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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 astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is not guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein 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 isfirst supplied, the product's state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput 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 whileitisin this
undefined state. For those products which have areset function, reset the LSl immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:  Access to undefined or reserved addressesis 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:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

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

o 0k~ wbdPE

When designing an application system that includes this L SI, 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 Additionsin this Edition (only for revised versions)

Thelist of revisionsis 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 locationsin this
manual .

11. Index
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Preface

The SH7710 RISC (Reduced Instruction Set Computer) microcomputer includes a Renesas
Technology original RISC CPU asiits core, and the peripheral functions required to configure a
system.

Target Users: This manua was written for userswho will be using thisLS! 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 theinstruction 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

SH7710 HD6417710

e Inorder 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 |norder 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 channe!:

XXX_N (XXX istheregister 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 theright.

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, decimal is XxXXx.
Signal notation:  An overbar is added to alow-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/

SH7710 manuals;

Document Title Document No.
SH7710 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
AUD
BSC
CPG
DMA
DMAC
etu
FIFO
H-UDI
INTC
IPSEC
JTAG
LSB
MMU
MSB
PFC
RISC
RTC
SCIF
SIOF
TLB
T™U
UART
UBC
WDT

Asynchronous communication interface adapter
Advanced user debugger

Bus state controller

Clock pulse generator

Direct memory access

Direct memory access controller
Elementary time unit

First-in first-out

User debugging interface

Interrupt controller

Security architecture accelerator for internet protocol
Joint test action group

Least significant bit

Memory management unit

Most significant bit

Pin function controller

Reduced instruction set computer

Realtime clock

Serial communication interface with FIFO
Seria 1/0 with FIFO

Trandation lookaside buffer

Timer unit

Universal asynchronous receiver/transmitter
User bresk controller

Watchdog timer
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Section 1 Overview and Pin Function

Section 1 Overview and Pin Function

This LSl isa32-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 afunctional extension. A
single chip microprocessor integrates peripheral functions required for building an Ethernet
system.

The LSI comprises two channels of Ethernet controllers. They include a media access controller
(MAC) and a mediaindependent interface (MI1) standard unit that conforms to the IEE802.3u
standard and provide 10/100 Mbps LAN connection. The on-chip IP security accelerator enables
efficient security management of network data.

The LS| has alarge 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.

11 Features
The features of this LS| are shown below.
CPU:

e Origina Renesas-Technology SuperH architecture
e Compatible with SH-1, SH-2, and SH-3 at object code level
e 32-bitinterna databus
e Variousgroups of built-in registers
General registers: Sixteen 32-hbit 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
e [Instruction execution time: one instruction/cycle for basic instructions
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Section 1 Overview and Pin Function

e Logica address space: 4 Ghytes
e Spaceidentifier ASID: 8 hits, 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 dataregisters
Six 32-bit data registers
Two 40-bit data registers
e Supports extended harvard architecture for DSP data bus
Two data buses
Oneinstruction 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
e Conditional execution instructions
e Supports user DSP mode and privileged DSP mode

Memory management unit (MM U):

o 4 Ghytes 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 Contentsof 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 or 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 IRQOQ)

Supports fifteen level interrupt pins (IRL3 to IRLO)

Supports one interrupt request output pin (IRQOUT)

On-chip peripheral interrupt: Priority level isindependently 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

Theinternal 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)
Peripheral clock (P clock): 33 MHz (max)
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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 spaceisdivided into eight areas: area 0, areas 2 to 4; each a maximum of 64
Mbytes, and areas 5A, 5B, 6A, 6B; each a maximum of 32 Mbytes.

e Thefollowing features are settable for each area.
Bus size (8, 16 or 32 hits): 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 4typesof 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):

16 bytes each for transmit/receive FIFO
Two channels (SCIFO and SCIF1)
CTS/RTS (flow control) support
Asynchronous and synchronous modes
Full-duplex communication support
DMA transfer

Serial 1/0 with FIFO (SIOF):

64 bytes each for transmit/receive FIFO
8-/16-/16-bit stereo-audio input/output supported
Two channels (SIOF0 and SIOF1)

DMA transfer

Frame synchronous signal

Ethernet controller (Ether C):

MAC (Media Access Control)

Data frame assembly/disassembly (frame format conforming to | EEE802.3u)
CSMA/CD link management (collision prevention and collision processing)

CRC processing
Full-duplex transmit/receive support
Detects short frames and long frames

Conformsto MII (Media Independent Interface) standard **

Conversion from 8-bit stream datain MAC layer to MII nibble (4-bit) stream

Station management (STA function)
10/100 Mbps transfer rate adjustable

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

CAM sense signal input

EtherC — Transfer between external and internal memories

16-byte burst transfer
Single address transfer
Chain block transfer

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

RENESAS
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Section 1 Overview and Pin Function

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

I P Security Accelerator (IPSEC):

DES/Triple-DES encryption/decryption according to DES (Data Encryption Standard)
Hash algorithm generation according to MD5 Message Digest Algorithm

Hash algorithm generation according to SHA-1 Source Hash Standard

On-chip DMAC dedicated for data transfer

Interrupt request support

User debugging interface (H-UDI):

e Supports the E10A emulator
¢ Realtime branch trace
e 1-kbyte of on-chip RAM for executing the high-speed emulation program

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

2. +5V 1/Oisnot supported.
3. Magic Packet isthe registered trademark of Advanced Micro DevicesInc.

Product Lineup:

Power supply voltage Maximum

operating
Abbreviation 110 Internal frequency Type name Package
SH7710 33V+03V 15V+£01V 200MHz HD6417710BP/BPV 256-pin CSP

(BP-256H/HV)

HD6417710F/FV  256-pin HQFP
(FP-256G/GV)
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Section 1 Overview and Pin Function

13 Pin Description

131 Pin Assignment

+9Q 0
o] g
. < £
S zZ32 Sho = E
52 geg goZogzas B 4
3 23¢ 993528582232
s2 313 RS ninimmeR SR
L] N LI
S S0 T
222RRPRR2 PR R R R P R PR PR R PR R PR R PR PRI I I I IIIIIICR22R222022Y
VeeQ-RTC(3.3V) [ 193 128 [ VeeQ(3.3V)
XTAL2 [] 194 127 [ PTA7/SIOFSYNCO
EXTAL2 [] 195 126 [] PTA6/TXD_SIO0
VssQ-RTC(0V) [} 196 125 ] PTA5/RXD_SIO0
ASEMDO [] 197 124 ] PTA4/SIOMCLKO
TDI [T] 198 123 [ ] PTA3/SCK_SI00
™S ] 199 122 1 VssQ(0V)
TDO [} 200 121 [ veeQ(3.3V)
TRST [] 201 120 ] PTA2/SCIFOCK
TC 202 119 ] PTA1/TXDO
ASEBRKAK [] 203 118 [] PTAO/RXDO
AUDSYNC [] 204 117 ] PTB7/RTSO0
AUDCK [] 205 116 ] PTB6/CT.
Vee(1.5V) £ 208 115 (3 PTES/SCIF1CK
Vss(0V) [ 207 114 1 Vss(0V)
VeeQ(3.3v) ] 208 113 [ Vee(1.5V)
VssQ(oV) [ 209 112 ] PTB4/TXD
AUDATA3 (] 210 111 ] PTB3/RXD1
AUDATA2 (] 211 110 =] PTB2/RTS1
AUDATAT [] 212 109 =] PTB1/CTS1
AUDATAO (] 213 108 [ VssQ(OV)
RESETM [] 214 107 3 VeeQ(3.3V)
RESETP [] 215 106 [ PTBO
NM 216 105 [1A25
IRQO/IRLO 217 104 [1A24
IRQ1/IRLT [] 218 103 1 A23
IRQ2/IRL2 (] 219 102 [ A22
IRQ3/IRL3 (] 220 101 [ A21
Vee(1.5V) ] 221 100 [ Vss(0v)
s ss(Os ggg 99 [ Vcc(1 5V)
TATUSO 98
starust ] 226 HQFP2828-256 97 %Aw
2 96 [1A18
DACKo ] 220 (FP-256G/GV) 95 % D31
VeeQ(3.3V) . 94 (D30
VssQ(ov) [ 228 Top view 93 1 VssQ(ov)
DACK' 229 92 [1VceQ(3.3V)
DREQO 230 91 [1D29
DREQ1 [] 231 90 [1D28
PTCO/SCK_SIO1 (] 232 89 [1D27
PTC1/SIOMCLK1 233 88 [1D26
PTC2/RXD_SIO1 234 87 [1D25
Veo(1.5v) £ 235 86 [1D24
Vss(0V) 236 85 [1D23
PTC3/TXD_SIO1 [} 237 84 [ Vss(ov)
PTC4/SIOFSYNC1 [] 238 83 [ Vee(1.5V)
PTC5/CE2A 239 82 [ VssQ(0!
PTC6/CE2B [] 240 81 [ VvccQ(3.3V)
VeeQ(3.3V) 241 80 [ D2
VssQ(OV) 242 79 D21
PTC7/I0IS16 243 78 1D20
CS5B/CETA 244 77 1D19
CS6B/CE1B 245 76 1D18
VssQ(0V) 246 75 4 D17
MDO 247 74 E1D16
MD1 248 73 |1 VssQ(0V)
MD2 249 72 [ VeeQ(3.3V)
250 71 [ WE3(BE3)/DQMUU/ICIOWR
Vee- PLL1(1 5V) 251 70 -1 WE2(BE2)/DQMUL/ICIORD
s-PLL1(0V) 252 69 [JA17
Vee-PLL2(1.5! 253 68 [1A16
Vss-| PLL2(0V) 254 67 1 A15
66 E1A14
EXTAL ] 256 65 | JA13
—uotvoN©o

WEO(BEO)/DQMLL

REFOUT/IRQOUT/ARBUSY
WET(BE1)/DQMLUWE

Figure 1.2 Pin Assignment (HQFP2828-256 (FP-256G/GV))
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Section 1 Overview and Pin Function

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

CSBB/ | PTCH/ [y IRQ2/ _ VssQ-

EXTAL| MD3 | MD1 | CETA | GE2B |55 emer| w50 [DREQQ DACKO| ™ U | S¥0 VS| 155 [RESETP|auparad| VssQ [AUDCK| TRST | TMS | mre | VecQ
REFOUT/ IRQO/ VeeQ-

VssQ | Remay | XTAL | MD2 |vssPLLi| VssQ | VssQ | Vss |(FTS% | VssQ | Voo | TRLO [UPATA2| Vss DOEXTALZY XTAL2| gre | VssQ

JE— PTC7/|PTC5/

CS4 |BREQ |Voo-PLL1Vss-PLL2\Vec-PLL[5I5TE CEZA 1RQS/

IRL3

ICAMSENO)
/IRQ4

Vee [DREQ1| VeeQ NM

JAUDATA1| VceQ [atpsvic [ TDI | TDO | VssQ | VssQ

CseB/ PTC3/_|PTCY IRQ1/ EXOUTO/

CS6A | VeeQ [ TS5A | MDO CEB VeeQ [rxo_siot|sioveikt [DACK1| cKI102| Vss RLT m‘AUDATAs Vee | TCK [Fenpo | 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)

Dé D2 D3 D5 [TX-ERORX-CLK0| RX-DVO | TX-CLKO

D8 D7 | VssQ ~
VeeQ P-LFBGA1717-256 ITX-ENQ| VceQ | VssQ [ETXD02|
(BP-256H/HV)
D12 D10 D9 D11 ETXDO3 [ETXDO1 [ETXD0O | COLO
Top view
D13 | Vss | Vec | D14 Vee || CRSO| Vss
EXOUTY/|
D15 | CKIO |Rp/wR|"E4EE LNKSTAT |MDIO1| WOL1| TEND1
WET(BET)/
PV | VssQ | VeeQ | TAS ERXD13| VeeQ| Vss | MDC1
CKE | Vss CS3 | RAS Vec  [ERXD11|ERXD10[ VssQ
Cs2 A4 Al Vee RX-DV1 | RX-ER1 | TX-ER1 | ERXD12
A0 A8 A9 A3 TX-CLK1|ETXD10|ETXD11 [ RX-CLK1

PTB1/
CTst

PTB7/| PTA1/

ATS0 | TxDo | VeeQ [Emxo13 VssQ

A2 | VceQ | A10 A5 D16 | D20 |VssQ | D24 | D28 | D30 | A19 | A21 A25 Vce

PTB3/
A6 | A11 | A7 |VeoQ|fGges| D18 | D22 | Vss | D26 |VeeQ | Vee | A23 | VeeQ | Rpi | séirox [axo.sioo|mxo sioo|scr sion] COLT|TX-ENT

vss | PTAO/

RxDo |s0mto| VeeQ s CRST [ETXD12

VssQ | A13 | A14 | A15 | A17 | D17 | D21 | Vec | D27 |vssQ | Vss | A24 |vssQ

PTB2/ [PTB4/ | PTB6/ | P2l
A12 | A16 ?Shoﬂ\l,lvlé/ VssQ | D19 | VecQ | D23 | D25 | D29 | D31 A18 | A20 | A22 | PTBO RTST | TxD1 | &T80 |7 VssQ | VecQ

Figure1.3 Pin Assignment (P-L FBGA1717-256 (BP-256H/HV))
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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

Rev. 2.00 Dec. 07, 2005 Page 10 of 950

REJ09B0079-0200 RENESAS



Section 1 Overview and Pin Function

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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Section 1

Overview and Pin Function

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 CRSH1 I MACH1 carrier detection

130 V19 CcOoL1 I MACH1 collision detection

131 u19 ETXD13 0] MAC1 transmit data 3

132 W20 ETXD12 o MAC1 transmit data 2

133 T19 ETXD11 o MACH1 transmit data 1

134 T18 ETXD10 o MAC1 transmit data 0

135 V20 TX-ENA1 (0] MACH1 transmit enable

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

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

138 T17 TX-CLK1 I MACH1 transmit clock

139 R19 TX-ER1 o MACH1 transmit error

140 R18 RX-ER1 I MACH1 receive error

141 T20 RX-CLK1 I MACH1 receive clock

142 R17 RX-DVA1 I MACH1 receive data valid

143 P19 ERXD10 I MACHT1 receive data 0

144 P18 ERXD11 I MACH1 receive data 1

145 R20 ERXD12 I MACHT1 receive data 2

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 ERXD13 I MACHT receive data 3
151 N20 MDC1 0] MAC1 management data clock
152 M18 MDIO1 10 MAC1 management data I/O
153 M19 WOL1 0] MAC1 Wake-On-LAN
154 M17 LNKSTA1 I MACH1 link status
155 M20 EXOUT1/TEND1 0/0 MAC1 general-purpose external
output/DMA transfer end notification 1
156 L18 CAMSENT1/IRQ5 I MAC1 CAM input/external interrupt
request
157 L19 CRSO0 | MACO carrier detection
158 L17 Vce Internal power supply (1.5 V)
159 L20 Vss Internal power supply (0 V)
160 K20 COoLo I MACO collision detection
161 K17 ETXDO03 o MACO transmit data 3
162 J20 ETXDO02 (0] MACO transmit data 2
163 K18 ETXDO1 o MACO transmit data 1
164 K19 ETXDO00 O MACO transmit data 0
165 J17 TX-ENO (0] MACO transmit enable
166 H20 TX-CLKO I MACO 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 0] MACO transmit error
170 G20 RX-ERO I MACO receive error
171 H18 RX-CLKO I MACO receive clock
172 H19 RX-DVO I MACO receive data valid
173 G17 ERXDO00 | MACO receive data 0
174 F20 ERXDO1 | MACO receive data 1
175 G18 ERXDO02 | MACO receive data 2
176 E20 Vcee Internal power supply (1.5 V)
177 F17 Vss Internal power supply (0 V)
178 G19 ERXDO03 | MACO 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 0] MACO management data clock

180 D20 MDIOO 0] MACO management data 1/O

181 E17 WOLO O MACO Wake-On-LAN

182 F19 LNKSTAO I MACO link status

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

184 C20 CAMSENO/IRQ4 I/ MACO CAM input/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 O 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 | ASE mode

198 C16 TDI | Test data input

199 A18 TMS I Test mode select

200 C17 TDO 0] Test data output

201 A17 TRST I Test reset

202 D16 TCK I Test clock

203 B15 ASEBRKAK 0 ASE break acknowledge

204 Ci15 AUDSYNC 0 AUD synchronous

205 A16 AUDCK o AUD clock

206 D15 Vce 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).
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1.3.2 Pin Functions

Table 1.2 lists the pin functions.

Tablel.2 Pin Functions

Classification

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

Rev. 2.00 Dec. 07, 2005 Page 19 of 950
REJ09B0079-0200



Section 1 Overview and Pin Function

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.
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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 1/0 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 = ASEBRKAK 0] Break mode Indicates that the E10A emulator
acknowledge has entered its break mode.
For the connection with the E10A,
see the SH7710 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 CRSH, | MAC1/0 carrier Carrier detection pin. For a
controller CRSO detection connection example, refer to
(EtherC1/0) section 18, Ethernet Controller
(EtherC).
COL1, | MAC1/0 Collision detection pin. For a
CcOLo collision connection example, refer to
detection section 18, Ethernet Controller
(EtherC).
ETXD13 to o] MACH1 transmit  4-bit transmit data pins. For a
ETXD10 data connection example, refer to
section 18, Ethernet Controller
(EtherC).
ETXDO03 to (0] MACO transmit  4-bit transmit data pins. For a
ETXDO0O data connection example, refer to
section 18, Ethernet Controller
(EtherC).
TX-EN1, (0] MAC1/0 These pins indicate that transmit
TX-ENO transmit enable data is ready on ETXD13 to
ETXD10 and ETXD03 to ETXDO0O0.
For a connection example, refer to
section 18, Ethernet Controller
(EtherC).
TX-CLK1, | MAC1/0 Timing reference pins (clock) for
TX-CLKO transmit clock  TX-EN1/0, TX-ER1/0, ETXD13 to
ETXD10 and ETXDO03 to ETXDO0O0.
For a connection example, refer to
section 18, Ethernet Controller
(EtherC).
TX-ER1, o] MAC1/0 These pins notify an error during
TX-ERO transmit error transmission to the PHY-LSI. For
a connection example, refer to
section 18, Ethernet Controller
(EtherC).
RX-ERT1, | MAC1/0 receive These pins notify an error during
RX-ERO 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-CLK1, | MAC1/0 receive Timing reference pins (clock) for
controller RX-CLKO clock RX-DV1/0, RX-ER1/0, ERXD13 to
(EtherC1/0) ERXD10 and ERXDO03 to

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

RX-DVH1, | MAC1/0 receive These pins indicate that valid

RX-DVO data valid receive data is on ERXD13 to
ERXD10 and ERXDO0S3 to
ERXDO0O. For a connection
example, refer to section 18,
Ethernet Controller (EtherC).

