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Keep safety first in your circuit designs!

. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always 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

. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. 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 Corp. or
a third party.

. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, 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 Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. 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 Corp. 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 Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

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

. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. 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 Corp. 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 Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

1. General Precautions on Handling of Product
2. Configuration of This Manual

3. Preface

4. Contents

5. Overview

6.

Description of Functional Modules
e CPU and System-Control Modules
e On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix

10. Main Revisions and Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

The SH7713 RISC (Reduced Instruction Set Computer) microcomputer includes a Renesas
Technology original RISC CPU as its core, and the peripheral functions required to configure a
system.

Target Users: This manual was written for users who will be using this LSI in the design of
application systems. Users of this manual are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: ~ This manual was written to explain the hardware functions and electrical
characteristics of this LSI to the above users.
Refer to the SH-3/SH-3E/SH3-DSP Programming Manual for a detailed description
of the instruction set.

Notes on reading this manual:

e Product names

The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification Product Code
SH7713 HD6417713

e In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU's functions

Read the SH-3/SH-3E/SH3-DSP Programming Manual.
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Rules: Register name: The following notation is used for cases when the same or a
similar function, e.g. serial communication interface, is
implemented on more than one channel:

XXX_N (XXX is the register name and N is the channel
number)

Bit order: The MSB (most significant bit) is on the left and the LSB
(least significant bit) is on the right.

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, decimal is XXxX.
Signal notation: ~ An overbar is added to a low-active signal: xxxx
Related Manuals:  The latest versions of all related manuals are available from our web site.

Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/

SH7713 manuals:

Document Title Document No.
SH7713 Hardware Manual This manual
SH-3/SH-3E/SH3-DSP Programming Manual ADE-602-096B

User's manuals for development tools:

Document Title Document No.

SuperH™ RISC engine C/C++ Compiler,Assembler,Optimizing Linkage REJ10B0152-0101
Editor Compiler Package V.9.00 User's Manual

SuperH™ RISC engine High-performance Embedded Workshop 3 Users ~ REJ10B0025-0200
Manual

SuperH RISC engine High-Performance Embedded Workshop 3 Tutorial REJ10B0023-0200

Application note:

Document Title Document No.

SuperH RISC engine C/C++ Compiler Package Application Note REJ05B0463-0100
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Abbreviations

ACIA Asynchronous communication interface adapter
AUD Advanced user debugger

BSC Bus state controller

CPG Clock pulse generator

DMA Direct memory access

DMAC Direct memory access controller
etu Elementary time unit

FIFO First-in first-out

H-UDI  User debugging interface

INTC Interrupt controller

JTAG Joint test action group

LSB Least significant bit

MMU Memory management unit

MSB Most significant bit

PFC Pin function controller

RISC Reduced instruction set computer

RTC Realtime clock

SCIF Serial communication interface with FIFO

SIOF Serial I/0 with FIFO

TLB Translation lookaside buffer

TMU Timer unit

UART  Universal asynchronous receiver/transmitter
UBC User break controller

WDT Watchdog timer
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Section 1 Overview and Pin Function

Section 1 Overview and Pin Function

This LSI is a 32-bit reduced instruction set computer (RISC) microprocessor that is built on the
SuperH architecture.

Its core is a RISC-type CPU with a Digital Signal Processor (DSP) as a functional extension. A
single chip microprocessor integrates peripheral functions required for building an Ethernet
system.

The LSI comprises one channel of Ethernet controller. It includes a media access controller
(MAC) and a media independent interface (MII) standard unit that conforms to the IEE802.3u
standard and provides 10/100 Mbps LAN connection.

The LSI has a large capacity (32-kbyte) cache memory, 16-kbyte on-chip X/Y memory, and an
interrupt controller for system configuration to enable flexible system design. It supports high-
speed data transfer using an on-chip direct memory access controller (DMAC). Its external
memory access support provides direct connection to various types of memory.

The strong on-chip power saving function reduces power consumption even during high-speed
operation.

1.1 Features
The features of this LSI are shown below.
CPU:

e Original Renesas-Technology SuperH architecture
e Compatible with SH-1, SH-2, and SH-3 at object code level
e 32-bit internal data bus
e Various groups of built-in registers
General registers: Sixteen 32-bit registers (including eight 32-bit bank registers)
Control registers: Five 32-bit registers
System registers: Four 32-bit registers
e Supports RISC-type instruction set
Instruction length: 16-bit fixed length for improved code efficiency
Load/store architecture
Delayed branch instructions
Instruction set based on C language
¢ Instruction execution time: one instruction/cycle for basic instructions

e Logical address space: 4 Gbytes
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Section 1 Overview and Pin Function

e Space identifier ASID: 8 bits, 256 logical address spaces

e Supports five-stage pipeline
DSP:

e Mixture of 16-bit and 32-bit instructions
e 32-/40-bit internal data bus
e Multiplier, ALU, and barrel shifter
e 16-bit X 16-bit — 32-bit one cycle multiplier
e Large-capacity DSP data registers
Six 32-bit data registers
Two 40-bit data registers
e Supports extended harvard architecture for DSP data bus
Two data buses
One instruction bus
e Maximum four parallel operations
ALU, multiply, and two load/store
e Two addressing units to generate addresses for two memory access
e Supports DSP data addressing modes
Increment and indexing (with or without modulo addressing)
e Zero-overhead repeat loop control
¢ Conditional execution instructions

e Supports user DSP mode and privileged DSP mode
Memory management unit (MM U):

e 4 Gbytes of address space, 256 address spaces (8-bit ASID)
e Page unit sharing
e Supports multiple page sizes
1 kbyte or 4 kbytes
e Supports 128-entry, 4-way set associative TLB
e Supports software selection of replacement way and random-replacement algorithms

e Contents of TLB are directly accessible by address mapping
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Section 1 Overview and Pin Function

Cache memory:

32-kbyte cache, mixture of instructions and data
512-entry, 4-way set associative, 16-byte block length
Write-back, write-through, LRU replacement algorithm
1-stage write-back buffer

XIY memory:

Three independent read/write ports

8-/16-/32-bit access from the CPU

Maximum two 16-bit accesses from the DSP

8-/16-/32-bit access from the DMAC

32-bit access from the E-DMAC

A total of 16 kbytes memory (8-kbyte RAM each for X- and Y-memory)

Interrupt controller (INTC):

Supports seven external interrupt pins (NMI, IRQ5 to IRQO)
Supports fifteen level interrupt pins (IRL3 to IRLO)
Supports one interrupt request output pin (IRQOUT)

On-chip peripheral interrupt: Priority level is independently selected for each module
Supports software vector mode

Selection of falling/rising/high/low

User break controller (UBC):

Address, data value, access type, and data size are available for setting as break conditions
Supports the sequential break function

Two break channels

On-Chip Oscillation Circuits:

Clock source selectable between an external supply (EXTAL or CKIO) and crystal resonator

The internal clock and peripheral clock can be adjusted by setting the PLL circuit and division
ratio.

Three types of clocks generated:
CPU clock (I clock): 200 MHz (max)
Bus clock (B clock): 66 MHz (max)
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Peripheral clock (P clock): 33 MHz (max)
e Supports power-down modes:
Sleep mode
Software standby mode
Module standby mode
e A single channel on-chip watch dog timer
Watchdog timer mode and interval timer mode is selectable.

An interrupt can be generated in interval timer mode.
Bus state controller (BSC):

e Physical address space is divided into eight areas: area 0, areas 2 to 4; each a maximum of 64
Mbytes, and areas SA, 5B, 6A, 6B; each a maximum of 32 Mbytes.

e The following features are settable for each area.
Bus size (8, 16 or 32 bits): The supported bus size differs for each area.

Number of access wait cycles: Numbers of wait-state cycles during reading and writing are
independently selectable for some areas.

Setting of idle wait cycles: For the same area or different area.

Specifying the memory to be connected to each area enables direct connection to SRAM,
SRAM with byte selection, burst ROM (synchronization/asynchronous), SDRAM and
PCMCIA.

e Outputs chip select signal (CS0, CS2 to CS4, CS5A/B, and CS6A/B) for corresponding area
(The CS assert/negate timing can be selected by software.)

Direct memory access controller (DMAC):

e Six channels. Two of these channels (chO and chl) support external requests.

e Supports burst mode and cycle-stealing mode
Timer unit (TMU):

e 3-channel auto reload 32-bit on-chip timer

e 4 types of counter input clocks can be selected
Realtime clock (RTC)*":

e On-chip clock, calendar, and alarm

e On-chip 32 kHz crystal oscillator with 1/256-second resolution (interrupt cycle)
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Serial communication interface with FIFO (SCIF):

e 16 bytes each for transmit/receive FIFO
e Two channels (SCIF0 and SCIF1)

e CTS/RTS (flow control) support

e Asynchronous and synchronous modes
e Full-duplex communication support

e DMA transfer

Serial 1/0 with FIFO (SIOF):

e 04 bytes each for transmit/receive FIFO

e 8-/16-/16-bit stereo-audio input/output supported
e Two channels (SIOF0 and SIOF1)

e DMA transfer

e Frame synchronous signal
Ethernet controller (Ether C):

o MAC (Media Access Control)

e Data frame assembly/disassembly (frame format conforming to IEEE802.3u)
e CSMA/CD link management (collision prevention and collision processing)
e CRC processing

e Full-duplex transmit/receive support

e Detects short frames and long frames

e Conforms to MII (Media Independent Interface) standard **

e Conversion from 8-bit stream data in MAC layer to MII nibble (4-bit) stream
e Station management (STA function)

e 10/100 Mbps transfer rate adjustable

e  WOL (Wake-On-LAN) signal output with Magic Packet*’ detection

Ethernet Controller Direct Memory Access Controller (E-DMAC):

e EtherC — Transfer between external and internal memories
e 16-byte burst transfer

e Single address transfer

e Chain block transfer

e Transfer data width: 32 bits
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e Address space: 4 Gbytes
e On-chip FIFO (2-kbytes each for transmit/receive)

User debugging interface (H-UDI):

e Supports the EI0A emulator
e Realtime branch trace
e 1-kbyte of on-chip RAM for executing the high-speed emulation program

Notes: 1. As the power supply is connected, power should always be supplied to all power
supplies even if only RTC operates.

2. +5 V I/O is not supported.

3. Magic Packet is the registered trademark of Advanced Micro Devices Inc.
Product Lineup:

Power supply voltage Maximum

operating
Abbreviation 110 Internal frequency Type name Package
SH7713 33+03V 15+01V 200 MHz  HD6417713BP/BPV 256-pin CSP

(BP-256H/HV)

HD6417713F/FV  256-pin HQFP
(FP-256G/GV)
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13 Pin Description

131 Pin Assignment
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Figurel.2 Pin Assignment (Top View)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
CS5B/ | PTC6/ IRQ2/ VssQ-
EXTAL| MD3 | MD1 | GETA | GE2B |Soreme:|mo sior [DREQY DACK0| *™ ° [ S| (55 [ReseTe aupamao| VssQ [AUDCK| TRST | TMs | mra | VecQ
I;::EFiouT// IRQO/ VeeQ-
VssQ |rausy | XTAL | MD2 |vss-pLLif VssQ | VssQ | Vss |(G%0,| VssQ | Vee | TRLO fUPA™A2| Vss EVDOEXTALZ XTAL2 | grg | VS5Q
N PTC7/| PTC5/ IRQ3/
CS4 |BREQ |Vec-PLLIVss-PLL2NGe-PLLA (515 16| cEaa | VCC DREQ1| VceQ RLg | NMI huDATA1 VeeQ |auosvwc | TDI | TDO | VssQ | VssQ | IRQ4
N [ CS6B/ PTC3/ |pTC
CS6A | VeeQ | CS5A | MDO CEB VeeQ [rxp_siot Sovouk DACK1| CKIO2| Vss I%’ RESETM|AUDATAY Ve | TCK E?gigoo VeeQ | VeeQ | MDIOO
VeeQ |BACK | CSO | WAIT WOLO| MD5 | MD4 Vee
Do | RD | BS |VssQ Vss | MDCO | nksTao|ERXDO1
D4 | Vec | Vss | D1 ERXDO00 [ERXD02 [ERXD03 | RX-ERO)
D6 b2 b3 b5 TX-ERORX-CLKO0| RX-DVO | TX-CLKO
D8 |VeeQ | D7 | VssQ P-LFBGA1717-256 ITX-ENQ| VeeQ | VssQ [ETXD02
(BP-256H/HV)
D12 | D10 | D9 | D11 ETXD03 [ETXDO1 |ETXD0O | COLO
Top view
D13 Vss Vee D14 Vee | IRQ5 [ CRSO| Vss
D15 | CKIO [RD/WR|"5qee VssQ | VssQ | NC | TEND1
WET(BET)/
DAMU | vesQ | VeeQ | GAS VssQ | veeQ| vss | NC
CKE | Vss CS3 | RAS Vee | VssQ [ VssQ | VssQ
Cs2 A4 Al Vee VssQ [VssQ | NC [ vssQ
A0 A8 A9 A3 VssQ | NC NC | vssQ
PTB1/ PTB7/ | PTA1/
o VssQ
A2 | VceQ | A10 A5 D16 | D20 |VssQ | D24 | D28 | D30 | A19 A21 A25 oSt Vce RTSO | TXDO VeeQ | NC Ss
VeeQ Dionm V. VeeQ | Ve VeeQ PTB3/ PTBS/ | PTAS/ | PTA8/ | PTAY [VssQ NC
A6 ATl A7 cc icioro | D18 | D22 ss D26 cc ce A23 €CQ | RXD1 | sciFick [Rxo-sioo[TxD-si00 [sCK-8100
VssQ | at3 | At4 | A15 | A7 | D17 | D21 | Voo | D27 |VssQ | Vss | A24 |vssQ | Vs |PTAO S| Voo [T vssQ | NG
\WE3EES) PTB2/ [PTB4/ | PTB6/ | _Pma2
A12 | A6 ?C‘?g\lfjvg/ VssQ | D19 | VeeQ | D23 | D25 D29 | D31 A18 | A20 | A22 | PTBO RTST | TXD1 | cTS0 sciFock [ VssQ | VeeQ

Figure1.3 Pin Assignment (Top View)
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Section 1 Overview and Pin Function

Tablel.l Pin Assigument

Pin No. Pin No.

(FP-256G/GV) (BP-256H/HV) Pin Name 1/0 Description

1 B2 REFOUT/IRQOUT/ 0O/0/O Bus release request output
ARBUSY

2 c2 BREQ Bus request

3 D2 VeeQ I/0O power supply (3.3 V)

4 B1 VssQ I/O power supply (0 V)

5 E2 BACK 0 Bus acknowledge

6 E3 CSo0 o) Chip select 0

7 Ct CS4 o] Chip select 4

8 D3 CS5A 0 Chip select 5 A

9 D1 CS6A o] Chip select 6 A

10 E4 WAIT I Hardware wait request

11 F2 RD 0 Read strobe

12 F3 BS 0 Bus cycle start signal

13 E1 VeeQ I/0O power supply (3.3 V)

14 F4 VssQ I/0 power supply (0 V)

15 G2 Vcee Internal power supply (1.5 V)

16 G3 Vss Internal power supply (0 V)

17 F1 DO 0] Data bus

18 G4 D1 10 Data bus

19 H2 D2 10 Data bus

20 H3 D3 10 Data bus

21 G1 D4 10 Data bus

22 H4 D5 10 Data bus

23 H1 D6 10 Data bus

24 J3 D7 10 Data bus

25 J2 VeeQ I/0O power supply (3.3 V)

26 J4 VssQ I/0 power supply (0 V)

27 J1 D8 10 Data bus

28 K3 D9 10 Data bus

29 K2 D10 10 Data bus
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Pin No. Pin No.
(FP-256G/GV)  (BP-256H/HV) Pin Name I/0 Description
30 K4 D11 10 Data bus
31 K1 D12 10 Data bus
32 L1 D13 10 Data bus
33 L4 D14 10 Data bus
34 M1 D15 10 Data bus
35 L3 Vcee Internal power supply (1.5 V)
36 L2 Vss Internal power supply (0 V)
37 M4 WEO(BEO)/DQMLL  O/O D7 to DO-select signal/DQM (SDRAM)
38 N1 WET(BE1)/DQMLU/  O/O/O D15 to D8-select signal/DQM
WE (SDRAM)/PCMCIA write cycle strobe
39 M3 RD/WR o Read/write
40 M2 CKIO 10 System clock 1/0
41 N4 CAS 0 CAS (SDRAM)
42 P1 CKE 0] CK enable (SDRAM)
43 N3 VeeQ I/O power supply (3.3 V)
44 N2 VssQ I/O power supply (0 V)
45 P4 RAS 0 RAS (SDRAM)
46 R1 CS2 0 Chip select 2
47 P3 CS3 0 Chip select 3
48 T1 AO 0] Address bus
49 R4 Vcee Internal power supply (1.5 V)
50 P2 Vss Internal power supply (0 V)
51 R3 A1l @) Address bus
52 U1 A2 0] Address bus
53 T4 A3 0] Address bus
54 R2 A4 @) Address bus
55 u4 A5 0] Address bus
56 VA A6 o Address bus
57 U2 VeeQ I/O power supply (3.3 V)
58 Wi+ VssQ 1/0 power supply (0 V)
59 V3 A7 0] Address bus
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Pin No. Pin No.

(FP-256G/GV)  (BP-256H/HV) Pin Name I/0 Description

60 T2 A8 0] Address bus

61 T3 A9 0] Address bus

62 u3 A10 @) Address bus

63 V2 Al1 O Address bus

64 Y1 A12 0] Address bus

65 w2 A13 o Address bus

66 W3 Al14 0] Address bus

67 w4 A15 @) Address bus

68 Y2 A16 O Address bus

69 W5 A17 @) Address bus

70 V5 WE2(BE2)/DQMUL/ O/O/O D23 to D16-select signal/DQM
ICIORD (SDRAM)/PCMCIA 1/O read

71 Y3 WES3(BE3)/DQMUU/ 0O/O/O D31 to D24-select signal/DQM
ICIOWR (SDRAM)/PCMCIA 1/O write

72 V4 VeeQ 1/0 power supply (3.3 V)

73 Y4 VssQ 1/0 power supply (0 V)

74 us D16 10 Data bus

75 W6 D17 10 Data bus

76 V6 D18 10 Data bus

77 Y5 D19 10 Data bus

78 ue D20 10 Data bus

79 w7 D21 10 Data bus

80 V7 D22 10 Data bus

81 Y6 VeeQ 1/0 power supply (3.3 V)

82 u7 VssQ I/O power supply (0 V)

83 w8 Vce Internal power supply (1.5 V)

84 V8 Vss Internal power supply (0 V)

85 Y7 D23 10 Data bus

86 us D24 10 Data bus

87 Y8 D25 10 Data bus

88 V9 D26 10 Data bus
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Pin No. Pin No.

(FP-256G/GV)  (BP-256H/HV) Pin Name I/0 Description

89 W9 D27 10 Data bus

90 u9 D28 10 Data bus

91 Y9 D29 10 Data bus

92 V10 VeeQ I/O power supply (3.3 V)

93 W10 VssQ 1/0 power supply (0 V)

94 u10 D30 10 Data bus

95 Y10 D31 10 Data bus

96 Y11 A18 o Address bus

97 Uit A19 o Address bus

98 Y12 A20 o Address bus

99 Vi1 Vce Internal power supply (1.5 V)

100 W11 Vss Internal power supply (0 V)

101 u12 A21 o Address bus

102 Y13 A22 o Address bus

103 Vi2 A23 O Address bus

104 W12 A24 o Address bus

105 ui13 A25 O Address bus

106 Y14 PTBO 10 I/O port B

107 V13 VeeQ I/O power supply (3.3 V)

108 W13 VssQ I/O power supply (0 V)

109 ui4 PTB1/CTS1 10/1 I/O port B/SCIF1 transmit clear

110 Y15 PTB2/RTST I0/O /O port B/SCIF1 transmit request

111 V14 PTB3/RXD1 10/1 1/0 port B/SCIF1 receive data

112 Y16 PTB4/TXD1 I0/O  1/O port B/SCIF1 transmit data

113 u15 Vcee Internal power supply (1.5 V)

114 W14 Vss Internal power supply (0 V)

115 V15 PTB5/SCIF1CK I0/IO  1/O port B/SCIF1 serial clock

116 Y17 PTB6/CTSO 10/1 I/O port B/SCIFQ transmit clear

117 u16 PTB7/RTSO I0/O 1/ port B/SCIFO transmit request

118 W15 PTAO0/RXDO 10/1 1/0 port A/SCIFO0 receive data

119 ui7z PTA1/TXDO I0/O  1/O port A/SCIFO transmit data
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Pin No. Pin No.

