stays at or below the clock frequency of
the CKIO pin. The division ratio is set in the frequency control register.

6. Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MD pin and the frequency control register.

7. Standby Control Circuit: The standby control circuit controls the status of the clock pulse
generator and other modules during clock switching and sleep/standby modes.

8. Frequency Control Register: The frequency control register has control bits assigned for the
following functions: clock output/non-output from the CKIO pin, on/off control of PLL circuit
1, PLL standby, the frequency multiplication ratio of PLL 1, and the frequency division ratio
of the internal clock and the peripheral clock.

9. Standby Control Register: The standby control register has bits for controlling the power-dowt
modes. See section 8, Power-Down Modes, for more information.

Note: * SH7708R only
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9.2.2 CPG Pin Configuration

Table 9.1 lists the CPG pins and their functions.

Table 9.1 Clock Pulse Generator Pins and Functions

Pin Name Symbol /O Description
Mode control MDO | Set the clock operating mode.
pins MD1 |

MD2 |

Crystal 1/O pins XTAL O  Connects a crystal oscillator.

(clock input pins)

EXTAL | Connects a crystal oscillator. Also used to input an external
clock.
Clock I/0 pin CKIO /O Inputs or outputs an external clock. Level can be fixed during
output.
Capacitor CAP1 | Connects capacitor for PLL circuit 1 operation (recommended
connection pins value 470 pF).
for PLL CAP2 | Connects capacitor for PLL circuit 2 operation (recommended

value 470 pF).

9.2.3 CPG Register Configuration
Table 9.2 shows the CPG register configuration.

Table 9.2  Register Configuration

Initial
Register Name Abbreviation R/W Value* Address Access Size
Frequency control register FRQCR R/W  H'0102 H'FFFFFF80 16

Note: * Initialized by a power-on reset via the RESET pin. Register contents are retained in a

power-on reset initiated by the WDT.
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9.3 Clock Operating Modes

Table 9.3 shows the relationship between the mode control pin (MD2-MDO0) combinations and th
clock operating modes. Table 9.4 shows the usable frequency ranges in the clock operating mod

Table 9.3  Clock Operating Modes

Pin Values Clock 1/0 PLL2 Div- PLL1 Divider 1 Divider 2 CKIO
ModeMD2MD1MDO Source Output On/Off ider 3 On/Off Input Input Frequency

0 0 O 0 EXTAL CKIO On Off ON PLL1 PLL1 (EXTAL)

multi- output
plication
ratio: 1
1 0O 0 1 EXTAL CKIO On Off ON PLL1 PLL1 (EXTAL)
multi- output x4
plication
ratio: 4
2 0O 1 0 Crystal CKIO On Off On PLL1 PLL1 (Crystal)
oscillator multi- output x 4
plication
ratio: 4
3 o 1 1 EXTAL CKIO On Off Off PLL2 PLL2 (EXTAL)
multi- (initial  output x 1
plication value)
ratio: 1
On PLL1
output
4 1 0 O Crystal CKIO On Off Off PLL2 PLL2 (Crystal)
oscillator multi- (initial  output x 1
plication value)
ratio: 1
On PLL1
output
7 1 1 1 CKIO — Off Off On PLL1 PLL1 (CKIO)
output

Mode 0: An external clock is input from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside the SH7708 Series. PLL circuit 1 is constantly on, and
there are no frequency range restrictions compared to mode 3. An input clock frequency of 8 MH
to 60 MHz(SH7708, SH7708S) or 16 MHz to 60 MHz(SH7708R) can be used, and the CKIO
frequency range is 8 MHz to 60 MHz(SH7708, SH7708S) or 16 MHz to 60 MHz(SH7708R).

As PLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.
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Mode 1: An external clock is input from the EXTAL pin and its frequency is multiplied by 4 by
PLL circuit 2 before being supplied inside the SH7708 Series, allowing a low-frequency external
clock to be used. An input clock frequency of 5 MHz to 15 MHz can be used, and the CKIO
frequency range is 20 MHz to 60 MHz.

As PLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.

Mode 2: The on-chip crystal oscillator operates, with the oscillation frequency being multiplied b
4 by PLL circuit 2 before being supplied inside the SH7708 Series, allowing a low crystal
frequency to be used. A crystal oscillation frequency of 5 MHz to 15 MHz can be used, and the
CKIO frequency range is 20 MHz to 60 MHz.

As PLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.

Mode 3: An external clock is input from the EXTAL pin and undergoes waveform shaping by
PLL circuit 2 before being supplied inside the SH7708 Series. PLL circuit 1 is off in the default
state at power-on reset, and PLL circuit 1 can be selected as on or off, enabling power
consumption to be kept lower than in mode 0. An input clock frequency of 8 MHz to 15
MHz(SH7708, SH7708S) or 16 MHz to 25 MHz(SH7708R) can be used, and the CKIO frequenc
range is of 8 MHz to 15 MHz(SH7708, SH7708S) or 16 MHz to 25 MHz(SH7708R).

Mode 4: The on-chip crystal oscillator operates, with its output supplied inside the SH7708 Serie
as a square waveform by PLL circuit 2. PLL circuit 1 is off in the default state at power-on reset,
and PLL circuit 1 can be selected as on or off, enabling power consumption to be reduced
accordingly. A crystal oscillation frequency of of 8 MHz to 15 MHz(SH7708, SH7708S) or 16
MHz to 25 MHz(SH7708R) can be used, and the CKIO frequency range is of 8 MHz to 15
MHz(SH7708, SH7708S) or 16 MHz to 25 MHz(SH7708R).