ERXD13 to | MACH1 receive  4-bit receive data pins. For a
ERXD10 data connection example, refer to
section 18, Ethernet Controller
(EtherC).
ERXDOS3 to | MACO receive  4-bit receive data pins. For a
ERXDO0O data connection example, refer to
section 18, Ethernet Controller
(EtherC).
MDCH1, (o] MAC1/0 Reference clock pins for
MDCO management information transfer via MDIO. For
data clock a connection example, refer to
section 18, Ethernet Controller
(EtherC).
MDIOA1, I/0 MAC1/0 Bidirectional pins for exchanging
MDIOO management management information. For a
data I/O connection example, refer to
section 18, Ethernet Controller
(EtherC).
WOL1, (0] MAC1/0 Wake- These pins indicate that a Magic
WOLO On-LAN Packet has been received.
LNKSTAT1, | MAC1/0 link Link state input pins from the
LNKSTAO status PHY-LSI
EXOUTA1, (0] MAC1/0 External output pins
EXOUTO general-purpose
external output
CAMSENT, | MAC1/0 CAM  CAM interface pins input
CAMSENO input
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Classification Symbol 1/0 Name Function
Ethernet ARBUSY (0] Bus release This pin outputs a bus release
controller request request when the amount of data
(EtherC1/0) in the receive FIFO reaches the
threshold.
Serial CTSH, | SCIF1/0 Modem control pins
communication CTSO transmission
interface with clear
FIFO (SCIF1/0) RTS1, (e} SCIF1/0 Modem control pins
RTSO transmit request
RXD1, | SCIF1/0 receive Receive data pins
RXDO data
TXD1, (0] 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_SIO1, (e} SIOF1/0 Transmit data pins
TXD_SIO0 transmit data
SIOFSYNCH, 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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Section2 CPU

2.1 Processing States and Processing M odes

211 Processing States

This LS| supports four types of processing states: areset 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 isreset. The LS| 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 LS| on-chip modules are initialized. In
manual reset, the register contents of a part of the LS| on-chip modules, such as the bus state
controller (BSC), are retained. For details, refer to section 24, 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'A0000000 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 sequentialy.

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 stete, refer to section 10, Power-Down Modes.

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

This LS| 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 atransition to reset state or exception handling
state. In the privileged mode, any registers and resources in address spaces can be accessed.

Clearing the MD hit 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: * Tocal aservice routine used in privileged mode from user mode, the LS| supports an
unconditional trap instruction (TRAPA). When atransition 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 LS| supports an RTE instruction.

(From any states)
Power-on reset
Manual reset

Reset processing

routine starts

Reset state Program execution state

A 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 LS| supports 32-hit 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 spaceis divided into several areas as shown in table 2.1.

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

If the cache is enabled, accessto the PO or UO areais cached. If a PO or UO address is specified
while the address trandation unit is enabled, the PO or U0 addressis trandated into a physical
address based on trandlation information defined by the user.

If the CPU isin user mode, only the UO area can be accessed. If P1, P2, P3, or P4 isaccessed in
user mode, atransition to an address error exception occurs.

P1 Area: The Pl areais defined as a cacheable but non-address trandatable 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 areais defined as a non-cacheable but non-address trandlatable 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 1/O, its corresponding
program should be assigned to the P2 area.

P3 Area: The P3 areais defined as a cacheable and address trandlatable area. Thisareais used if
an address trandlation is required for a privileged program.

P4 Area: The P4 areais defined as a control areawhich is non-cacheable and non-address
tranglatable. 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 LS| uses 29 hits 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 1/0 space where most of
this LSI’s on-chip 1/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'A0000100 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 0 in the external
memory space. The P4 areain the logical address space is not mapped into the external memory
address. If an addressin the P4 areais accessed, an external memory cannot be accessed.

Notes: 1. To accessan on-chip I/O mapped into area 1 in the external memory space, access the
address from the P2 areawhich is not cached in the logical address space.
2. If the address trandation unit is enabled, arbitrary mapping in page units can be
specified. For details, refer to section 5, Memory Management Unit (MMU).

Rev. 2.00 Dec. 07, 2005 Page 30 of 950
REJ09B0079-0200 RENESAS



Section2 CPU

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 LSl incorporates 24 general registers: RO BANKO to R7_BANKO,
RO_BANK1 to R7_BANK1 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_BANK1to R7_BANKZ1) are accessed as general registers.

System Registers: This LSl 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: ThisL Sl 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. 2.00 Dec. 07, 2005 Page 33 of 950

RENESAS

REJ09B0079-0200



Section2 CPU
31 31 31 0
RO_BANKO" "2 RO_BANK1"1:"3 RO_BANKO" "4
R1_BANKO0™ R1_BANK1™3 R1_BANKO™
R2_BANK0™2 R2_BANK1™3 R2_BANKO™
R3_BANK0™ R3_BANK1™3 R3_BANKO0™
R4_BANKO™2 R4_BANK1™3 R4_BANKO™#
R5_BANKO0™2 R5_BANK1™3 R5_BANKO™
R6_BANKO0™2 R6_BANK1™3 R6_BANKO™
R7_BANK0™2 R7_BANK1™3 R7_BANKO0™
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" "4 RO_BANK1"1:"3
R1_BANKO™ R1_BANK1™3
R2_BANKO™ R2_BANK1™3
R3_BANKO™ R3_BANK1™3
R4_BANKO™ R4_BANK1™3
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 BANK1 to
R7_BANK1, and R8 to R15. R0 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_BANK1 to R7_BANK1) are accessed as general registers. RO to R7 registersin 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 R8 to R15 are accessed as general registers RO to R15. The RO BANK1 to
R7_BANKZ1 registersin bank 1 cannot be accessed.

In privileged mode that is entered by atransition to exception handling state, the RB bit issetto 1
to select bank 1. In privileged mode, sixteen registers: RO BANK1to R7 BANK1 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 registersin bank 0 can be accessed as RO BANK to R7_BANK
by the LDC and STC instructions.

In privileged mode, bank 0 can aso 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 BANK1to R7_ BANK1 registersin 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 amost 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
Ra2 register-indirect addressing mode and indexed
Ra'2 GBR-indirect addressing mode. In some
- instructions, only RO can be used as the source
Rs™ or destination register.
R6"2 *2 R0O-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
:?O register.
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 hits and lower 32 bits, respectively.

Procedur e 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, thisregister 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

Rev. 2.00 Dec. 07, 2005 Page 37 of 950

RENESAS

REJ09B0079-0200




Section2 CPU

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 Description
31 — 0 Reserved
This bit is always read as 0. The write value should
always be 0.
30 MD 1 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 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.

Rev. 2.00 Dec. 07, 2005 Page 39 of 950
RENESAS REJ09B0079-0200



Section2 CPU

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 SSRinitial 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 atransition from reset state to exception handling state occurs, this register is referenced
as abase 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 hits). When the memory operand is only abyte (8
bits) or aword (16 bits), it is sign-extended into alongword when loaded into aregister.

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 aword (16 bits), it
is sign-extended into a longword when loaded into aregister.

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 aword 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 bytein
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 L SB 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) differsin each register.

Note: The CPU instruction codes of this LS| 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 |

Byte position
in memory

|[7:o1 | | | | |[15:s] |[7:o1 | | | | [31:24]| [23:1e]| [15:8] | [7:0] |
@(R1+0) @(R1+1) @(R1+2) @(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 (MD5) at a power-on reset. When MD5 islow
at reset, the processor operates in big-endian mode. When MD5 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 L SB 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) differsin each register.

Note: The CPU instruction codes of this LSl 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.

31 23 15 7 0
Byteir?qu(;“on | | | |[7:o] | | | |[15:8] | [7:0] | |[31:24]| [23:1e]| [15:8] | [7:0] |

Byte position | | |

in memory | [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 or IPSEC module, big
endian is supported, but little endian is not supported. Therefore, if the external memory is
accessed through the E-DMAC or IPSEC modulein 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 afixed length of 16 bits and are executed in the
sequentia pipeline. In the sequential pipeline, almost all instructions can be executed in one cycle.
All dataitems are handlesin 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, dataisfirst loaded into aregister (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 LS| 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: Theresult of acomparison isindicated 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 hits, word and longword literal constant is not placed
inside the instruction code, but in atable 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 datais referenced by absolute address, the absolute addressvalue is
placed in atable in memory beforehand as well as word or longword literal constant. Using the
method whereby immediate data is |oaded when an instruction is executed, thisvalueis
transferred to aregister and the data is referenced using register indirect addressing mode.

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

252 CPU Instruction Addressing M odes

The following table shows addressing modes and effective address cal culation 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 —
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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 R0O—(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 — —
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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 1S — 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

Rev. 2.00 Dec. 07, 2005 Page 67 of 950
RENESAS REJ09B0079-0200



Section2 CPU

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 11iMD 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: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
1100 OOMD imm/disp MOV.B MOV.W MOV.L TRAPA #imm: 8
RO, @ (disp: 8, RO, @(disp: 8, RO, @(disp: 8,
GBR) GBR) GBR)
1100 01MD disp MOV.B MOV.W MOV.L MOVA
@(disp: 8, GBR), @(disp: 8, GBR), @(disp: 8, GBR), @(disp: 8, PC),
RO 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 XOR.B OR.B
#imm: 8, @ (RO, #imm: 8, @ (RO, #imm: 8, @ (RO, #imm: 8, @ (RO,
GBR) GBR) GBR) GBR)
1101 Rn disp MOV.L @(disp: 8, PC), Rn
1110 Rn imm MOV #imm:8, Rn
1111 Frkrkrrrrrrk
Note: For details, refer to the SH-3/SH-3E/SH3-DSP Programming Manual.
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Section 3 DSP Operating Unit

3.1 DSP Extended Functions

This LSl incorporatesa DSP unit and X/Y memory directly connected to the DSP unit. ThisL S|
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 acircular 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
XIY memory: Datatransfer 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 Transfers between DSP Unit Registersand All Logical
Address Spaces: Datatransfer 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, afunction for double data
transfer instructions can be descried. In field B, ALU operation instructions and multiply
instructions can be described. Theinstructions 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 aword 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 %
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 modeis
necessary.

322 DSP Mode Memory Map

In DSP mode, a part of the P2 areain the logical address space can be accessed in user DSP mode.
When this areais accessed in user DSP mode, this areais referred to asa Uxy area. X/Y memory
isthen 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: arepeat start register (SR), repeat end register (RE), and module register are
added as control registers.

3130 29 28 27 16 15 1413
| 0 |MD| RB| BL| RC[11:0] | 0 | 0 | 0 |DSP|DMY|DM>4 M| Q | |3| |2| I | 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 | MODuio 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.

15t0 13 — — — 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.
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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 aloop 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 aloop repeat
module that is controlled by the repeat function. This register can be accessed in DSP mode. At
reset, thisregister isinitialized to 0. This register is not affected in the exception handling state.

Modulo Register (MOD): The modulo register stores the modulo end address and modul o 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 M S register, respectively. This register can
be accessed in DSP mode. At reset, theinitial value of thisregister is undefined. Thisregister 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, DM X, and
DMY bitsin the SR, as described below.

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

e Inuser 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:OK,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:OK,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:OK,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
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Before entering the exception handling state, al bitsincluding 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 dataregisters (A0, A1, X0, X1, YO, Y1, MO, and M1) and a status
register (DSR). Figure 3.3 shows the DSP register configuration. These are 32-hit width registers
with the exception of registers A0 and Al. Registers AO and A1l include 8 guard bits (fields AOG
and A1G), giving them atotal 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 I nstructions.

39 3231 0
AOG A0
A1G Al
MO
A Initial val
nitial value
X0 DSR: All0
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 |oops 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 |oop 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 (instr1 instruction) to the
RptEnd address (instrN instruction) are repeated four times. These repeated instructions in the
program are called repest 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 arepeat 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 arepeat 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 1oop, 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.

o Repeat end register (RE)
The RE register is specified by the LDRE instruction. The RE register specifies (repeat
detection instruction address +4). In arepeat 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 lessinstructions is described later.

o Repeat start register (RS)
The RS register is specified by the LDRS instruction. In arepeat |oop consisting of 4 or more
instructions, the RS register specifies the repeat start instruction address. In arepeat loop
consisting of three or lessinstructions, a specific address is specified in the RS. Thisis
described later.

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

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

o 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, arepeat detection instruction can be detected. If arepeat detection
instruction is executed without branching and if RC[11:0] > O, 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 |oop 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

LDRS RptStart +4

LDRE RptStart +4

SETRC #4

RptDtct: instr0

RptStart: instrl
Instr2
RptEnd: instr3

7

7

Sets (repeat detection instruction
address + 4) to the RS register

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

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]

e Example 3: Repeat loop consisting of two instructions

LDRS RptStart +6

LDRE RptStart +4

SETRC #4

RptDtct: instr0

RptStart: instrl
RptEnd: instr2

’

Sets (repeat detection instruction
address + 6) to the RS register

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

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.

RptsStart:

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 1oop 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 arepeat 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—RSisapositive value, the CPU regards the repeat |oop as a four-instruction repeat
loop. (In arepeat loop consisting of four or more instructions, RE — RSisawaysa
positive value. For details, refer to example 1 above.) If RE — RSispositive, or avaue
other than 0, —2,and —4, correct operation cannot be guaranteed.
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Theruleisshownin 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 dataor a
general register can be used as an operand of the SETRC instruction. To specify the RC asavalue
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.

o 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]

7

7

; [Repeat end instruction]

o 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]

o 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 |oop 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,
Exceptation 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, anillegal instruction exception occurs.
— Branch instructions
BRA, BSR, BT, BF, BT/F, BF/S, BSRF, RTS, BRAF, RTE, JSR, IMP, TRAPA
— Repeat control instructions
SETRC, LDRS, LDRE
— Load ingtructions 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: Thisrestriction appliesto al instructions for a repeat |oop 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 arepeat loop consisting of four or more

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

SETRC, LDRS, LDRE
— Load ingtructions 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 arepeat 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 arepeat 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 aconditional branch instruction is used in the repeat loop, an instruction before a repeat
detection instruction must be specified as a branch destination.

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

Here, abranch includes areturn from an exception processing routine. If an exception whose
return addressis 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 aTRAPA instruction isused as arepeat 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 areturn address
prior to the repeat detection instruction.

2. If aSLEEP instruction is placed following arepeat detection instruction, atransition 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 arepeat detection instruction
If arepeat detection instruction is a delayed slot instruction of a delayed branch instruction or a
branch instruction, arepeat loop can be acknowledged when a branch does not occur in a
branch instruction. If abranch occursin abranch instruction, arepeat 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 arepeat detection instruction. In arepeat loop consisting of one to three instructions,
the PC indicates the correct value (instruction address + 4) for an instruction (repeat start
instruction) following arepeat 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 arepeat 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 #mm,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 isinitiated.

— If RC > 2, acontrol is passed to arepeat start instruction after arepeat 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 0 at the completion of the repeat end instruction and
acontrol 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 arepeat detection instruction
is executed. The repest loop is executed once as normal instructions and a control is not be
passed to arepeat start instruction even if arepeat 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 LS| 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 | nstructions: Examples of repeat loop
programs using the extended repeat control instructions are shown below.
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Example 1: Repeat loop consisting of 4 or more instructions

RptStart:

RptEnd:

Example 2:

RptStart:

RptEnd:

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, arepeat 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 arepeat end instruction. Therefore, thereis no
restriction on branches or exceptions.

Extended Repeat Control Instructions: To describe the extended repeat 1oop, 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
valueis 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 0 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, acontrol is returned to the extended repeat function correctly after processing
such as exception handling.

Restrictions on 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 ingtructions 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 arepeat end
instruction. A delay stop of adelayed branch instruction can also be placed as arepeat 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 arepeat start instruction. If abranch
occurs, acontrol 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 0 of RE

register isset to 1 and RC [11:0] of SR register isnot 0, the extended repeat control function is

initiated.

— If RC > 2, acontrol is passed to arepeat start instruction after arepeat 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
acontrol is passed to the subsequent instruction.

— If RC ==0, the repeat control function is not initiated even if arepeat detection instruction
is executed. The repeat loop is executed once as hormal instructions and a control is not be
passed to arepeat start instruction even if arepeat end instruction is executed.
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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 viathe specific buses called X bus
and Y bus. By using the data transfer instructions using the X and Y buses, two dataitems 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 paralldl,

Single data transfer instructions

The DSP unit is aso 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 dataitem at atime.
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 viathe 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] 131:0]
DSP unit DSR
¥ A0G
XDB | 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)

Figure 3.4 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 busand Y bus are used to access X memory and Y
memory, respectively. To fetch the CPU instructions, the L busis used. Accordingly, no conflict
occursamong 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 Y 1 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 aword data transfer instruction is executed, the upper word of
register operand is used. To load word data, datais |loaded to the upper word of the destination
register and the lower word of the destination register is automatically cleared to O.
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Double data transfer instructions can be described in parallel to the DSP operation instructions.
Even if aconditional operation instruction is specified in parallel to adouble 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 busand Y bus are 16 bits and support 64-byte address spaces
corresponding to address areas H' A5000000 to H' AS00FFFF and H A5010000 to H' AS01FFFF,
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 isvalid. In word data load, word datais
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 datais 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 hits of the LDB and are loaded onto the
LDB bus.

Notes: * Becausethe DSR register is defined as the system register, it can be accessed by the
LDS or STSinstruction.

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

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

System Control Instructions: The DSR, A0, X0, X1, YO, and Y 1 registersin 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 STSand 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+,Y0 (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
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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|[ ].

o Double datatransfer 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 datatransfer instructions

In single data transfer, any logical address space can be accessed viathe 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  [Ay] 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 aiases are shown below.