(FP-256G/GV)  (BP-256H/HV) Pin Name I/0 Description

120 Y18 PTA2/SCIFOCK I0/I0  1/O port A/SCIFO serial clock
121 W17 VeeQ I/O power supply (3.3 V)

122 Y19 VssQ I/O power supply (0 V)

123 V18 PTA3/SCK_SIO0 I0/10  1/O port A/SIOF0 communication clock
124 W16 PTA4/SIOMCLKO 10/1 I/0 port A/SIOFO clock input
125 V16 PTA5/RXD_SIO0 10/1 1/0 port A/SIOFO receive data
126 V17 PTA6/TXD_SIO0 I0/O  1/O port A/SIOFO transmit data
127 W18 PTA7/SIOFSYNCO  10/10 I/O port A/SIOF0 frame sync
128 Y20 VeeQ I/O power supply (3.3 V)

129 W19 VssQ I/O power supply (0 V)

130 V19 VssQ I/O power supply (0 V)

131 u19 NC

132 W20 NC

133 T19 NC

134 T18 NC

135 V20 NC

136 ui8 VeeQ I/O power supply (3.3 V)

137 u20 VssQ I/O power supply (0 V)

138 T17 VssQ I/O power supply (0 V)

139 R19 NC

140 R18 VssQ I/0O power supply (0 V)

141 T20 VssQ I/O power supply (0 V)

142 R17 VssQ I/O power supply (0 V)

143 P19 VssQ I/O power supply (0 V)

144 P18 VssQ I/O power supply (0 V)

145 R20 VssQ I/0O power supply (0 V)

146 P17 Vce Internal power supply (1.5 V)
147 N19 Vss Internal power supply (0 V)
148 N18 VeeQ I/O power supply (3.3 V)

149 P20 VssQ I/O power supply (0 V)
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Pin No. Pin No.
(FP-256G/GV)  (BP-256H/HV) Pin Name I/0 Description
150 N17 VssQ I/O power supply (0 V)
151 N20 NC
152 M18 VssQ I/O power supply (0 V)
153 M19 NC
154 M17 VssQ I/O power supply (0 V)
155 M20 TEND1#° (0] DMA transfer end notification 1
156 L18 IRQ5+° | External interrupt request
157 L19 CRSO0 I MAC carrier detection
158 L17 Vcece Internal power supply (1.5 V)
159 L20 Vss Internal power supply (0 V)
160 K20 COLo I MAC collision detection
161 K17 ETXDO03 O MAC transmit data 3
162 J20 ETXDO02 o MAC transmit data 2
163 K18 ETXDO1 o MAC transmit data 1
164 K19 ETXDO00 o MAC transmit data 0
165 J17 TX-ENO O MAC transmit enable
166 H20 TX-CLKO I MAC transmit clock
167 J18 VeeQ I/O power supply (3.3 V)
168 J19 VssQ I/O power supply (0 V)
169 H17 TX-ERO O MAC transmit error
170 G20 RX-ERO I MAC receive error
171 H18 RX-CLKO I MAC receive clock
172 H19 RX-DV0O I MAC receive data valid
173 G17 ERXDO00O I MAC receive data 0
174 F20 ERXDO1 I MAC receive data 1
175 G18 ERXDO02 I MAC receive data 2
176 E20 Vce Internal power supply (1.5 V)
177 F17 Vss Internal power supply (0 V)
178 G19 ERXDO03 MAC receive data 3
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Pin No. Pin No.

(FP-256G/GV)  (BP-256H/HV) Pin Name I/0 Description

179 F18 MDCO o MAC management data clock

180 D20 MDIOO 0] MAC management data 1/0

181 E17 WOLO0 0] MAC Wake-On-LAN

182 F19 LNKSTAO I MAC link status

183 D17 EXOUTO/TENDO O/0O  MAC general-purpose external
output/DMA transfer end notification 0

184 C20 IRQ4*° I External interrupt request

185 D19 VeeQ I/O power supply (3.3 V)

186 B20 VssQ I/O power supply (0 V)

187 C18 VssQ I/0O power supply (0 V)

188 E19 MD4 I Specifies area 0 bus width

189 E18 MD5 I Endian select

190 D18 VeeQ I/O power supply (3.3 V)

191 C19 VssQ I/O power supply (0 V)

192 A20 VeeQ I/O power supply (3.3 V)

193 B19 VceQ-RTC RTC oscillator power supply (3.3 V)

194 B18 XTAL2 0] On-chip RTC crystal oscillator pin

195 B17 EXTAL2 | On-chip RTC crystal oscillator pin

196 A19 VssQ-RTC RTC oscillator power supply (0 V)

197 B16 ASEMDO I ASE mode

198 Ci16 TDI | Test data input

199 A18 T™MS I Test mode select

200 C17 TDO 0] Test data output

201 A17 TRST [ Test reset

202 D16 TCK I Test clock

203 B15 ASEBRKAK 0 ASE break acknowledge

204 C15 AUDSYNC 0 AUD synchronous

205 A16 AUDCK o AUD clock

206 D15 Vcece Internal power supply (1.5 V)

207 B14 Vss Internal power supply (0 V)
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Pin No. Pin No.

(FP-256G/GV)  (BP-256H/HV) Pin Name I/0 Description

208 C14 VeeQ I/O power supply (3.3 V)

209 A15 VssQ I/O power supply (0 V)

210 D14 AUDATAS3 o] AUD data

211 B13 AUDATA2 (o] AUD data

212 C13 AUDATAT1 o] AUD data

213 Al14 AUDATAO O AUD data

214 D13 RESETM I Manual reset request

215 A13 RESETP I Power-on reset request

216 C12 NMI I Non-maskable interrupt request

217 B12 IRQO/IRLO | External interrupt request

218 D12 IRQ1/IRLT I External interrupt request

219 A12 IRQ2/IRL2 | External interrupt request

220 C11 IRQ3/IRL3 I External interrupt request

221 B11 Vcee Internal power supply (1.5 V)

222 D11 Vss Internal power supply (0 V)

223 A1l STATUSO O Processor status

224 A10 STATUSH (0] Processor status

225 D10 CKIO2 0] System clock output

226 A9 DACKO (0] DMA acknowledge O

227 Cc10 VeeQ I/O power supply (3.3 V)

228 B10 VssQ I/O power supply (0 V)

229 D9 DACK1 0] DMA acknowledge 1

230 A8 DREQO I DMA request 0

231 C9 DREQ1 I DMA request 1

232 B9 PTCO/SCK_SIO1 I0/I0  1/0O port C/SIOF1 communication clock

233 D8 PTC1/SIOMCLK1 10/1 I/0 port C/SIOF1 clock input

234 A7 PTC2/RXD_SIO1 10/1 1/0 port C/SIOF1 receive data

235 (6F:] Vce Internal power supply (1.5 V)

236 B8 Vss Internal power supply (0 V)

237 D7 PTC3/TXD_SIO1 I0/O  1/O port C/SIOF1 transmit data

238 A6 PTC4/SIOFSYNCH1 10/10  1/O port C/SIOF1 frame sync
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Pin No. Pin No.

(FP-256G/GV)  (BP-256H/HV) Pin Name I/0 Description

239 c7 PTC5/CE2A I0/O /O port C/area 5 PCMCIA card enable

240 A5 PTC6/CE2B I0/O /O port C/area 6 PCMCIA card enable

241 D6 VeeQ I/O power supply (3.3 V)

242 B7 VssQ I/O power supply (0 V)

243 C6 PTC7/101S16 10/1 I/0 port C/PCMCIA 16-bit I/O select

244 A4 CS5B/CETA O/O  Chip select 5B/area 5 PCMCIA card
enable

245 D5 CS6B/CE1B O/O  Chip select 6B/area 6 PCMCIA card
enable

246 B6 VssQ I/O power supply (0 V)

247 D4 MDO I Clock mode select

248 A3 MD1 I Clock mode select

249 B4 MD2 I Clock mode select

250 A2 MD3 | Area 0 bus width

251 C3 Vee-PLLA PLL1 power supply (1.5 V)

252 B5 Vss-PLL1 PLL1 power supply (0 V)

253 C5 Vce-PLL2 PLL2 power supply (1.5 V)

254 C4 Vss-PLL2 PLL2 power supply (0 V)

255 B3 XTAL (0] Clock oscillator pin

256 Al EXTAL I External clock/crystal oscillator pin

Notes: 1. VccQ-RTC must be supplied even if the realtime clock (RTC) is not used.

2. RTC in this LSI does not operate even if VccQ-RTC is turned on. The crystal oscillator
circuit for RTC operates with VccQ-RTC. The control circuit and the RTC counter
operate with Vcc (common to the internal circuit). Therefore, all power supplies other
than VccQ-RTC should always be turned on even if only RTC operates.

3. Vce-PLL1/Vee-PLL2 must be supplied even if the on-chip CPG is not used.

4. VceQ (3.3 V), Vee (1.5V), VssQ, and Vss must be connected to the system power
supply (for uninterrupted supply).

5. When power-on reset is executed, reserved condition is selected. Therefore, rewriting
by setting PETCR register in PFC module is mandatory.
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1.3.2 Pin Functions

Table 1.2 lists the pin functions.

Table1.2

Classification

Pin Functions

Symbol

I/10

Name

Function

Power supply

Vce

Power supply

Power supply for the internal LSI
and ports for the system. Connect
all Vcc pins to the system power
supply. There will be no operation
if any pins are open.

Vss

Ground

Ground pin. Connect all Vss pins
to the system power supply (0 V).
There will be no operation if any
pins are open.

VeeQ

Power supply

Power supply for I/0O pins. Connect
all VccQ pins to the system power
supply. There will be no operation

if any pins are open.

VssQ

Ground

Ground pin. Connect all VssQ pins
to the system power supply (0 V).
There will be no operation if any
pins are open.

Clock

Vce-PLLA

PLL1 power
supply

Power supply for the on-chip PLL1
oscillator.

Vss-PLL1

PLL1 ground

Ground pin for the on-chip PLL1
oscillator.

Vce-PLL2

PLL2 power
supply

Power supply for the on-chip PLL2
oscillator.

Vss-PLL2

PLL2 ground

Ground pin for the on-chip PLL2
oscillator.

EXTAL

External clock

For connection to a crystal
resonator. This pin can be also
used for external clock input. For
examples of crystal resonator
connection and external clock
input, see section 11, On-Chip
Oscillation Circuits.

RENESAS
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Classification ~ Symbol

110

Name

Function

Clock XTAL

Crystal

For connection to a crystal
resonator. For examples of crystal
resonator connection and external
clock input, see section 11, On-
Chip Oscillation Circuits.

CKIO

I/0

System clock

Supplies the system clock to
external devices. This pin can be
also used for external clock input.

CKIO2

System clock

Supplies the system clock to
external devices.

Operating mode MDS5 to MDO

control

Mode set

These pins set the operating
mode. Do not change values on
these pins during operation.

MD2 to MDO set the clock mode,
MD4 and MDS3 set the bus-width
mode of area 0, and MD5 sets the
endian.

System control RESETP

Power-on reset

When low, the system enters the
power-on reset state.

RESETM

Manual reset

When low, the system enters the
manual reset state.

STATUSH
STATUSO

Status output

Indicates that this LSl is in
software standby mode, reset, or
sleep.

Bus request

Low when an external device
requests the release of the bus
mastership.

Bus request
acknowledge

Indicates that the bus mastership
has been released to an external
device. Reception of the BACK
signal informs the device which
has output the BREQ signal that it
has acquired the bus mastership.

Rev.1.50 Aug. 30, 2006 Page 20 of 860

REJ09B0288-0150

RENESAS



Section 1 Overview and Pin Function

Classification  Symbol I/0 Name Function
Interrupts NMI | Non-maskable  Non-maskable interrupt request
interrupt pin. Fix to high when not in use.
IRQ5to IRQO | Interrupt Maskable interrupt request pins.
requests 510 0 Selectable as level input or edge
input. The rising edge, falling
edge, and both edges are
selectable as edges.
IRL3 to IRLO I Interrupt request 15-level interrupt request pins.
IRQOUT @) Interrupt request Indicates that the interrupt request
output is occurred.
Address bus A25 to AO (0] Address bus Outputs addresses.
Data bus D31 to DO I/O Data bus 32-bit bidirectional bus.
Bus control CSo, O Chip select 0,  Chip-select signals for external
CS2 to CS4, 2104, 5A,5B, memory or devices.
CS5A, CS6A, 6A, 68 PCMCIA card select signal when
CSSB/CETA, PCMCIAcard  PCMCIA is used.
CS6B/CE1B,
ind) select
CE2A, CE2B
RD o] Read Indicates reading of data from
external devices.
RD/WR 0] Read/write Read/write signal
BS o] Bus start Bus-cycle start signal
WES3(BES)/ o Byte write Indicates that bits 31 to 24 of the
ICIOWR data in the external memory or
device are being written. /O write
strobe signal when PCMCIA is
used.
E2(BE2)/ o Byte write Indicates that bits 23 to 16 of the
ICIORD data in the external memory or
device are being written. I/O read
strobe signal when PCMCIA is
used.
WE1(BE1)/ o Byte write Indicates that bits 15 to 8 of the
E data in the external memory or
device are being written. Memory
write strobe signal when PCMCIA
is used.
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Classification Symbol I/0 Name Function

Bus control WEO(BEO) O Byte write Indicates that bits 7 to O of the data
in the external memory or device are
being written.

RAS 0] RAS Connects RAS pin during access to
the SDRAM.

CAS @) CAS Connects CAS pin during access to
the SDRAM.

CKE 0] CK enable Connects CKE pin during access to
the SDRAM.

10IS16 16-bit I/0 Indicates 16-bit I/O for PCMCIA.

selection

DQMUU 0] DQM Selects D31 to D24 during access to
the SDRAM.

DQMUL o DQM Selects D23 to D16 during access to
the SDRAM.

DQMLU o DQM Selects D15 to D8 during access to
the SDRAM.

DQMLL 0] DQM Selects D7 to DO during access to
the SDRAM.

REFOUT 0] Refresh request Outputs the refresh request in

output master mode or bus release.

WAIT Wait Inserts a wait cycle into the bus
cycles during access to the external
space.

Direct memory DREQQO, DMA-transfer Input pin for external requests for
access controller DREQ1 request DMA transfer.
(DMAC) DACKQO, O DMA-transfer Output pin for request acceptance,

DACK1 request accept  in response to external requests for
DMA transfer.

TENDO, 0] DMA-transfer Output pin for DMA transfer end

TEND1 end output signal.
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Classification Symbol I/0 Name Function

User debugging TCK | Test clock Test-clock input pin.

interface (H-UDI) TMS | Test mode Inputs the test-mode select signal.
select

TDI Test data input  Serial input pin for instructions

and data.

TDO 0] Test data output Serial output pin for instructions

and data.

TRST | Test reset Initializing signal input pin.

Advanced user  AUDATAS to (0] AUD data Data output pin in AUD trace
debugger (AUD) AUDATAO mode.

AUDCK o AUD clock Synchronous-clock output pin in

AUD trace mode.

AUDSYNC (0] AUD Data start-position acknowledge-
synchronous signal output pin in AUD trace
signal mode.

E10A interface n ASEBRKAK (0] Break mode Indicates that the E10A emulator
acknowledge has entered its break mode.
For the connection with the E10A,
see the SH7712 E10A Emulator
User's Manual (tentative title).

ASEMDO | ASE mode Sets the ASE mode.

Realtime clock  VccQ-RTC | RTC oscillator  Power supply pin for the on-chip
(RTC) power supply RTC

VssQ-RTC | RTC oscillator ~ Ground pin for the on-chip RTC
ground

EXTAL2 | RTC external Clock input pin for the on-chip
clock RTC clock (32.768 MHz). For a

connection example, refer to
section 15, Realtime Clock (RTC).

XTAL2 (0] RTC crystal Clock output pin for the on-chip

RTC clock (32.768 MHz). For a
connection example, refer to
section 15, Realtime Clock (RTC).
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Classification Symbol 110 Name Function
Ethernet CRSO0 | MAC carrier Carrier detection pin. For a
controller detection connection example, refer to
(EtherC) section 18, Ethernet Controller
(EtherC).
COLo | MAC collision  Collision detection pin. For a
detection connection example, refer to
section 18, Ethernet Controller
(EtherC).
ETXDO03 to (0] MAC transmit  4-bit transmit data pins. For a
ETXDO0O data connection example, refer to
section 18, Ethernet Controller
(EtherC).
TX-ENO (0] MAC transmit  This pin indicates that transmit
enable data is ready on ETXDO3 to
ETXDO0O0. For a connection
example, refer to section 18,
Ethernet Controller (EtherC).
TX-CLKO | MAC transmit  Timing reference pin (clock) for
clock TX-ENO, TX-ERO and ETXDO03 to
ETXDO0O0. For a connection
example, refer to section 18,
Ethernet Controller (EtherC).
TX-ERO (0] MAC transmit ~ This pin notifies an error during
error transmission to the PHY-LSI. For
a connection example, refer to
section 18, Ethernet Controller
(EtherC).
RX-ERO | MAC receive This pin notifies an error during
error data reception. For a connection
example, refer to section 18,
Ethernet Controller (EtherC).
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Classification Symbol 1/0 Name Function

Ethernet RX-CLKO | MAC receive Timing reference pin (clock) for

controller clock RX-DV0, RX-ERO, and ERXDO03

(EtherC) to ERXDO0O. For a connection
example, refer to section 18,
Ethernet Controller (EtherC).