Mode 7: In this mode, the CKIO pin is an input, an external clock is input to this pin, and
undergoes waveform shaping, and also frequency multiplication according to the setting, by PLL
circuit 1 before being supplied to the SH7708 Series. In modes 0 to 6, the system clock is
generated from the output of the SH7708 Series’ CKIO pin. Consequently, if a large number of
ICs are operating on the clock cycle, the CKIO pin load will be large. This mode, however,
assumes a comparatively large-scale system. If a large number of ICs are operating on the cloc
cycle, a clock generator with a number of low-skew clock outputs can be provided, so that the I(
can operate synchronously by distributing the clocks to each one.

As PLL circuit 1 compensates for fluctuations in the CKIO pin load, this mode is suitable for
connection of synchronous DRAM.
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Table 9.4

Range of Usable Frequencies for Each Clock Operating Mode(SH7708,

SH7708S)
FRQCR Clock Input Clock/
Register Ratio** Crystal Oscillator CKIO Pin
Mode Value PLL1 PLL2 (I:B:P) Frequency Range  Frequency Range
0 H'0102 ON(x1) ON(x1) 1:1:1/4 8 MHz to 60 MHz 8 MHz to 60 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 8 MHz to 60 MHz 8 MHz to 60 MHz
H'0100 ON(x1) ON(x1) 1:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0111 ON(x2) ON(x1) 211 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0115 ON(x2) ON(x1) 111 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0116 ON(x2) ON(x1) 1:1:1/2 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0122 ON(x4) ON(x1) 411 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0126 ON(x4) ON(x1) 211 8 MHz to 15 MHz 8 MHz to 15 MHz
H'012a ON(x4) ON(x1) 111 8 MHz to 15 MHz 8 MHz to 15 MHz
1,2 H'0102 ON(x1) ON(x4) 441 5 MHz to 15 MHz 20 MHz to 60 MHz
H'0101 ON(x1) ON(x4) 442 5 MHz to 15 MHz 20 MHz to 60 MHz
H'0100 ON(x1) ON(x4) 444 5MHzto 7.5 MHz 20 MHz to 30 MHz
H'0112 ON(x2) ON(x4) 842 5MHzto 7.5 MHz 20 MHz to 30 MHz
H'0111 ON(x2) ON(x4) 844 5MHzto 7.5 MHz 20 MHz to 30 MHz
H'0115 ON(x2) ON(x4) 444 5MHzto 7.5 MHz 20 MHz to 30 MHz
H'0116 ON(x2) ON(x4) 4:4:2 5MHzto 7.5 MHz 20 MHz to 30 MHz
3,4 H'0102 OFF ON (x1) 1:1:1/4 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0101 OFF ON (x1) 1:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0100 OFF ON(x1) 1:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01d1 ON(x2) ON(x1) 2:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01d0 ON(x2) ON(x1) 211 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01d4 ON(x2) ON(x1) 1:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01d5 ON(x2) ON(x1) 1:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01d6 ON(x2) ON(x1) 1:1:1/4 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01e0 ON(x4) ON(x1) 414 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0le4 ON(x4) ON(x1) 211 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0le5 ON(x4) ON(x1) 2:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01e8 ON(x4) ON(x1) 111 8 MHz to 15 MHz 8 MHz to 15 MHz
H'01le9 ON(x4) ON(x1) 1:1:1/2 8 MHz to 15 MHz 8 MHz to 15 MHz
H'Olea ON(x4) ON(x1) 1:1:1/4 8 MHz to 15 MHz 8 MHz to 15 MHz
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Table 9.4

SH7708S) (cont)

Range of Usable Frequencies for Each Clock Operating Mode(SH7708,

FRQCR Clock Input Clock/
Register Ratio** Crystal Oscillator CKIO Pin
Mode Value PLL1 PLL2 (I:B:P) Frequency Range Frequency Range
5%2 H'0102 OFF OFF 1/2:1/2:1/8 2 MHz to 30 MHz 1 MHz to 15 MHz
H'0101 OFF OFF 1/2:1/2:1/4 2 MHz to 30 MHz 1 MHz to 15 MHz
H'0100 OFF OFF 1/2:1/2:1/2 2 MHz to 30 MHz 1 MHz to 15 MHz
H'01d1 ON (x2) OFF 1:1/2:1/4 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01d0 ON (x2) OFF 1:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01d4 ON (x2) OFF 1/2:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01d5 ON (x2) OFF 1/2:1/2:1/4 16 MHz to 30 Mhz 8 MHz to 15 Mhz
H'01d6 ON (x2) OFF 1/2:1/2:1/8 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01le2 ON (x4) OFF 2:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
H'01e6 ON (x4) OFF 1:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
H'0lea ON (x4) OFF 1/2:1/2:1/2 16 MHz to 30 MHz 8 MHz to 15 MHz
6*? H'0102 OFF OFF 1/2:1/2:1/8 2 MHz to 20 MHz 1 MHz to 10 MHz
H'0101 OFF OFF 1/2:1/2:1/4 2 MHz to 20 MHz 1 MHz to 10 MHz
H'0100 OFF OFF 1/2:1/2:1/2 2 MHz to 20 MHz 1 MHz to 10 MHz
H'01d1 ON (x2) OFF 1:1/2:1/4 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01d0 ON (x2) OFF 1:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01d4 ON (x2) OFF 1/2:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01d5 ON (x2) OFF 1/2:1/2:1/4 16 MHz to 20 MHz 8 MHz to 10 Mhz
H'01d6 ON (x2) OFF 1/2:1/2:1/8 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01le2 ON (x4) OFF 2:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
H'01e6 ON (x4) OFF 1:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
H'0lea ON (x4) OFF 1/2:1/2:1/2 16 MHz to 20 MHz 8 MHz to 10 MHz
7 H'0102 ON (x1) OFF 1:1:1/4 8 MHz to 60 MHz 8 MHz to 60 MHz
H'0101 ON (x1) OFF 1:1:1/2 8 MHz to 60 MHz 8 MHz to 60 MHz
H'0100 ON (x1) OFF 1:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0112 ON (x2) OFF 2:1:1/2 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0111 ON (x2) OFF 2:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0115 ON (x2) OFF 1:1:1 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0116 ON (x2) OFF 1:1:1/2 8 MHz to 30 MHz 8 MHz to 30 MHz
H'0122 ON (x4) OFF 4:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'0126 ON (x4) OFF 2:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz
H'012a ON (x4) OFF 1:1:1 8 MHz to 15 MHz 8 MHz to 15 MHz