AX0: .REG (R4)

Ax1: .REG (R5)

Ix: .REG (R8)

Ay0: .REG (R6)

Ayl: REG (R7)

ly: .REG (R9)

AS0: .REG (R4); This definitionisused for if the aliasis required in the single data transfer
Asl: .REG (R5); Thisdefinition isused for if the aliasis required in the single data transfer
As2: .REG (R2)

As3: .REG (R3)

Is: .REG (R8); Thisdefinition 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: AO, 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.

o 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 adata transfer, the value of the Ix or ly
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 isinvalid. Accordingly, bit O of the
address pointer and index register must be cleared to 0 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
retainsits original value. The Ax and Ax +Ix operations are executed in longword (32 hits) 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.

o Non-update address register addressing
The Asregister is an address pointer. An access to @Asis performed but Asis not updated.
e Increment address register addressing:
The Asregister is an address pointer. After an accessto @AS, the Asregister isincremented
by 2 or 4 (post-increment).
e Addition index register addressing:
The Asregister is an address pointer. After an accessto @AsS, the value of the Isregister is
added to the As register (post-increment).
e Decrement address register addressing:

The As register is an address pointer. Before adata transfer, —2 or —4 is added to the As
register (i.e. 2 or 4 is subtracted) (pre-decrement).

In single data transfer instructions, all bitsin 32-bit address are valid.

343 Modulo Addressing

In double data transfer instructions, a modulo addressing can be used. If the address pointer value
reaches the preset modul o end address while a modulo addressing mode is specified, the address
pointer value becomes the modulo start address.

To control modulo addressing, the modulo register (MOD) extended in the DSP mode and the
DMX and DMY bits of the SR register are used.

The MOD register is provided to set the start and end addresses of the modulo address area. The
upper and lower words of the MOD register store modulo start address (MS) and modulo end
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address (ME), respectively. The LDC and STC instructions are extended for MOD register
handling.

If the DM X hit of the SR register is set, the modulo addressing is specified for the X address
register. If the DMY hit of the SR register is set, the modulo addressing is specified for the Y
address register. Modulo addressing isvalid for either the X or the Y address register, only; it
cannot be set for both at the same time. Therefore, DMX and DMY cannot both be set
simultaneoudly (if they are, the DMY setting will be valid). ( In the future, this specification may
be changed.) The DMX and DMY hits of the SR can be specified by the STC or LDC instruction
for the SR register.

If an exception is accepted during modulo addressing, the DMX and DMY bits of the SR and
MOD register must be saved. By restoring these register values, a control is returned to the
modulo addressing after an exception handling.

Table3.11 Modulo Addressing Control Instructions

Instruction Operation Execution States
STC MOD, Rn MOD — Rn 1
STC.L MOD, @-Rn Rn -4 — Rn, MOD — (Rn) 1
LDC @Rn+, MOD (Rn) - MOD, Rn+4 — Rn 4
LDC Rn, MOD Rn — MOD 4
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An example of the use of modulo addressing is shown below.

MOV.L #H’70047000,R10
;Specify MS=H’7000 ME = H’7004
LDC R10,MOD ;Specify ME:MS to MOD register
STC SR,R10 ;
MOV.L #H'FFFFF3FF,R11 ;
MOV.L #H’'00000400,R12 ;
AND R11,R10 ;
OR R12,R10 ;

LDC R10,SR ; Specify SR.DMX=1,
SR.DMY=0, and X modulo addressing mode

MOV.L #H'A5007000,R14

MOVX.W @R4+,X0 ; R4: H'A5007000— H’'A5007002
MOVX.W @R4+,X0 ; R4: H'A5007002— H'A5007004
MOVX.W @R4+,X0 ; R4: H’'A5007004— H’'A5007000
(Matches to ME and MS is set)
MOVX.W @R4+,X0 ; R4: H'A5007000— H'A5007002
MOVX.W @R4+,X0 ; R4: H'A5007000— H’'A5007002

The start and end addresses are specified in MS and ME, then the DMX or DMY hit isset to 1.
When the X or Y datatransfer instruction specified by the DMX or DMY is executed, the address
register contents before updating are compared with ME', and if they match, start address MS is
stored in the address register as the value after updating.

When the addressing type of the X/Y data transfer instruction is no-update, the X/Y data transfer
instruction is not returned to MS even if they match ME.

When the addressing type of the X/Y data transfer instruction is addition index register addressing,
the address pointed way not match the address pointer ME and exceed it. In this case, the address
pointer value does not become the modulo start address.

The maximum modulo size is 64 kbytes. Thisis sufficient to accessthe X and Y data memory.

Note: * Not only with modulo addressing, but when X and Y data addressing is used, bit Ois
ignored. 0 must always be written to bit O of the address pointer, index register, MS,
and ME.
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344 Memory Data For mats

Memory data formats that can be used in the DSP instructions are classified into word, and
longword. 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 by MOVS.L, LDS.L, or STS.L
instruction. In such cases, the data accessed cannot be guaranteed

An address error will not occur if word data starting from an address other than 2n is accessed by
the MOV X.W or MOVY.W instruction. When using the MOV X.W or MOVY.W instruction, an
address must be specified on the boundary 2n. If an address is specified other than 2n, the data
accessed cannot be guaranteed.

345 Instruction Formats of Double and Single Transfer Instructions

The format of double data transfer instructionsis shown in tables 3.12, and that of single data
transfer instructionsin table 3.13.
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Table3.12 Double Data Transfer Instruction Formats

Type Mnemonic 1514 13 1211 109 8 7 6 5 4 3 2 1 0

X memory NOPX 1 1110 0 0 0 0 0 0

?r:ltnasfer MOVX.W @Ax,Dx Ax Dx 0 0 1
MOVX.W @Ax+,Dx 10
MOVX.W @ Ax+Ix,Dx 1 1
MOVX.W Da, @ Ax Da 1 0 1
MOVX.W Da, @ Ax+ 1 0
MOVX.W Da, @ Ax+Ix 1 1

Y memory NOPY 11110 0 0 0 0 00

frztnasfer MOVY.W @Ay,Dy Ay Dy 0 0 1
MOVY.W @Ay+ Dy 1 0
MOVY.W @Ay-+ly,Dy 11
MOVY.W Da, @Ay Da 1 0 1
MOVY.W Da, @ Ay+ 10
MOVY.W Da, @Ay+ly 11

Note: Ax:0=R4,1=R5
Ay:0=R6,1=R7
Dx: 0 =X0, 1 =X1
Dy:0=Y0,1=Y1
Da: 0=A0,1=A1
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Table3.13 Single Data Transfer Instruction Formats

Type Mnemonic 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Single MOVS.W @-As,Ds 1 1 0 1 As Ds 0:(*) 0 0 O

fritnasfer MOVS.W @As,Ds 0:R4 1:() 0 1
MOVS.W @As+,Ds 1:R5 2:(*) 1 0
MOVS.W @As+ls,Ds 2:R2 3:(*) 1 1
MOVS.W Ds, @-As 3:R3 4:(*) 0O 0 0 1
MOVS.W Ds,@As 5:A1 0 1
MOVS.W Ds, @ As+ 6:(*) 1 0
MOVS.W Ds, @As+ls 7:A0 1 1
MOVS.L @-As,Ds 8:X0 0 0 1 O
MOVS.L @As,Ds 9:X1 0 1
MOVS.L @As+,Ds A:YO 1 0
MOVS.L @As+Is,Ds B:Y1 1 1
MOVS.L Ds,@-As C:M0 o 0o 1 1
MOVS.L Ds,@As D:AA1IG 0 1
MOVS.L Ds,@As+ E:M1 1 0
MOVS.L Ds,@As+Is F-AOG 1 1

Note: * Codes reserved for system use.

RENESAS
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35 DSP Data Operation Instructions

351 DSP Registers

This LSl has eight dataregisters (A0, Al, X0, X1, YO, Y1, MO and M1) and one control register
(DSR) as DSP registers (figure 3.3).

Four kinds of operation access the DSP dataregisters. Thefirst is DSP data processing. When a
DSP fixed-point data operation uses A0 or A1 as the source register, it uses the guard bits (bits 39
to 32). When it uses AO or A1 as the destination register, guard bits 39 to 32 are valid. When a
DSP fixed-point data operation uses a DSP register other than AO or A1l as the source register, it
sign-extends the source value to bits 39 to 32. When it uses one of these registers as the
destination register, bits 39 to 32 of the result are discarded.

The second kind of operationisan X or Y datatransfer operation, MOV X.W, MOVY .W. This
operation accesses the X and Y memories through the 16-bit X and Y data buses (figure 3.4). The
register to be loaded or stored by this operation always comprises the upper 16 bits (bits 31 to 16).
X0 or X1 can be the destination of an X memory load and YO or Y 1 can be the destination of aY
memory load, but no other register can be the destination register in this operation. When datais
read into the upper 16 bits of aregister (bits 31 to 16), the lower 16 bits of the register (bits 15 to
0) are automatically cleared. AO and A1 can be stored in the X or Y memory by this operation, but
no other registers can be stored.

Thethird kind of operation is a single-data transfer instruction, MOVS.W or MOVS.L. These
instructions access any memory location through the LDB (figure 3.4). All DSP registers connect
to the LDB and can be the source or destination register of the data transfer. These instructions
have word and longword access modes. In word mode, registers to be loaded or stored by this
instruction comprise the upper 16 bits (bits 31 to 16) for DSP registers except AOG and A1G.
When datais loaded into aregister other than AOG and A1G in word mode, the lower half of the
register is cleared. When AO or Al is used, the datais sign-extended to bits 39 to 32 and the lower
half is cleared. When AOG or A1G isthe destination register in word mode, datais loaded into an
8-hit register, but A0 or Al isnot cleared. In longword mode, when the destination register is AO
or Al, it is sign-extended to bits 39 to 32.

The fourth kind of operation is system control instructions such asLDS, STS, LDS.L, or STS.L.
The DSR, AQ, X0, X1, YO, and Y 1 registers of the DSP register can be treated as system registers.
For these registers, data transfer instructions between the CPU general registers and system
registers or memory access instructions are supported.
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Tables 3.14 and 3.15 show the data type of registers used in DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitations. For
example, PMULS can use A1 as the source register, but cannot use AO. These tablesignore details

of register selectability.

Table3.14 Destination Register in DSP Instructions

Guard Bits Register Bits
Registers  Instructions 39 32 31 16 15 0
A0, A1 DSP Fixed-point, PSHA, Sign-extended 40-bit result
operation  PMULS
Integer, PDMSB Sign-extended 24-bit result  Cleared
Logical, PSHL Cleared 16-bit result  Cleared
Data MOVS.W Sign-extended 16-bit data Cleared
transfer  “yoys.L Sign-extended 32-bit data
A0G, A1G  Data MOVS.W Data No update
transfer  “movsL Data No update
X0, X1 DSP Fixed-point, PSHA, 32-bit result
YO, Y1 operation  PMULS
MO, M1 - X
Integer, logical, 16-bit result Cleared
PDMSB, PSHL
Data MOVX/Y.W, MOVS.W 16-bit result  Cleared
transfer  “qovs.L 32-bit data
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Table3.15 SourceRegister in DSP Operations

Guard Bits Register Bits
Registers  Instructions 39 32 31 16 15 0
A0, A1 DSP Fixed-point, PDMSB, 40-bit data
operation  PSHA
Integer 24-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVX/Y.W, MOVS.W 16-bit data
transfer  “viovs.L 32-bit data
AO0G, A1G  Data MOVS.W Data
transfer  “viovs.L Data
X0, X1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO0 yq operation ~ PSHA
MO, M1 Integer Sign* 16-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVS.W 16-bit data
transfer  “viovs.L 32-bit data

Note: * The data is sign-extended and input to the ALU.

The DSP unit incorporates one control register and DSP status register (DSR). The DSR register
stores the DSP data operation result (zero, negative, others). The DSP register also has the DC hit
whose function is similar to the T bit of the CPU register. The DC bit functions as status flag.
Conditional DSP data operations are controlled based on the DC bit. These operation control
affects only the DSP unit instructions. In other words, these operations control affects only the
DSP registers and does not affect address register update and CPU instructions such as load and
storeinstructions. A condition to be reflected on the DC bit should be specified to the DC status
selection bits (C52:0]).

The unconditional DSP type data instructions other than PMULS, MOV X, MOVY, and MOV S
change the condition flag and DC hit. However, the CPU instructions including the MAC
instruction do not modify the DC hit. In addition, conditional DSP instructions do not modify the
DSR.
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Table3.16 DSR Register Bits

Initial
Bits Bit Name Value R/W

Function

31to — AllO R
12

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

11t09 TS2to TSO All O R/W

T Bit Status Selection

Specifies the operation result status to be setinthe T
bit in the SR register if the TC bit is 1. If the S bit of
the SR register is set to 1, an overflow is detected.

000: Carry/borrow mode

001: Negative value mode

010: Zero mode

011: Overflow mode

100: Signed greater mode

101: Signed greater than or equal to mode
110: Reserved (setting prohibited)

111: Reserved (setting prohibited)

TC Bit

0: The T bit of the SR register is not affected by the
DSP instruction.

1: The T bit of the SR register changes according to
the TS bit of the DSR register while the DSP
instruction is executed. Note, however, the T bit
does not change during conditional DSP instruction
execution.

Signed Greater Bit

Indicates that the operation result is positive (except
0), or that operand 1 is greater than operand 2

1: Operation result is positive, or operand 1 is greater
than operand 2

Zero Bit

Indicates that the operation result is zero (0), or that
operand 1 is equal to operand 2

1: Operation result is zero (0), or operands are equal
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Initial
Bits Bit Name Value

R/W

Function

5 N

0

R/W

Negative Bit

Indicates that the operation result is negative, or that
operand 1 is smaller than operand 2

1: Operation result is negative, or operand 1 is
smaller than operand 2

R/W

Overflow Bit
Indicates that the operation result has overflowed
1: Operation result has overflowed

3to1 CS2to
CSo

AllO

R/W

DC Bit Status Selection

Designate the mode for selecting the operation result
status to be set in the DC bit

000: Carry/borrow mode

001: Negative value mode

010: Zero mode

011: Overflow mode

100: Signed greater mode

101: Signed greater than or equal to mode
110: Reserved (setting prohibited)

111: Reserved (setting prohibited)

R/W

DSP Status Bit

Sets the status of the operation result in the mode
designated by the CS bits

0: Designated mode status has not occurred (false)
1: Designated mode status has occurred

Indicates the operation result by carry or borrow
regardless of the CS bit status after the PADDC or
PSUBC instruction has been executed.
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The DSR is assigned to the system registers. For the DSR, the following load and store
instructions are supported.

STS DSR,Rn;
STS.L DSR,@-Rn;
LDS Rn,DSR;
LDS.L @Rn+,DSR;

If the DSR is read by the STSinstruction, upper bits (bits 31 to 16) areall 0

352 DSP Operation Instruction Set

DSP operation instructions are instructions for digital signal processing performed by the DSP
unit. These instructions have a 32-bit instruction code, and multiple instructions can be executed
in parallel. Theinstruction codeisdivided into an A field and B field; aparallel data transfer
instruction is specified in the A field, and asingle or double data operation instruction in the B
field. Instructions can be specified independently, and are also executed independently.

B-field data operation instructions are of three kinds: double data operation instructions,
conditional single data operation instructions, and unconditional single data operation instructions.
The formats of the DSP operation instructions are shown in table 3.17. The respective operands
are selected independently from the DSP registers. The correspondence between DSP operation
instruction operands and registersis shown in table 3.18.
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Table3.17 DSP Operation Instruction Formats

Type Instruction Formats
Double data operation instructions ALUop. Sx, Sy, Du
MLTop. Se, Df, Dg
Conditional single data operation DCT ALUop. Sx, Sy, Dz
instructions DCF  ALUop. Sx, Sy, Dz
DCT ALUop. Sx, Dz
DCF ALUop. Sx, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
Unconditional single data operation ALUop. Sx, Sy, Dz
instructions ALUop. Sx, Dz
ALUop. Sy, Dz
MLTop. Se, Sf, Dg

Table3.18 Correspondence between DSP Instruction Operands and Registers

ALU/Shift Operations

Multiply Operations

Register Sx Sy Dz Du Se Sf Dg
A0 Yes Yes Yes Yes
A1l Yes Yes Yes Yes Yes Yes
MO Yes Yes Yes
M1 Yes Yes Yes
X0 Yes Yes Yes Yes Yes

X1 Yes Yes Yes

YO Yes Yes Yes Yes Yes

Y1 Yes Yes Yes

When writing parallel instructions, the B-field instruction is written first, followed by the A-field

instruction. A sample parallel processing program is shown in figure 3.6.

Rev. 2.00 Dec. 07, 2005 Page 112 of 950

REJ09B0079-0200

RENESAS



Section 3 DSP Operating Unit

PADD A0, MO, A0 PMULS Xo, YO, MO MOVX.W @R4+, X0 MOVY.W @R6+, YO
DCF PINC M1, A1 MOVX.W @R5+R8, X0 MOVY.W @R7+, Y1
PCMP M1, MO MOVX.W @R4, X1 [NOPY]

Figure3.6 Sample Parallel Instruction Program
[ 1 mean that the contents can be omitted.

The no operation instructions NOPX and NOPY can be omitted. For details on the B field in DSP
data operation instructions, refer to section 3.6.4, DSP Operation Instructions.

The DSR register condition code bit (DC) is always updated on the basis of the result of an
unconditional ALU or shift operation instruction. Conditional instructions do not update the DC
bit. Multiply instructions, also, do not update the DC bit. DC bit updating is performed by means
of the Cg[2:0] bitsin the DSR register. The DC bit update rules are shown in table 3.19.
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Table3.19 DC Bit Update Definitions

CS [2:0] Condition Mode

Description

0 0 O Carryorborrow
mode

The DC bit is set if an ALU arithmetic operation generates a carry
or borrow, and is cleared otherwise.

When a PSHA or PSHL shift instruction is executed, the last bit
data shifted out is copied into the DC bit.

When an ALU logical operation is executed, the DC bit is always
cleared.

0 O 1 Negative value
mode

When an ALU or shift (PSHA) arithmetic operation is executed,
the MSB of the result, including the guard bits, is copied into the
DC bit.

When an ALU or shift (PSHL) logical operation is executed, the
MSB of the result, excluding the guard bits, is copied into the DC
bit.

0 1 0 Zerovalue mode

The DC bit is set if the result of an ALU or shift operation is all-
zeros, and is cleared otherwise.

0 1 1 Overflow mode

The DC bit is set if the result of an ALU or shift (PSHA) arithmetic
operation exceeds the destination register range, excluding the
guard bits, and is cleared otherwise.

When an ALU or shift (PSHL) logical operation is executed, the
DC bit is always cleared.

1 0 O Signed greater-than
mode

This mode is similar to signed greater-or-equal mode, but DC is
cleared if the result is all-zeros.