RX-DVO | MAC receive This pin indicates that valid

data valid receive data is on ERXDO3 to
ERXDOO0. For a connection
example, refer to section 18,
Ethernet Controller (EtherC).
ERXDO0S3 to | MAC receive 4-bit receive data pins. For a
ERXDOO data connection example, refer to
section 18, Ethernet Controller
(EtherC).

MDCO (0] MAC Reference clock pin for
management information transfer via MDIO. For
data clock a connection example, refer to

section 18, Ethernet Controller
(EtherC).

MDIOO I/0 MAC Bidirectional pin for exchanging
management management information. For a
data I/0 connection example, refer to

section 18, Ethernet Controller
(EtherC).

WOLO (0] MAC Wake-On- This pin indicates that a Magic
LAN Packet has been received.

LNKSTAO | MAC link status Link state input pin from the PHY-

LSI

EXOUTO (0] MAC general-  External output pin
purpose
external output

ARBUSY o] Bus release This pin outputs a bus release
request request when the amount of data

in the receive FIFO reaches the
threshold.
Serial CTSH, | SCIF1/0 Modem control pins
communication CTSO transmission
interface with clear
FIFO (SCIF1/0) - Rysy, 0 SCIF1/0 Modem control pins
RTSO transmit request
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Classification Symbol I/0 Name Function
Serial RXD1, | SCIF1/0 receive Receive data pins
communication RXDO data
';Itlfga(csec"l"F't:‘/o) TXD1, o SCIF1/0 Transmit data pins
TXDO transmit data
SCIF1CK, I/0 SCIF1/0 serial  Clock I/O pins
SCIFOCK clock
Serial I/0 with SCK_SIO1, 1/10 SIOF1/0 Transmit/receive communication
FIFO (SIOF1/0) SCK_SIO0 communication clock 1/O pins
clock
SIOMCLK1, | SIOF1/0 clock  Master-clock input pins
SIOMCLK 0 input
RXD_SIO1, | SIOF1/0 receive Receive data pins
RXD_SIO0 data
TXD_SIOf, (0] SIOF1/0 Transmit data pins
TXD_SIO0 transmit data
SIOFSYNC1, I/0 SIOF1/0 Frame Transmit/receive frame-
SIOFSYNCO synchronous synchronous-signal 1/O pins
signal
I/O port PTA7 to PTAO I/O General 8-bit general-purpose I/O port pins
purpose /O port
A
PTB7 to PTBO I/O General 8-bit general-purpose I/O port pins
purpose /O port
B
PTC7 to PTCO 1/O General 8-bit general-purpose 1/O port pins
purpose /O port
C
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Section 2 CPU

2.1 Processing States and Processing M odes

211 Processing States

This LSI supports four types of processing states: a reset state, an exception handling state, a
program execution state, and a low-power consumption state, according to the CPU processing
states.

Reset State: In the reset state, the CPU is reset. The LSI supports two types of resets: power-on
reset and manual reset. For details on resets, refer to section 4, Exception Handling.

In power-on reset, the registers and internal statuses of all LSI on-chip modules are initialized. In
manual reset, the register contents of a part of the LSI on-chip modules, such as the bus state
controller (BSC), are retained. For details, refer to section 23, List of Registers. The CPU internal
statuses and registers are initialized both in power-on reset and manual reset. After initialization,
the program branches to address H'AO000000 to pass control to the reset processing program to be
executed.

Exception Handling State: In the exception handling state, the CPU processing flow is changed
temporarily by a general exception or interrupt exception processing. The program counter (PC)
and status register (SR) are saved in the save program counter (SPC) and save status register
(SSR), respectively. The program branches to an address obtained by adding a vector offset to the
vector base register (VBR) and passes control to the exception processing program defined by the
user to be executed. For details on reset, refer to section 4, Exception Handling.

Program Execution State: The CPU executes programs sequentially.

L ow-Power Consumption State: The CPU stops operation to reduce power consumption. The
low-power consumption state can be entered by executing the SLEEP instruction. For details on
the low-power consumption state, refer to section 10, Power-Down Modes.

Figure 2.1 shows a status transition diagram.
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212 Processing M odes

This LSI supports two processing modes: user mode and privileged mode. These processing
modes can be determined by the processing mode bit (MD) of the status register (SR). If the MD
bit is cleared to 0, the user mode is selected. If the MD bit is set to 1, the privileged mode is
selected. The CPU enters the privileged mode by a transition to reset state or exception handling
state. In the privileged mode, any registers and resources in address spaces can be accessed.

Clearing the MD bit of the SR to O puts the CPU in the user mode. In the user mode, some of the
registers, including SR, and some of the address spaces cannot be accessed by the user program
and system control instructions cannot be executed. This function effectively protects the system
resources from the user program. To change the processing mode from user to privileged mode, a
transition to exception handling state is required*.

Note: * To call a service routine used in privileged mode from user mode, the LSI supports an
unconditional trap instruction (TRAPA). When a transition from user mode to
privileged mode occurs, the contents of the SR and PC are saved. A program execution
in user mode can be resumed by restoring the contents of the SR and PC. To return
from an exception processing program, the LSI supports an RTE instruction.

(From any states)
Power-on reset
Manual reset

Reset processing

routine starts

Reset state Program execution state

Exception
handling
Multiple routine starts

exceptions

SLEEP instruction

An exception
is accepted

Low-power
consumption state

Exception handling state

An exception
is accepted

Figure2.1 Processing State Transitions
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2.2 Memory Map

221 L ogical Address Space

The LSI supports 32-bit logical addresses and accesses system resources using the 4-Gbytes of
logical address space. User programs and data are accessed from the logical address space. The
logical address space is divided into several areas as shown in table 2.1.

PO/UO Area: This area is called the PO area when the CPU is in privileged mode and the U0 area
when in user mode. For the PO and UQ areas, access using the cache is enabled. The PO and U0
areas are handled as address translatable areas.

If the cache is enabled, access to the PO or UO area is cached. If a PO or UO address is specified
while the address translation unit is enabled, the PO or UO address is translated into a physical
address based on translation information defined by the user.

If the CPU is in user mode, only the UQ area can be accessed. If P1, P2, P3, or P4 is accessed in
user mode, a transition to an address error exception occurs.

P1 Area: The P1 area is defined as a cacheable but non-address translatable area. Normally,
programs executed at high speed in privileged mode, such as exception processing handlers, which
are at the core of the operating system (S), are assigned to the P1 area.

P2 Area: The P2 area is defined as a non-cacheable but non-address translatable area. A reset
processing program to be called from the reset state is described at the start address (H'A0000000)
of the P2 area. Normally, programs such as system initialization routines and OS initiation
programs are assigned to the P2 area. To access a part of an on-chip I/O, its corresponding
program should be assigned to the P2 area.

P3 Area: The P3 area is defined as a cacheable and address translatable area. This area is used if
an address translation is required for a privileged program.

P4 Area: The P4 area is defined as a control area which is non-cacheable and non-address
translatable. This area can be accessed only in privileged mode. A part of the LSI's on-chip I/O is
assigned to this area.
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Table2.1 Logical Address Space

Address Range Name Mode Description
H'00000000to  PO/UO Privileged/user mode 2-Gbyte physical space, cacheable, address
H'7FFFFFFF translatable
In user mode, only this address space can be
accessed.
H'80000000to  P1 Privileged mode 0.5-Gbyte physical space, cacheable
H'9FFFFFFF
H'A0000000to P2 Privileged mode 0.5-Gbyte physical space, non-cacheable
H'BFFFFFFF
H'C0000000to P3 Privileged mode 0.5-Gbyte physical space, cacheable, address
H'DFFFFFFF translatable
H'E0000000to P4 Privileged mode 0.5-Gbyte control space, non-cacheable
H'FFFFFFFF

222 External Memory Space

The LSI uses 29 bits of the 32-bit logical address to access external memory. In this case, 0.5-
Gbyte of external memory space can be accessed. The external memory space is managed in area
units. Different types of memory can be connected to each area, as shown in figure 2.2. For
details, please refer to section 12, Bus State Controller (BSC).

In addition, area 1 in the external memory space is used as an on-chip I/O space where most of
this LSI’s on-chip I/Os are mapped. *'

Normally, the upper three bits of the 32-bit logical address are masked and the lower 29 bits are
used for external memory addresses.*” For example, address H'00000100 in the PO area, address
H'80000100 in the P1 area, address H'AOOO0100 in the P2 area, and address H'C0000100 in the P3
area of the logical address space are mapped into address H’00000100 of area O in the external
memory space. The P4 area in the logical address space is not mapped into the external memory
address. If an address in the P4 area is accessed, an external memory cannot be accessed.

Notes: 1. To access an on-chip I/O mapped into area 1 in the external memory space, access the
address from the P2 area which is not cached in the logical address space.
2. If the address translation unit is enabled, arbitrary mapping in page units can be
specified. For details, refer to section 5, Memory Management Unit (MMU).
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External memory space
H'0000 0000 - - H'0000 0000
Area 0
Area 1
Area 2
Area 3
PO Area 4
area Area 5
U0 area
Area 6
Area 7
H'8000 0000 ' X H'8000 0000
|
P1 area !
H'A000 0000 |
1
P2 area !
H'C000 0000 ! Address error
|
P3 area ;'
H'E000 0000
P4 area
HFFFF FFFF HFFFF FFFF
Privileged mode User mode

Figure2.2 Logical Addressto External Memory Space Mapping
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2.3 Register Descriptions

This LSI provides thirty-three 32-bit registers: 24 general registers, five control registers, three
system registers, and one program counter.

General Registers: This LSI incorporates 24 general registers: RO_BANKO to R7_BANKO,
RO_BANKI1 to R7_BANKI1 and R8 to R15. RO to R7 are banked. The process mode and the
register bank (RB) bit in the status register (SR) define which set of banked registers (RO_BANKO
to R7_BANKO or RO_BANKI1 to R7_BANKI) are accessed as general registers.

System Registers: This LSI incorporates the multiply and accumulate registers (MACH/MACL)
and procedure register (PR) as system registers. These registers can be accessed regardless of the
processing mode.

Program Counter: The program counter stores the value obtained by adding 4 to the current
instruction address.

Control Registers: This LSI incorporates the status register (SR), global base register (GBR),
save status register (SSR), save program counter (SPC), and vector base register as control
register. Only the GBR can be accessed in user mode. Control registers other than the GBR can be
accessed only in privileged mode.

Table 2.2 shows the register values after reset. Figure 2.3 shows the register configurations in each
process mode.
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Table2.2 Register Initial Values

Register Type

Registers

Initial Values*

General registers RO_BANKO to R7_BANKO, Undefined
RO_BANK1 to R7_BANK1,
R8 to R15
System registers MACH, MACL, PR Undefined
Program counter PC H'A0000000
Control registers SR MD bit = 1, RB bit = 1, BL bit = 1, I3 to 10 bits
=H'F (1111), reserved bits = all 0, other bits
= undefined
GBR, SSR, SPC Undefined
VBR H'00000000

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

Rev.1.50 Aug. 30, 2006 Page 33 of 860

RENESAS

REJ09B0288-0150



Section2 CPU
31 31 31 0
RO_BANKO" 2 RO_BANK1"1:*3 RO_BANKO"*4
R1_BANK0™ R1_BANK1™3 R1_BANKO™
R2_BANK0™2 R2_BANK1™3 R2_BANKO™
R3_BANK0™2 R3_BANK1™3 R3_BANKO0™
R4_BANKO0™2 R4_BANK13 R4_BANKO™
R5_BANKO0™2 R5_BANK1™3 R5_BANKO™
R6_BANKO0™2 R6_BANK1™3 R6_BANKO™
R7_BANK0™ R7_BANK1™3 R7_BANKO™
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
| SR SR SR
SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
| PC PC PC
SPC SPC
RO_BANKO" " RO_BANK1"1:"3
R1_BANKO™ R1_BANK1™3
R2_BANKO™ R2_BANK1™3
R3_BANKO™ R3_BANK1™3
R4_BANKO™ R4_BANK13
R5_BANKO™ R5_BANK1 3
R6_BANKO™ R6_BANK1™3
R7_BANKO™ R7_BANK1™3

Notes: *1

*2
*3

*4

(a) User mode register
configuration

(b) Privileged mode register
configuration (RB = 1)

(c) Privileged mode register
configuration (RB = 0)

The RO register is used as an index register in indexed register indirect addressing mode
and indexed GBR indirect addressing mode.

Bank register
Bank register

Accessed as a general register when the RB bit is set to 1 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is cleared to 0.

Bank register

Accessed as a general register when the RB bit is cleared to 0 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is set to 1.

Figure2.3 Register Configuration in Each Processing Mode
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231 General Registers

There are twenty-four 32-bit general registers: RO_BANKO to R7_BANKO, RO_BANKI1 to
R7_BANKI, and R8 to R15. RO to R7 are banked. The process mode and the register bank (RB)
bit in the status register (SR) define which set of banked registers (RO_BANKO to R7_BANKO or
RO_BANKI1 to R7_BANKI1) are accessed as general registers. RO to R7 registers in the selected
bank are accessed as RO to R7. RO to R7 in the non-selected bank is accessed as RO_BANK to
R7_BANK by the control register load instruction (LDC) and control register store instruction
(STC).

In user mode, bank 0 is selected regardless of he RB bit value. Sixteen registers: RO_BANKO to
R7_BANKO and RS to R15 are accessed as general registers RO to R15. The RO_BANKI1 to
R7_BANKI registers in bank 1 cannot be accessed.

In privileged mode that is entered by a transition to exception handling state, the RB bit is set to 1
to select bank 1. In privileged mode, sixteen registers: RO_BANKI1 to R7_BANKI1 and R8 to R15
are accessed as general registers RO to R15. A bank is switched automatically when an exception

handling state is entered, registers RO to R7 need not be saved by the exception handling routine.

The RO_BANKO to R7_BANKO registers in bank 0 can be accessed as RO_BANK to R7_BANK
by the LDC and STC instructions.

In privileged mode, bank O can also be used as general registers by clearing the RB bit to 0. In this
case, sixteen registers: RO_BANKO to R7_BANKO and R8 to R15 are accessed as general
registers RO to R15. The RO_BANKI1 to R7_BANKI registers in bank 1 can be accessed as
RO_BANK to R7_BANK by the LDC and STC instructions.

The general registers RO to R15 are used as equivalent registers for almost all instructions. In
some instructions, the RO register is automatically used or only the RO register can be used as
source or destination registers.
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31 0
RO"""2 General Registers: Undefined after reset
R1"2
R2*2 Notes: *1 RO functions as an index register in the indexed
R3"2 register-indirect addressing mode and indexed
Ra2 GBR-indirect addressing mode. In some
- instructions, only RO can be used as the source
Rs™ or destination register.
R6™2 *2 RO-R7 are banked registers. In user mode,
R7°2 BANKO is used. In privileged mode, either
RS RO_BANKO to R7_BANKO or RO_BANK1 to
R7_BANK1 is selected by the RB bit of the SR
R9 register.
R10
R11
R12
R13
R14
R15

Figure2.4 General Registers

232 System Registers

The system registers: multiply and accumulate registers (MACH/MACL) and procedure register
(PR) as system registers can be accessed by the LDS and STS instructions.

Multiply and Accumulate Registers (MACH/MACL): The multiply and accumulate registers
(MACH/MACL) store the results of multiplication and accumulation instructions or multiplication
instructions. The MACH/MACL registers also store addition values for the multiplication and
accumulations. After reset, these registers are undefined. The MACH and MACL registers store
upper 32 bits and lower 32 bits, respectively.

Procedure Register (PR): The procedure register (PR) stores the return address for a subroutine
call using the BSR, BSRF, or JSR instruction. The return address stored in the PR register is
restored to the program counter (PC) by the RTS (return from the subroutine) instruction. After
reset, this register is undefined.
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233 Program Counter

The program counter (PC) stores the value obtained by adding 4 to the current instruction address.
There is no instruction to read the PC directly. Before an exception handling state is entered, the
PC is saved in the save program counter (SPC). Before a subroutine call is executed, the PC is
saved in the procedure register (PR). In addition, the PC can be used for PC relative addressing

mode.

Figure 2.5 shows the system register and program counter configurations.

Multiply and accumulate high and low registers (MACH/MACL)

31 0
MACH
MACL
Procedure register (PR)
31 0
| o |

Program counter (PC)
31 0

I PC |

Figure2.5 System Registersand Program Counter
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234 Control Registers

The control registers (SR, GBR, SSR, SPC, and VBR) can be accessed by the LDC or STC
instruction in privileged mode. The GBR register can be accessed in the user mode.

The control registers are described below.

Status Register (SR): The status register (SR) indicates the system status as shown below. The
SR register can be accessed only in privileged mode.

Initial
Bit Bit Name Value R/W Description
31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
30 MD 1 R/W Processing Mode
Indicates the CPU processing mode.
0: User mode
1: Privileged mode
The MD bit is set to 1 in reset or exception handling state.
29 RB 1 R/W Register Bank

The general registers RO to R7 are banked registers. The
RB bit selects a bank used in the privileged mode.

0: Selects bank 0 registers. In this case, RO_BANKO to
R7_BANKO and R8 to R15 are used as general
registers.

RO_BANK1 to R7_BANKT1 can be accessed by the
LDC or STR instruction.

1: Selects bank 1 registers. In this case, RO_BANK1 to
R7_BANK1 and R8 to R15 are used as general
registers.

RO_BANKO to R7_BANKO can be accessed by the
LDC or STR instruction.

The RB bit is set to 1 in reset or exception handling state.
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Initial

Bit Bit Name Value R/W Description

28 BL 1 R/W  Block
Specifies whether an exception, interrupt, or user break is
enabled or not.
0: Enables an exception, interrupt, or user break.
1: Disables an exception, interrupt, or user break.
The BL bit is set to 1 in reset or exception handling state.

27to — AllO R Reserved

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

M — R/W M Bit
Q — R/W  QBit

These bits are used by the DIV0OS, DIVOU, and DIV1
instructions. These bits can be changed even in user
mode by using the DIVOS, DIVOU, and DIV1 instructions.
These bits are undefined at reset. These bits do not
change in an exception handling state.

7to4 I3tol0 All 1 R/W  Interrupt Mask
Indicates the interrupt mask level. These bits do not
change even if an interrupt occurs. At reset, these bits are
initialized to B'1111. These bits are not affected in an
exception handling state.

3,2 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

1 S — R/W  Saturation Mode

Specifies the saturation mode for multiply instructions or
multiply and accumulate instructions. This bit can be
specified by the SETS and CLRS instructions in user
mode.

At reset, this bit is undefined. This bit is not affected in an
exception handling state.
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Initial
Bit Bit Name Value R/W Description

0 T — R/W T Bit

Indicates true or false for compare instructions or carry or
borrow occurrence for an operation instruction with carry
or borrow. This bit can be specified by the SETT and
CLRT instructions in user mode.

At reset, this bit is undefined. This bit is not affected in an
exception handling state.

Note: The M, Q, S, and T bits can be set/cleared by the user mode specific instructions. Other bits
can be read or written in privileged mode.

Save Status Register (SSR): The save status register (SSR) can be accessed only in privileged
mode. Before entering the exception, the contents of the SR register is stored in the SSR register.
At reset, the SSR initial value is undefined.

Save Program Counter (SPC): The save program counter (SPC) can be accessed only in
privileged mode. Before entering the exception, the contents of the PC is stored in the SPC. At
reset, the SPC initial value is undefined.