Notes: 1. Taking input clock as 1.

Maximum frequencies: 1g = 60 MHz, Bg = 60 MHz, Pg = 30 MHz.

2. Modes 5 and 6 are available only in the SH7708.
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Table 9.5

Range of Usable Frequencies for Each Clock Operating Mode(SH7708R)

Clock

Clock Rate*! Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

0 H'0100 ON(x1) ON(x1) 1:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0101 ON(x1) ON(x1) 1:1:1/2 16 MHz to 60 MHz 16 MHz to 60 MHz
H'0102 ON(x1) ON(x1) 1:1:1/4 16 MHz to 60 Mhz 16 MHz to 60 Mhz
H'0111 ON(x2) ON(x1) 211 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0112 ON(x2) ON(x1) 2:1:1/2 16 MHz to 50 MHz 16 MHz to 50 MHz
H'0115 ON(x2) ON(x1) 111 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0116 ON(x2) ON(x1) 1:1:1/2 16 MHz to 50 MHz 16 MHz to 50 MHz
H'0122 ON(x4) ON(x1) 411 16 MHz to 25 MHz 16 MHz to 25 MHz
H'0126 ON(x4) ON(x1) 211 16 MHz to 25 MHz 16 MHz to 25 MHz
H'012A ON(x4) ON(x1) 1:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'ALI00 ON(x3) ON(x1) 311 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz
HE100 ON(x3) ON(x1) 1:1:1 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz
HE101 ON(x3) ON(x1) 1:1:1/2 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz

1,2 H'0100 ON(x1) ON(x4) 444 5MHzto 8.3 MHz 20 MHz to 33.3 MHz
H'0101 ON(x1) ON(x4) 442 5 MHz to 15 MHz 20 MHz to 60 MHz
H'0102 ON(x1) ON(x4) 441 5 MHz to 15 MHz 20 MHz to 60 MHz
H'0111 ON(x2) ON(x4) 844 5MHzt0 8.3 MHz 20 MHz to 33.3 MHz
H'0112 ON(x2) ON(x4) 842 5 MHz to 12.5 MHz 20 MHz to 50 MHz
H'0115 ON(x2) ON(x4) 444 5MHzt0 8.3 MHz 20 MHz to 33.3 MHz
H'0116 ON(x2) ON(x4) 442 5 MHz to 12.5 MHz 20 MHz to 50 MHz
H'A100 ON(x3) ON(x4) 12:4:4 5MHzt0 8.3 MHz 20 MHz to 33.3 MHz
HE100 ON(x3) ON(x4) 444 5MHzt0 8.3 MHz 20 MHz to 33.3 MHz
HE101 ON(x3) ON(x4) 4:4:2 5MHzt0 8.3 MHz 20 MHz to 33.3 MHz

3 H'0100 OFF ON(x1) 111 16 MHz to 25 MHz 16 MHz to 25 MHz
H'0101 OFF ON (x1) 1:1:1/2 16 MHz to 25 MHz 16 MHz to 25 MHz
H'0102 OFF ON (x1) 1:1:1/4 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01D0 ON(x2) ON(x1) 211 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01D1 ON(x2) ON(x1) 2:1:1/2 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01D2 ON(x2) ON(x1) 2:1:1/4 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01D4 ON(x2) ON(x1) 1:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01D5 ON(x2) ON(x1) 1:1:1/2 16 MHz to 25 MHz 16 MHz to 25 MHz
H01D6 ON(x2) ON(x1) 1:1:1/4 16 MHz to 25 MHz 16 MHz to 25 MHz
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Table 9.5

Range of Usable Frequencies for Each Clock Operating Mode(SH7708R) (cont)