DC = ~{(negative value ” over-range) | zero value};
In case of arithmetic operation

DC = 0; In case of logical operation

1 0 1 Signed greater-or-
equal mode

If the result of an ALU or shift (PSHA) arithmetic operation
exceeds the destination register range, including the guard bits
(over-range), the definition is the same as in negative value
mode. If the result is not over-range, the definition is the opposite
of that in negative value mode.

When an ALU or shift (PSHL) logical operation is executed, the
DC bit is always cleared.

DC = ~(negative value ~ over-range);
In case of arithmetic operation

DC = 0; In case of logical operation

1 1 0 Reserved (setting prohibited)

1 1 1 Reserved (setting prohibited)
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Conditional Operations and Data Transfer

Some instructions belonging to this class can be executed conditionally, as described earlier.
The specified condition is valid only for the B field of the instruction, and is not valid for data
transfer instructions for which a parallel specification is made. Examples are shown in figure
3.7.

DCT PADD X0,Y0,A0 MOVX.W @R4+,X0 MOVY.W AO0,@R6+R9 ;

When condition is True

Before execution: X0=H'33333333, Y0=H'55555555, A0=H'123456789A,
R4=H'00008000, R6=H'00005000, R9=H'00000004
(R4)=H'1111l, (R6)=H'2222

After execution: X0=H'11110000, Y0=H'55555555, AQ0=H'0088888888,
R4=H'00008002, R6=H'00005004, R9=H'00000004
(R4)=H'1111l, (R6)=H'3456

When condition is False

Before execution: x0=H'33333333, Y0=H'55555555, AQ0=H'123456789A,
R4=H'00008000, R6=H'00005000, R9=H'00000004
(R4)=H'1111, (R6)=H'2222

After execution: X0=H'11110000, YO0=H'55555555, AQ=H'123456789A,
R4=H'00008002, R6=H'00005004, R9=H'00000004
(R4)=H'1111, (R6)=H'3456

Figure3.7 Examplesof Conditional Operations and Data Transfer Instructions

Assignment of NOPX and NOPY Instruction Codes

When thereis no data transfer instruction to be parallel-processed simultaneously with a DSP
operation instruction, an NOPX or NOPY instruction can be written as the data transfer
instruction, or the instruction can be omitted. The instruction code is the same whether an
NOPX or NOPY instruction is written or the instruction is omitted. Examples of NOPX and
NOPY instruction codes are shown in table 3.20.
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Table3.20 Examplesof NOPX and NOPY Instruction Codes

Instruction Code
PADD X0,Y0,A0 MOVX.W @R4+,X0 MOVY.W @R6+R9,YO0 1111100000001011
1011000100000111
PADD X0,Y0,A0 NOPX MOVY.W @R6+R9,YO0 1111100000000011
1011000100000111
PADD X0,Y0,A0 NOPX NOPY 1111100000000000
1011000100000111
PADD X0,Y0,A0 NOPX 1111100000000000
1011000100000111
PADD X0,Y0,A0 1111100000000000
1011000100000111
MOVX.W @R4+,X0 MOVY.W @R6+R9,YO0 1111000000001011
MOVX.W @R4+,X0 NOPY 1111000000001000
MOVS.W @R4+,X0 1111010010001000
NOPX MOVY.W @R6+R9,YO0 1111000000000011
MOVY.W @R6+R9,YO0 1111000000000011
NOPX NOPY 1111000000000000
NOP 0000000000001001

353 DSP-Type Data For mats

This LS has several different data formats that depend on the instruction. This section explains
the data formats for DSP type instructions.

Figure 3.8 shows three DSP-type data formats with different binary point positions. A CPU-type
data format with the binary point to the right of bit 0 is aso shown for reference.

The DSP-type fixed point data format has the binary point between bit 31 and bit 30. The DSP-
type integer format has the binary point between bit 16 and bit 15. The DSP-type logical format
does not have a binary point. The valid data lengths of the data formats depend on the instruction
and the DSP register.
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DSP type fixed point

39 31 30 0
With guard bits ~ |8| | | | -28t0 +28 2731
A
31 30 0
Without guard bits [s] | —1t0+1 -2
A
39 31 30 16 15 0
Multiplier input | Is| | —1to+1-271°
A
DSP type integer
39 32 31 16 15 0
With guard bits || | | | 22210 42231
'y
31 16 15 0
Without guard bits [s] | | -2 t0 4215 -1
A
Shift amount for 31 22 16 15 Y
arithmetic shift (PSHA) | ls| | | -s2t0 +32
A
Shift amount for 31 2116 15 0
logical shift (PSHL) [ Is[ | | -16t0+16
A
39 31 16 15 0
DSP type logical I |
CPU type integer
yp g 31 0
Longword Isl 281 t0 +2%1 — 1
A
S: Sign bit A : Binary point I:I : Does not affect the operations

Figure3.8 Data Formats

The shift amount for the arithmetic shift (PSHA) instruction has a 7-hit field that can represent
values from —64 to +63, but —32 to +32 are valid numbers for the instruction. Also the shift
amount for alogical shift operation has a 6-bit field, but —16 to +16 are valid numbersfor the
instruction. The results when an invalid shift amount is specified cannot be guaranteed.
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354 ALU Fixed-Point Operations

Figure 3.9 shows the ALU arithmetic operation flow. Table 3.21 shows the variation of thistype
of operation and table 3.22 shows the correspondence between each operand and registers.

39 31 0 39 31 0
|Guard| Source 1 | | |Guard| Source 2 | |

ALU | [GT] Z [N ]V [DC]
DSR

Y

|Guard| Destination | |
39 31 0

Figure3.9 ALU Fixed-Point Arithmetic Operation Flow

Note: TheALU fixed-point arithmetic operations are basically 40-bit operation; 32 bits of the
base precision and 8 bits of the guard-bit parts. So the signed hit is copied to the guard-bit
parts when aregister not providing the guard-bit parts is specified as the source operand.
When aregister not providing the guard-bit partsis specified as a destination operand, the
lower 32 hits of the operation result are input into the destination register.

ALU fixed-point operations are executed between registers. Each source and destination operand
are selected independently from one of the DSP registers. When aregister providing guard bitsis
specified as an operand, the guard bits are activated for this type of operation. These operations
are executed in the DSP stage, as shown in figure 3.10. The DSP stage is the same stage as the
MA stage in which memory accessis performed.
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Table3.21 Variation of ALU Fixed-Point Operations
Mnemonic Function Source 1 Source 2 Destination
PADD Addition Sx Sy Dz (Du)
PSUB Subtraction Sx Sy Dz (Du)
PADDC Addition with carry Sx Sy Dz
PSUBC Subtraction with borrow  Sx Sy Dz
PCMP Comparison Sx Sy —
PCOPY Data copy Sx AllO Dz
AllO Sy Dz
PABS Absolute Sx AllO Dz
AllO Sy Dz
PNEG Negation Sx All O Dz
All O Sy Dz
PCLR Clear AllO AllO Dz
Table3.22 Correspondence between Operandsand Registers
Register SX Sy Dz Du
A0 Yes Yes Yes
A1 Yes Yes Yes
MO Yes Yes
M1 Yes Yes
X0 Yes Yes Yes
X1 Yes Yes
YO Yes Yes Yes
Y1 Yes Yes

As shown in figure 3.10, data loaded from the memory at the MA stage, which is programmed at
the same line asthe ALU operation, is not used as a source operand for this operation, even
though the destination operand of the data load operation isidentical to the source operand of the
ALU operation. In this case, previous operation results are used as the source operands for the
ALU operation, and then updated as the destination operand of the data load operation.
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Operation Sequence Example

MOVX.W @ (R4, R8), X0
PADD X0,Y0, A0 MOVX.W @R4+, X0

o]+ [ 2 | o | & [ s [ & |
IF | MOVX MOVX & PADD
ID MOVX MOVX & PADD
EX Addressing | Addressing
MA/DSP MOVX MOVX & PA?Dl

Previous cycle result is usN

Figure3.10 Operation Sequence Example

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. However, in case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of a DC bit is selected by CS[2:0] (condition selection) bitsin
DSR. The DC bit result isasfollows:

Carry or Borrow Mode: CS[2:0] = 000: The DC hit indicates that carry or borrow is generated
from the most significant bit of the operation result, except the guard-bit parts. Some examples are
shown in figure 3.11. Thismode is the default condition. When the input datais negativein a
PABS or PNEG instruction, carry is generated.
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Example 1

Guard bits

1
00000000 1111111111111111
+) 0000 0000 0000 0000 0000 0001

Example 2

Guard bits

1
1111111101110000 0000 0000
+) 001111110001 0000 0000 0000

0000 0001 0000 0000 0000 0000

Carry detecting point

Carry is detected

Example 3

Guard bits

1
0000 0000 0000 0000 0000 0001
—) 0000 0000 0000 0000 0000 0001

(1)001111101000 0000 0000 0000

Carry detecting point

Carry is not detected

Example 4

Guard bits

1
0000 0000 0001 0000 0000 0001
—) 0000 0000 0001 0000 0000 0010

00000000 0000 0000 0000 0000

Borrow detecting point

Borrow is not detected

1111111111111 11111111111

Borrow detecting point

Borrow is detected

Figure3.11 DC Bit Generation Examplesin Carry or Borrow Mode

Negative Value Mode: CS[2:0] = 001: The DC flag indicates the same value as the MSB of the
operation result. When the result is a negative number, the DC bit shows 1. When it is a positive
number, the DC bit shows 0. The ALU always executes 40-bit arithmetic operation, so the sign bit
to detect whether positive or negative is aways got from the MSB of the operation result
regardless of the destination operand. Some examples are shown in figure 3.12.

Example 1

Guard bits

1

1100 0000 0000 0000 0000 0000
+) 0000 0000 0000 0000 0000 0001

1100 0000 0000 0000 0000 0001

Sign bit

Negative value

Example 2

Guard bits

1
0011 0000 0000 0000 0000 0000
+) 0000 0000 1000 0000 0000 0001

0011 0000 1000 0000 0000 0001

Sign bit

Positive value

Figure3.12 DC Bit Generation Examplesin Negative Value Mode

Zero Value Mode: CS[2:0] = 010: The DC flag indicates whether the operation result is O or not.
When the result is O, the DC bit shows 1. When it is not O, the DC bit shows 0.

Overflow Mode: CS[2:0] = 011: The DC bit indicates whether or not overflow occursin the
result. When an operation yields aresult beyond the range of the destination register, except the
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guard-bit parts, the DC bit is set. Even though guard bits are provided in the destination register,
the DC bit always indicates the result of when no guard bits are provided. So, the DC hit is aways
set if the guard-bit parts are used for large number representation. Some DC bit generation
examples in overflow mode are shown in figure 3.13.

Example 1 Example 2

Guard bits Guard bits

1 [ —

111111111 111111111111111 1111111111111 1111111111
+) 111111111000 0000 0000 0000 +) 111111111000 0000 0000 0001

1111111101 11111111111111 111111111000 0000 0000 0000

Overflow detecting field Overflow detecting field
Overflow case Non overflow case

Figure3.13 DC Bit Generation Examplesin Overflow Mode

Signed Greater Than Mode: CS[2:0] = 100: The DC bit indicates whether or not the source 1
data (signed) is greater than the source 2 data (signed) as the result of compare operation PCMP.
Thismodeis similar to the Negative Vaue Mode described before, because the result of a
compare operation is a positive value if the source 1 datais greater than the source 2 data.
However, the signed it of the result shows a negative value if the compare operation yields a
result beyond the range of the destination operand, including the guard-bit parts (called “ Over-
range’), even though the source 1 datais greater than the source 2 data. The DC hit is updated
concerning this type of special case in this condition mode. The equation below shows the
definition of getting this condition:

DC = ~ {(Negative ~ Qver-range) | Zero}

When the PCMP operation is executed under this condition mode, the result of the DC bit isthe
same asthe T bit’sresult of the CMP/GT operation of the CPU instruction.

Signed Greater Than or Equal Mode: CH2:0] = 101: The DC bit indicates whether the source
1 data (signed) is greater than or equal to the source 2 data (signed) as the result of compare
operation PCMP. This modeis similar to the Signed Greater Than Mode described before but the
equal caseisaso included in this mode. The equation below shows the definition of getting this
condition:

DC = ~ (Negative A Over-range)

When the PCMP operation is executed under this condition mode, the result of the DC bit isthe
same asthe T bit'sresult of a CMP/GE operation of the SH core instruction.
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The N bit always indicates the same state as the DC hit set in negative value mode by the C52:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V hit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC bit set in signed
greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

Note: TheDC bit isaways updated as the carry/borrow flag for ‘PADDC’ and ‘ PSUBC’
regardless of the CS[2:0] state.

o Overflow Protection

The Shitin SR is effective for any ALU fixed-point arithmetic operations in the DSP unit. See
section 3.5.11, Overflow Protection, for details.

355 ALU Integer Operations

Figure 3.14 shows the ALU integer arithmetic operation flow. Table 3.23 shows the variation of
this type of operation. The correspondence between each operand and registersis the same as
ALU fixed-point operations as shown in table 3.22.

39 31 0 39 31 0
|Guard| Source 1 | | |Guard| Source 2
Y A
vV
ALU I [GT[z[NTVv]oC]
DSR
Y
|:| Ignored

|Guard | Destination | |
39 31 0

|:| Cleared to 0

Figure3.14 ALU Integer Arithmetic Operation Flow
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Table3.23 Variation of ALU Integer Operations

Mnemonic Function Source 1 Source 2 Destination
PINC Increment by 1 Sx +1 Dz

+1 Sy Dz
PDEC Decrement by 1 Sx -1 Dz

-1 Sy Dz

Note: The ALU integer operations are basically 24-bit operation, the upper 16 bits of the base
precision and 8 bits of the guard-bits parts. So the signed bit is copied to the guard-bit parts
when a register not providing the guard-bit parts is specified as the source operand. When
a register not providing the guard-bit parts is specified as a destination operand, the upper
word excluding the guard bits of the operation result are input into the destination register.

In ALU integer arithmetic operations, the lower word of the source operand isignored and the
lower word of the destination operand is automatically cleared. The guard-bit parts are effective in
integer arithmetic operationsif they are supported. Others are basically the same operation as
ALU fixed-point arithmetic operations. As shown in table 3.23, however, this type of operation
provides two kinds of instructions only, so that the second operand is actually either +1 or —1.
When aword dataisloaded into one of the DSP unit’s registers, it isinput as an upper word data.
When aregister providing guard bits is specified as an operand, the guard bits are also activated.
These operations, aswell as fixed-point operations, are executed in the DSP stage, as shown in
figure 3.10. The DSP stage is the same stage as the MA stage in which memory accessis
performed.

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. Thisis the same as fixed-point
operations but the lower word of each source and destination operand is not used in order to
generate them. See section 3.5.4, ALU Fixed-Point Operations, for details.

In case of aconditional operation, they are not updated even though the specified condition is true
and the operation is executed. In case of an unconditional operation, they are always updated in
accordance with the operation result. See section 3.5.4, ALU Fixed-Point Operations, for details.

e Overflow Protection

The Shitin SR is effective for any ALU integer arithmetic operations in DSP unit. See section
3.5.11, Overflow Protection, for details.
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356 ALU Logical Operations

Figure 3.15 shows the ALU logical operation flow. Table 3.24 shows the variation of this type of
operation. The correspondence between each operand and registers is the same asthe ALU fixed-
point operations as shown in table 3.21.

The ALU logical operation is executed between registers. Each source and destination operand is
selected independently from one of the DSP registers. As shown in figure 3.15, this type of
operation uses only the upper word of each operand. The lower word and guard-bit parts are
ignored for the source operand and those of the destination operand are automatically cleared.
These operations are also executed in the DSP stage, as shown in figure 3.10. The DSP stage isthe
same stage as the MA stage in which memory access is performed.

39 31 0 39 31 0
| | Source 1 | | | | Source 2 | |
Y Y
V
ALU [ [GTT Z]NT Vv [DC]
DSR
\i
— |:| Ignored
Lg |31 Destination | Ol I:I Cleared 1o 0

Figure3.15 ALU Logical Operation Flow

Table3.24 Variation of ALU Logical Operations

Mnemonic Function Source 1 Source 2 Destination
PAND Logical AND Sx Sy Dz
POR Logical OR Sx Sy Dz
PXOR Logical exclusive OR Sx Sy Dz

Every time an ALU logical operation is executed, the DC, N, Z, V, and GT hitsinthe DSR
register are basically updated in accordance with the operation result. In case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
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operation result. The definition of the DC bit is selected by the CS[2:0] (condition selection) bits
in DSR. The DC bit result is:

Carry or Borrow Mode: CS[2:0] = 000: The DC hit is aways cleared.
Negative Value Mode: CS[2:0] = 001: Bit 31 of the operation result isloaded into the DC bit.

ZeroValueMode: CS[2:0] = 010: The DC hit is set when the operation result is zero; otherwise
itiscleared.

Overflow Mode: CS2:0] = 011: The DC bit is always cleared.
Signed Greater Than Mode: CS[2:0] = 100: The DC hit is always cleared.
Signed Greater Than or Equal Mode: CS2:0] = 101: The DC hit is aways cleared.

The N bit always indicates the same state as the DC bit set in negative value mode by the CS[2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC bit set in signed
greater than mode by the CS[2:0] hits. See the signed greater than mode part above.

357 Fixed-Point Multiply Operation

Figure 3.16 shows the multiply operation flow. Table 3.25 shows the variation of this type of
operation and table 3.26 shows the correspondence between each operand and registers. The
multiply operation of the DSP unit is single-word signed single-precision multiplication. These
operations are executed in the DSP stage, as shown in figure 3.10. The DSP stage is the same
stage as the MA stage in which memory accessis performed.

If adouble-precision multiply operation is needed, the CPU standard double-word multiply
instructions can be made of use.
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39 31 0 39 31 0
| |S : Source 1 | | | |S : Source 2 | |
o ; [ 1gnored
A A \
Vv Vv
MAC

|<— |S : Destir:1ation :0 |
39 31 10

Figure3.16 Fixed-Point Multiply Operation Flow

Table3.25 Variation of Fixed-Point Multiply Operation

Mnemonic Function Source 1 Source 2 Destination

PMULS Signed multiplication Se Sf Dg

Table3.26 Correspondence between Operandsand Registers

Register Se Sf Dg
AO — — Yes
A1 Yes Yes Yes
MO — — Yes
M1 — — Yes
X0 Yes Yes —
X1 Yes — —
YO0 Yes Yes —
Y1 — Yes —

Note: The multiply operations basically generate 32-bit operation results. So when a register
providing the guard-bit parts are specified as a destination operand, the guard-bit parts will
copy bit 31 of the operation result.