Global Base Register (GBR): The global base register (GBR) is referenced as a base register in
GBR indirect addressing mode. At reset, the GBR initial value is undefined.

Vector Base Register (VBR): The global base register (GBR) can be accessed only in privileged
mode. If a transition from reset state to exception handling state occurs, this register is referenced
as a base address. For details, refer to section 4, Exception Handling. At reset, the VBR is
initialized as H'00000000.

Figure 2.6 shows the control register configuration.
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Save status register (SSR)
31

| SSR |

Save program counter (SPC)
31 0
| SPC |

Global base register (GBR)
31

| GBR |

Vector base register (VBR)
31 0
| VBR |

Status register (SR)
31 0
| 0[MD[RBI[BL| 0 o[M[Q[I13 12 11 10[0[0[S]T]

Figure2.6 Control Register Configuration
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24 Data Formats

241 Register Data For mat

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

Longword |

24.2 Memory Data For mats

Memory data formats are classified into byte, word, and longword. Memory can be accessed in
byte, word, and longword. When the memory operand is only a byte (8 bits) or a word (16 bits), it
is sign-extended into a longword when loaded into a register.

An address error will occur if word data starting from an address other than 2n or longword data
starting from an address other than 4n is accessed. In such cases, the data accessed cannot be
guaranteed.

When a word or longword operand is accessed, the byte positions on the memory corresponding to
the word or longword data on the register is determined to the specified endian mode (big endian
or little endian).

Figure 2.7 shows a byte correspondence in big endian mode. In big endian mode, the MSB byte in
the register corresponds to the lowest address in the memory, and the LSB the in the register
corresponds to the highest address. For example, if the contents of the general register RO is stored
at an address indicated by the general register R1 in longword, the MSB byte of the RO is stored at
the address indicated by the R1 and the LSB byte of the R1 register is stored at the address
indicated by the (R1 +3).

The on-chip device registers assigned to memory are accessed in big endian mode. Note that the
available access size (byte, word, or long word) differs in each register.

Note: The CPU instruction codes of this LSI must be stored in word units. In big endian mode,
the instruction code must be stored from upper byte to lower byte in this order from the
word boundary of the memory.
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s 23 15 7 0
Byte position | | | |[7:0] | | | |[15:8] | [7:0] | | [31:24]| [23:16]| [15:8) | [7:0l |

B?gemzor:gi&” |[7:o1 | | | | |[15:s] |[7:O] | | | | [31:24]| [23:1e]| [15:8] | [7:0] |

@(R1+0) @(R1+1) @(R142) @(R1+3) @(R1+0) @(R1+1) @(R1+2) @(R1+3)  @(R1+0) @(R1+1) @(R1+2) @(R1+3)

(a) Byte access (b) Word access (c) Longword access
Example: MOV.B RO, @R1 Example: MOV.W RO, @R1 Example: MOV.L RO, @R1
(R1 = Address 4n) (R1 = Address 4n) (R1 = Address 4n)

Figure2.7 DataFormat on Memory (Big Endian M ode)

The little endian mode can also be specified as data format. Either big-endian or little-endian
mode can be selected according to the external pin (MDS5) at a power-on reset. When MDS is low
at reset, the processor operates in big-endian mode. When MDJS is high at reset, the processor
operates in little-endian mode. The endian mode cannot be modified dynamically.

In little endian mode, the MSB byte in the register corresponds to the highest address in the
memory, and the LSB the in the register corresponds to the lowest address (figure 2.8). For
example, if the contents of the general register RO is stored at an address indicated by the general
register R1 in longword, the MSB byte of the RO is stored at the address indicated by the (R1+3)
and the LSB byte of the R1 register is stored at the address indicated by the R1.

If the little endian mode is selected, the on-chip memory are accessed in little endian mode.
However, the on-chip device registers assigned to memory are accessed in big endian mode. Note
that the available access size (byte, word, or long word) differs in each register.

Note: The CPU instruction codes of this LSI must be stored in word units. In little endian mode,
the instruction code must be stored from lower byte to upper byte in this order from the
word boundary of the memory.

R 23 15 7 0
Byte position | | | |[7;o1 | | | |[15:8] | [7:0] | | [31:24] | [23:1e]| [15:8] | [7:0] |
Biyr:emfrf]gig/” | | | | [7:0] | | | |[15:8] | [7:0] | | [31:24] | [23:16] | [15:8] | [7:0] |

@(R1+3) @(R1+2) @(R1+1) @(R1+0) @(R1+3) @(R1+2) @(R1+1) @(R1+0)  @(R1+3) @(R1+2) @(R1+1) @(R1+0)

(a) Byte access (b) Word access (c) Longword access
Example: MOV.B RO, @R1 Example: MOV.W RO, @R1 Example: MOV.L RO, @R1
(R1 = Address 4n) (R1 = Address 4n) (R1 = Address 4n)

Figure2.8 Data Format on Memory (Little Endian Mode)
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Note: When the external memory is accessed through the E-DMAC module, big endian is
supported, but little endian is not supported. Therefore, if the external memory is accessed
through the E-DMAC module in little endian mode, data format should be converted from
big endian mode to little endian mode through software.

25 Features of CPU Corelnstructions

251 Instruction Execution Method

Instruction Length: All instructions have a fixed length of 16 bits and are executed in the
sequential pipeline. In the sequential pipeline, almost all instructions can be executed in one cycle.
All data items are handles in longword (32 bits). Memory can be accessed in byte, word, or
longword. In this case, Memory byte or word data is sign-extended and operated on as longword
data. Immediate data is sign-extended to longword size for arithmetic operations (MOV, ADD,
and CMP/EQ instructions) or zero-extended to longword size for logical operations (TST, AND,
OR, and XOR instructions).

L oad/Store Ar chitectur e Basic operations are executed between registers. In operations
involving memory, data is first loaded into a register (load/store architecture). However, bit
manipulation instructions such as AND are executed directly on memory.

Delayed Branching: Unconditional branch instructions are executed as delayed branches. With a
delayed branch instruction, the branch is made after execution of the instruction (called the slot
instruction) immediately following the delayed branch instruction. This minimizes disruption of
the pipeline when a branch is made.

This LSI supports two types of conditional branch instructions: delayed branch instruction or
normal branch instruction.

Example: BRA TARGET

ADD R1, RO ; ADD is executed before branching to the TARGET

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

Example: ADD #1, RO ; The T bit cannot be modified by the ADD instruction
CMP/EQ #0, RO ; The T bit is set to 1 if RO is 0.

BT Target ; Branch to TARGET if the T bit is set to 1 (R0=0).
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Literal Constant: Byte literal constant is placed inside the instruction code as immediate data.
Since the instruction length is fixed to 16 bits, word and longword literal constant is not placed
inside the instruction code, but in a table in memory. The table in memory is referenced with a
MOV instruction using PC-relative addressing mode with displacement.

Example: MOV.W @(disp, PC)

Absolute Addresses: When data is referenced by absolute address, the absolute address value is
placed in a table in memory beforehand as well as word or longword literal constant. Using the
method whereby immediate data is loaded when an instruction is executed, this value is
transferred to a register and the data is referenced using register indirect addressing mode.

16-Bit/32-Bit Displacement: When data is referenced with a 16- or 32-bit displacement, the
displacement value is placed in a table in memory beforehand. Using the method whereby word or
longword immediate data is loaded when an instruction is executed, this value is transferred to a
register and the data is referenced using indexed register indirect addressing mode.

252 CPU Instruction Addressing M odes

The following table shows addressing modes and effective address calculation methods for
instructions executed by the CPU core.

Table2.3 Addressing Modes and Effective Addressesfor CPU Instructions

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —

direct (Operand is register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

indirect l - r — |

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

indirect with A constant is added to Rn after instruction

After instruction

post-increment execution: 1 for a byte operand, 2 for a execution

word operand, 4 for a longword operand.
Byte:Rn+1 — Rn

Word: Rn +2 — Rn

Rn |

Longword: Rn + 4 —
Rn
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Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Register @-Rn Effective address is register Rn Byte: Rn—1 — Rn
indirect with contents, decremented by a constant Word: Rn -2 — Rn
pre-decrement beforehand: 1 for a byte operand, 2 for a

word operand, 4 for a longword Longword: Rn — 4 — Rn

operand. (Instruction executed with

Rn after calculation)

Register @(disp:4, Effective address is register Rn contents  Byte: Rn + disp
iqdirect with Rn) wjth fl-bit displacement. d_isp adQeq. After Word: Rn + disp x 2
displacement disp is zero-extended, it is multiplied by _

1 (byte), 2 (word), or 4 (longword), Longword: Rn + disp x 4

according to the operand size.

Rn
disp
+ disp x 1/2/4

(zero-extended)
Indexed @ (RO, Rn) Effective address is sum of register Rn Rn + RO
register indirect and RO contents.

©

[ R0 ]
GBR indirect @(disp:8, Effective address is register GBR Byte: GBR + disp
W.Ith GBR) contents with s-blt. displacement dlsp . Word: GBR + disp x 2
displacement added. After disp is zero-extended, it is

multiplied by 1 (byte), 2 (word), or 4
(longword), according to the operand
size.

GBR
+ disp x 1/2/4

(Zero-extended)

Longword: GBR + disp x
4
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Indexed GBR  @(RO, Effective address is sum of register GBR GBR + RO

indirect GBR)

and RO contents.

GBR + RO

PC-relative with @(disp:8,
displacement  PC)

Effective address is PC with 8-bit Word: PC + disp x 2
displacement disp added. After disp is Longword:
zero-extended, it is multiplied by 2 (word) PC&HFFFFFFFC +

or 4 (longword), according to the operand
size. With a longword operand, the lower 2
bits of PC are masked.

disp x 4

PC + disp x 2
or
PC &
H'FFFFFFFC

+ disp x 4

HFFFFFFFC

disp

(zero-extended)

*: With longword operand

PC-relative disp:8

Effective address is PC with 8-bit PC + disp x 2
displacement disp added after being sign-
extended and multiplied by 2.

PC +disp x 2

disp:12

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

disp

PC + disp x 2

(sign-extended)
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative Rn Effective address is sum of PC and Rn. PC + Rn

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 addressing modes with displacement (disp) as shown below, the assembler description
in this manual indicates the value before it is scaled (x 1, x2, or x4) according to the
operand size to clarify the LS| operation. For details on assembler description, refer to the
description rules in each assembler.

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

@ (disp:8, GBR) ; GBR indirect with displacement
@ (disp:8, PC) ; PC relative with displacement

disp:8, disp ; PC relative

253 CPU Instruction Formats

Table 2.4 shows the instruction formats, and the meaning of the source and destination operands,
for instructions executed by the CPU core. The meaning of the operands depends on the
instruction code. The following symbols are used in the table.

xxxx: Instruction code
mmmm: Source register
nnnn: Destination register
iiii:  Immediate data

dddd: Displacement
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Table2.4 CPU Instruction Formats

Source Destination
Instruction Format Operand Operand Sample Instruction
0 type — — NOP
15 0
n type — nnnn: register MOVT Rn
15 0 direct
Control register or nnnn: register STS MACH,Rn
system register direct
Control register or nnnn: pre- STC.L SR,@-Rn
system register decrement register
indirect
m type mmmm: register ~ Control register or LDC Rm,SR
15 0 direct system register
mmmm: post- Control register or LDC.L @Rm+,SR
increment register system register
indirect
mmmm: register ~— JMP @Rm
indirect
PC-relative using — BRAF Rm
Rm
nm type mmmm: register nnnn: register ADD Rm,Rn
15 0 direct direct
[ e e

mmmm: register
indirect

nnnn: register
indirect

MOV.L Rm,@Rn

mmmm: post-
increment register
indirect (multiply-
and-accumulate
operation)

nnnn: * post-
increment register
indirect (multiply-
and-accumulate
operation)

MACH, MACL

MAC.W @Rm+,@Rn+
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Source Destination
Instruction Format Operand Operand Sample Instruction
nm type mmmm: post- nnnn: register MOV.L @Rm+,Rn
increment register direct
indirect
mmmm: register  nnnn: pre- MOV.L Rm,@-Rn
direct decrement register
indirect
mmmm: register  nnnn: indexed MOV.L Rm,@(R0,Rn)
direct register indirect
md type mmmmdddd: RO (register direct) MOV.B @ (disp,Rm),R0
15 0 register indirect
dddd with displacement
nd4 type RO (register direct) nnnndddd: MOV.B RO, @ (disp,Rn)
15 0 register indirect
dddd with displacement
nmd type mmmm: register  nnnndddd: MOV.L Rm, @ (disp,Rn)
15 0 direct register indirect
[ 000 | i ] with displacement

mmmmdddd: nnnn: register
register indirect direct
with displacement

MOV.L @ (disp,Rm),Rn

d type dddddddd: GBR RO (register direct) MOV.L @ (disp,GBR),R0
15 0 indirect with
displacement
RO (register direct) dddddddd: GBR MOV.L RO, @ (disp,GBR)
indirect with
displacement
dddddddd: RO (register direct) MOVA @ (disp,PC),R0

PC-relative with
displacement

dddddddd: — BF label
PC-relative
d12 type dddddddddddd: — BRA label
15 0 PC-relative (label=disp+PC)
nd8 type dddddddd: PC- nnnn: register MOV.L @ (disp,PC),Rn
15 0 relative with direct
displacement
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Source Destination
Instruction Format Operand Operand Sample Instruction
i type iiiiiiii: immediate Indexed GBR AND.B
15 0 indirect #imm, @ (R0,GBR)
I K
iiiiiiii: immediate RO (register directy AND  #imm,R0
iiiiiiii: immediate — TRAPA #imm
ni type iiiiiiii: immediate nnnn: register ADD  #imm,Rn
15 0 direct
[ i1

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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2.6 Instruction Set

2.6.1 CPU Instruction Set Based on Functions

The CPU instruction set consists of 68 basic instruction types divided into six functional groups,
as shown in table 2.5. Tables 2.6 to 2.11 show the instruction notation, machine code, execution

time, and function.

Table25 CPU Instruction Types

Kinds of Number of
Type Instruction Op Code Function Instructions
Data transfer 5 MOV Data transfer 39
instructions Immediate data transfer
Peripheral module data transfer
Structure data transfer
MOVA Effective address transfer
MOVT T bit transfer
SWAP Upper/lower swap
XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
pperatign ADDC Binary addition with carry
instructions
ADDV Binary addition with overflow check
CMP/cond  Comparison
DIV1 Division
DIVOS Signed division initialization
DIVoU Unsigned division initialization
DMULS Signed double-precision multiplication
DMULU Unsigned double-precision
multiplication
DT Decrement and test
EXTS Sign extension
EXTU Zero extension
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Kinds of Number of
Type Instruction Op Code Function Instructions
Arithmetic 21 MAC Multiply-and-accumulate, double- 33
operation precision multiply-and-accumulate
instructions MUL Double-precision multiplication
(32 x 32 bits)

MULS Signed multiplication (16 x 16 bits)

MULU Unsigned multiplication (16 x 16 bits)

NEG Sign inversion

NEGC Sign inversion with borrow

SuUB Binary subtraction

SUBC Binary subtraction with carry

SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
operation NOT Bit inversion
instructions

OR Logical OR

TAS Memory test and bit setting

TST Logical AND and T bit setting

XOR Exclusive logical OR
Shift 12 ROTL 1-bit left shift 16
instructions ROTR 1-bit right shift

ROTCL 1-bit left shift with T bit

ROTCR 1-bit right shift with T bit

SHAL Arithmetic 1-bit left shift

SHAR Arithmetic 1-bit right shift

SHLL Logical 1-bit left shift

SHLLn Logical n-bit left shift

SHLR Logical 1-bit right shift

SHLRn Logical n-bit right shift

SHAD Arithmetic dynamic shift

SHLD Logical dynamic shift
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Kinds of Number of

Type Instruction Op Code Function Instructions
Branch 9 BF Conditional branch, delayed 11
instructions conditional 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
instructions

CLRS S bit clear

LDC Load into control register

LDS Load into system register

LDTLB PTEH/PTEL load into TLB

NOP No operation

PREF Data prefetch to cache

RTE Return from exception handling

SETS S bit setting

SETT T bit setting

SLEEP Transition to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling
Total: 68 188

The instruction code, operation, and number of execution states of the CPU instructions are shown
in the following tables, classified by instruction type, using the format shown below.
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Execution
Instruction Instruction Code Operation Privilege states T Bit
Indicated by mnemonic. Indicated in MSB <> Indicates summary of Indicatesa  Value Value of T
LSB order. operation. privileged whenno  bit after
instruction.  wait states instruction
are is
inserted*' ted
Explanation of Symbols Explanation of Symbols Explanation of Symbols inserte execute
Explanati
OP.Sz SRC, DEST mmmm: Source register —, < Transfer direction n)c()Ff) anatio
g: gigzratlon code nnnn: Destination register  (xx):  Memory operand Symbols
. 0000: RO
SRC: Source 0001: R1 M/Q/T: Flag bits in SR —: No
DEST: Destination ) change
""""" &: Logical AND of each bit
Rm: Source register 1111: R15

Rn:  Destination register

iiii: Immediate data

| Logical OR of each bit

A Exclusive logical OR of

imm: Immediate data dddd: Displacement* each bit
disp: Displacement ~:  Logical NOT of each bit
<<n: n-bit left shift
>>n: n-bit right shift
Notes: 1. The table shows the minimum number of execution states. In practice, the number of

instruction execution states will be increased in cases such as the following:
a. When there is a conflict between an instruction fetch and a data access

b. When the destination register of a load instruction (memory — register) is also used
by the following instruction