Clock

Clock Rate** Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

3 H'81CO ON(x3) ON(x1) 311 16 MHz to 25 MHz 16 MHz to 25 MHz
H'81C1 ON(x3) ON(x1) 3:1:1/2 16 MHz to 25 MHz 16 MHz to 25 MHz
H'C1CO ON(x3) ON(x1) 111 16 MHz to 25 MHz 16 MHz to 25 MHz
H'C1C1 ON(x3) ON(x1) 1:1:1/2 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01EO0 ON(x4) ON(x1) 411 16 MHz to 25 MHz 16 MHz to 25 MHz
H'0O1E1 ON(x4) ON(x1) 4:1:1/2 16 MHz to 25 MHz 16 MHz to 25 MHz
H'O1E4 ON(x4) ON(x1) 2:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01E5 ON(x4) ON(x1) 2:1:1/2 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01E6 ON(x4) ON(x1) 2:1:1/4 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01E8 ON(x4) ON(x1) 1:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'01E9 ON(x4) ON(x1) 1:1:1/2 16 MHz to 25 MHz 16 MHz to 25 MHz
HO1EA ON(x4) ON(x1) 1:1:1/4 16 MHz to 25 MHz 16 MHz to 25 MHz

4 H'0100 OFF ON(x1) 111 16 MHz to 20 MHz 16 MHz to 20 MHz
H'0101 OFF ON (x1) 1:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
H'0102 OFF ON (x1) 1:1:1/4 16 MHz to 20 MHz 16 MHz to 20MHz
H'01DO ON(x2) ON(x1) 2:1:1 16 MHz to 20 MHz 16 MHz to 20 MHz
H01D1 ON(x2) ON(x1) 2:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01D2 ON(x2) ON(x1) 2:1:1/4 16 MHz to 20 MHz 16 MHz to 20 MHz
H01D4 ON(x2) ON(x1) 111 16 MHz to 20 MHz 16 MHz to 20 MHz
HO01D5 ON(x2) ON(x1) 1:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01ID6 ON(x2) ON(x1) 1:1:1/4 16 MHz to 20 MHz 16 MHz to 20 MHz
H'81CO ON(x3) ON(x1) 311 16 MHz to 20 MHz 16 MHz to 20 MHz
H'81C1 ON(x3) ON(x1) 3:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
H'C1CO ON(x3) ON(x1) 111 16 MHz to 20 MHz 16 MHz to 20 MHz
H'C1C1 ON(x3) ON(x1) 1:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01EO0 ON(x4) ON(x1) 411 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01E1 ON(x4) ON(x1) 4:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
HO1E4 ON(x4) ON(x1) 2:1:1 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01E5 ON(x4) ON(x1) 2:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01E6 ON(x4) ON(x1) 2:1:1/4 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01E8 ON(x4) ON(x1) 1:1:1 16 MHz to 20 MHz 16 MHz to 20 MHz
H'01E9 ON(x4) ON(x1) 1:1:1/2 16 MHz to 20 MHz 16 MHz to 20 MHz
HO1EA ON(x4) ON(x1) 1:1:1/4 16 MHz to 20 MHz 16 MHz to 20 MHz
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Table 9.5

Range of Usable Frequencies for Each Clock Operating Mode(SH7708R) (cont)

Clock

Clock Rate*! Input Frequency CKIO Frequency

Mode FRQCR PLL1 PLL2 (I:B:P) Range Range

7 H'0100 ON (x1) OFF 1:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0101 ON (x1) OFF 1:1:1/2 16 MHz to 60 MHz 16 MHz to 60 MHz
H'0102 ON (x1) OFF 1:1:1/4 16 MHz to 60 MHz 16 MHz to 60 MHz
H'0111 ON (x2) OFF 2:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0112 ON (x2) OFF 2:1:1/2 16 MHz to 50 MHz 16 MHz to 50 MHz
H'0115 ON (x2) OFF 1:1:1 16 MHz to 33.3 MHz 16 MHz to 33.3 MHz
H'0116 ON (x2) OFF 1:1:1/2 16 MHz to 50 MHz 16 MHz to 50 MHz
H'0122 ON (x4) OFF 4:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'0126 ON (x4) OFF 2:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'012A  ON(x4) OFF 1:1:1 16 MHz to 25 MHz 16 MHz to 25 MHz
H'A100 ON (x3)) OFF 3:1:1 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz
H'E100 ON(x3) OFF 1:1:1 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz
H'E101 ON(x3) OFF 1:1:1/2 25 MHz to 33.3 MHz 25 MHz to 33.3 MHz

Notes: 1. Input clock frequency is 1
2. Max frequency : l¢ = 100 MHz, Bg= (CKIO) = 60 MHz, Pg= 30 MHz

Cautions:

1. When clock operating modes 3 and 4 are used:

» The on/off state of PLL circuit 1 is set by the frequency control register.

* PLL circuit 1 is initialized to the off state by a power-on reset.

e Always turn PLL circuit 1 off before going into standby mode.
2. The input to divider 1 becomes the output of:

* PLL circuit 1 when PLL circuit 1 is on.

e PLL circuit 2 when PLL circuit 1 is off and PLL circuit 2 is on.

» Divider 3 when PLL circuit 1 is off and PLL circuit 2 is off.

3. The input of divider 2 becomes the output of:

e PLL circuit 1 when the clock operating mode is 0-2 or 7.
* PLL circuit 2 when the clock operating mode is 3 and 4 and PLL circuit 2 is on.
» Divider 3 when the clock operating mode is 3 and 4 and PLL circuit 2 is off.

4. The frequency of the internal clockp(lbecomes:

« The product of the frequency of the CKIO pin, the frequency multiplication ratio of
PLL circuit 1, and the division ratio of divider 1 when PLL circuit 1 is on.