The multiply operation of the DSP unit side is not integer but fixed-point arithmetic. So, the upper
words of each multiplier and multiplicand are input into aMAC unit as shown in figure 3.16. In
the SH's standard multiply operations, the lower words of both source operands are input into a
MAC unit. The operation result is also different from the SH's case. The SH's multiply operation
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result is aligned to the LSB of the destination, but the fixed-point multiply operation result is
aligned to the MSB, so that the LSB of the fixed-point multiply operation result is aways 0.

Multiply is always unconditional, but does not affect any condition code bits, DC, N, Z, V, and
GT,inDSR.

e Overflow Protection

The Shit in SR is effective for this multiply operation in the DSP unit. See section 3.5.11,
Overflow Protection, for details.

If the Shitis0, overflow occurs only when H' 8000*H ' 8000 ((-1.0)*(-1.0))
operation is executed as signed fixed-point multiply. TheresultisH' 00 8000 0000 but it
does not mean (+1. 0). If the Shit is 1, overflow is prevented and theresultisH' 00 7FFF
FFFF.

358 Shift Operations

Shift operations can use either register or immediate value as the shift amount operand. Other
source and destination operands are specified by the register. There are two kinds of shift
operations of arithmetic and logical shifts. Table 3.27 shows the variation of this type of operation.
The correspondence between each operand and registers, except for immediate operands, is the
same as the AL U fixed-point operations as shown in table 3.21.

Table3.27 Variation of Shift Operations

Mnemonic Function Source 1 Source 2 Destination

PSHA Sx, Sy, Dz  Arithmetic shift Sx Sy Dz

PSHL Sx, Sy, Dz  Logical shift Sx Sy Dz

PSHA #lmm1, Dz  Arithmetic shift with Dz Imm1 Dz
immediate.

PSHL #lmm2, Dz  Logical shift with Dz Imm2 Dz
immediate.

-32 <= Imm1 <= +32, -16 <= Imm2 <= +16
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Arithmetic Shift: Figure 3.17 shows the arithmetic shift operation flow.

Left shift Right shift
39 32 31 16 15 0 39 32 31 16 15 0
3 - o [F—F F
(MSB copy) \
Shift out \ / Shift out
>=0 <0
pd
+32- -32 Updated | [GT][ Z | N[V |DC|
39 32 31 2322 16 15 0 DSR
Shift amount data | | | Sy | |
(source 2) 5 0
[ 1gnored

Figure3.17 Arithmetic Shift Operation Flow

Note: The arithmetic shift operations are basically 40-bit operation, that is, the 32 bits of the
base precision and eight hits of the guard-bit parts. So the signed bit is copied to the guard-
bit parts when a register not providing the guard-bit parts is specified as the source
operand. When aregister not providing the guard-bit partsis specified as a destination
operand, the lower 32 bits of the operation result are input into the destination register.

In this arithmetic shift operation, all bits of the source 1 and destination operands are activated.
The shift amount is specified by the source 2 operand as an integer data. The source 2 operand can
be specified by either aregister or immediate operand. The available shift rangeis from —32 to
+32. Here, a negative value means the right shift, and a positive value means the left shift. Itis
possible for any source 2 operand to specify from —64 to +63 but the result is unknown if an
invalid shift value is specified. In case of a shift with an immediate operand instruction, the source
1 operand must be the same register as the destination’s. This operation is executed in the DSP
stage, as shown in figure 3.10 as well asin fixed-point operations. The DSP stage is the same
stage as the MA stage in which memory accessis performed.

Every time an arithmetic shift operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. In case of a conditional operation, they
are not updated even though the specified condition is true and the operation is executed. In case
of an unconditional operation, they are aways updated in accordance with the operation result.
The definition of the DC bit is selected by the CS[2:0] (condition selection) bitsin DSR. The DC
bit result is:

1. Carry or Borrow Mode: CS[2:0] = 000
The DC hit indicates the last shifted out data as the operation result.
2. Negative Vaue Mode: CS[2:0] =001
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The DC hit is set when the operation result is a negative value, and cleared when the operation
result is zero or a positive value.

3. ZeroValue Mode: CS[2:0] =010
The DC bit is set when the operation result is zero; otherwise it is cleared.
4. Overflow Mode: CS[2:0] =011
The DC bit is set when an overflow occurs.
5. Signed Greater Than Mode: CS[2:0] = 100
The DC bit is aways cleared.
6. Signed Greater Than or Equal Mode: CS[2:0] = 101
The DC bit isaways cleared.

The N bit always indicates the same state as the DC bit set in negative value mode by the CS[2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V hit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC bit set in signed
greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

e Overflow Protection

The Shitin SR is also effective for arithmetic shift operation in the DSP unit. See section
3.5.11, Overflow Protection, for details.
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Logical Shift: Figure 3.18 shows the logical shift operation flow.

[Jclearedtoo Left shift Right shift
39 32 31 16 15 0 39 32 31 16 15 0
ol
[ = ] \ | | ) i\
Shift out 0 0 Shift out
=0 0
> = Updated | [GT[Z | N[V |DC|
+16--16 DSR
39 32 31 2221 16 15 0
Shift amount data | | Sy | |
(source 2) S 5 I:I Ignored

Figure3.18 Logical Shift Operation Flow

Asshown in figure 3.18, the logical shift operation uses the upper word of the source 1 operand
and the destination operand. The lower word and guard-bit parts are ignored for the source
operand and those of the destination operand are automatically cleared asin the ALU logical
operations. The shift amount is specified by the source 2 operand as an integer data. The source 2
operand can be specified by either the register or immediate operand. The available shift rangeis
from —16 to +16. Here, a negative value means the right shift, and a positive value means the left
shift. It is possible for any source 2 operand to specify from —32 to +31, but the result is unknown
if aninvalid shift value is specified. In case of a shift with an immediate operand instruction, the
source 1 operand must be the same register as the destination's. These operations are executed in
the DSP stage, as shown in figure 3.10. The DSP stage is the same stage as the MA stage in which
memory access is performed.

Every time alogica shift operation is executed, the DC, N, Z, V, and GT hitsin DSR are basically
updated in accordance with the operation result. In case of a conditional operation, they are not
updated even though the specified condition is true and the operation is executed. In case of an
unconditional operation, they are always updated in accordance with the operation result. The
definition of the DC bit is selected by the CS[2:0] (condition selection) bitsin DSR. The DC bit
resultis:

1. Carry or Borrow Mode: CS[2:0] = 000

The DC bit indicates the last shifted out data as the operation result.
2. Negative Vaue Mode: CS[2:0] =001

Bit 31 of the operation result is loaded into the DC bit.
3. ZeroValue Mode: CS[2:0] =010
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The DC hit is set when the operation result is zero; otherwise it is cleared.
4. Overflow Mode: C§[2:0] = 011

The DC hit is aways cleared.
5. Signed Greater Than Mode: CS[2:0] = 100

The DC hit isaways cleared.
6. Signed Greater Than or Equal Mode: CS[2:0] = 101

The DC hit is aways cleared.

The N bit always indicates the same state as the DC bit set in negative value mode by the CS[2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CY[2:0] bits. See the zero value mode part above. The V hit
always indicates the same state as the DC hit set in overflow mode by the CS[2:0] bits, but it is
always cleared in this operation. So isthe GT bit.

359 Most Significant Bit Detection Operation

The PDM SB, most significant bit detection operation, is used to calculate the shift amount for
normalization. Figure 3.19 shows the PDM SB operation flow and table 3.28 shows the operation
definition. Table 3.29 shows the possible variations of this type of operation. The correspondence
between each operand and registersis the same as for ALU fixed-point operations, as shown in
table 3.21.

Note: Theresult of the MSB detection operation is basically 24 bitsaswell as ALU integer
operation, the upper 16 bits of the base precision and eight bits of the guard-bit parts.
When aregister not providing the guard-bit partsis specified as a destination operand, the
upper word of the operation result isinput into the destination register.

As shown in figure 3.19, the PDM SB operation uses all bits as a source operand, but the
destination operand is treated as an integer operation result because shift amount data for
normalization should be integer data as described in section 3.5.8, Shift Operations. These
operations are executed in the DSP stage, as shown in figure 3.10. The DSP stage is the same
stage as the MA stage in which memory accessis performed.

Every time a PDMSB operation is executed, the DC, N, Z, V, and GT hitsin DSR are basically

updated in accordance with the operation result. In case of a conditional operation, they are not

updated, even though the specified condition is true, and the operation is executed. In case of an
unconditional operation, they are always updated with the operation result.
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39 31 0
|Guard | Source 1 or 2
A
Priority encoder I [GT] z[ N[V [DC|
DSR
Y
|Guard| | | [ cleared to 0

39 31 0

Figure3.19 PDM SB Operation Flow

The definition of the DC hit is selected by the CS0—CS2 (condition selection) bitsin DSR. The
DC bit result is

Carry or Borrow Mode: CS[2:0] = 000: The DC hit is aways cleared.

Negative Value Mode: CS[2:0] = 001: The DC bit is set when the operation result is a negative
value, and cleared when the operation result is zero or a positive value.

ZeroValueMode: CS[2:0] = 010: The DC hit is set when the operation result is zero; otherwise
itiscleared.

Overflow Mode: CS2:0] = 011: The DC bit is aways cleared.

Signed Greater Than Mode: CS[2:0] = 100: The DC bit is set when the operation result isa
positive value; otherwiseit is cleared.

Signed Greater Than or Equal Mode: CS[2:0] = 101: The DC bit is set when the operation
result is zero or a positive value; otherwiseit is cleared.
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Table3.28 Operation Definition of PDM SB

Source Data Result for DST
Guard
Guard Bit Upper Word Lower Word Bit Upper Word

39 38 ... 33 32 31 30 29 28 ... 3 2 1 0 39-32 3122 21 20 19 18 17 16 Deci-

mal
o o0 .. 0 O o 0 o0 0 .. 0O 0 0 O All O AlO 0 1 1 1 1 1 431
o o0 .. 0 O o 0 o0 0 .. 0O 0 0 1 All 0 AlO 0 1 1 1 1 0 +30
o o .. 0 O o 0 o0 0 .. o o0 1 * All O AlO 0 1 1 1 0 1 +29
0o o .. 0 O o o0 o0 o0 .. o 1 * * AllO AlIO 0 1 1 1 0 0 +28
o o0 .. 0 O o 0 o0 1 ook ok F All O AlIO O 0O 0 O 1 0 +2
o 0o .. 0 O o o 1 * ook kX All 0 AlIO 0O 0O O O O 1
o o0 .. 0 O o 1 * = ook ok F All O AlIO O 0O 0 0 0O O O
0o 0o .. 0 O 1 * % ook kX All1 All 1 i1 1 1 1 1 -
o o .. 0 1 ook kX ook ok x Al 1 All1 i1 1 1 1 0 =2
o 1 T ook kX ook ok x All1 All 1 i 1 1 0 0 0O -8
1 0 ... * = L T T All 1 AlIlT 1 1 1 0 0 0 -8
1 1 o1 0 ook kX ook ok x Al 1 All1 i1 1 1 1 0 =2
1 1 | 1 o * * * ook kX All1 All 1 i1 1 1 1 1 -
1 1 o1 1 1 0 * * ook ok x All O AlIO O 0O 0 0 0 O O
11 11 11 0 * .. x ok k¥ All 0 AlIO 0 0 0 0 O 1 +
1 1 | 1 1 1 1 0 .. ook k¥ All 0 AlIO 0O 0O O O 1 0 +2
1 1 o1 1 1 1 1 1 i 0 * All 0 AlIO 0 1 1 1 0 0 +28
1 1 o1 1 1 1 1 1 11 0 * All O AlO 0 1 1 1 0 1 +29
1 1 o1 1 1 1 1 1 1 1 1 0 All0 AlIO 0 1 1 1 1 0 +30
1 1 o1 1 1 1 1 1 11 1 1 All 0 AlO 0 1 1T 1 1 1 +31

Note: * means don’t care.
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Table3.29 Variation of PDM SB Operation

Mnemonic Function Source Source 2 Destination
PDMSB MSB detection Sx — Dz
— Sy Dz

The N bit always indicates the same state as the DC hit set in negative value mode by the C52:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V hit
always indicates the same state as the DC bit set in Overflow mode by the CS[2:0] bit. See the
Overflow mode part above. The GT bit always indicates the same state as the DC hit set in signed
greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

35.10 Rounding Operation

The DSP unit provides the function that rounds from 32 bits to 16 bits. In case of providing guard-
bit parts, it rounds from 40 bits to 24 bits. When around instruction is executed, H'00008000 is
added to the source operand data and then, the lower word is cleared. Figure 3.20 shows the
rounding operation flow and figure 3.21 shows the operation definition. Table 3.30 shows the
variation of this type of operation. The correspondence between each operand and registersis the
same as AL U fixed-point operations as shown in table 3.21.

Asshown in figure 3.21, the rounding operation uses full-size data for both source and destination
operands. These operations are executed in the DSP stage as shown in figure 3.10. The DSP stage
is the same stage as the MA stage in which memory access is performed.

Every time rounding operation is executed, the DC, N, Z, V, and GT bitsin DSR are basically
updated in accordance with the operation result. In case of a conditional operation, they are not
updated, even though the specified condition is true, and the operation is executed. In case of an
unconditional operation, they are always updated with the operation results. The definition of the
DC hit is selected by the CS0—CS2 (condition selection) bitsin DSR. The result of these condition
code bitsis the same as the ALU-fixed point arithmetic operations.
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39 31 0
[cuara Source 1 or 2 | | Hooooso00
A A
V
ALU [GT] z[ N[V [DC|
DSR
\
|Guard| | | [J cleared to 0
39 31 0

Figure3.20 Rounding Operation Flow

Rounded result

A
H'00 0002 ----f--=---- .

H'00 0001 ----f-- Analog value

-
-

True value

[SXe]

H'00 0001 8000
H'00 0002 0000 ~~[~=~"""""~
H'00 0002 8000

Figure3.21 Definition of Rounding Operation

Table3.30 Variation of Rounding Operation

Mnemonic Function Source 1 Source 2 Destination
PRND Rounding Sx — Dz
— Sy Dz

e Overflow Protection
The Shit in SR is effective for any rounding operationsin the DSP unit. See section 3.5.11,
Overflow Protection, for details.
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3511 Overflow Protection

The Shit in SR is effective for any arithmetic operations executed in the DSP unit, including the
SH's standard multiply and MAC operations. The Shit in SR is used as the overflow protection
enable bit. The arithmetic operation overflows when the operation result exceeds the range of
two’s complement representation without guard-bit parts. Table 3.31 shows the definition of
overflow protection for fixed-point arithmetic operations, including fixed-point signed by signed
multiplication described in section 3.5.7, Fixed-Point Multiply Operation. Table 3.32 shows the
definition of overflow protection for integer arithmetic operations. The lower word of the

saturation value of the integer arithmetic operation is don't care. Lower word value cannot be
guaranteed.

When the overflow protection is effective, overflow never occurs. So, the V bit is cleared, and the
DC hit isaso cleared when the overflow modeis selected by the CS[2:0] bits.

Table3.31 Definition of Overflow Protection for Fixed-Point Arithmetic Operations

Sign Overflow Condition Fixed Value Hex Representation
Positive Result > 1 — 27 1-27 00 7FFF FFFF
Negative Result < -1 -1 FF 8000 0000

Table3.32 Definition of Overflow Protection for Integer Arithmetic Operations

Sign Overflow Condition Fixed Value Hex Representation
Positive Result > 2"° — 1 2 -1 00 7FFF *x**
Negative Result < —2'° 2" FF 8000 ****

Note: * means don't care.
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35.12 Local Data Movelnstruction

The DSP unit of this LS| provides additional two independent registers, MACL and MACH, in
order to support CPU standard multiply/MAC operations. They can be also used as temporary
storage registers by local data move instructions between MACH/L and other DSP registers.
Figure 3.22 shows the flow of seven local data move instructions. Table 3.33 shows the variation
of thistype of instruction.

MACH
MACL
A
PSTS PLDS
X0 X1
Yo %
MO M1
A0 A1
AO0G'| A1G | DSR
[[_] cannot be used

Figure3.22 Local Data Move Instruction Flow

Table3.33 Variation of Local Data M ove Operations

Mnemonic Function Operand
PLDS Data move from DSP register to MACL/MACH Dz
PSTS Data move from MACL/MACH to DSP register Dz

Thisinstruction is very similar to other transfer instructions. If either the AO or Al register is
specified as the destination operand of PSTS, the signed bit is sign-extended and copied into the
corresponding guard-bit parts, AOG or A1G. The DC bit in DSR and other condition code bits are
not updated regardless of the instruction result. This instruction can operate as a conditional. This
instruction can operate with MOV X and MOV in parall€l.
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3513

Operand Conflict

When an identical destination operand is specified with multiple parallel instructions, data conflict

occurs. Table 3.34 shows the correspondence between each operand and registers.