2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
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Table2.6 DataTransfer Instructions
Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
MOV #imm,Rn 1110nnnniiiiiiii Imm — Sign extension - Rn  — 1 —
MOV.W @(disp,PC),Rn 1001nnnndddddddd (disp x 2+PC)—Sign extension — 1 —
—Rn
MOV.L @(disp,PC),Rn 1101nnnndddddddd (disp x 4+PC)—Rn — 1 —
MOV Rm,Rn 0110nnnnmmmmO0011  Rm—Rn — 1 —
MOV.B Rm,@Rn 0010nnnnmmmmO0000  Rm—(Rn) — 1 —
MOV.W Rm,@Rn 0010nnnnmmmm0001  Rm—(Rn) — 1 —
MOV.L Rm,@Rn 0010nnnnmmmm0010  Rm—(Rn) — 1 —
MOV.B  @Rm,Rn 0110nnnnmmmmO0000  (Rm)—Sign extension—Rn — 1 —
MOV.W @Rm,Rn 0110nnnnmmmm0001  (Rm)—Sign extension—Rn — 1 —
MOV.L @Rm,Rn 0110nnnnmmmm0010  (Rm)—Rn — 1 —
MOV.B Rm,@-Rn 0010nnnnmmmm0100  Rn—1—Rn, Rm—(Rn) —_ 1 —_
MOV.W Rm,@-Rn 0010nnnnmmmmo0101  Rn—-2—Rn, Rm—(Rn) — 1 —
MOV.L Rm,@-Rn 0010nnnnmmmmO0110  Rn—4—Rn, Rm—(Rn) — 1 —
MOV.B  @Rm+,Rn 0110nnnnmmmm0100  (Rm)—Sign extension—Rn, — 1 —
Rm+1—Rm
MOV.W @Rm+,Rn 0110nnnnmmmm0101  (Rm)—Sign extension—Rn, — 1 —
Rm+2—Rm
MOV.L @Rm+,Rn 0110nnnnmmmmo0110  (Rm)—Rn, Rm+4—Rm — 1 —
MOV.B RO,@(disp,Rn) 10000000nnnndddd RO—(disp+Rn) — 1 —
MOV.W RO, @(disp,Rn) 10000001nnnndddd RO—(disp x 2+Rn) — 1 —
MOV.L Rm,@(disp,Rn) 0001nnnnmmmmdddd Rm—(disp x 4+Rn) — 1 —
MOV.B @(disp,Rm),R0O 10000100mmmmdddd (disp+Rm)—Sign — 1 —
extension—R0
MOV.W @(disp,Rm),RO 10000101mmmmdddd (disp x 2+Rm)—Sign — 1 —
extension—R0
MOV.L @(disp,Rm),Rn 0101nnnnmmmmdddd (disp x 4+Rm)—Rn — 1 —
MOV.B Rm,@(RO,Rn)  0000nnnnmmmm0100 Rm—(R0+Rn) — 1 —
MOV.W Rm,@(R0O,Rn)  0000nnnnmmmm0101  Rm—(R0O+Rn) — 1 —
MOV.L Rm,@(RO,Rn) 0000nnnnmmmm0110 Rm—(R0+Rn) — 1 —
Rev.1.50 Aug. 30, 2006 Page 56 of 860
REJ09B0288-0150 RENESAS



Section2 CPU

Privileged
Instruction Instruction Code  Operation Mode Cycles T Bit
MOV.B @(R0,Rm),Rn 0000nnnnmmmm1100 (RO+Rm)—Sign — 1 —
extension—Rn
MOV.W  @(RO,Rm),Rn 0000nnnnmmmm1101  (RO+Rm)—Sign — 1 —
extension—Rn
MOV.L @(R0,Rm),Rn 0000nnnnmmmm1110  (RO+Rm)—Rn — 1 —
MOV.B RO, @ (disp,GBR) 11000000dddddddd R0—(disp+GBR) — 1 —
MOV.W  RO,@(disp,GBR) 11000001dddddddd RO—(disp x 2+GBR) — 1 —
MOV.L RO, @(disp,GBR) 11000010dddddddd RO—(disp x 4+GBR) — 1 —
MOV.B @(disp,GBR),R0 11000100dddddddd  (disp+GBR)—Sign — 1 —
extension—R0
MOV.W  @(disp,GBR),R0 11000101dddddddd (disp x 2+GBR)—Sign — 1 —
extension—R0
MOV.L @ (disp,GBR),R0 11000110dddddddd (disp x 4+GBR)—R0 — 1 —
MOVA @(disp,PC),RO  11000111dddddddd disp x 4+PC—R0 — 1 —
MOVT Rn 0000nnnNn00101001 T—Rn —_ 1 —_
SWAP.B  Rm,Rn 0110nnnnmmmm1000 Rm—Swap lowest two — 1 —
bytes—Rn
SWAP.W Rm,Rn 0110nnnnmmmm1001 Rm—Swap two consecutive — 1 —
words—Rn
XTRCT Rm,Rn 0010nnnnmmmm1101  Rm: Middle 32 bits of Rn — 1 —
—Rn
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Table2.7 Arithmetic Operation Instructions
Privileged
Instruction Instruction Code Operation Mode Cycles TBit
ADD Rm,Rn 0011nnnnmmmm1100 Rn+Rm—Rn — 1 -
ADD #imm,Rn 011 1nnnniiiiiii Rn+imm—Rn — 1 -
ADDC Rm,Rn 0011nnnnmmmm1110  Rn+Rm+T—Rn, Carry—>T — 1 Carry
ADDV Rm,Rn 0011nnnnmmmm1111  Rn+Rm—Rn, Overflow—T — 1 Overflow
CMP/EQ  #imm,RO 10001000iiiiiiii IfRO=imm,1—>T — 1 Compariso
n result
CMP/EQ Rm,Rn 0011nnnnmmmmO000 fRn=Rm,1 > T — 1 Compariso
n result
CMP/HS Rm,Rn 0011nnnnmmmmO0010  If Rn > Rm with unsigned data, — 1 Compariso
1T n result
CMP/GE Rm,Rn 0011nnnnmmmm0011  If Rn > Rm with signed data, — 1 Compariso
1T n result
CMP/HI Rm,Rn 0011nnnnmmmmo0110  If Rn > Rm with unsigned data, — 1 Compariso
1T n result
CMP/GT Rm,Rn 0011nnnnmmmmo0111  If Rn > Rm with signed data, — 1 Compariso
1T n result
CMP/PL  Rn 0100nnnNn00010101 IfRNn>0,1->T — 1 Compariso
n result
CMP/PZ Rn 0100nnnNN00010001 fRn>0,1->T — 1 Compariso
n result
CMP/STR Rm,Rn 0010nnnnmmmm1100  If Rn and Rm have an — 1 Compariso
equivalent byte, 1 > T n result
DIV1 Rm,Rn 0011nnnnmmmm0100  Single-step division (Rn/Rm) — 1 Calculation
result
DIV0OS Rm,Rn 0010nnnnmmmmoO111  MSB of Rn — Q, MSB of Rm — 1 Calculation
-M,MAQ->T result
DIVoU 0000000000011001 0 - M/QT — 1 0
DMULS.L Rm,Rn 0011nnnnmmmm1101  Signed operation of Rn x Rm — 2 (to5)* —
— MACH, MACL 32 x 32 —
64 bits
DMULU.L Rm,Rn 0011nnnnmmmmO0101  Unsigned operation of Rn x — 2 (to 5)* —

Rm — MACH, MACL 32 x 32
— 64 bits
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Privileged

Instruction Instruction Code Operation Mode Cycles TBit
DT Rn 0100nnnNN00010000 Rn-1—Rn,ifRn=0,1—>T, — 1 Comparison

else0 > T result
EXTS.B Rm,Rn 0110nnnnmmmm1110 A byte in Rm is sign-extended — 1 —

— Rn
EXTS.W  Rm,Rn 0110nnnnmmmm1111 A word in Rm is sign-extended — 1 —

— Rn
EXTU.B Rm,Rn 0110nnnnmmmm1100 A byte in Rm is zero-extended — 1 —

— Rn
EXTUW Rm,Rn 0110nnnnmmmm1101 A word in Rm is zero-extended — 1 —

— Rn
MAC.L @Rm+,  0000nnnnmmmm1111  Signed operation of (Rn) x — 2 (to 5)* —

@Rn+ (Rm) + MAC — MAC,Rn + 4

— Rn, Rm +4 — Rm,

32 x 32 + 64 — 64 bits
MAC.W @Rm+, 0100nnnnmmmm1111  Signed operation of (Rn) x — 2 (to 5)* —

@Rn+ (Rm) + MAC —» MAC,Rn + 2

— Rn, Rm + 2 - Rm,

16 x 16 + 64 — 64 bits
MUL.L Rm,Rn 0000nnnnmmmmoO111  Rn x Rm — MACL, — 2 (to5)* —

32 x 32 — 32 bits
MULS.W  Rm,Rn 0010nnnnmmmm1111  Signed operation of Rn x Rm — 1(to 3)* —

— MACL,

16 x 16 — 32 bits
MULU.W  Rm,Rn 0010nnnnmmmm1110  Unsigned operation of — 1(to 3)* —

Rn x Rm — MACL,

16 x 16 — 32 bits
NEG Rm,Rn 0110nnnnmmmm1011  0—-Rm—Rn — 1 —
NEGC Rm,Rn 0110nnnnmmmm1010  0—Rm-T—Rn, Borrow—T — 1 Borrow
SuB Rm,Rn 0011nnnnmmmm1000 Rn-Rm—Rn — 1 —
SUBC Rm,Rn 0011nnnnmmmm1010  Rn—-Rm-T—Rn, Borrow —»T — 1 Borrow
SUBV Rm,Rn 0011nnnnmmmm1011  Rn—Rm—Rn, Underflow—T — 1 Underflow
Note: * The number of execution cycles indicated within the parentheses () are required when

the operation result is read from the MACH/MACL register immediately after the
instruction.
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Table2.8 Logic Operation Instructions

Instruction Privileged
Instruction Code Operation Mode Cycles T Bit
AND Rm,Rn 0010nnnnmmmm1001 Rn & Rm — Rn — 1 —
AND #imm,R0 1100100 iiiiiiii RO & imm — RO — 1 —
AND.B  #imm,@ (RO, 1100110f1iiiiiiii (RO+GBR) & imm — — 3 —
GBR) (RO+GBR)
NOT Rm,Rn 0110nnnnmmmmO0111 "Rm — Rn —_ 1 —_
OR Rm,Rn 0010nnnnmmmm1011 Rn|Rm — Rn — 1 —
OR #imm,R0 1100101 1iiiiiiii RO | imm — RO — 1 —
OR.B  #imm,@(R0O, 1100111 iiiiiiii (RO+GBR) |imm — (RO+GBR) — 3 —
GBR)
TAS.B @Rn 0100nnnn00011011  If (Rn)is 0,1 - T; 1 —» MSB of — 4 Test result
(Rn)
TST Rm,Rn 0010nnnnmmmm1000 Rn & Rm; if the resultis 0, 1 —» — 1 Test result
T
TST #imm,RO 11001000iiiiii RO & imm; if the result is 0, 1 — 1 Test result
->T
TST.B  #imm,@(RO, 11001100iiiiiii (RO + GBR) & imm; if the result — 3 Test result
GBR) is0,1>T
XOR Rm,Rn 0010nnnnmmmm1010 Rn A Rm — Rn — 1 —
XOR #imm,R0 1100101 Qiiiiiiii RO A imm — RO — 1 —
XOR.B #imm,@ (RO, 11001110iiiiiii (RO+GBR) Aimm — (RO+GBR) — 3 —
GBR)
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Table2.9  Shift Instructions
Privileged

Instruction Instruction Code Operation Mode Cycles T Bit
ROTL Rn 0100nnNNn00000100 T«Rn«MSB — MSB
ROTR Rn 0100nnnNN00000101 LSB—Rn—>T — LSB
ROTCL Rn 0100nnNnn00100100 TRn«T — MSB
ROTCR Rn 0100nnnn00100101 T—-Rn->T — LSB
SHAD Rm, Rn 0100nnnnmmmm1100  Rm >0: Rn << Rm — Rn — —

Rm < 0: Rn >> Rm — [MSB —

Rn]
SHAL Rn 0100nnnNn00100000 T<Rn<0 — MSB
SHAR Rn 0100nNnn00100001 MSB—Rn—>T — LSB
SHLD Rm, Rn  0100nnnnmmmm1101  RBm > 0: Rn << Rm — Rn — —

Rm < 0: Rn >> Rm — [0 — Rn]
SHLL Rn 0100nnNn00000000 T<Rn<0 — MSB
SHLR Rn 0100nnnNn00000001 0—Rn—>T — LSB
SHLL2 Rn 0100nnnn00001000 Rn<<2 — Rn — —
SHLR2 Rn 0100nnNnn00001001 Rn>>2 — Rn — —
SHLL8 Rn 0100nnnNN00011000 Rn<<8 — Rn — —
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn — —
SHLL16 Rn 0100nnnn00101000 Rn<<16 — Rn — —
SHLR16 Rn 0100nnnn00101001 Rn>>16 — Rn — —

RENESAS
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Table2.10 Branch Instructions

Privileged

Instruction Instruction Code Operation Mode Cycles T Bit

BF label 10001011dddddddd If T=0, dispx2+ PC — PC; — 3/1* —
if T=1, nop

BF/S label 10001111dddddddd Delayed branch, — 2/1* —
if T=0, dispx2+ PC — PC;
if T=1, nop

BT label 10001001dddddddd If T=1, dispx2+PC — PC; — 3/1* —
if T=0, nop

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

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

BRAF Rm 0000mmmm00100011  Delayed branch,Rm + PC - PC — 2 —

BSR label 1011dddddddddddd Delayed branch, PC — PR, disp — 2 —
x2+PC —PC

BSRF Rm 0000mmmm00000011  Delayed branch, PC — PR, Rm — 2 —
+PC - PC

JMP @Rm 0100mmmm00101011  Delayed branch, Rm — PC — 2 —

JSR @Rm 0100mmmm00001011  Delayed branch, PC — PR, Rm — 2 —
— PC

RTS 0000000000001011 Delayed branch, PR — PC — 2 —

Note: * One state when the branch is not executed.
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Table2.11 System Control Instructions

Privileged
Instruction Instruction Code Operation Mode Cycles TBit
CLRMAC 0000000000101000  0—MACH,MACL — 1 —
CLRS 0000000001001000  0—S — 1 —
CLRT 0000000000001000  0—T — 1 0
LDC Rm,SR 0100mmmm00001110 Rm—SR v 6 LSB
LDC Rm,GBR 0100mmmm00011110 Rm—GBR — 4 —
LDC Rm,VBR 0100mmmm00101110 Rm—VBR v 4 —
LDC Rm,SSR 0100mmmmo0111110 Rm—SSR y 4 —
LDC Rm,SPC 0100mmmm01001110 Rm—SPC v 4 —
LDC Rm,RO_BANK 0100mmmm10001110 Rm—R0_BANK v 4 —
LDC Rm,R1_BANK 0100mmmm10011110 Rm—R1_BANK v 4 —
LDC Rm,R2_BANK 0100mmmm10101110 Rm—R2_BANK \ 4 —
LDC Rm,R3_BANK 0100mmmm10111110 Rm—R3_BANK v 4 —
LDC Rm,R4_BANK 0100mmmm11001110 Rm—R4_BANK v 4 —
LDC Rm,R5_BANK 0100mmmm11011110 Rm—R5_BANK v 4 —
LDC Rm,R6_BANK 0100mmmm11101110 Rm—R6_BANK v 4 —
LDC Rm,R7_BANK 0100mmmm11111110 Rm—R7_BANK \ 4 —
LDC.L @Rm+,SR  0100mmmmO0000111  (RmM)—SR, Rm+4—Rm N 8 LSB
LDC.L @Rm+,GBR  0100mmmm00010111  (Rm)—GBR, Rm+4—Rm — 4 —
LDC.L @Rm+,VBR  0100mmmm00100111 (Rm)—VBR, Rm+4—Rm N 4 —
LDC.L @Rm+,SSR  0100mmmm00110111  (Rm)—SSR,Rm+4—Rm N 4 —
LDC.L @Rm+,SPC  0100mmmm01000111  (Rm)—>SPC,Rm+4—Rm v 4 —
LDC.L @Rm-+, 0100mmmm10000111  (Rm)—RO_BANK,Rm+4—Rm 4 —
RO_BANK
LDC.L @Rm+, 0100mmmm10010111  (Rm)—R1_BANK,Rm+4—Rm 4 —
R1_BANK
LDC.L @Rm+, 0100mmmm10100111  (Rm)—>R2_BANK,Rm+4—Rm 4 —
R2_BANK
LDC.L @Rm+, 0100mmmm10110111  (Rm)—R3_BANK, Rm+4—>Rm 4 —
R3_BANK
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Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
LDC.L @Rm+, 0100mmmm11000111  (Rm)—>R4_BANK, Rm+4—>Rm 4 —
R4_BANK
LDC.L @Rm+, 0100mmmm11010111  (Rm)—R5_BANK, Rm+4—>Rm 4 —
R5_BANK
LDC.L @Rm+, 0100mmmm11100111  (Rm)—R6_BANK, Rm+4—Rm 4 —
R6_BANK
LDC.L @Rm+, 0100mmmm11110111  (Rm)—R7_BANK, Rm+4—>Rm 4 —
R7_BANK
LDS Rm,MACH 0100mmmm00001010 Rm—>MACH — 1 —
LDS Rm,MACL 0100mmmm00011010 Rm—MACL - 1 —
LDS Rm,PR 0100mmmm00101010 Rm—PR — 1 —
LDS.L @BRm+MACH 0100mmmm00000110 (Rm)—>MACH, Rm+4—Rm — 1 —
LDS.L @Rm+MACL 0100mmmmo00010110 (Rm)—->MACL, Rm+4—Rm — 1 —
LDS.L @Rm+,PR 0100mmmmO00100110 (Rm)—PR, Rm+4—Rm — 1 —
LDTLB 0000000000111000 PTEH/PTEL—TLB v 1 —
NOP 0000000000001001 No operation - 1 —
PREF @Rm 0000mmmm10000011  (Rm) — cache - 1 —
RTE 0000000000101011 Delayed branch, SSR — SR, 5 —
SPC - PC
SETS 0000000001011000 18 - 1 —
SETT 0000000000011000 1T — 1 1
SLEEP 0000000000011011  Sleep y 4% —
STC SR,Rn 0000nNNN00000010  SR—RN Y 1 —
STC GBR,Rn 0000nnNN00010010  GBR—RnN — 1 —
STC VBR,Rn 0000nNNNn00100010  VBR—RN v 1 —
STC SSR, Rn 0000nNNN00110010  SSR—RN y 1 —
STC SPC,Rn 0000nNNN01000010  SPC—Rn y 1 —
STC RO_BANK,Rn  0000nnnn10000010 RO_BANK—Rn v 1 —
STC R1_BANK,Rn  0000nnnn10010010 R1_BANK—Rn v 1 —
STC R2_BANK,Rn  0000nnnn10100010 R2_BANK—Rn v 1 —
STC R3_BANK,Rn  0000nnnn10110010 R3_BANK—Rn v 1 —
STC R4_BANK,Rn  0000nnnn11000010 R4_BANK—Rn \ 1 —
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit

STC R5_BANK,Rn 0000nnnn11010010  R5_BANK—Rn S 1 —

STC R6_BANK,Rn 0000nnnn11100010  R6_BANK—Rn \ 1 —

STC R7_BANK,Rn 0000nnnn11110010  R7_BANK—Rn S 1 —

STC.L SR,@-Rn 0100nNNn00000011  Rn—4—Rn, SR—(Rn) S 1 —

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

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

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

STC.L SPC,@-Rn 0100nnnNn01000011  Rn—4—Rn, SPC—(Rn) v 1 —

STC.L RO_BANK,@— 0100nnnn10000011  Rn—4—Rn, RO_BANK—(Rn) < 1 —
Rn

STC.L R1_BANK,@— 0100nnnn10010011  Rn-4—Rn, R1_BANK—(Rn) 1 —
Rn

STC.L R2_BANK,@— 0100nnnn10100011  Rn—4—Rn, R2_BANK—(Rn) 1 —
Rn

STC.L R3_BANK,@— 0100nnnn10110011  Rn-4—Rn, R3_BANK—(Rn) 1 —
Rn

STC.L R4_BANK,@— 0100nnnn11000011  Rn—4—Rn, R4_BANK—(Rn) < 1 —
Rn

STC.L R5_BANK,@— 0100nnnn11010011  Rn-4—Rn, R5_BANK—(Rn) 1 —
Rn

STC.L R6_BANK,@— 0100nnnn11100011  Rn-4—Rn, R6_BANK—(Rn) 1 —
Rn

STC.L R7_BANK,@- 0100nnnn11110011  Rn—4—Rn, R7_BANK—(Rn) 1 —
Rn

STS MACH,Rn 0000nnnn00001010 MACH—Rn — 1 —

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

STS PR,Rn 0000nnnn00101010 PR—RN — 1 —

STS.L MACH,@-Rn 0100nnnn00000010  Rn—-4—Rn, MACH—(Rn) — 1 —

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

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

TRAPA #imm 1100001 Tiiiiiii Unconditional trap exception — 8 —

occurs*

Notes: 1. Number of states before the chip enters the sleep state.