» Equal to the frequency of CKIO pin when PLL circuit 1 is off.
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» Do not set the internal clock frequency lower than the CKIO pin frequency.
5. The frequency of the peripheral clockp{Pecomes:
» The product of the frequency of the CKIO pin, the frequency multiplication ratio of
PLL circuit 1, and the division ratio of divider 2 when the clock operating mode is 0-2
or7.
» The product of the frequency of the CKIO pin and the division ratio of divider 2 when
the clock operating mode is 3 and 4.
» The peripheral clock frequency should not be set higher than the frequency of the CKI
pin, higher than 30 MHz(SH7708, SH7708S) / 33.3 MHz(SH7708R), or lower than 1/4
(SH7708, SH7708S) / 1/8(SH7708R) the internal clogk (I
6. The output frequency of PLL circuit 1 is the product of the CKIO frequency and the
multiplication ratio of PLL circuit 1. This frequency should be equal to or lower than 60
MHz(SH7708, SH7708S) / 100 MHz(SH7708R).
7. x1,x2,%x 3*0rx 4 can be used as the multiplication ratio of PLL circuk 1,x 1/2,x 1/3*,
andx 1/4 can be selected as the division ratios of dividers 1 and 2. Set the rate in the frequel
control register. The on/off state of PLL circuit 2 is determined by the mxagleaultiplication
of PLL circuit 1 andx 1/3 of dividers 1 and 2 are not supported in emulator.

Note: SH7708R only

8. For more in formation about the range of usable freguencies for each clock operating mode,:
table 9.4.
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9.4 Register Descriptions

9.4.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit read/write register used to specify whether a
clock is output from the CKIO pin, the on/off state of PLL circuit 1, PLL standby, the frequency
multiplication ratio of PLL circuit 1, and the frequency division ratio of the internal clock and the
peripheral clock.

Only word access can be used on the FRQCR register. FRQCR is initialized to H'0102 by a
power-on reset, but retains its value in a manual reset and in standby mode.

SH7708, SH7708S:

Bitt 15 14 13 12 11 10 9 8
Bitname:| — | — | — | — | — | — | — |CKOEN|
Initial value: 0 0 0 0 0 0 0 1
RW: R R R R R R R RIW
Bit. 7 6 5 4 3 2 1 0
Bit name: | PLLEN | PSTBY | STC1 | STCO | IFC1 | IFCO | PFC1 | PFCO |
Initial value: 0 0 0 0 0 0 1 0

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

Bit 8—Clock Enable (CKOEN): Used to output a clock from the CKIO pin or to fix the level of

the CKIO pin. Even when the level is fixed, the SH7708 Series will operate internally at the
frequency before the level was fixed. In case of clock operating mode 7, the CKIO pin becomes ¢
input pin irrespective of the value of this bit.

Bit 8: CKOEN Description

0 Fixes the level of CKIO terminal.

1 Outputs a clock from the CKIO pin. (Initial value)
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Bit 7—PLL Circuit Enable (PLLEN): Specifies the on/off state of PLL circuit 1. This bit is valid
in clock operating modes 3—-6. PLL circuit 1 goes on when the clock operating mode is 0-2 or 7
irrespective of the value of PLLEN.

Bit 7: PLLEN Description
0 PLL circuit 1 is not used. (Initial value)
1 PLL circuit 1 is used.

Bit 6—PLL Standby (PSTBY): Specifies PLL standby. When PLL standby is active, PLL circuit 1
will be in standby mode at the frequency specified by the STC bit. This function is valid in clock
operating modes 3—6.

Bit 6: PSTBY Description
0 PLL is not in standby mode. (Initial value)
1 PLL is in standby mode.

Bits 5 and 4—Frequency Multiplication Ratio (STC1, STCO): These bits specify the frequency
multiplication ratio of PLL circuit 1.

Bit 5: STC1 Bit 4: STCO Description

0 0 x1 (Initial value)
0 1 x 2

1 0 x 4

1 1 Setting prohibited (do not set)

Note: Do not set the output frequency of PLL circuit 1 higher than 60 MHz.

Bits 3 and 2—Internal Clock Frequency Division Ratio (IFC1, IFC0): These bits specify the
frequency division ratio of the internal clock with respect to the output frequency of PLL circuit 1
When PLL circuit 1 is off or in standby mode, set.

Bit 3: IFC1 Bit 2: IFCO Description

0 0 x1 (Initial value)
0 1 x 1/2

1 0 x1/4

1 1 Setting prohibited (do not set)

Note: Do not set the internal clock frequency lower than the CKIO frequency.
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Bits 1 and 0—Peripheral Clock Frequency Division Ratio (PFC1, PFCO0): These bits specify the
division ratio of the peripheral clock frequency with respect to the frequency of the output
frequency of PLL circuit 1 or the frequency of the CKIO pin.

Bit 1: PFC1 Bit 0: PFCO Description

0 0 x1

0 1 x1/2

1 0 x1/4 (Initial value)
1 1 Setting prohibited (do not set)

Note: Do not set the peripheral clock frequency higher than the frequency of the CKIO pin.
SH7708R:

Bit. 15 14 13 12 11 10 9 8
Bitname:‘ STC2 \ IFC2 \ PFC2 \ — \ — \ — \ — ‘CKOEN‘

Initial value: 0 0 0 0 0 0 0 1

RIW:  RW RW  RW R R R R RIW

Bit; 7 6 5 4 3 2 1 0
Bitname:‘ PLLEN \ PSTBY‘ sTC1 \ STCO \ IFC1 \ IFCO \ PFC1 \ PFCO \

Initial value: 0 0 0 0 0 0 1 0

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

Bits 15, 5 and 4—Frequency Multiplication Ratio (STC): These bits specify the frequency
multiplication ratio of PLL circuit 1.