Table3.34 Correspondence between Operands and Registers

X-Memory Y-Memory 6-operand ALU 3-operand 3-operand ALU
Load Load Multiply
Ax IX Dx Ay ly Dy Sx Sy Du Se Sf Dg Sx Sy Dz

DSP A0

*1

*2

*2

*1

*1

Registers Al

*1

*2

*1

*1

*2

*1

*1

MO

*1

*1

*1

*1

M1

*1

*1

*1

*1

X0

*2

*2

X1

*2

*1

*1

*1

*2

YO

*2

*1

*2

*1

*1

*1

*2

Y1

*2

*1

*1

*1

*2

Notes: 1. Registers available for operands

2. Registers available for operands (when there is operand conflict)

There are three cases of operand conflict problems.

e When ALU operation and multiply instructions specify the same destination operand (Du and

Dg)

e When X-memory load and ALU operation specify the same destination operand (Dx and Du,

or Dz)

e When Y-memory load and ALU operation specify the same destination operand (Dy and Du,

or D2)

In these cases above, the result is not guaranteed.
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3.6

361

Table3.35 DSP Mode Extended System Control Instructions

CPU Extended | nstructions

DSP Extended Function Instruction Set

LDS.L @Rn + ,DSR

0100nnnn01100110

(Rn) >DSR, Rn + 4-Rn

Execution
Instruction Instruction Code Operation States T Bit Category
SETRC #mm 1000001 Oiiiiiii imm—RC (of SR) 1 —
SETRC Rn 0100nnnNn00010100 Rn[11:0] -RC(of SR) 1 —
LDRS @(disp,PC) 10001100dddddddd (disp x 2 + PC) —RS 1 —
LDRE @(disp,PC) 10001110dddddddd (disp x 2 + PC) —RE 1 —
STC MOD,Rn 0000nnNNn01010010 MOD—RnN 1 —
STC RS,Rn 0000nnNNN01100010 RS—RN 1 —
STC RE,Rn 0000nnnn01110010 RE—RnN 1 —
STS DSR,Rn 0000nnNNn01101010 DSR—RN 1 —
STS AO,Rn 0000nnNNn01111010  A0O—Rn 1 —
STS X0,Rn 0000nnNNN10001010  X0—Rn 1 —
STS X1,Rn 0000nnNNn10011010  X1—Rn 1 —
STS YO,Rn 0000nnnNn10101010 YO—RnN 1 —
STS Y1,Rn 0000nnNNn10111010  Y1—Rn 1 —
STS.L DSR,@-Rn  0100nnnn01100010 Rn-4—Rn, DSR—(RN) 1 —
STS.L A0,@-Rn 0100nnnNn01110010  Rn-4—Rn, A0O—(Rn) 1 —
STS.L X0,@-Rn 0100nnnNn10000010  Rn-4—Rn, X0—(Rn) 1 —
STS.L X1,@-Rn 0100nnnNn10010010  Rn-4—Rn, X1—(Rn) 1 —
STS.L Y0,@-Rn 0100nnnn10100010  Rn-4—Rn, YO—(Rn) 1 —
STS.LY1,@-Rn 0100nnnn10110010  Rn-4—Rn, Y1—(Rn) 1 —
STC.L MOD,@-Rn  0100nnnn01010011  Rn-4—Rn, MOD—(Rn) 1 —
STC.LRS,@-Rn 0100nnnn01100011  Rn-4—Rn, RS—(Rn) 1 —
STC.LRE,@-Rn  0100nnnn01110011 Rn-4—Rn, RE—(Rn) 1 —

1

]

]

]

LDS.L @Rn +,A0  0100nnnn01110110  (Rn) —AO, Rn + 4—>Rn —
LDS.L @Rn +,X0  0100nnnn10000110 (Rn) —XO0, Rn + 4—Rn —
LDS.L @Rn +,X1  0100nnnn10010110  (Rn) —X1, Rn + 4—>Rn —
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Execution
Instruction Instruction Code Operation States TBit Category
LDS.L @Rn +,Y0 0100nnnn10100110 (Rn) »YO, Rn + 4—Rn 1 —
LDS.L @Rn +,Y1 0100nnnn10110110 (Rn) -Y1, Rn + 4—Rn 1 —
LDC.L @Rn +,MOD 0100nnnn01010111 (Rn) -MOD, Rn + 4—Rn 4 —
LDC.L @Rn +,RS  0100nnnn01100111 (Rn) —»RS, Rn + 4—Rn 4 —
LDC.L @Rn +,RE  0100nnnn01110111 (Rn) —RE, Rn + 4—Rn 4 —
LDS Rn,DSR 0100nnnNn01101010 Rn—DSR 1 —_
LDS Rn,A0 0100nnnNn01111010 Rn—A0 1 —
LDS Rn,X0 0100nnnNn10001010 Rn—XO0 1 —
LDS Rn,X1 0100nnnNn10011010 Rn—X1 1 —
LDS Rn,Y0 0100nnnNn10101010 Rn—YO 1 —
LDS Rn,Y1 0100nnnNn10111010 Rn—Y1 1 —_
LDC Rn,MOD 0100nnnNn01011110 Rn—MOD 4 —
LDC Rn,RS 0100nnnNn01101110 Rn—RS 4 —
LDC Rn,RE 0100nnnn01111110 Rn—RE 4 —
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Double-Data Transfer Instructions

Table3.36 Double Data Transfer Instruction

Execution
Instruction Instruction Code  Operation States DC
X memory NOPX 1111000*0* 0*00** X memory no access 1 —
data MOVX.W @Ax,Dx 111100A*D*0*01**  (Ax) — MSW of Dx, 1 —
transfer 0 —»LSW of Dx
MOVX.W @Ax +,Dx  111100A*D*0*10**  (Ax) — MSW of Dx, 1 —
0 — LSW of Dx,
Ax +2 — Ax
MOVX.W @AXx + Ix,Dx 111100A*D*0*11** (Ax) - MSW of Dx, 1 —_
0 — LSW of Dx,
AX + Ix - Ax
MOVX.W Da,@Ax 111100A*D*1*01** MSW of Da — (Ax) 1 —
MOVX.W Da,@Ax + 111100A*D*1*10** MSW of Da — (Ax), 1 —
AX + 2 - Ax
MOVX.W Da,@Ax + Ix 111100A*D*1*11** MSW of Da — (Ax), 1 —
AX + Ix — Ax
Y memory NOPY 111100*0*0*0**00 Y memory no access 1 —
data . MOVY.W @Ay,Dy 111100*A*D*0**01  (Ay) - MSW of Dy, 1 —
transfer 0 = LSW of Dy
MOVY.W @Ay +,Dy  111100*A*D*0**10  (Ay) — MSW of Dy, 1 —
0 — LSW of Dy,
Ay +2 > Ay
MOVY.W @Ay + ly,Dy 111100*A*D*0**11  (Ay) — MSW of Dy, 1 —
0 -LSW of Dy,
Ay + ly >Ay
MOVY.W Da, @Ay 111100*A*D*1**01  MSW of Da — (Ay) 1 —
MOVY.W Da, @Ay + 111100*A*D*1**10  MSW of Da — (Ay), 1 —
Ay +2 — Ay
MOVY.W Da,@Ay +ly 111100*A*D*1**11  MSW of Da — (Ay), 1 —
Ay + ly — Ay
Rev. 2.00 Dec. 07, 2005 Page 142 of 950
REJ09B0079-0200 RENESAS



Section 3 DSP Operating Unit

3.6.3

Single-Data Transfer Instructions

Table3.37 Single Data Transfer Instructions

Instruction

Instruction Code

DC Category

MOVS.W @-As,Ds

111101AADDDDO0000

Execu-
tion
Operation States
As-2 — As, (As) - MSW of Ds, 1
0 — LSW of Ds

MOVS.W @As,Ds

111101AADDDDO0100

(As) > MSW of Ds, 0 —» LSW 1

of Ds

MOVS.W @As + ,Ds

111101AADDDD1000

(As) = MSW of Ds, 0 — LSW 1

of Ds, As+2 — As

MOVS.W @As + Ix,Ds

111101AADDDD1100

(As) > MSW of Ds, 0 —» LSW 1

of Ds, As + Ix = As

MOVS.W Ds, @-As 111101AADDDDO0001 As-2 — As, MSW of Ds — (As) 1 —_
MOVS.W Ds,@As 111101AADDDD0101 MSW of Ds — (As) 1 —_— %
MOVS.W Ds,@As + 111101AADDDD1001 MSW of Ds — (As), As + 2 —As 1 —_ ¥
MOVS.W Ds,@As + Ix 111101AADDDD1101 MSW of Ds — (As), 1 —_— %
As + Ix = As
MOVS.L @-As,Ds 111101AADDDD0010 As-4 — As, (As) — Ds 1 —
MOVS.L @As,Ds 111101AADDDDO0110 (As) — Ds 1 —_
MOVS.L @As +,Ds  111101AADDDD1010 (As) — Ds, As + 4 — As 1 —
MOVS.L @As + Ix,Ds 111101AADDDD1110 (As) — Ds, As + Ix — As 1 —
MOVS.L Ds,@-As 111101AADDDD0011 As-4 — As, Ds — (As) 1 —
MOVS.L Ds,@As 111101AADDDDO111 Ds — (As) 1 —
MOVS.L Ds,@As + 111101AADDDD1011 Ds — (As), As + 4 — As 1 —_
MOVS.L Ds,@As + Ix 111101AADDDD1111 Ds — (As), As + Ix — As 1 —

Note: *

If guard bit registers AOG and A1G are specified in source operand Ds, the data is

output to the LDB[7:0] bus and the sign bit is copied into the upper bits, [31:8].

The correspondence between DSP data transfer operands and registersis shown in table 3.38.
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Table3.38 Correspondence between DSP Data Transfer Operands and Registers

Register AX IX Dx Ay ly Dy Da As Ds
SH RO
register  R1
R2 (As2) Yes
R3 (As3) Yes
R4 (Ax0) Yes Yes
R5 (Ax1)  Yes Yes
R6 (Ay0) Yes
R7 (Ay1) Yes
R8 (Ix) Yes
R9 (ly) Yes
DSP AO Yes Yes
register A1 Yes Yes
MO Yes
M1 Yes
X0 Yes Yes
X1 Yes Yes
YO Yes Yes
Y1 Yes Yes
AOG Yes
A1G Yes
Note: Yes: The register which can be set.
Rev. 2.00 Dec. 07, 2005 Page 144 of 950
REJ09B0079-0200 RENESAS



Section 3 DSP Operating Unit

364 DSP Operation Instructions

Table3.39 DSP Operation Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
PMULS Se,Sf,Dg 111110 *****xxk%  Se*Gf ->Dg (Signed) 1 —
0100eeff0000gg00
PADD Sx,Sy,Du 111110 ******x%% Gy 4 Sy ->Du Se*Sf ->Dg (Signed) 1 *
PMULS Se,Sf,Dg 0111eeffxxyygguu
PSUB Sx,Sy,Du 111110 *****xxx%  Gx-Sy ->Du Se*Sf ->Dg (Signed) 1 *
PMULS Se,Sf,Dg 0110eeffxxyygguu
PADD Sx,Sy,Dz 111110 ***x*xxx% Gy 4 Sy ->Dz 1 *
10110001xxyyzzzz
DCT PADD 111110 ******xx**  |f DC=1, Sx + Sy ->Dz If DC=0, nop 1 —
Sx,8y,Dz 10110010xxyyzzzz
DCF PADD 111110 ******x**  |f DC=0, Sx + Sy ->Dz If DC=1, nop 1 —
Sx,8y,Dz 10110011xxyyzzzz
PSUB Sx,Sy,Dz 111110 ******xx%  Gx.Qy ->Dz 1 *
10100001xxyyzzzz
DCT PSUB 111110 *****xx**  |f DC=1, Sx-Sy ->Dz If DC=0, nop 1 —
Sx,8y,bz 10100010xxyyzzzz
DCF PSUB 111110 *****xx**  |f DC=0, Sx-Sy ->Dz If DC=1, nop 1 —
Sx,8y,bz 10100011xxyyzzzz
PSHA Sx,Sy,Dz 111110 *****xxrk  |f Sy>=0, Sx<<Sy ->Dz (arithmetic shift) 1 *
10010001xxyyzzzz  If Sy<0, Sx>>Sy ->Dz
DCT PSHA 111110 *****xxx*x  |f DC=1 & Sy>=0, Sx<<Sy ->Dz (arithmetic shift) 1 —
Sx,Sy,Dz 10010010xxyyzzzz  If DC=1 & Sy<0, Sx>>Sy ->Dz If DC=0, nop
DCF PSHA 111110 *****xxx%  |f DC=0 & Sy>=0, Sx<<Sy ->Dz (arithmetic shift) 1 —
Sx,Sy,Dz

10010011xxyyzzzz

If DC=0 & Sy<0, Sx>>Sy ->Dz If DC=1, nop
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Execution

Instruction Instruction Code Operation States DC

PSHL Sx,Sy,Dz 11111Q********%%  |f Sy>=0, Sx<<Sy ->Dz (logical shift) 1 *
10000001xxyyzzzz  If Sy<0, Sx>>Sy ->Dz

DCT PSHL 11111Qx*****x*xx  |f DC=1 & Sy>=0, Sx<<Sy ->Dz (logical shift) 1 —

Sx,8y,bz 10000010xxyyzzzz  If DC=1 & Sy<0, Sx>>Sy ->Dz If DC=0, nop

DCF PSHL 11111Qx*****x*xx  |f DC=0 & Sy>=0, Sx<<Sy ->Dz (logical shift) 1 —

Sx,8y,bz 10000011xxyyzzzz  If DC=0 & Sy<0, Sx>>Sy ->Dz If DC=1, nop

PCOPY Sx,Dz 1111 1Q******xxxx Gy 5Dz 1 *
11011001xx00zzzz

PCOPY Sy,Dz 11111Q******x%%x Gy 5Dz 1 *
1111100100yyzzzz

DCT PCOPY Sx,Dz 11111Q*******xx*  |f DC=1, Sx ->Dz If DC=0, nop 1 —
11011010xx00zzzz

DCT PCOPY 111110 ******xx%  |f DC=1, Sy ->Dz If DC=0, nop 1 —

Sy.Dz 1111101000yyzzz2

DCF PCOPY 111110*******xx%  |f DC=0, Sx ->Dz If DC=1, nop 1 —

Sx,bz 11011011xx00zz2z

DCF PCOPY 111110 ******xx%  |f DC=0, Sy ->Dz If DC=1, nop 1 —

Sy.Dz 1111101100yyzzz2

PDMSB Sx,Dz 11111Q****x****%x Gy ->Dz normalization count shift value 1 *
10011101xx00zzzz

PDMSB Sy,Dz 111110********** Sy ->Dz normalization count shift value 1 *
1011110100yyzzzz

DCT PDMSB 11111Q********x%x  |f DC=1, normalization count shift value Sx 1 —

Sx,bz 10011110xx00zzzz ~>D? 1fDC=0, nop

DCT PDMSB 11111Q****=*****x  |f DC=1, normalization count shift value Sy 1 —

Sy.Dz 1011111000yyzzzz  ~>DZ 1fDC=0, nop

DCF PDMSB 11111Q*******x*%  |f DC=0, normalization count shift value Sx 1 —

Sx,Dz 10011111xx00zzzz ~>D? IfDC=1, nop

DCF PDMSB 11111Q*********x  |f DC=0, normalization count shift value Sy 1 —

Sy.Dz 1011111100yyzzzz  ~>DZ 1fDC=1, nop
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Execution

Instruction Instruction Code Operation States DC

PINC Sx,Dz 11111Q***xxxkix MSW of Sx + 1 ->Dz 1 *
10011001xx00zzzz

PINC Sy,Dz 11111Q***xxxxxix MSW of Sy + 1 ->Dz 1 *
1011100100yyzzzz

DCT PINC Sx,Dz  11111Q********xx  |f DC=1, MSW of Sx + 1 ->Dz 1f DC=0, nop 1 —
10011010xx00zzzz

DCT PINC Sy,Dz 111110********x* | DC=1, MSW of Sy + 1 ->Dz If DC=0,nop 1 —
1011101000yyzzzz

DCF PINC Sx,Dz  111110********x*  |f DC=0, MSW of Sx + 1 ->Dz 1f DC=1,nop 1 —
10011011xx00zzzz

DCF PINC Sy,Dz  11111Q********x*  |f DC=0, MSW of Sy+ 1 ->Dz If DC=1, nop 1 —
1011101100yyzzzz

PNEG Sx,Dz 11111Q********%%  (.Gx ->Dz 1 *
11001001xx00zzzz

PNEG Sy,Dz 11111Q********%% .Gy ->Dz 1 *
1110100100yyzzzz

DCT PNEG Sx,Dz 11111Q********x*  |f DC=1, 0-Sx ->Dz If DC=0, nop 1 —
11001010xx00zzzz

DCT PNEG Sy,Dz 111110*******xx*  |f DC=1, 0-Sy ->Dz If DC=0, nop 1 —
1110101000yyzzzz

DCF PNEG Sx,Dz 111110Q*******xx*  |f DC=0, 0-Sx ->Dz If DC=1, nop 1 —
11001011xx00zzzz

DCF PNEG Sy,Dz ~ 111110Q*******xx*  |f DC=0, 0-Sy ->Dz If DC=1, nop 1 —
1110101100yyzzzz

POR Sx,Sy,Dz 111110 *******xx Gy | Sy ->Dz 1 *
10110101xxyyzzzz

DCT POR Sx,Sy,Dz 111110*******xxx  |f DC=1, Sx | Sy ->Dz If DC=0, nop 1 —
10110110xxyyzzzz

DCF POR Sx,Sy,Dz 111110*******xxx  |f DC=0, Sx | Sy ->Dz If DC=1, nop 1 —
101101 11xxyyzzzz
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Execution

Instruction Instruction Code Operation States DC

PAND Sx,Sy,Dz 11111Q******x*xx Gy & Sy ->Dz 1 *
10010101xxyyzzzz

DCT PAND 11111Q******xx%x  |f DC=1, Sx & Sy ->Dz If DC=0, nop 1 —

Sx,8y,bz 10010110xxyyzzzz

DCF PAND 11111Q********x%x  |f DC=0, Sx & Sy ->Dz If DC=1, nop 1 —

Sx,8y,bz 100101 11xxyyzzzz

PXOR Sx,Sy,Dz 11111Q******¥*%x Gy A Sy ->Dz 1 *
10100101xxyyzzzz

DCT PXOR 11111Q********%%%  |f DC=1, Sx A Sy ->Dz If DC=0, nop 1 —

Sx,Sy,Dz 10100110xxyyzzzz

DCF PXOR 11111Q********%%%  |f DC=0, Sx A Sy ->Dz If DC=1, nop 1 —

Sx,Sy,Dz 101001 11xxyyzzzz

PDEC Sx,Dz 1111 1Q********%x  Sx [39:16]-1 ->Dz 1 *
10001001xx00zzzz

DCT PDEC Sx,Dz ~ 111110Q*******x**  |f DC=1, Sx [39:16]-1 ->Dz If DC=0, nop 1 —
10001010xx00zzzz

DCF PDEC Sx,Dz  111110Q*******x**  |f DC=0, Sx [39:16]-1 ->Dz If DC=1, nop 1 —
10001011xx00zzzz

PDEC Sy,Dz 11111Q****x***x%x Gy [31:16]-1 ->Dz 1 *
1010100100yyzzzz

DCT PDEC Sy,Dz  111110Q*******x**  |f DC=1, Sy [31:16]-1 ->Dz If DC=0, nop 1 —
1010101000yyzzzz

DCF PDEC Sy,Dz  111110Q*******x**  |f DC=0, Sy [31:16]-1 ->Dz If DC=1, nop 1 —
1010101100yyzzzz

PCLR Dz 11111Q********%%x  KH'00000000 ->Dz 1 *
100011010000zzzz

DCT PCLR Dz 11111Q*********x%  |f DC=1, h'00000000 ->Dz If DC=0, nop 1 —
100011100000zzzz