2. For detalils, refer to section 4, Exception Handling.
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26.2 Operation Code Map

Table 2.12 shows the operation code map.

Table2.12 Operation 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 OOMD 0010 STC SR, Rn STC GBR, Rn STCVBR, Rn STC SSR, Rn

0000 Rn O01MD 0010 STC SPC, Rn

0000 Rn 10MD 0010 STC RO_BANK, STC R1_BANK, STC R2_BANK, Rn STC R3_BANK, Rn
Rn Rn

0000 Rn  11MD 0010 STC R4_BANK, STC R5_BANK, STC R6_BANK, Rn STC R7_BANK, Rn
Rn Rn

0000 Rm O00MD 0011 BSRFRm BRAF Rm

0000 Rm 10MD 0011 PREF@Rm

0000 Rn Rm 01MD MOV.B Rm, MOV.W Rm, MOV.L Rm, MUL.L Rm, Rn
@(RO0, Rn) @ (RO, Rn) @ (RO, Rn)

0000 0000 OOMD 1000 CLRT SETT CLRMAC LDTLB

0000 0000 O1MD 1000 CLRS SETS

0000 0000 Fx 1001 NOP DIVoU

0000 0000 Fx 1010

0000 0000 Fx 1011 RTS SLEEP RTE

0000 Rn  Fx 1000

0000 Rn  Fx 1001 MOVT Rn

0000 Rn  Fx 1010 STS MACH,Rn  STS MACL, Rn STS PR, Rn

0000 Rn  Fx 1011

0000 Rn  Rm 11MD MOV.B MOV.W MOV.L MAC.L
@ (RO, Rm), Rn @ (RO, Rm), Rn @ (RO, Rm), Rn @Rm+,@Rn+

0001 Rn Rm disp MOV.L Rm, @(disp:4, Rn)

0010 Rn  Rm 0OMD MOV.B Rm, MOV.WRm, @Rn MOV.L Rm, @Rn
@Rn
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Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0010 Rn Rm 01MD MOV.B Rm, @-
Rn

0010 Rn Rm 10MD TST Rm, Rn
0010 Rn Rm 11MD CMP/STRRm, Rn
0011 Rn Rm 00MD CMP/EQ Rm, Rn CMP/HSRBm, Rn  CMP/GERm, Rn
0011 Rn Rm 01MD DIV1 Rm, Rn DMULU.LBRm,Rn  CMP/HIRm, Rn CMP/GT Rm, Rn
0011 Rn Rm 10MD SUB Rm, Rn SUBC Rm, Rn SUBV Rm, Rn
0011 Rn Rm 11MD ADD Rm, Rn DMULS.LBm,Rn  ADDC Rm, Rn ADDV Rm, Rn
0100 Rn Fx 0000 SHLL Rn DT Rn SHAL Rn
0100 Rn Fx 0001 SHLR Rn CMP/PZ Rn SHAR Rn
0100 Rn Fx 0010 STS.LMACH, @- STS.LMACL, @- STS.L PR, @-Rn

Rn Rn
0100 Rn OOMD 0011 STC.LSR, @-Rn STC.LGBR, @-Rn STC.L VBR, @- STC.L SSR, @-

Rn Rn

0100 Rn O01MD 0011 STC.LSPC, @-Rn
0100 Rn 10MD 0011 STC.L STC.L STC.L STC.L

RO_BANK, @-Rn R1_BANK, @-Rn R2_BANK, @-Rn R3_BANK, @-Rn
0100 Rn 11MD 0011 STC.L STC.L STC.L STC.L

R4_BANK, @-Rn R5_BANK, @-Rn R6_BANK, @-Rn R7_BANK, @-Rn
0100 Rn Fx 0100 ROTL Rn ROTCLRn
0100 Rn Fx 0101  ROTRRn CMP/PL Rn ROTCRRnN
0100 Rm Fx 0110 LDS.L LDS.L @Rm+, LDS.L @Rm+, PR

@Rm+,MACH  MACL
0100 Rm OOMD 0111 LDC.L @Rm+, SR LDC.L @Rm+, LDC.L @Rm+, LDC.L @Rm+,

GBR VBR SSR

0100 Rm O1MD 0111 LDC.L @Rm+,

SPC
0100 Rm 10MD 0111 LDC.L LDC.L LDC.L LDC.L

@Rm+, RO_BANK @Rm+, R1_BANK @Rm+, R2_BANK @Rm+, R3_BANK
0100 Rm 11MD 0111 LDC.L LDC.L LDC.L LDC.L

@Rm+, R4_BANK @Rm+, R5_BANK @Rm+, R6_BANK @Rm+, R7_BANK
0100 Rn Fx 1000 SHLL2 Rn SHLL8 Rn SHLL16Rn
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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 1001  SHLR2Rn

0100 Rm Fx 1010 LDS Rm, MACH

0100 Rm/Rn Fx 1011 JSR  @Rm

0100 Rn Rm 1100 SHAD Rm, Rn

0100 Rn Rm 1101 SHLD Rm, Rn

0100 Rm 0OMD 1110 LDC Rm, SR LDC Rm, GBR LDC Rm, VBR LDC Rm, SSR

0100 Rm 01MD 1110 LDC Rm, SPC

0100 Rm 1i0OMD 1110 LDC Rm, LDC Rm, LDC Rm, LDC Rm,
RO_BANK R1_BANK R2_BANK R3_BANK

0100 Rm 11MD 1110 LDC Rm, LDC Rm, LDC Rm, LDC Rm,
R4_BANK R5_BANK R6_BANK R7_BANK

0100 Rn Rm 1111 MAC.W @Rm+, @Rn+

0101 Rn Rm disp MOV.L @ (disp:4, Rm), Rn

0110 Rn Rm 0OMD MOV.B @Rm, MOV.W @Rm, MOV.L @Rm,Rn MOV Rm, Rn
Rn Rn

0110 Rn Rm 01MD MOV.B @Rm+, MOV.W @Rm+, MOV.L @Rm+, NOT Rm,Rn
Rn Rn Rn

0110 Rn Rm 10MD SWAP.B Rm, Rn  SWAP.WRm,Rn NEGC Rm,Rn NEG Rm,Rn

0110 Rn Rm 11MD EXTU.BRm,Rn EXTU.W Rm,Rn EXTS.BRm,Rn EXTS.WRm, Rn

0111 Rn imm ADD #imm : 8, Rn

1000 0OMD Rn disp MOV.B MOV. W
RO, @(disp: 4, RO, @(disp: 4,
Rn) Rn)

1000 01MD Rm disp MOV.B MOV.W
@(disp:4, Rm), @ (disp: 4, Rm),
RO RO

1000 10MD imm/disp CMP/EQ BT disp: 8 BF disp: 8
#imm:8, RO

1000 11MD imm/disp BT/S disp: 8 BF/Sdisp: 8

1001 Rn disp MOV.W @ (disp : 8, PC), Rn

1010 disp BRA  disp: 12

1011 disp BSR disp: 12
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Instruction Code Fx: 0000 Fx: 0001 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 11
1100 OOMD imm/disp MOV.B MOV.W TRAPA #imm: 8
RO, @ (disp: 8, RO, @(disp: 8, RO, @(disp: 8,
GBR) GBR)
1100 01MD disp MOV.B MOV.W MOVA
@(disp: 8, GBR), @(disp: 8, GBR), @(disp: 8, GBR), @(disp: 8, PC),
RO RO RO
1100 10MD imm TST #imm: 8, RO AND #imm: 8, RO XOR #imm: 8, RO OR #imm: 8, RO
1100 11MD imm TST.B AND.B OR.B
#imm: 8, @ (RO, #imm: 8, @ (RO, #imm: 8, @ (RO, #imm: 8, @ (RO,
GBR) GBR) GBR)
1101 Rn disp MOV.L @(disp: 8, PC), Rn
1110 Rn imm MOV #imm:8, Rn
Note: For details, refer to the SH-3/SH-3E/SH3-DSP Programming Manual.

RENESAS

Rev.1.50 Aug. 30, 2006 Page 69 of 860

REJ09B0288-0150



Section2 CPU

Rev.1.50 Aug. 30,2006 Page 70 of 860
REJ09B0288-0150 RENESAS



Section 3 DSP Operating Unit

Section 3 DSP Operating Unit

3.1 DSP Extended Functions

This LSI incorporates a DSP unit and X/Y memory directly connected to the DSP unit. This LSI
supports the DSP extended function instruction sets needed to control the DSP unit and X/Y
memory. The DSP extended function instructions are divided into four groups.

Extended System Control Instructionsfor the CPU: If the DSP extended function is enabled,
the following extended system control instructions can be used for the CPU.

e Repeat loop control instructions and repeat loop control register access instructions are added.
Looped programs can be executed efficiently by using the zero-overhead repeat control unit.
For details, refer to section 3.3, CPU Extended Instructions.

e Modulo addressing control instructions and control register access instructions are added.
Function allows access to data with a circular structure. For details, refer to section 3.4, DSP
Data Transfer Instructions.

e DSP unit register access instructions are added. Some of the DSP unit registers can be used in
the same way as the CPU system registers. For details, refer to section 3.4, DSP Data Transfer
Instructions.

Data Transfer Instructionsfor Data Transfers between DSP Unit Registersand On-Chip
X/Y memory: Data transfer instructions for data transfers between the DSP unit registers and on-
chip X/Y memory are called double-data transfer instructions. Instruction codes for these double-
transfer instructions are 16 bit codes as well as CPU instruction codes. These data transfer
instructions perform data transfers between the DSP unit and on-chip X/Y memory that is directly
connected to the DSP unit. These data transfer instructions can be described in combination with
other DSP unit operation instructions. For details, refer to section 3.4, DSP Data Transfer
Instructions.

Data Transfer Instructionsfor Data Transfer s between DSP Unit Registersand All Logical
Address Spaces: Data transfer instructions for data transfers between DSP unit registers and all
logical address spaces are called single-data transfer instructions. Instruction codes for the double-
transfer instructions are 16 bit codes as well as CPU instruction codes. These data transfer
instructions performs data transfers between the DSP unit registers and all logical address spaces.
For details, refer to section 3.4, DSP Data Transfer Instructions.

DSP Unit Operation Instructions: DSP unit operation instructions are called DSP data operation
instructions. These instructions are provided to execute digital signal processing operations at high
speed using the DSP. Instruction codes for these instructions are 32 bits. The DSP data operation
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instruction fields consist of two fields: field A and field B. In field A, a function for double data
transfer instructions can be descried. In field B, ALU operation instructions and multiply
instructions can be described. The instructions described in fields A and B can be executed in
parallel. A maximum of four instructions (ALU operation, multiply, and two data transfers) can be
executed in parallel. For details, refer to section 3.5, DSP Data Operation Instructions.

Notes: 1. 32-bit instruction codes are handled as two consecutive 16-bit instruction codes.
Accordingly, 32-bit instruction codes can be assigned to a word boundary. 32-bit
instruction codes must be stored in memory, upper word and lower word, in this order,
in word units.

2. Inlittle endian, the upper and lower words must be stored in memory as data to be
accessed in word units.

15 12 11 0
0000
CPU core instruction B
1110
15 10 9 0
Double-data transfer instruction | 111100 | A Field |
15 10 9 0
Single-data transfer instruction | 111101 | A Field |
31 26 25 1615 0
DSP data operation instruction | 111110 | A Field | B Field

Figure3.1 DSP Instruction Format
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3.2 DSP Mode Resour ces

321 Processing Modes

The CPU processing modes can be extended using the mode bit (MD) and DSP bit (DSP) of the
status register (SR), as shown below.

Description

Access of Resources
Protected in Privileged Mode

or Privileged Instruction DSP Extended
MD DSP Processing Mode Execution Functions
0 0 User mode Prohibited Invalid
0 1 User DSP mode Prohibited Valid
1 0 Privileged mode Allowed Invalid
1 1 Privileged DSP mode Allowed Valid

As shown above, the extension of the DSP function by the DSP bit can be specified independently
of the control by the MD bit. Note, however, that the DSP bit can be modified only in privileged
mode. Before the DSP bit is modified, a transition to privileged mode or privileged DSP mode is
necessary.

322 DSP Mode Memory Map

In DSP mode, a part of the P2 area in the logical address space can be accessed in user DSP mode.
When this area is accessed in user DSP mode, this area is referred to as a Uxy area. X/Y memory
is then assigned to this Uxy area. Accordingly, X/Y memory can also be accessed in user DSP
mode.

Table3.1 Logical Address Space

Address Range Name Protection Description
H'A5000000 to P2/Uxy  Privileged or DSP  16-Mbyte physical address space, non-
H'ASFFFFFF cacheable, non-address translatable

Can be accessed in privileged mode,
privileged DSP mode, and user DSP mode
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323 CPU Register Sets

In DSP mode, the status register (SR) in the CPU unit is extended to add control bits and three
control registers: a repeat start register (SR), repeat end register (RE), and module register are
added as control registers.

31 30 29 28 27 16 15 14 13 .
| 0 |MD| RB| BL| RC[11:0] | 0 | 0 | 0 |DSP|DMY|DM>4 M| Q | |3| |2| x | 10 |RF1|RFO| s | T (Sstaﬂt;"s Register
31 0

| RS | Repeat Start register (RS)

31 0

| RE | Repeat End register (RE)

31 16 15 0

| ME | MS | MoDulo register (MoD)

Figure3.2 CPU Registersin DSP Mode

Extension of Status Register (SR): In DSP mode, the following control bits are added to the
status register (SR). These added bits are called DSP extension bits. These DSP extension bits are
valid only in DSP mode.

Initial

Bit Bit Name Value R/W Description

311028 — — — For details, refer to section 2, CPU.

27t016 RC11to AllO R/W  Repeat Counter

RCO Holds the number of repeat times in order to perform loop

control, and can be modified in privileged mode, privileged
DSP mode, or user DSP mode. At reset, this bit is initialized
to 0. This bit is not affected in the exception handling state.

151013 — — — For details, refer to section 2, CPU.

12 DSP 0 R/W  DSP Bit

Enables or disables the DSP extended functions. If this bit
is set to 1, the DSP extended functions are enabled. This bit
can be modified in privileged mode or privileged DSP mode.
This bit cannot be modified in user DSP mode. At reset, this
bit is initialized to 0. This bit is not affected in the exception
handling state.

Rev.1.50 Aug. 30, 2006 Page 74 of 860
REJ09B0288-0150 RENESAS



Section 3 DSP Operating Unit

Initial

Bit Bit Name Value R/W Description

11 DMY 0 R/W  Modulo Control Bits

10 DMX 0 R/W  Enable or disable modulo addressing for X/Y memory
access. These bits can be modified in privileged mode,
privileged DSP mode, or user DSP mode. At reset, these
bits are initialized to 0. These bits are not affected in the
exception handling state.

9to4 — — — For details, refer to section 2, CPU.

3 FR1 0 R/W  Repeat Flag Bits

2 FRO 0 R/W  Used by repeat control instructions. These bits can be
modified in privileged mode, privileged DSP mode, or user
DSP mode. At reset, these bits are initialized to 0. These
bits are not affected in the exception handling state.

1to0 — — — For details, refer to section 2, CPU.

Note: When data is written to the SR register, 0 should be written to bits that are specified as 0.

Repeat Start Register (RS): The repeat start register (RS) holds the start address of a loop repeat
module that is controlled by the repeat function. This register can be accessed in DSP mode. At
reset, the initial value of this register is undefined. This register is not affected in the exception
handling state.

Repeat End Register (RE): The repeat end register (RE) holds the end address of a loop repeat
module that is controlled by the repeat function. This register can be accessed in DSP mode. At
reset, this register is initialized to 0. This register is not affected in the exception handling state.

Modulo Register (MOD): The modulo register stores the modulo end address and modulo start
address for modulo addressing in upper and lower 16 bits. The upper and lower 16 bits of the
modulo register are referred to as the ME register and MS register, respectively. This register can
be accessed in DSP mode. At reset, the initial value of this register is undefined. This register is
not affected in the exception handling state.

The above registers can be accessed by the control register load instruction (LDC) and store
instruction (STC). Note that the LDC and STC instructions for the RS, RE, and MOD registers can
be used only in privileged DSP mode and user DSP mode. The LDC and STC instruction for the
SR register can be executed only when the MD bit is set to 1 or in user DSP mode. Note, however,
that the LDC and STC instructions can modify only the RC11 to RCO, RF1 to RFO, DMX, and
DMY bits in the SR, as described below.

e In user mode, if the LCD and STC instructions are used for the RS, an illegal instruction
exception occurs.
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e In privileged and privileged DSP modes, all SR bits can be modified.
e In user DSP mode, the SR can be read by the STC instruction.

e In user DSP mode, the LDC instruction can be issued to the SR but only the DSP extension

bits can be modified.

Table3.2 Operation of SR Bitsin Each Processing Mode

Privileged Privileged U DSP Access to

rivilege rivilege ser )

Mode User Mode DSP Mode Mode gﬁl\’/vsﬁlated

MD=1& MD=0& MD=1& MD=0& Dedicated Initial Value

Field DSP =0 DSP =0 DSP=1 DSP=1 Instruction after Reset

MD S:OK,L: OK S, L: Invalid S:0OK,L:OK S: 0K, L:NG 1
instruction

RB S:OK,L: OK S, L: Invalid S:0OK,L: OK  S:OK, L: NG 1
instruction

BL S:OK,L: OK S, L: Invalid S:0OK,L:OK S: 0K, L:NG 1
instruction

RC S: OK,L: OK S, L: Invalid S:0OK,L:OK S:0OK,L:OK SETRC 000000000000

[11:0] instruction instruction

DSP S:OK,L: OK S, L: Invalid S:0OK,L:OK S: 0K, L:NG 0
instruction

DMY S:OK,L: OK S, L: Invalid S:0OK,L:OK S: 0K, L: OK 0
instruction

DMX S: OK,L: OK S, L: Invalid S:OK,L: OK  S: OK, L: OK 0
instruction

Q S: 0K, L:OK S, L: Invalid S:OK,L:OK S:OK, L: NG X
instruction

M S:OK,L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG X
instruction

1[3:0] S:OK,L: OK S, L: Invalid S:0OK,L:OK S: 0K, L:NG 1111
instruction

RF[1:0] S:OK,L: OK S, L: Invalid S:OK,L:OK S:O0K,L:OK SETRC X
instruction instruction

S S: OK,L: OK S, L: Invalid S:0OK,L: OK  S:OK, L: NG X
instruction

T S: 0K, L: OK S, L: Invalid S:OK,L:OK S:OK, L: NG X
instruction

[Legend]

S: STC instruction

L: LDC instruction

OK: STC/LDC operation is enabled.