Bit 15: STC2 Bit 5: STC1 Bit 4: STCO Description

0 0 0 x1 (Initial value)
0 0 1 x2

1 0 0 x 3

1 1 0 x 4

Note: Do not set the output frequency of PLL circuit 1 higher than 100MHz.

Bits 14, 3 and 2—Internal Clock Frequency Division Ratio (IFC): These bits specify the frequency
division ratio of the internal clock with respect to the output frequency of PLL circuit 1. When
PLL circuit 1 is off or in standby mode, setl.
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Bit 14: IFC2 Bit 2: IFC1 Bit 1: IFCO Description

0 0 0 x 1 (Initial value)
0 0 1 x 1/2
1 0 0 x 1/3
1 1 0 x 1/4

Note: Do not set the interunal clock frequency lower then the CKIO frequency.

Bits 13, 1 and 0—Peripheral Clock Frequency Division Ratio (PFC): These bits specify the
division ratio of the peripheral clock frequency with respect to the frequency of the output
frequency of PLL circuit 1 or the frequency of the CKIO pin.

Bit 13: PFC2 Bit 1: PFC1 Bit 0: PFCO Description
0 0 0 x1

0 0 1 x 1/2

1 0 0 x 1/3

1 1 0 x 1/4

Note: Do not set the peripheral clock frequency higher then the frequency of the CKIO pin.

Bit 8—Clock Enable (CKOEN): Used to output a clock in operating mode 3—-6 from the CKIO pir
or to fix the level of the CKIO pin in clock operation modes 3 and 4. Even when the level is fixed
the SH7708R will operate internally at the frequency before the level was fixed. In case of clock
operating mode 0-2, set this bit to 1. In case of clock operating mode 7, the CKIO pin becomes
input pin irrespective of the value of this bit.

Bit 8: CKOEN Description
0 Fixes the level of CKIO terminal.
1 Outputs a clock from the CKIO pin. (Initial value)

Bit 7—PLL Circuit Enable (PLLEN): Specifies the on/off state of PLL circuit 1. This bit is valid
in clock operating modes 3 and 4. PLL circuit 1 goes on when the clock operating mode is 0-2 ¢
7 irrespective of the value of PLLEN.

Bit 7: PLLEN Description
0 PLL circuit 1 is not used. (Initial value)
1 PLL circuit 1 is used.

Bit 6—PLL Standby (PSTBY): Specifies PLL standby. When PLL standby is active, PLL circuit 1
will be in standby mode at the frequency specified by the STC bit. This function is valid in clock
operating modes 3 and 4.
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Bit 6: PSTBY Description

0 PLL is not in standby mode. (Initial value)

1 PLL is in standby mode.

9.5 Changing the Frequency

The frequency of the internal clock and peripheral clock can be changed either by changing the
multiplication rate of PLL circuit 1 or by changing the division rates of dividers 1 and 2. All of
these are controlled by software through the frequency control register. The methods are describ
below. In modes 3-6, the frequency can also be changed by turning PLL circuit 1 on and off, as
described in section 9.6, PLL Standby Function.

9.5.1 Changing the Multiplication Rate

A PLL settling time is required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

1. In the initial state, the multiplication rate of PLL circuit 1 is 1.

2. Set a value that will become the specified oscillation settling time in the WDT and stop the
WNDT. The following must be set:

WTCSR register TME bit = 0: WDT stops
WTCSR register CKS2—-CKSO0 bits: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Set the desired value in the STC1 and STCO bits. The division ratio can also be set in the
IFC1-IFCO bits and PFC1-PFCO bits.

4. The processor pauses internally and the WDT starts incrementing. In clock modes 0-2 and 7,
the internal and peripheral clocks both stop. In clock modes 3 and 4, only the internal clock
stops. The clock will continue to be output at the CKIO pin as long as the CKOEN bit in the
FRQCR register is set to 1.

5. Supply of the clock that has been set begins at WDT count overflow, and the processor begin
operating again. The WDT stops after it overflows.

9.5.2 Changing the Division Ratio
The WDT will not count unless the multiplication rate is changed simultaneously.

1. In the initial state, IFC1-IFCO = 00 and PFC1-PFCO = 10.

2. Setthe IFC1, IFCO, PFC1, and PFCO bits to the new division ratio. The values that can be se
are limited by the clock mode and the multiplication rate of PLL circuit 1. Note that if the
wrong value is set, the processor will malfunction.

3. The clock is immediately supplied at the new division ratio.
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9.6 PLL Standby Function

9.6.1 Overview of the PLL Standby Function

When operating in clock modes 3 and 4, the internal clock can be controlled by turning the PLL!
circuit on and off. A long oscillation settling time is required, however, when the PLL circuit is
started up from a complete halt. During this time, processor operation halts. To enable fast on/o
switching of the PLL1 circuit, the PLL standby function is provided. This function is controlled by
software using the frequency control register. The use of the PLL standby function is described
below.

9.6.2 Usage
From Off to On:

1. Initially, PSTBY = 0, PLLEN =0, and PLL circuit 1 is stopped. The output of PLL circuit 2 is
used for divider 1 input.

2. When the multiplication rate of PLL circuit 1 is set in the STC1-STCO bits and PSTBY is set
to 1, PLL circuit 1 begins oscillating at the specified multiplication rate. The input to divider 1
is still the output of PLL circuit 2 at this point.