DCF PCLR Dz 11111Q*********x%  |f DC=0, h'00000000 ->Dz If DC=1, nop 1 —
100011110000zzzz
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Execution

Instruction Instruction Code Operation States DC

PSHA #imm,Dz 111110 ******xx* | inm>=0, Dz<<imm ->Dz (arithmetic shift) 1 *
00010Qiiiiliizzzz If imm<0, Dz>>imm ->Dz

PSHL #imm,Dz 11111Q********%% |f imm>=0, Dz<<imm ->Dz (logical shift) 1 *
00000iiiiiiizzzz If imm<0, Dz>>imm ->Dz

PSTSMACH,Dz  111110%*****+xxx  MACH ->Dz 1 —
110011010000zzzz

DCT PSTS 111110*#*#5#5%5% |t DC=1, MACH ->Dz 1 —

MACH,Dz 110011100000z222

DCF PSTS 111110*#*#5#5%5% |t DC=0, MACH ->Dz 1 —

MACH,Dz 110011110000z222

PSTSMACL,Dz  111110%*****xxx  MACL ->Dz 1 —
110111010000zzzz

DCT PSTS 111110%**#x#%x%5% | DC=1, MACL ->Dz 1 —

MACL.Dz 110111100000z222

DCF PSTS 111110%*#x#%x%5%  |f DC=0, MACL ->Dz 1 —

MACL.Dz 110111110000z222

PLDSDzMACH  111110**s*s%5x Dz ->MACH 1 —
1110110100002z2z

DCT PLDS 111110*****#545% |t DC=1, Dz ->MACH 1 —

Dz,MACH 1110111000002222

DCF PLDS 111110*****#545% |t DC=0, Dz ->MACH 1 —

Dz,MACH 1110111100002222

PLDSDzMACL  111110%******#x Dz ->MACL 1 —
1111110100002222

DCT PLDS 111110****s#5x5% |t DC=1, Dz ->MACL 1 —

Dz,MACL 1111111000002222

DCF PLDS 111110***sx5x5%  |f DC=0, Dz ->MACL 1 —

Dz,MACL 1111111100002222

PADDC Sx,Sy,Dz 11111Q**********x Sy + Sy + DC ->Dz Carry ->DC 1 Carry
10110000xxyyzzzz
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Execution

Instruction Instruction Code Operation States DC

PSUBC Sx,Sy, Dz 111110*******x**x  Gx.Sy-DC ->Dz Borrow ->DC 1 Borrow
10100000xxyyzzzz

PCMP Sx,Sy 111110*******x*x*  Gx-Sy ->DC update 1 *
10000100xxyy0000

PABS Sx,Dz 111110 **x*xxkk%  |f Sx<0, 0-Sx ->Dz If Sx>=0, Sx->Dz 1 *
10001000xx00zzzz

PABS Sy,Dz 111110 ******x*%  |f Sy<0, 0-Sy ->Dz If Sy>=0, Sy ->Dz 1 *
1010100000yyzzzz

PRND Sx,Dz 111110********x% Gy + h'00008000 ->Dz h'0000 ->LSW of Dz 1 *
10011000xx00zzzz

PRND Sy,Dz 111110********x% Gy + h'00008000 ->Dz h'0000 ->LSW of Dz 1 *
1011100000yyzzzz

Note: * See table 3.19.
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365

Operation Code Map in DSP Mode

Table 3.40 shows the operation code map including an instruction codes extended in the DSP
mode.

Table3.40 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  00OMD 0010 STC SR, Rn STC GBR, Rn STC VBR, Rn STC SSR, Rn
0000 Rn  01MD 0010 STC SPC, Rn STC MOD, Rn STC RS, Rn STC RE, Rn
0000 Rn  10MD 0010 STC RO_BANK,Rn  STC R1_BANK,Rn  STC R2_BANK,Rn  STC R3_BANK, Rn
0000 Rn  11MD 0010 STC R4 BANK,Rn  STC R5_BANK,Rn  STC R6_BANK,Rn  STC R7_BANK, Rn
0000 Rm  0OMD 0011 BSRF Rm BRAF Rm
0000 Rm 10MD 0011 PREF @Rm
0000 RN Rm 01MD MOV.B Rm, @(R0, = MOV.W Rm, MOV.L Rm, MUL.L Rm, Rn
Rn) @(RO, Rn) @(RO, Rn)
0000 0000 OOMD 1000 CLRT SETT CLRMAC LDTLB
0000 0000 O1MD 1000 CLRS SETS
0000 0000 10MD 1000
0000 0000 11MD 1000
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  0OMD 1010 STS MACH, Rn STS MACL, Rn STS PR, Rn
0000 Rn  01MD 1010 STS DSR, Rn STS A0, Rn
0000 Rn  10MD 1010 'STS X0, Rn STS X1,Rn STS YO, Rn STS Y1,Rn
0000 Rn  Fx 1011
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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
0000 Rn Rm 11iMD MOV.B MOV.W @ (RO, Rm), MOV.L @(R0, Rm), MAC.L

@ (RO, Rm), Rn Rn Rn @Rm+,@Rn+
0001 Rn Rm disp MOV.L Rm,

@(disp:4, Rn)
0010 Rn Rm OOMD MOV.B Rm, @Rn MOV.W Rm, @Rn MOV.L Rm, @Rn
0010 Rn Rm 01MD MOV.B Rm, @-Rn MOV.W Rm, @-Rn MOV.L Rm, @-Rn DIVOS Rm, Rn
0010 Rn Rm 10MD TST Rm, Rn AND Rm, Rn XOR Rm, Rn OR Rm, Rn
0010 Rn Rm 11MD CMP/STR Rm, Rn XTRCT Rm, Rn MULU.W Rm, Rn MULSW Rm, Rn
0011 Rn Rm 0OMD CMP/EQ Rm, Rn CMP/HS Rm, Rn CMP/GE Rm, Rn
0011 Rn Rm 01MD DIVl Rm, Rn DMULU.L Rm,Rn CMP/HI Rm, 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.L Rm,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.L MACH, @-Rn STS.L MACL, @-Rn STS.L PR, @-Rn
0100 Rn 0OMD 0011  STC.L SR, @-Rn STC.L GBR, @-Rn STC.L VBR, @-Rn STC.L SSR, @-Rn
0100 Rn 01MD 0011 STC.L SPC, @-Rn STC.L MOD, @-Rn  STC.LRS, @-Rn STC.L RE, @-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 SETRC Rn ROTCL Rn
0100 Rn Fx 0101 ROTR Rn CMP/PL  Rn ROTCR Rn
0100 Rm 00MD 0110 LDS.L LDS.L @Rm+, MACL LDS.L @Rm+, PR

@Rm+, MACH
0100 Rm 01MD 0110 LDS.L @Rm+, DSR  LDS.L @Rm+, A0
0100 Rm 10MD 0110 LDS.L @Rm+, X0 LDS.L @Rm+, X1 LDS.L @Rm+, YO LDS.L @Rm+, Y1
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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 Rm 0OMD 0111 LDC.L @Rm+, SR LDC.L @Rm+, GBR LDC.L @Rm+, VBR LDC.L @Rm+, SSR
0100 Rm 01MD 0111 LDC.L @Rm+, SPC LDC.L @Rm+, MOD LDC.L @Rm+, RS LDC.L @Rm+, RE
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 SHLL16 Rn
0100 Rn Fx 1001  SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100 Rm 0OOMD 1010 LDS Rm, MACH LDS Rm, MACL LDS Rm, PR
0100 Rm 01MD 1010 LDS Rm, DSR LDS Rm, A0
0100 Rm 10MD 1010 LDS Rm, X0 LDS Rm, X1 LDS Rm, YO LDS Rm, Y1
0100 Rm/  Fx 1011 JSR @Rm TAS.B @Rn JMP  @Rm

Rn
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 LDC Rm, MOD LDC Rm, RS LDC Rm, RE
0100 Rm 10MD 1110 LDC Rm, RO_BANK LDC Rm, R1_BANK LDC Rm, R2_BANK LDC Rm, R3_BANK
0100 Rm 11IMD 1110 LDC Rm, R4_BANK LDC Rm, R5_.BANK LDC Rm, R6_BANK LDC Rm, R7_BANK
0100 Rn Rm 1111 MAC.W @Rm+, Rn+
0101 Rn Rm disp MOV.L @(disp:4, Rm), Rn
0110 Rn Rm 00MD MOV.B @Rm, Rn MOV.W @Rm, Rn MOV.L @Rm, Rn MOV Rm, Rn
0110 Rn Rm 01MD MOV.B @Rm+, Rn MOV.W @Rm+,Rn  MOV.L @Rm+, Rn NOT Rm, Rn
0110 Rn Rm 10MD SWAP.B Rm, Rn SWAP.W Rm, Rn NEGC Rm, Rn NEG Rm, Rn
0110 Rn Rm 11MD EXTU.B Rm, Rn EXTU.W Rm, Rn EXTS.B Rm, Rn EXTS.W Rm, Rn
0111 Rn imm ADD #imm : 8, Rn
1000 OOMD Rn  disp MOV.B MOV.W SETRC #imm
imm RO, @(disp: 4, Rn) RO, @ (disp: 4, Rn)

RENESAS

Rev. 2.00 Dec. 07, 2005 Page 153 of 950

REJ09B0079-0200



Section 3 DSP Operating Unit

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
1000 01TMD Rm disp MOV.B MOV.W
@(disp:4, Rm), RO @(disp: 4, Rm), RO
1000 10MD imm/disp CMP/EQ #imm:8, R0 BT  disp: 8 BF  disp: 8
1000 11MD imm/disp LDRS @(disp:8,PC) BT/S disp: 8 LDRE @(disp:8,PC)  BF/S disp: 8
1001 Rn disp MOV.W @(disp : 8, PC), Rn
1010 disp BRA disp : 12
1011 disp BSR disp: 12
1100 OOMD  imm/disp MOV.B MOV.W MOV.L TRAPA  #imm: 8
RO, @(disp: 8, GBR) RO, @(disp: 8, GBR) RO, @(disp: 8, GBR)
1100 O01MD disp MOV.B MOV.W MOV.L MOVA
@(disp: 8, GBR), RO @(disp: 8, GBR), RO @(disp: 8, GBR), R0  @(disp: 8, PC), 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 XOR.B OR.B
#imm: 8, @( R0, GBR)  #imm: 8, @(R0, GBR)  #imm: 8, @(R0, GBR)  #imm: 8, @(R0, GBR)
1101 Rn disp MOV.L @(disp: 8, PC), Rn
1110 Rn imm MOV #imm:8, Rn
1111 00** HAAAKIAK MOVX.W, MOVY.W Double data transfer instruction
1111 01** FAAA IR XK MOVS.W, MOVS.L Single data transfer instruction
1111 10** ikl MOVX.W, MOVY.W Double data transfer instruction, with DSP parallel operation instruction
(32-bit instruction )
1111 11%%  wtekrsss

Notes: 1. For details, refer to the SH-3/SH-3E/SH3-DSP Programming Manual.

2. Instructions in the hatched areas are DSP extended instructions. These instructions can
be executed only when the DSP bit of the SR register is set to 1.
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Section 4 Exception Handling

Exception handling is separate from normal program processing, and is performed by aroutine
separate from the normal program. For example, if an attempt is made to execute an undefined
instruction code or an instruction protected by the CPU processing mode, a control function may
be required to return to the source program by executing the appropriate operation or to report an
abnormality and carry out end processing. In addition, afunction to control processing requested
by LSI on-chip modules or an LS| external module to the CPU may also be required.

Transferring control to a user-defined exception processing routine and executing the process to
support the above functions are called exception handling. This LS| has two types of exceptions:
general exceptions and interrupts. The user can execute the required processing by assigning
exception handling routines corresponding to the required exception processing and then return to
the source program.

A reset input can terminate the normal program execution and pass control to the reset vector after
register initialization. This reset operation can also be regarded as an exception handling. This
section describes an overview of the exception handling operation. Here, general exceptions and
interrupts are referred to as exception handling. For interrupts, this section describes only the
process executed for interrupt requests. For details on how to generate an interrupt request, refer to
section 8, Interrupt Controller (INTC).

4.1 Register Descriptions

There are five registers for exception handling. A register with an undefined initial value should
be initialized by the software. Refer to section 24, List of Registers, for the addresses and access
sizes of these registers.

o TRAPA exception register (TRA)

o Exception event register (EXPEVT)
o Interrupt event register (INTEVT)

e Interrupt event register 2 (INTEVT2)
e Exception addressregister (TEA)
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Figure 4.1 shows the bit configuration of each register.

31 10 9 210
| 0 | TRA | 0 | TRA
31 12 11 0
| 0 | EXPEVT | EXPEVT
31 12 11 0
| 0 | INTEVT | INTEVT
31 12 11 0
0 | INTEVT2 | INTEVT2
31 0
TEA | TEA

Figure4.1 Register Bit Configuration

41.1 TRAPA Exception Register (TRA)

TRA isassigned to address H'FFFFFFDO and consists of the 8-bit immediate data (imm) of the
TRAPA instruction. TRA is automatically specified by the hardware when the TRAPA instruction
is executed. Only bits 9 to 2 of the TRA can be re-written using the software.

Bit Bit Name Initial Value R/W Description

31to 10 — — R Reserved

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

9to2 TRA — R/W 8-bit Inmediate Data

1,0 — — R Reserved

These bits are always read as 0. The write value
should always be 0.
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412 Exception Event Register (EXPEVT)

EXPEVT isassigned to address H'FFFFFFD4 and consists of a 12-bit exception code. Exception
codes to be specified in EXPEVT are those for resets and general exceptions. These exception
codes are automatically specified by the hardware when an exception occurs. Only bits 11 to O of
EXPEVT can be re-written using the software.

Bit Bit Name Initial Value R/W Description

31to12 — AllO R Reserved

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

11to0 EXPEVT * R/W 12-bit Exception Code

Note: * Initialized to H'000 at power-on reset and H’020 at manual reset.

413 Interrupt Event Register (INTEVT)

INTEVT is assigned to address H’FFFFFFD8 and consists of the exception code or the interrupt
priority code. Whether the occurrence of an interrupt sets the exception code or the interrupt
priority code depends on the interrupt sources. (See section 8.3.5, Interrupt Exception Handling
and Priority, for details.) These exception codes and interrupt priority codes are automatically
specified by the hardware when an exception occurs. Only bits 11to 0in INTEVT can bere-
written using the software.

Bit Bit Name Initial Value R/W Description
31012 — AllO R Reserved

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

11t00 INTEVT — R/W 12-bit Exception Code
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414  Interrupt Event Register 2 (INTEVT2)

INTEVT2 isassigned to address H’A4000000 and consists of the exception code. Exception codes
to be specified in INTEV T2 are those for interrupt requests. These exception codes are
automatically specified by the hardware when an exception occurs. INTEV T2 cannot be modified
using the software.

Bit Bit Name Initial Value R/W Description
31to12 — All O R Reserved

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

11t00 INTEVT2 — R 12-bit Exception Code

415 Exception Address Register (TEA)

TEA isassigned to address H'FFFFFFFC and the logical address for an exception occurrenceis
stored in this register when an exception related to memory accesses occurs. TEA can be modified
using the software.

Bit Bit Name Initial Value R/W Description

31to0 TEA 0 R/W Logical address for Exception Occurrence
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4.2 Exception Handling Function

421 Exception Handling Flow

In exception handling, the contents of the program counter (PC) and status register (SR) are saved
in the saved program counter (SPC) and saved status register (SSR), respectively, and execution of
the exception handler is invoked from avector address. By executing the return from exception
handler (RTE) in the exception handler routine, it restores the contents of PC and SR, and returns
to the processor state at the point of interruption and the address where the exception occurred.

A basic exception handling sequence consists of the following operations. If an exception occurs
and the CPU acceptsit, operations 1 to 8 are executed.

The contents of PC is saved in SPC.

The contents of SR issaved in SSR.

Theblock (BL) bitin SR is set to 1, masking any subsequent exceptions.

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

Theregister bank (RB) bitin SRissetto 1.

An exception code identifying the exception event is written to bits 11-0 of the exception

event (EXPEVT) or interrupt event (INTEVT or INTEVT2) register.

7. 1f aTRAPA instruction is executed, an 8-bit immediate data specified by the TRAPA
instruction is set to TRA. For an exception related to memory accesses, the logic address
where the exception occurred is written to TEA. **

8. Instruction execution jumps to the designated exception vector address to invoke the handler

routine.

o gk~ wbdrE

The above operations from 1 to 8 are executed in sequence. During these operations, no other
exceptions may be accepted unless multiple exception acceptance is enabled.

In an exception handling routine for a general exception, the appropriate exception handling must
be executed based on an exception source determined by the EXPEVP. In an interrupt exception
handling routine, the appropriate exception handling must be executed based on an exception
source determined by the INTEVT or INTEVT2. After the exception handling routine has been
completed, program execution can be resumed by executing an RTE instruction. The RTE
instruction causes the following operations to be executed.

1. The contents of the SSR are restored into the SR to return to the processing state in effect
before the exception handling took place.

2. A delay dot instruction of the RTE instruction is executed.**
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3. Control is passed to the address stored in the SPC.

The above operations from 1 to 3 are executed in sequence. During these operations, no other
exceptions may be accepted. By changing the SPC and SSR before executing the RTE instruction,
a status different from that in effect before the exception handling can also be specified.

Notes: 1. The MMU registers are modified if an MMU exception occurs.

2. For details on the CPU processing mode in which RTE delay slot instructions are
executed, please refer to section 4.5, Usage Notes.

422 Exception Vector Addresses

A vector address for general exceptionsis determined by adding a vector offset to a vector base
address. The vector offset for general exceptions other than the TLB error exception is
H’00000100. The vector offset for interruptsis H’00000600. The vector base address is |oaded
into the vector base register (VBR) using the software. The vector base address should reside in
the P1 or P2 fixed physical address space.

423 Exception Codes

The exception codes are written to bits 11 to 0 in EXPEVT (for reset or general exceptions) or
INTEVT2 (for interrupt requests) to identify each specific exception event. See section 8, Interrupt
Controller (INTC), for details on the exception codes for interrupt requests. Table 4.1 lists
exception codes for resets and general exceptions.

424 Exception Request and BL Bit (Multiple Exception Prevention)

TheBL bitin SR isset to 1 when areset or exception is accepted. Whilethe BL bitisset to 1,
acceptance of general exceptionsis restricted as described below, making it possible to effectively
prevent multiple exceptions from being accepted.