Invalid instruction: Exception occurs when an invalid instruction is executed.

NG: Previous value is retained. No change.

X: Undefined

Rev.1.50 Aug. 30, 2006 Page 76 of 860
REJ09B0288-0150 RENESAS



Section 3 DSP Operating Unit

Before entering the exception handling state, all bits including the DSP extension bits of the SR
registers are saved in the SSR. Before returning from the exception handling, all bits including the
DSP extension bits of the SR must be restored. If the repeat control must be recovered before
entering the exception handling state, the RS and RE registers must be recovered to the value that
existed before exception handling. In addition, if it is necessary to recover modulo control before
entering the exception handling state, the MOD register must be recovered to the value that
existed before exception handling.

324 DSP Registers

The DSP unit incorporates eight data registers (A0, Al, X0, X1, YO, Y1, MO, and M1) and a status
register (DSR). Figure 3.3 shows the DSP register configuration. These are 32-bit width registers
with the exception of registers A0 and Al. Registers AO and Al include 8 guard bits (fields AOG
and A1G), giving them a total width of 40 bits. The DSR register stores the DSP data operation
result (zero, negative, others). The DSP register has a DC bit whose function is similar to the T bit
of the CPU register. For details on DSR bits, refer to section 3.5, DSP Data Operation Instructions.

39 32 31 0
A0G A0
A1G Al
MO

W | | val

nitial value
X0 DSR: AllO
X1 Others: Undefined

YO
Y1

(a) DSP data registers

31 1211 9 8 7 6 5 4 3 1
.................................................... [ wseor [refar[z[w] v ] csea [oc]

(b) DSP status register (DSR)

Figure3.3 DSP Register Configuration
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3.3 CPU Extended I nstructions

331 Repeat Control Instructions

In DSP mode, a specific function is provided to execute repeat loops efficiently. By using this
function, loop programs can be executed without overhead caused by the compare and branch
instructions.

Examples of Repeat L oop Programs: Examples of repeat loop programs are shown below.

e Example 1: Repeat loop consisting of 4 or more instructions

LDRS RptStart ; Sets repeat start instruction address
to the RS register
LDRE RptStart +4 ; Sets (repeat detection instruction
address + 4) to the RE register
SETRC #4 ; Sets the number of repetitions (4) to
the RC[11:0] bits of the SR register
Instr0 ; At least one instruction is required
from SETRC instruction to [Repeat start
instruction]
RptStart: instrl ; [Repeat start instruction]
RptDtct: instr(N-3) ; Three instruction prior to the repeat

end instruction is regarded as repeat
detection instruction

RptEnd2: instr(N-2) ;

RptEndl: instr(N-1) :

RptEnd: instrN ; [Repeat end instruction]

In the above program example, instructions from the RptStart address (instrl instruction) to the
RptEnd address (instrN instruction) are repeated four times. These repeated instructions in the
program are called repeat loop. The start and end instructions of the repeat loop are called the
repeat start instruction and repeat end instruction, respectively. The CPU sequentially executes
instructions and starts repeat loop control if the CPU detects the completion of a specific
instruction. This specific instruction is called the repeat detection instruction. In a repeat loop
consisting of 4 or more instructions, an instruction three instructions prior to the repeat end
instruction is regarded as the repeat detection instruction. In a repeat loop consisting of 4 or more
instructions, the same instruction is regarded as the RptStart instruction and RptDtct instruction.
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To control the repeat loop, the DSP extended control registers, such as the RE register and RS
register and the RC[11:0] and RF[1:0] bits of the SR register, are used. These registers can be
specified by the LDRE, LDRS, and SETRC instructions.

e Repeat end register (RE)
The RE register is specified by the LDRE instruction. The RE register specifies (repeat
detection instruction address +4). In a repeat loop consisting of 4 or more instructions, an
instruction three instructions prior to the repeat end instruction is regarded as the repeat
detection instruction. A repeat loop consisting of three or less instructions is described later.

e Repeat start register (RS)

The RS register is specified by the LDRS instruction. In a repeat loop consisting of 4 or more
instructions, the RS register specifies the repeat start instruction address. In a repeat loop
consisting of three or less instructions, a specific address is specified in the RS. This is
described later.

e Repeat counter (RC[11:0] bits of the SR)

The repeat counter is specifies the number of repetitions by the SETRC instruction. During
repeat loop execution, the RC holds the remaining number of repetitions.

e Repeat flags (RF[1:0] bits of the SR)
The repeat flags are automatically specified according to the RS and RE register values during

SETRC instruction execution. The repeat flags store information on the number of instructions
included in the repeat loop. Normally, the user cannot modify the repeat flag values.

The CPU always executes instructions by comparing the RE register to program counter values.
Because the PC stores (the current instruction address +4), if the RE matches the PC during repeat
instruction detection execution, a repeat detection instruction can be detected. If a repeat detection
instruction is executed without branching and if RC[11:0] > 0, then repeat control is performed. If
RC[11:0] = 2 when the repeat end instruction is completed, the RC[11:0] is decremented by 1 and
then control is passed to the address specified by the RS register.

Examples 2 to 4 show program examples of the repeat loop consisting of three instructions, two
instructions, and one instruction, respectively. In these examples, an instruction immediately prior
to the repeat start instruction is regarded as a repeat detection instruction. The RS register specifies
the specific value that indicates the number of repeat instructions.
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e Example 2: Repeat loop consisting of three instructions

RptDtct:

RptStart:

RptEnd:

e Example 3:

RptDtct:

RptStart:
RptEnd:

LDRS RptStart +4

LDRE RptStart +4

SETRC #4

instr0

instrl
Instr2

instr3

7

7

instruction
register

Sets
address + 4)

(repeat detection
to the RS

instruction
register

Sets
address + 4)

(repeat detection
to the RE

Sets the number of repetitions (4) to
the RC[11:0] bits of the SR register

If RE-RS==0 during SETRC instruction
execution, the repeat loop is regarded
as three-instruction repeat.

An instruction prior to the Repeat
start instruction is regarded as a
repeat detection instruction.

[Repeat start instruction]

[Repeat end instruction]

Repeat loop consisting of two instructions

LDRS RptStart +6

LDRE RptStart +4

SETRC #4

instr0

instrl

instr2

7

7

instruction
register

Sets
address + 6)

(repeat detection
to the RS

instruction
register

Sets (repeat detection
address + 4) to the RE

Sets the number of repetitions (4) to
the RC[11:0] bits of the SR register

If RE-RS==-2 during SETRC instruction
execution, the repeat loop is regarded
as two-instruction repeat.

An instruction prior to the Repeat
start instruction is regarded as a
repeat detection instruction.

[Repeat start instruction]

[Repeat end instruction]
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e Example 4: Repeat loop consisting of one instruction
LDRS RptStart +8 ; Sets (repeat detection instruction
address + 8) to the RS register

LDRE RptStart +4 ; Sets (repeat detection instruction
address + 4) to the RE register

SETRC #4 ; Sets the number of repetitions (4) to
the RC[11:0] bits of the SR register

; If RE-RS==-4 during SETRC instruction
execution, the repeat loop is regarded
as one-instruction repeat.

RptDtct: instr0 ; An instruction prior to the Repeat
start instruction is regarded as a
repeat detection instruction.

RptStart:

RptEnd: instrl ; [Repeat start instruction] ==
[Repeat end instruction]

In repeat loops consisting of three instructions, two instructions and one instruction, specific
addresses are specified in the RS register. RE — RS is calculated during SETRC instruction
execution, and the number of instructions included in the repeat loop is determined according to
the result. A value of 0, —2,and —4 in the result correspond to 3 instructions, two instructions, and
one instruction, respectively.

If repeat instruction execution is completed without branching and if RC[11:0]>0, an instruction
following the repeat detection instruction is regarded as a repeat start instruction and instruction
execution is repeated for the number of times corresponding to the recognized number of
instructions. If RC[11:0] = 2 when the repeat end instruction is completed, the RC[11:0] is
decremented by 1 and then control is passed to the address specified by the RS register. If
RC[11:0] ==1(or 0) when the repeat end instruction is completed, the RC[11:0] is cleared to 0 and
then the control is passed to the next instruction following the repeat end instruction.

Note: If RE — RS is a positive value, the CPU regards the repeat loop as a four-instruction repeat
loop. (In a repeat loop consisting of four or more instructions, RE — RS is always a
positive value. For details, refer to example 1 above.) If RE — RS is positive, or a value
other than 0, —2,and —4, correct operation cannot be guaranteed.
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The rule is shown in table 3.3.

Table3.3 RSandRE Setting Rule

Number of Instructions in Repeat Loop

1 2 3 >4
RS RptStart0 + 8 RptStart0 + 6 RptStart0 + 4 RptStart
RE RptStart0 + 4 RptStart0 + 4 RptStart0 + 4 RptEnd3 + 4

Note: The terms used above in table 3.3, are defined as follows.
RptStart: Address of the repeat start instruction
RptStart0: Address of the instruction one instruction prior to the repeat start instruction
RptEnd3: Address of the instruction three instructions prior to the repeat end instruction

Repeat Control Instructions and Repeat Control Macros: To describe a repeat loop, the RS
and RE registers must be specified appropriately by the LDRS and LDRS instructions and then the
number of repetitions must be specified by the SERTC instruction. An 8-bit immediate data or a
general register can be used as an operand of the SETRC instruction. To specify the RC as a value
greater than 256, use SETRC Rm type instructions.

Table3.4 Repeat Control Instructions

Number of
Instruction Operation Execution States
LDRS @(disp,PC)  Calculates (disp x 2 + PC) and stores the result to the 1
RS register
LDRE @(disp,PC)  Calculates (disp x 2 + PC) and stores the result to the 1
RE register
SETRC #imm Sets 8-bit immediate data imm to the RC[11:0] bits of 1

the SR register and sets the information related to the
number of repetitions to the RF[1:0] bits of the SR.

RC[11:0] can be specified as 0 to 255.

SETRC Rm Sets the[11:0] bits of the Rm register to the RC[11:0] 1
bits of the SR register and sets the information related
to the number of repetitions to the RF[1:0] bits of the
SR.

RC[11:0] can be specified as 0 to 4095.

The RS and RE registers must be specified appropriately according to the rules shown in table 3.3.
The SH assembler supports control macros (REPEAT) as shown in table 3.5 to solve problems.
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Table3.5 Repeat Control Macros

Number of
Execution
Instruction Operation States
REPEAT RptStart, RptEnd, #imm Specifies RptStart as repeat start instruction, 3
RptEnd as repeat end instruction, and 8-bit
immediate data #imm as number of repetitions.
This macro is extended to three instructions:
LDRS, LDRE, and SETRC which are converted
correctly.
REPEAT RptStart, RptEnd, Rm  Specifies RptStart as repeat start instruction, 3

RptEnd as repeat end instruction, and the [11:0]
bits of Rm as number of repetitions. This macro
is extended to three instructions: LDRS, LDRE,
and SETRC which are converted correctly.

Using the repeat macros shown in table 3.5, examples 1 to 4 shown above can be simplified to

examples 5 to 8 as shown below.

e Example 5: Repeat loop consisting of 4 or more instructions (extended to the instruction
stream shown in example 1, above)

REPEAT RptStart, RptEnd, #4

Instr0
RptStart: instrl

instr (N-3)
instr (N-2)

instr (N-1)
RptEnd: instrN

7

; [Repeat start instruction]

; [Repeat end instruction]

e Example 6: Repeat loop consisting of three instructions (extended to the instruction stream

shown in example 2, above)

REPEAT RptStart, RptEnd, #4

instr0
RptStart: instrl
Instr2

RptEnd: instr3

; [Repeat start instruction]

; [Repeat end instruction]
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e Example 7: Repeat loop consisting of two instructions (extended to the instruction stream
shown in example 3, above)

REPEAT RptStart, RptEnd, #4

instr0 ;
RptStart: instrl ; [Repeat start instruction]
RptEnd: instr2 ; [Repeat end instruction]

e Example 8: Repeat loop consisting of one instruction instructions (extended to the instruction
stream shown in example 4, above)
REPEAT RptStart, RptEnd, #4
instr0 ;
RptStart:

RptEnd: instrl ; [Repeat start instruction] ==
[Repeat end instruction]

In the DSP mode, the system control instructions (LDC and STC) that handle the RS and RE
registers are extended. The RC[11:0] bits and RF[1:0] bits of the SR can be controlled by the LDC
and STC instructions for the SR register. These instructions should be used if an exception is
enabled during repeat loop execution. The repeat loop can be resumed correctly by storing the RS
and RE register values and RC[11:0] bits and RF[1:0] bits of the SR register before exception
handling and by restoring the stored values after exception handling. However, note that there are
some restrictions on exception acceptance during repeat loop execution. For details refer to
Restrictions on Repeat Loop Control in section 3.3.1, Repeat Control Instructions and section 4,
Exception Handling.

Table3.6 DSP Mode Extended System Control Instructions

Number of
Instruction Operation Execution States
STC RS, Rn RS—Rn 1
STC RE, Rn RE—Rn 1
STC.L RS, @-Rn Rn-4—Rn, RS—(Rn) 1
STC.L RE, @-Rn Rn-4—Rn, RE—(Rn) 1
LDC.L @Rn+, RS (Rn)—RS, Rn+4—Rn 4
LDC.L @Rn+, RE (Rn)—=RE, Rn+4—Rn 4
LDC Rn,RS Rn —»RS 4
LDC Rn, RE Rn—RE 4
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Restrictionson Repeat L oop Control

1. Repeat control instruction assignment
The SETRC instruction must be executed after executing the LDRS and LDRE instructions. In
addition, note that at least one instruction is required between the SETRC instruction and a
repeat start instruction.
2. lllegal instruction one or more instructions following the repeat detection instruction
If one of the following instructions is executed between an instruction following a repeat
detection instruction to a repeat end instruction, an illegal instruction exception occurs.
— Branch instructions
BRA, BSR, BT, BF, BT/F, BF/S, BSRF, RTS, BRAF, RTE, JSR, JMP, TRAPA
— Repeat control instructions
SETRC, LDRS, LDRE
— Load instructions for SR, RS, and RE registers
LDC Rn,SR, LDC @Rn+,SR, LDC Rn,RE, LDC @Rn+,RE, LDC Rn,RS, LDC @Rn+,RS

Note: This restriction applies to all instructions for a repeat loop consisting of one to three
instructions and to three instructions including a repeat end instruction for a repeat loop
consisting of four or more instructions.

3. Instructions prohibited during repeat loop (In a repeat loop consisting of four or more

instructions)
The following instructions must not be placed between the repeat start instruction and repeat
detection instruction in a repeat loop consisting of four or more instructions. Otherwise, the
correct operation cannot be guaranteed.
— Repeat control instructions

SETRC, LDRS, LDRE
— Load instructions for SR, RS, and RE registers

LDC Rn,SR, LDC @Rn+,SR, LDC Rn,RE, LDC @Rn+,RE, LDC Rn,RS, LDC @Rn+,RS

Note: Multiple repeat loops cannot be guaranteed. Describe the inner loop by repeat control
instructions, and the external loop by other instructions such as DT or BF/S.

4. Restriction on branching to an instruction following the repeat detection instruction and an
exception acceptance
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Execution of a repeat detection instruction must be completed without any branch so that the

CPU can recognize the repeat loop. Therefore, when the execution branches to an instruction

following the repeat detection instruction, the control will not be passed to a repeat start

instruction after executing a repeat end instruction because the repeat loop is not recognized by

the CPU. In this case, the RC[11:0] bits of the SR register will not be changed.

— If a conditional branch instruction is used in the repeat loop, an instruction before a repeat
detection instruction must be specified as a branch destination.

— If a subroutine call is used in the repeat loop, a delayed slot instruction of the subroutine
call instruction must be placed before a repeat detection instruction.

Here, a branch includes a return from an exception processing routine. If an exception whose
return address is placed in an instruction following the repeat detection instruction occurs, the
repeat control cannot be returned correctly. Accordingly, an exception acceptance is restricted
from the repeat detection instruction to the repeat end instruction. Exceptions such as interrupts
that can be retained by the CPU are retained. For exceptions that cannot be retained by the CPU, a
transition to an exception occurs but a program cannot be returned to the previous execution state
correctly. For details, refer to section 4, Exception Handling.

Notes: 1. If a TRAPA instruction is used as a repeat detection instruction, an instruction
following the repeat detection instruction is regarded as a return address. In this case, a
control cannot be returned to the repeat control correctly. In a TRAPA instruction, an
address of an instruction following the repeat detection address is regarded as return
address. Accordingly, to return to the repeat control correctly, place a return address
prior to the repeat detection instruction.

2. If a SLEEP instruction is placed following a repeat detection instruction, a transition to
the low-power consumption state or an exception acceptance such as interrupts can be
performed correctly. In this case, however, the repeat control cannot be returned
correctly. To return to the repeat control correctly, the SLEEP instruction must be
placed prior to the repeat detection instruction.

5. Branch from a repeat detection instruction
If a repeat detection instruction is a delayed slot instruction of a delayed branch instruction or a
branch instruction, a repeat loop can be acknowledged when a branch does not occur in a
branch instruction. If a branch occurs in a branch instruction, a repeat control is not performed
and a branch destination instruction is executed.

6. Program counter during repeat control
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If RC[11:0] = 2, the program counter (PC) value is not correct for instructions two instructions
following a repeat detection instruction. In a repeat loop consisting of one to three instructions,
the PC indicates the correct value (instruction address + 4) for an instruction (repeat start
instruction) following a repeat detection instruction but the PC continues to indicate the same
address (repeat start instruction address) from the subsequent instruction to a repeat end
instruction. In a repeat loop consisting of four or more instructions, the PC indicates the correct
value (instruction address + 4) for an instruction following a repeat detec-tion instruction, but
PC indicates the RS and (RS +2) for instructions two and three instructions following the
repeat detection instruction. Here, RS indicates the value stored in the repeat start register
(RS). The correct operation cannot be guaranteed for the incorrect PC values.

Accordingly, PC relative addressing instructions placed two or more instructions following the
repeat detection instruction cannot be executed correctly and the correct results cannot be
obtained.

— PC relative addressing instructions
MOVA @(disp, PC), Rn
MOV.W @(disp, PC), Rn
MOV.L @(disp, PC), Rn

(Including the case when the MOV #imm,Rn is extended to MOV.W @(disp, PC), Rn or
MOV.L @(disp, PC), Rn)

Table3.7 PC Valueduring Repeat Control (When RC[11:0] = 2)

Number of Instructions in Repeat Loop

1 2 3 >4

RptDtct  RptDtct + 4 RptDtct + 4 RptDtct + 4 RptDtct +4
RptDtct1 RptDtct1 + 4 RptDtct1 + 4 RptDtct1 + 4 RptDtct1 + 4
RptDtct2 — RptDtct1 + 4 RptDtct1 + 4 RS
RptDtct3 — — RptDtct1 + 4 RS + 2
Note: In table 3.7, the following labels are used.