3. After PLL circuit 1 oscillation has stabilized, the input of divider 1 switches when PLLEN is
set to 1 and the oscillation output of PLL circuit 1 is divided and becomes the internal clock.
At this time, the division ratio can be changed by changing the settings of IFC1-IFCO and
PFC1-PFCO. For several cycles before and after the clock switches, the internal clock will be
stopped, but the peripheral clock and CKIO output do not stop.

From On to Off:

1. When PLLEN is set to 0, the input of divider 1 switches to the output of PLL circuit 2. At this
time, the division ratio can be changed by changing the settings of IFC1-IFCO and PFC1-
PFCO.

2. When PSTBY is set to 0, PLL circuit 1 stops. This setting can be performed simultaneously
(and with the same instruction as) the setting in 1 above.

Notes: 1. There are some restrictions on the PLL standby state (PSTBY = 1, PLLEN =0) as
follows: The settings of the frequency control register's CKOEN, STC2-STCO,
IFC2—-IFCO0 and PFC2-PFCO bits generally cannot be changed. In some cases,
however, they can be changed if the PSTBY and PLLEN bit settings are also change
simultaneously (figure 9.3). The SLEEP instruction cannot be executed.

2. ltis the responsibility of software to ensure the oscillation settling time. If PLLEN is
set to 1 before the oscillation has settled, malfunctions may be caused by an unstable
clock.
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3. In clock modes 3 and 4, the SH7708 Series cannot go to standby mode while PLL
circuit 1 is on. Always set PSTBY and PLLEN to O to stop PLL circuit 1 before going
to standby mode.

4. When PSTBY and PLLEN are both changed from 0 to 1 together, the WDT will
automatically start counting and the clock will switch when the WDT overflows. See
section 9.5, Changing the Frequency, for setting the WDT.

PSTBY =1
and PLLEN =0
PSTBY =1 ’ PLLEN =1
(STC) (IFC, PFC)
—_— PLL1 _—
“+—— -
psTBY =0 \ Sy /"o EN=0
PSTBY = 0 (STC) (STC, IFC, PFC) PSTBY = 1
and PLLEN =0 PSTBY = 0. PLLEN = 0 and PLLEN =1
(STC, IFC, PFC)
Note: Bits in parentheses can be changed simultaneously.

Figure 9.3 State Transitions for the PLL Standby Function

9.7 Controlling Clock Output

The CKOEN bit in the FRQCR register can be used to switch between outputting a clock to the
CKIO pin or having the level fixed.

9.7.1 Clock Modes 0-2

The CKIO pin level cannot be fixed. Always set the CKOEN bit in FRQCR to 1 (clock output).

9.7.2 Clock Modes 3 and 4

The CKIO output changes as soon as the CKOEN bit is changed. When the WDT is started by
simultaneously changing the multiplication rate of PLL circuit 1 or switching PLL circuit 1 on or
off, the WDT starts running after the CKIO output is switched, and then the internal clock
changes.
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9.8 Overview of the Watchdog Timer (WDT)

9.8.1 Block Diagram of the WDT

Figure 9.4 shows a block diagram of the WDT.

WDT
Standby Standby | Standby
cancellation ~ control | mode
‘ | Peripheral
v l clock
Internal ¥
reset < ResetI - Divider
control |«
request _
a b Clock selection l l l l l l l l
v Clock selector
Interrupt Interrupt |« Overflow I
request control |« Clock
A 4
WTCSR WTCNT
( Bus interface )
A
N t » Internal bus

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure 9.4 Block Diagram of the WDT

9.8.2 Register Configurations

The WDT has two registers that select the clock, switch the timer mode, and perform other
functions. Table 9.5 shows the WDT register.

Table 9.5 Register Configuration

Name Abbreviation R/W  Size Initial Value  Address

Watchdog timer counter  WTCNT R/W*  R: byte; H'00 H'FFFFFF84
W: word*

Watchdog timer WTCSR R/W* R: byte; H'00 H'FFFFFF86

control/status register W: word*

Note: * Write with a word access. Write H'5A and H'A5, respectively, in the upper bytes. Byte or
longword writes are not possible. Read with a byte access.
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9.9 WDT Registers

9.9.1 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) is an 8-bit read/write counter that increments on the
selected clock. When an overflow occurs, it generates a reset in watchdog timer mode and an
interrupt in interval time mode. Its address is H'FFFFFF84. The WTCNT counter is initialized to
H'00 only by a power-on reset through the RESET pin. Use a word access to write to the WTCNT
counter, with H'5A in the upper byte. Use a byte access to read WTCNT.

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

9.9.2 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit read/write register composed of
bits to select the clock used for the count, bits to select the timer mode, and overflow flags. Its
address is H'FFFFFF86. The WTCSR register is initialized to H'00 only by a power-on reset
through the RESET pin. When a WDT overflow causes an internal reset, the WTCSR retains its
value. When used to count the clock settling time for canceling a standby, it retains its value after
counter overflow. Use a word access to write to the WTCSR counter, with H'A5 in the upper byte
Use a byte access to read WTCSR.

Bitt 7 6 5 4 3 2 1 0
\ T™E \ WT/W‘ RSTS \ WOVF‘ IOVF \ CKS2 \ CKSl‘ CKSO \
Initial value: 0 0 0 0 0 0 0 0

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

Bit 7—Timer Enable (TME): Starts and stops timer operation. Clear this bit to 0 when using the
WDT in standby mode or when changing the clock frequency.