RptDtct: An address of the repeat detection instruction

RptDtct1: An address of the instruction one instruction following the repeat start

instruction (In a repeat loop consisting of one to three instructions, RptStart is
a repeat start instruction)

RptDtct2: An address of the instruction two instruction following the repeat start
instruction

RptDtct3: An address of the instruction three instruction following the repeat start
instruction

7. Repeat counter and repeat control
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The CPU always executes a program with comparing the repeat end register (RE) and the
program counter (PC). If the PC matches the RE while the RC[11:0] bits of the SR register are
other than 0, the repeat control function is initiated.

— If RC =2, a control is passed to a repeat start instruction after a repeat end instruction has
been executed. The RC is decremented by 1 at the completion of the repeat end instruction.
In this case, restrictions 1 to 6 are also applied.

— If RC == 1, the RC is decremented to O at the completion of the repeat end instruction and
a control is passed to the subsequent instruction. In this case, restrictions 1 to 6 are also
applied.

— If RC == 0, the repeat control function is not initiated even if a repeat detection instruction
is executed. The repeat loop is executed once as normal instructions and a control is not be
passed to a repeat start instruction even if a repeat end instruction is executed.

332 Extended Repeat Control I nstructions

In the repeat control function described in section 3.3.1, Repeat Control Instructions, there are
some restrictions. To reduce these restrictions, this LSI supports the extended repeat instructions
to extend the repeat control function. These extended repeat control instructions were not
supported in the conventional SH-DSP. To keep compatibility with the conventional SH-DSP, use
the conventional repeat control instructions called compatible repeat control instructions.
Program Examples Using the Extended Repeat Control Instructions. Examples of repeat loop
programs using the extended repeat control instructions are shown below.
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Example 1:

RptStart:

RptEnd:

Example 2:

RptStart:

RptEnd:

Repeat loop consisting of 4 or more instructions

LDRS RptStart

LDRE RptEnd

LDRC #4

instr0

instrl

instr (N-3)
instr (N-2)
instr (N-1)

instrN

7

7

Sets repeat start instruction address
to the RS register

Sets repeat end instruction address
to the RE register

Sets the number of repetitions (4) to
the RC[11:0] bits of the SR register

At least one instruction is required
from LDRC instruction to [Repeat start
instruction]

[Repeat start instruction]

[Repeat end instruction]

Repeat loop consisting of three instructions

LDRS RptStart

LDRE RptEnd

LDRC #4

instr0

instrl

instr2

instr3

’

Sets repeat start instruction address
to the RS register

Sets repeat end instruction address
to the RE register

Sets the number of repetitions (4) to
the RC[11:0] bits of the SR register

At least one instruction is required
from LDRC instruction to [Repeat start
instruction]

[Repeat start instruction]

[Repeat end instruction]
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e Example 3: Repeat loop consisting of two instructions

LDRS RptStart ; Sets repeat start instruction address
to the RS register
LDRE RptEnd ; Sets repeat end instruction address
to the RE register
LDRC #4 ; Sets the number of repetitions (4) to
the RC[11:0] bits of the SR register
instr0 ; At least one instruction is required
from LDRC instruction to [Repeat start
instruction]
RptStart: instrl ; [Repeat start instruction]
RptEnd: instr2 ; [Repeat end instruction]

e Example 4: Repeat loop consisting of one instructions

LDRS RptStart ; Sets repeat start instruction address
to the RS register
LDRE RptEnd ; Sets repeat end instruction address
to the RE register
LDRC #4 ; Sets the number of repetitions (4) to
the RC[11:0] bits of the SR register
instr0 ; At least one instruction is required
from LDRC instruction to [Repeat start
Rptstart: instruction] RptStart:
RptEnd: instrl ; [Repeat start instruction]=

[Repeat end instruction]

In extended repeat control instructions, a repeat start instruction address and a repeat end
instruction address are stored in the RS register and RE register, respectively, regardless of the
number of repeat instructions. In addition, the extended repeat control can be performed by using
the LDRC instruction instead of the SETRC instruction. During the extended repeat control, a
repeat loop can be recognized by executing a repeat end instruction. Therefore, there is no
restriction on branches or exceptions.

Extended Repeat Control Instructions: To describe the extended repeat loop, the repeat start
and end addresses must be specified to the RS and RE registers by the LDRS and LDRE
instructions, respectively. For the LDRS and LDRE instructions of the extended repeat control
instructions, the LDRS and LDRE instructions of the compatible repeat control instructions are
used. The number of repetitions are specified by the LDRC instruction. An 8-bit immediate data or
the general register values can be used as an operand of the LDRC instruction. If 256 or greater
value is specified to the RC, use the LDRC Rm type instructions.
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Table3.8 Extended Repeat Control Instructions

Number of Execution
Instruction Operation States

LDRS @(disp,PC) Calculates (disp x 2 + PC) and stores the resultto 1
the RS register

LDRE @(disp,PC) Calculates (disp x 2 + PC) and stores the resultto 1
the RE register

LDRC #imm Sets 8-bit immediate data imm to the RC[11:0] bits 1
of the SR register and sets the information related
to the number of repetitions to the RF[1:0] bits of
the SR.
RC[11:0] can be specified as 0 to 255.

During extended repeat control, bit 0 of the RE
register is set to 1.

LDRC Rm Sets the[11:0] bits of the Rm register to the 1
RC[11:0] bits of the SR register and sets the
information related to the number of repetitions to
the RF[1:0] bits of the SR. RC[11:0] can be
specified as 0 to 4095.

During extended repeat control, bit 0 of the RE
register is set to 1.

By executing the LDRC instruction, the CPU performs the extended repeat control function. To
indicate that the CPU is being in extended repeat control, bit O of the RE register is set to 1 by
executing the LDRC instruction. To change the RE register value by a process such as an
exception handling, bit O of the RE register must be saved and restored correctly. By saving and
restoring the RC[11:0] bits, DSP bit, and RF[1:0] bits of the SR register, RE register, and RS
register correctly, a control is returned to the extended repeat function correctly after processing
such as exception handling.

Restrictionson Extended Repeat L oop Control

1. Extended repeat control instruction assignment

The LDRC instruction must be executed after executing the LDRS and LDRE instructions. In
addition, note that at least one instruction is required between the LDRC instruction and a
repeat start instruction.

2. lllegal instruction one or more instructions following the repeat detection instruction

If one of the following instructions is executed as a repeat end instruction, an illegal instruction
exception occurs.

— Branch instructions
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BRA, BSR, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR, IMP
— Repeat control instructions
SETRC, LDRS, LDRE, LDRC
— Load instructions for SR, RS, and RE registers
LCD Rn,SR, LDC @Rn+,SR, LDC Rn,RE, LDC @Rn+,RE, LDC Rn,RS, LDC @Rn+,RS

Note: A branch instruction without delay (BT, BF, TRAPA) can be placed as a repeat end
instruction. A delay stop of a delayed branch instruction can also be placed as a repeat end
instruction. In this case, the RC[11:0] value is decremented by 1 regardless of branch
occurrence. If no branch occurs, a control returns to a repeat start instruction. If a branch
occurs, a control is passed to a branch destination.

3. Repeat counter and repeat control

The CPU always execute a program with comparing the repeat end register (RE) and the (PC —

4) (current instruction address). If the (PC —4) [31:1] matches the RE [31:1] while bit O of RE

register is set to 1 and RC [11:0] of SR register is not 0, the extended repeat control function is

initiated.

— If RC =2, a control is passed to a repeat start instruction after a repeat end instruction has
been executed. The RC is decremented by 1 at the completion of the repeat end instruction.

— If RC == 1, the RC is decremented to O at the completion of the repeat end instruction and
a control is passed to the subsequent instruction.

— If RC == 0, the repeat control function is not initiated even if a repeat detection instruction
is executed. The repeat loop is executed once as normal instructions and a control is not be
passed to a repeat start instruction even if a repeat end instruction is executed.

Rev.1.50 Aug. 30, 2006 Page 92 of 860
REJ09B0288-0150 RENESAS



Section 3 DSP Operating Unit

34 DSP Data Transfer Instructions

In DSP mode, data transfer instructions are added for the DSP unit registers. The newly added
instructions are classified into the following three groups.

1.

Double data transfer instructions

The DSP unit is connected to the X memory and Y memory via the specific buses called X bus
and Y bus. By using the data transfer instructions using the X and Y buses, two data items can
be transferred between the DSP unit and X/Y memories simultaneously. These instructions are
called double data transfer instructions. These double data transfer instructions can be
described in combination with the DSP operation instructions to execute data transfer and data
operation in parallel,

Single data transfer instructions

The DSP unit is also connected to the L bus that is used by the CPU. The DSP registers other
than the DSR can access any logical addresses generated by the CPU. In this case, the single
data transfer instructions are used. The single data transfer instructions cannot be used in
combination with the DSP operation instructions and can access only one data item at a time.
System control instructions

Some of the DSP unit registers are handled as the CPU system registers. To control these

system registers, the system control registers are supported. The DSP registers are connected to
the CPU general registers via the data transfer bus (C bus).

In any DSP data transfer instructions, an address to be accessed is generated and output by the

CPU. For DSP data transfer instructions, some of the CPU general registers are used for address

generation and specific addressing modes are used.
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LAB
CPU [31:0]
LDB
XAB YAB CDB [31:0]
[15:0] [15:0] (31:0] ’
DSP unit DSR
¥ A0G
XDB I A0
[15:0]
— X memory * ¥ A1G
YDB Al
[15:0] Mo
- Y memory M1
X0
X1
YO
Y1
[Legend]
XAB: X bus (address)
XDB: X bus (data)
YAB: Y bus (address)
YDB: Y bus (data)
LAB: L bus (address)
LDB: L bus (data)

CDB: C bus (data)

Figure3.4 DSP Registersand Bus Connections

Double Data Transfer Instructions (MOVX.W, MOVY.W, MOVX.L, MOVY .L): With
double data transfer group instructions, X memory and Y memory can be accessed in parallel.

In this case, the specific buses called X bus and Y bus are used to access X memory and Y
memory, respectively. To fetch the CPU instructions, the L bus is used. Accordingly, no conflict
occurs among X, Y, and L buses.

Load instructions for X memory specify the X0 or X1 register as the destination operand. Load
instructions for Y memory specify the YO or Y1 register as the destination operand. Store registers
for X or Y memory specify the AO or Al register as the source operand. These instructions use
only word data (16 bits). When a word data transfer instruction is executed, the upper word of
register operand is used. To load word data, data is loaded to the upper word of the destination
register and the lower word of the destination register is automatically cleared to 0.
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Double data transfer instructions can be described in parallel to the DSP operation instructions.
Even if a conditional operation instruction is specified in parallel to a double data transfer
instruction, the specified condition does not affect the data transfer operations. For details, refer to
section 3.5, DSP Data Operation Instructions.

Double data transfer instructions can access only the X memory or Y memory and cannot access
other memory space. The X bus and Y bus are 16 bits and support 64-byte address spaces
corresponding to address areas H'AS000000 to H'ASOOFFFF and H'A5010000 to H' ASO1FFFF,
respectively. Because these areas are included in the P2/Uxy area, they are not affected by the
cache and address translation unit.

Single Data Transfer Instructions: The single data transfer instructions access any memory
location. All DSP registers other than the DSR* can be specified as source and destination
operands. Guard bit registers AOG and A1G can also be specified as two independent registers.
Because these instructions use the L bus (LAB and LDB), these instructions can access any logical
space handled by the CPU. If these instructions access the cacheable area while the cache is
enabled, the area accessed by these instructions are cached. The X memory and Y memory are
mapped to the logical address space and can also be accessed by the single data transfer
instructions. In this case, bus conflict may occur between data transfer and instruction fetch
because the CPU also uses the L bus for instruction fetches.

The single data transfer instructions can handle both word and longword data. In word data
transfer, only the upper word of the operand register is valid. In word data load, word data is
loaded into the upper word of the destination registers and the lower word of the destination is
automatically cleared to 0. If the guard bits are supported, the sign bit is extended before storage.
In longword data load, longword data is loaded into the upper and lower word of the destination
register. If the guard bits are supported, the sign bit is extended before storage. When the guard
register is stored, the sign bit is extended to the upper 24 bits of the LDB and are loaded onto the
LDB bus.

Notes: * Because the DSR register is defined as the system register, it can be accessed by the
LDS or STS instruction.

1. Any data transfer instruction is executed at the MA stage of the pipeline.

2. Any data transfer instruction does not modify the condition code bits of the DSR
register.

System Control Instructions: The DSR, A0, X0, X1, Y0, and Y1 registers in the DSP unit can
also be used as the CPU system registers. Accordingly, data transfer operations between these
DSP system registers and general registers or memory can be executed by the STS and LDS
instructions. These DSP system registers can be treated as the CPU system register such as PR,
MACL and MACH and can use the same addressing modes.
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Table3.9 Extended System Control Instructionsin DSP Maode

Instruction Operation Execution States
STS DSR,Rn DSR — Rn 1
STS AO,Rn A0 — Rn 1
STS  XO,Rn X0 — Rn 1
STS X1,Rn X1 —Rn 1
STS  YO,Rn Y0 — Rn 1
STS Y1,Rn Y1 - Rn 1
STS.L DSR,@-Rn Rn—-4 — Rn, DSR — (Rn) 1
STS.L AO0,@-Rn Rn -4 — Rn, A0 — (Rn) 1
STS.L X0,@-Rn Rn -4 — Rn, X0 — (Rn) 1
STS.L X1,@-Rn Rn -4 — Rn, X1 — (Rn) 1
STS.L Y0,@-Rn Rn—-4 — Rn, YO — (Rn) 1
STS.L Y1,@-Rn Rn—-4— Rn, Y1 — (Rn) 1
LDS.L @Rn+,DSR (Rn) > DSR, Rn +4 - Rn 1
LDS.L @Rn+,A0 (Rn) > A0, Rn +4 — Rn 1
LDS.L @Rn+X0 (Rn) - X0, Rn + 4 —» Rn 1
LDS.L @Rn+,X1 (Rn) > X1, Rn +4 —» Rn 1
LDS.L @Rn+,YO0 (Rn) > YO, Rn +4 - Rn 1
LDS.L @Rn+,Y1 (Rn) > Y1,Rn+4 > Rn 1
LDS Rn,DSR Rn — DSR 1
LDS Rn,A0 Rn — A0 1
LDS Rn,X0 Rn — X0 1
LDS Rn,X1 Rn — X1 1
LDS Rn,YO Rn — YO 1
LDS Rn,Y1 Rn — Y1 1

Rev.1.50 Aug. 30, 2006 Page 96 of 860
REJ09B0288-0150 RENESAS



Section 3 DSP Operating Unit

341 General Registers

The DSP instructions 10 general registers in the 16 general registers as address pointers or index
registers for double data transfers and single data transfers. In the following descriptions, another
register function in the DSP instructions is also indicated within parentheses [ ].

e Double data transfer instructions (X memory and Y memory are accessed simultaneously)

In double data transfers, X memory Y memory can be accessed simultaneously. To specify X
and Y memory addresses, two address pointers are supported.

Address Pointer Index Register
X memory (MOVX.W) R4, R5[AX] R8 [Ix]
Y memory (MOVY.W) R6, R7[Ay] R9 [ly]

e Single data transfer instructions

In single data transfer, any logical address space can be accessed via the L bus. The following
address pointers and index registers are used.

Address Pointer Index Register
Any logical space (MOVS.WI/L) R4, R5, R2, R3[As] R8 [Is]
31 0
RO General registers (DSP mode)
R1 .
R2  [As2] X andY double data transfers:
R3  [As3] R4,5 [Ax] :Address register set for the for X data memory
R4 [AsO] R8 [IX] :Index regiser for X address register set Ax
R5 [As1, Ax1] .
R6 (A0l R6, 7 [Ay] :Address register set for the for Y data memory
R7 (A1) R9 [ly] :Index regiser for Y address register set Ay
R8 [Ix, Is]
R9 [ly] Single data transfer s:
R10 R4, 5,2,3 [As] :Address register set for all data memories
R11 R8 [Is] :Index regiser used for single data transfers
R12
R13
R14
R15

Figure3.5 General Registers(DSP Mode)
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In assembler, RO to R9 are used as symbols. In the DSP data transfer instructions, the following
register names (alias) can also be used. In assembler, described as shown below.

Ix: .REG (R8)

Ix indicates the alias of register 8. Other aliases are shown below.

Ax0: .REG (R4)

Ax1: REG (RS)

Ix: .REG (R8)

Ay0: .REG (R6)

Ayl: .REG (R7)

Iy: .REG (R9)

AsQ: .REG (R4); This definition is used for if the alias is required in the single data transfer
Asl: .REG (R5); This definition is used for if the alias is required in the single data transfer
As2: .REG (R2)

As3: .REG (R3)

Is: .REG (R8); This definition is used for if the alias is required in the single data transfer
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34.2 DSP Data Addressing

Table 3.10 shows the relationship between the double data transfer instructions and single data

transfer instructions.

Table3.10 Overview of Data Transfer Instructions

Double Data Transfer Instructions Single Data Transfer Instructions

MOVX.W MOVS.W
MOVY.W MOVS.L

Address register Ax: R4, R5, As: R2, R3, R4, R5
Ay: R6, R7

Index register Ix: R8, ly: R9 Is: R8

Addressing Nop/Inc (+2)/index addition: Nop/Inc (+2, +4)/index addition:
post-increment post-increment

Addressing — Dec (-2, —4): pre-decrement

Modulo addressing Possible Not possible

Data bus XDB, YDB LDB

Data length 16 bits (word) 16/32 bits (word/longword)

Bus conflict No Yes

Memory X/Y data memory Entire memory space

Source register Dx, Dy: A0, A1 Ds: AO/A1, MO/M1, X0/X1, YO/Y1,

A0G, A1G

Destination register Dx: X0/X1 Ds: A0O/A1, MO/M1, X0/X1, YO/Y1,

Dy: YO/Y1 A0G, A1G

Addressing Mode for Double Data Transfer Instructions: The double data transfer instructions
supports the following three addressing modes.

e Non-update address register addressing

The Ax and Ay registers are address pointers. They are not updated.

e Increment address register addressing

The Ax and Ay registers are address pointers. After a data transfer, they are each incremented
by 2 (post- increment).

e Addition index register addressing

The Ax and Ay registers are address pointers. After a data transfer, the value of the Ix or Iy
register is added to each (post-increment). The double data transfer instructions do not supports
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decrement addressing mode. To perform decrementing, —2 is set in the index register and
addition index register addressing is specified.

When using X/Y data addressing, bit O of the address pointer is invalid. Accordingly, bit O of the
address pointer and index register must be cleared to O in X/Y data addressing.

When accessing X and Y memory using the X and Y buses, the upper word of Ax and Ay is
ignored. The result of Ay+ or Ay+ly is stored in the lower word of Ay, while the upper word
retains its original value. The Ax and Ax +Ix operations are executed in longword (32 bits) and the
upper word may be changed according to the result.

Single Data Addressing: The following four kinds of addressing can be used with single data
transfer instructions.

e Non-update address register addressing
The As register is an address pointer. An access to @As is performed but As is not updated.
e Increment address register addressing:

The As register is an address pointer. After an access to @As, the As register is incremented
by 2 or 4 (post-increment).

e Addition index register addressing:

The As registe