Bit 7: TME Description
0 Timer disabled: Count-up stops and WTCNT value is retained
(Initial value)
1 Timer enabled
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Bit 6—Timer Mode Select (WTT): Selects whether to use the WDT as a watchdog timer or an
interval timer.

Bit 6: WT/IT Description
0 Use as interval timer (Initial value)
1 Use as watchdog timer

Note: If WT/IT is modified when the WDT is running, the up-count may not be performed correctly.

Bit 5—Reset Select (RSTS): Selects the type of reset when the WTCNT overflows in watchdog
timer mode. In interval timer mode, this setting is ignored.

Bit 5: RSTS Description
0 Power-on reset (Initial value)
1 Manual reset

Bit 4—Watchdog Timer Overflow (WOVF): Indicates that the WTCNT has overflowed in
watchdog timer mode. This bit is not set in interval timer mode.

Bit 4: WOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in watchdog timer mode

Bit 3—Interval Timer Overflow (IOVF): Indicates that the WTCNT has overflowed in interval
timer mode. This bit is not set in watchdog timer mode.

Bit 3: IOVF Description
0 No overflow (Initial value)
1 WTCNT has overflowed in interval timer mode

Bits 2 to 0—Clock Select 2—-0 (CKS2-CKSO0): These bits select the clock to be used for the
WTCNT count from the eight types obtainable by dividing the peripheral clock. The overflow
period in the table is the value when the peripheral clogkiéPL5 MHz.
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Overflow Period

Bit 2: CKS2 Bit1l: CKS1 Bit0: CKSO Clock Division Ratio (when P @= 15 MHz)
0 0 0 1 (Initial value) 17 ps
1 1/4 68 us
1 0 1/16 273 us
1 1/32 546 ps
1 0 0 1/64 1.09 ms
1 1/256 4.36 ms
1 0 1/1024 17.46 ms
1 1/4096 69.84 ms

Note: If bits CKS2—CKSO0 are modified when the WDT is running, the up-count may not be
performed correctly. Ensure that these bits are modified only when the WDT is not running.

9.9.3 Notes on Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR) are
more difficult to write to than other registers. The procedure for writing to these registers are give
below.

Writing to WTCNT and WTCSR: These registers must be written by a word transfer

instruction. They cannot be written by a byte or longword transfer instruction. When writing to
WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data, as shown in
figure 9.5. When writing to WTCSR, set the upper byte to H'A5 and transfer the lower byte as the
write data. This transfer procedure writes the lower byte data to WTCNT or WTCSR.

WTCNT write
15 8 7 0
Address: H'FFFFFE84 H'5A Write data
WTCSR write
15 8 7 0
Address: HFFFFFE86 H'A5 Write data
Figure 9.5 Writing to WTCNT and WTCSR
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9.10  Using the WDT

9.10.1 Canceling Standbys

The WDT can be used to cancel standby mode with an NMI or other interrupts. The procedure i
described below. (The WDT does not run when resets are used for canceling, so keep the RES
pin low until the clock stabilizes.)

1.

Before transitioning to standby mode, always clear the TME bit in WTCSR to 0. When the
TME bit is 1, an erroneous reset or interval timer interrupt may be generated when the count
overflows.

Set the type of count clock used in the CKS2-CKSO0 bits in WTCSR and the initial values for
the counter in the WTCNT counter. These values should ensure that the time till count
overflow is longer than the clock oscillation settling time.

Move to standby mode by executing a SLEEP instruction to stop the clock.

The WDT starts counting by detecting the edge change of the NMI signal or detecting
interrupts.

When the WDT count overflows, the CPG starts supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set when this happens.

The counter stops at the values H'00—H'01. The stop value depends on the clock ratio.

9.10.2 Changing the Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only by
switching the divider, do not use the WDT.

1.

Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME bit
is 1, an erroneous reset or interval timer interrupt may be generated when the count overflow
Set the type of count clock used in the CKS2-CKSO0 bits of WTCSR and the initial values for
the counter in the WTCNT counter. These values should ensure that the time till count
overflow is longer than the clock oscillation settling time.

When the frequency control register (FRQCR) is written, the clock stops and the processor
enters standby mode temporarily. The WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set when this happens.

The counter stops at the values H'00—H'01. The stop value depends on the clock ratio.
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9.10.3  Using Watchdog Timer Mode

1.

Set the WTIT bit in the WTCSR register to 1, set the reset type in the RSTS bit, set the type of
count clock in the CKS2—CKSO0 bits, and set the initial value of the counter in the WTCNT
counter.

Set the TME bit in WTCSR to 1 to start the count in watchdog timer mode.

While operating in watchdog timer mode, rewrite the counter periodically to H'00 to prevent
the counter from overflowing.

When the counter overflows, the WDT sets the WOVF flag in WTCSR to 1 and generates the
type of reset specified by the RSTS bit. The counter then resumes counting.

9.10.4  Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow ©
the counter. This enables interrupts to be generated at set periods.

1.

Clear the WTIT bit in the WTCSR register to 0, set the type of count clock in the CKS2—
CKSO0 bits, and set the initial value of the counter in the WTCNT counter.

Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

When the counter overflows, the WDT sets the IOVF flag in WTCSR to 1 and an interval
timer interrupt request is sent to INTC. The counter then resumes counting.
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