If the BL bit isset to 1, an interrupt request is not accepted and is retained. The interrupt request is
accepted when the BL bit is cleared to 0. If the CPU isin low power consumption mode, an
interrupt is accepted even if the BL bit is set to 1 and the CPU returns from the low power
consumption mode.

A DMA error is not accepted and is retained if the BL hit is set to 1 and accepted when the BL bit
iscleared to 0. User break requests generated while the BL bit is set are ignored and are not
retained. Accordingly, user breaks are not accepted even if the BL bit is cleared to O.
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If agenera exception other than a DMA address error or user break occurs while the BL bit is set
to 1, the CPU enters a state similar to that in effect immediately after areset, and passes control to
the reset vector (H’A0000000) (multiple exception). In this case, unlike a normal reset, modules
other than the CPU are not initialized, the contents of EXPEV T, SPC, and SSR are undefined, and
this statusis not detected by an external device.

To enable acceptance of multiple exceptions, the contents of SPC and SSR must be saved while
the BL bit is set to 1 after an exception has been accepted, and then the BL bit must be cleared to
0. Before restoring the SPC and SSR, the BL bit must be set to 1.

425 Exception Source Acceptance Timing and Priority

Exception Request of Instruction Synchronous Type and I nstruction Asynchronous Type:
Resets and interrupts are requested asynchronously regardless of the program flow. In general
exceptions, aDMA address error and a user break under the specific condition are also requested
asynchronously. The user cannot expect on which instruction an exception is requested. For
general exceptions other than a DMA address error and a user break under a specific condition,
each general exception corresponds to a specific instruction.

Re-Execution Type and Processing-Completion Type Exceptions: All exceptions are classified
into two types: a re-execution type and a processing-completion type. If are-execution type
exception is accepted, the current instruction executed when the exception is accepted is
terminated and the instruction address is saved to the SPC. After returning from the exception
processing, program execution resumes from the instruction where the exception was accepted. In
a processing-completion type exception, the current instruction executed when the exception is
accepted is completed, the next instruction address is saved to the SPC, and then the exception
processing is executed.

During adelayed branch instruction and delay slot, the following operations are executed. A re-
execution type exception detected in adelay slot is accepted before executing the delayed branch
instruction. A processing-completion type exception detected in adelayed branch instruction or a
delay dot is accepted when the delayed branch instruction has been executed. In this case, the
acceptance of delayed branch instruction or a delay slot precedes the execution of the branch
destination instruction. In the above description, a delay ot indicates an instruction following an
unconditional delayed branch instruction or an instruction following a conditional delayed branch
instruction whose branch condition is satisfied. If abranch does not occur in a conditional delayed
branch, the normal processing is executed.
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Acceptance Priority and Test Priority: Acceptance priorities are determined for all exception
requests. The priority of resets, general exceptions, and interrupts are determined in this order: a
reset is always accepted regardless of the CPU status. Interrupts are accepted only when resets or
general exceptions are not requested.

If multiple general exceptions occur simultaneously in the same instruction, the priority is
determined as follows.

1. A processing-completion type exception generated at the previous instruction*

2. A user break before instruction execution (re-execution type)

3. An exception related to an instruction fetch (CPU address error and MMU related exceptions:
re-execution type)

4. An exception caused by an instruction decode (Generd illegal instruction exceptions and slot
illegal instruction exceptions. re-execution type, unconditional trap: processing-completion
type)

5. An exception related to data access (CPU address error and MMU related exceptions: re-
execution type)

6. Unconditional trap (processing-completion type)

7. A user break other than one before instruction execution (processing-completion type)

8. DMA address error (processing-completion type)

Note: * If aprocessing-completion type exception is accepted at an instruction, exception
processing starts before the next instruction is executed. This exception processing
executed before an exception generated at the next instruction is detected.

Only one exception is accepted at a time. Accepting multiple exceptions sequentially resultsin all
exception requests being processed.
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Table4.1 Exception Event Vectors
Current Exception Process Vector
Exception Type Instruction  Exception Event Priority**  Order at BL=1 Code Vector Offset
Reset Aborted Power-on reset 1 - Reset H'000 -
(asynchronous) Manual reset 1 — Reset H'020 —
H-UDI reset 1 1 Reset H'000 —
General exception Re-executed User break(before 2 0 Ignored H'1EO H'00000100
events instruction execution)
(synchronous) CPU address error 2 1 Reset ~ HOEO  H00000100
(instruction access) **
*> TLB miss (instruction 2 1-1 Reset H'040 H'00000400
access) **
TLB invalid 2 1-2 Reset H'040 H'00000100
(instruction access)**
TLB protection 2 1-3 Reset H'0A0 H'00000100
violation
(instruction access)**
lllegal general instruction 2 2 Reset H'180 H'00000100
exception
llegal slot 2 2 Reset H'1A0 H'00000100
instruction exception
Completed Unconditional trap 2 4 Reset H'160 H'00000100
(TRAPA instruction)
Re-executed CPU address error 2 3 Reset H'OEO/  H'00000100
(data read/write)** H100
*> TLB miss (data 2 3-1 Reset H'040/  H'00000400
read/write)** H’060
TLB invalid (data 2 3-2 Reset H'040/  H'00000100
read/write)** H’060
TLB protection 2 3-3 Reset H'0A0/  H'00000100
violation (data H'0CO
read/write)**
Initial page write 2 3-4 Reset H'080 H'00000100
(data write)**
Completed User breakpoint (After 2 5 Ignored H'1EO0 H'00000100
instruction execution,
address)
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Current Exception Process Vector

Exception Type Instruction  Exception Event Priority**  Order atBL=1 Code Vector Offset
General exception Completed User breakpoint 2 5 Ignored H'1EOQ H'00000100
events (Data break, I-BUS
(asynchronous) break)

DMA address error 2 6 Retained H'5C0 H'00000100
General interrupt  Completed Interrupt requests 3 —*2 Retained —**° H'00000600
requests
(asynchronous)

Notes: 1. Priorities are indicated from high to low, 1 being the highest and 3 the lowest.
A reset has the highest priority. An interrupt is accepted only when general exceptions
are not requested.

2. For details on priorities in multiple interrupt sources, refer to section 8, Interrupt
Controller (INTC).

3. If an interrupt is accepted, the interrupt source register (EXPEVT) is not changed. The
interrupt source code is specified in interrupt source register 2 (EXPEVT2). For details,
refer to section 8, Interrupt Controller (INTC).

4. If one of these exceptions occurs in a specific part of the repeat loop, a specific code
and vector offset are specified.

5. These exception codes are valid when the MMU is used.
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43 Individual Exception Operations

This section describes the conditions for specific exception handling, and the processor operations.
Resets and general exceptions are described in particular. For details on interrupt operations, refer
to section 8, Interrupt Controller (INTC).

431 Resets

Power-On Reset:

Conditions

Power-on reset is request

Operations

Set EXPEVT to H'000, initialize the CPU and on-chip peripheral modules, and branch to the
reset vector H’A0000000. For details, refer to the register descriptions in the relevant sections.
Be sure to perform power-On Reset at the time of a power supply injection.

Manual Reset:

Conditions

Manual reset is request

Operations

Set EXPEVT to H'020, initialize the CPU and on-chip peripheral modules, and branch to the
reset vector H’A0000000. For details, refer to the register descriptions in the relevant sections.

H-UDI Reset:

Conditions

An H-UDI reset command is input (see section 23.4.4 H-UDI Reset.)

Operations

EXPEVT is set to H'000, vector base register (VBR) and status register (SR) are initialized,
and branched to the reset vector (H'A0000000). VBR is cleared to H'00000000 by
initialization. In SR, the MD, RB, and BL bitsare set to 1, the DSP bit is cleared to 0, and the
interrupt mask bits (13 to 10) are set to B'1111. Then, the CPU and on-chip peripheral modules
areinitialized. For details, see the Register Description in each section.
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432 General Exceptions
CPU addresserror:

e Conditions
— Instruction is fetched from odd address (4n + 1, 4n + 3)
— Word datais accessed from addresses other than word boundaries (4n + 1, 4n + 3)
— Longword is accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
4n + 3)

— The arearanging from H'80000000 to H'FFFFFFFF in logical space is accessed in user
mode

e Types
Instruction synchronous, re-execution type
e Saveaddress
Instruction fetch: An instruction address to be fetched when an exception occurred

Data access. An instruction address where an exception occurs (a delayed branch instruction
addressif an instruction is assigned to a delay slot)

e Exception code
An exception occurred during read: H’OEO
An exception occurred during write: H’100
o Remarks
The logical address (32 bits) that caused the exception isset in TEA.

Illegal general instruction exception:

e Conditions
— When undefined code not in adelay slot is decoded
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S

Note: For details on undefined code, refer to table 2.12 in section 2, Operation Code Map. When
an undefined code other than H’FCO0 to H'FFFF is decoded, operation cannot be
guaranteed.

— When aprivileged instruction not in adelay slot is decoded in user mode

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

Rev. 2.00 Dec. 07, 2005 Page 166 of 950
REJ09B0079-0200 RENESAS



Section 4 Exception Handling

e Types
Instruction synchronous, re-execution type
e Save address
An instruction address where an exception occurs
e Exception code
H’180
o Remarks
None

Illegal dot instruction:

e Conditions
— When undefined code in adelay slot is decoded
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
— When aprivileged instruction in adelay slot is decoded in user mode

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

— When an instruction that rewrites PC in adelay dot is decoded

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

o Types
Instruction synchronous, re-execution type
e Save address
A delayed branch instruction address
e Exception code
H’1A0
o Remarks
None
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Unconditional trap:

Conditions

TRAPA instruction executed

Types

Instruction synchronous, processing-completion type
Save address

An address of an instruction following TRAPA
Exception code

H’160

Remarks

The exception is a processing-compl etion type, so PC of the instruction after the TRAPA
instruction is saved to SPC. The 8-bit immediate value in the TRAPA instruction is quadrupled
and set in TRA[9:2].

User break point trap:

Conditions

When a break condition set in the user break controller is satisfied

Types

Break (L bus) before instruction execution: Instruction synchronous, re-execution type
Operand break (L bus): Instruction synchronous, processing-completion type

Data break (L bus): Instruction asynchronous, processing-completion type

| bus break: Instruction asynchronous, processing-completion type

Save address

Re-execution type: An address of the instruction where a break occurs (adelayed branch
instruction addressif an instruction is assigned to adelay slot)

Processing-completion type: An address of the instruction following the instruction where a
break occurs (a delayed branch instruction destination address if an instruction is assigned to a
delay dlot)

Exception code

H’1E0

Remarks

For details on the user break controller, refer to section 9, User Break Controller.
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DMA addresserror:

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

3
e Types
Instruction asynchronous, processing-completion type
e Save address

An address of the instruction following the instruction where an exception occurs (a delayed
branch instruction destination address if an instruction is assigned to adelay slot)

e Exception code
H’5C0
o Remarks

An exception occurs when a DMA transfer is executed while an illegal instruction address
described above is specified in the DMAC. Since the DMA transfer is performed
asynchronously with the CPU instruction operation, an exception is also requested
asynchronously with the instruction execution. For details on the DMAC, refer to section 13,
Direct Memory Access Controller (DMAC).

433 General Exceptions (MM U Exceptions)

When the address translation unit of the memory management unit (MMU) isvalid, MMU
exceptions are checked after a CPU address error has been checked. Four types of MMU
exceptions are defined: TLB miss exception, TLB invalid exception, TLB protection exception,
initial page write exception. These exceptions are checked in this order.

A vector offset for a TLB miss exception is defined as H’00000400 to simplify exception source
determination. For details on MMU exception operations, refer to section 5, Memory Management
Unit (MMU).

TL B miss exception:

e Conditions

Comparison of TLB addresses shows no address match.
e Types

Instruction synchronous, re-execution type
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Save address
Instruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch instruction
addressif an instruction is assigned to adelay sot)

Exception code

An exception occurred during read: H’040
An exception occurred during write: H'060
Remarks

The logical address (32 bits) that caused the exception is set in TEA and the MMU registers
are updated. The vector address of the TLB miss exception becomes VBR + H'0400. To speed
up TLB miss processing, the offset differs from other exceptions.

TLB invalid exception:

Conditions

Comparison of TLB addresses shows address match but VV = 0.

Types

Instruction synchronous, re-execution type

Save address

Instruction fetch: An instruction address to be fetched when an exception occurred

Data access. An instruction address where an exception occurs (a delayed branch instruction
addressif an instruction is assigned to adelay slot)

Exception code

An exception occurred during read: H’040
An exception occurred during write: H'060
Remarks

The logical address (32 bits) that caused the exception is set in TEA and the MMU registers
are updated.

TLB protection exception:

Conditions

When a hit access violates the TLB protection information (PR bits).
Types

Instruction synchronous, re-execution type
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Save address
Instruction fetch: An instruction address to be fetched when an exception occurred

Data access. An instruction address where an exception occurs (a delayed branch instruction
addressif an instruction is assigned to a delay slot)

Exception code

An exception occurred during read: H’'OAO
An exception occurred during write: H'0CO
Remarks

The logical address (32 bits) that caused the exception is set in TEA and the MMU registers
are updated.

Initial page write exception:

Conditions

A hit occurred to the TLB for a data write access, but D = 0.

Types

Instruction synchronous, re-execution type

Save address

Instruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch instruction
addressif an instruction is assigned to adelay slot)

Exception code
H’080
Remarks

The logical address (32 bits) that caused the exception is set in TEA and the MMU registers
are updated.
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4.4 Exception Processing while DSP Extension Function isValid

When the DSP extension function isvalid (the DSP bit of SR is set to 1), some exception
processing acceptance conditions or exception processing may be changed.

441 Illegal Instruction Exception and Slot Illegal I nstruction Exception

In the DSP mode, a DSP extension instruction can be executed. If a DSP extension instruction is
executed when the DSP bit of SR is cleared to 0 (in a mode other than the DSP mode), an illegal
instruction exception occurs.

Inthe DSP mode, STC and LDC instructions for the SR register can be executed even in user
mode. (Note, however, that only the RC[11:0], DMX, DMY, and RF[1:0] bitsin the DSP
extension bits can be changed.)

442 CPU AddressError

In the DSP mode, a part of the space P2 (Uxy area: H’A5000000 to H’ASFFFFFF) can be accessed
in user mode and no CPU address error will occur even if the areais accessed.

443 Exception in Repeat Control Period

If an exception is requested or an exception is accepted during repeat control, the exception may
not be accepted correctly or a program execution may not be returned correctly from exception
processing that is different from the normal state. These restrictions may occur from repeat
detection instruction to repeat end instruction while the repeat counter is 1 or more. In this section,
this period is called the repeat control period.

The following shows program examples where the number of instructionsin the repeat loop are 4
or more, 3, 2, and 1, respectively. In this section, arepeat detection instruction and its instruction
address are described as RptDtct. The first, second, and third instructions following the repeat
detection instruction are described as RptDtctl, RptDtct2, and RptDtct3. In addition, [A], [B],
[C1], and [C2] in the following examples indicate instructions where arestriction occurs. Table
4.2 summarizes the instruction positions and restriction types.
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Table4.2 Instruction Positionsand Restriction Types

Instruction lllegal Interrupt, CPU Address
Position SPC*! Instruction*? Break*® Error**

(Al

[B] Retained

[C1] Added Retained Instruction/data
[C2] lllegal Added Retained Instruction/data

Notes: 1. A specific address is specified in the SPC if an exception occurs while SR.RC[11:0] >2.
2. There are a greater number of instructions that can be illegal instructions while
SR.RC[11:0] >1.
3. An interrupt, break or DMA address error request is retained while SR.RC[11:0] >1.
4. A specific exception code is specified while SR.RC[11:0] >1.

e Example 1: Repeat loop consisting of four or greater instructions

LDRS RptStart ; [A]
LDRS RptDtct + 4 ; [A]
SETRC #4 i [A]
instr0 i [A]
RptStart: instrl ; [A] [Repeat start instruction]
......... ; [A]
......... ; [A]
RptDtct: RptDtct ; [B] A repeat detection
instruction is an
instruction three
instructions before a
repeat end instruction
RptDtctl ;o [C1]
RptDtct2 ;o [C2]
RptEnd: RptDtct3 ; [C2] [Repeat end instruction]
InstrNext ;o [A]
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e Example 2: Repeat loop consisting of three instructions

LDRS
LDRS
SETRC #4

RptDtct: RptDtct

RptStart: RptDtctl
RptDtct2
RptEnd: RptDtct3

InstrNext

RptDtct + 4 ;
RptDtct + 4 ;

l

[B] A repeat detection

instruction is an
instruction prior to a
repeat start instruction

[C1l] [Repeat start instruction]
[Cc2]
[C2] [Repeat end instruction]

[A]

e Example 3: Repeat loop consisting of two instructions

LDRS RptDtct + 6 ; [A]
LDRS RptDtct + 4 ; [A]
SETRC #4 i [A]
RptDtct: RptDtct ; [B] A repeat detection
instruction is an
instruction prior to a
repeat start instruction
RptStart: RptDtctl ; [Cl] [Repeat start instruction]
RptEnd: RptDtct2 ; [C2][Repeat end instruction]
InstrNext 7 [A]
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Example 4: Repeat loop consisting of one instruction

LDRS RptDtct + 8 ; [A]
LDRS RptDtct + 4 ; [A]
SETRC #4 i [A]
RptDtct: RptDtct ; [B] A repeat detection
instruction is an
instruction prior to a
repeat start instruction
RptStart:
RptEnd: RptDtctl ; [Cl] [Repeat start
instruction]== [Repeat end
instruction]
InstrNext i [A]
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SPC Saved by Exception in Repeat Control Period: If an exception is accepted in the repeat
control period while the repeat counter (RC[11:0]) in the SR register istwo or greater, the program
counter to be saved may not indicate the value to be returned correctly. To execute the repeat
control after returning from an exception processing, the return address must indicate an
instruction prior to arepeat detection instruction. Accordingly, if an exception is accepted in
repeat control period, an exception other than re-execution type exception by arepeat detection
instruction cannot return to the repeat control correctly.

Table4.3 SPC Valuewhen Re-Execution Type Exception Occursin Repeat Control
(RC[11:0] 2 2)

Instruction where Number of Instructions in Repeat Loop

Exception Occurs 1 2 3 4 or Greater
RptDtct RptDtct RptDtct RptDtct RptDtct
RptDtct1 RptDtct1 RptDtct1 RptDtct1 RptDtct1
RptDtct2 — RptDtct1 RptDtct1 RS-4
RptDtct3 — — RptDtct1 RS-2

Note: The following labels are used here.
RptDtct: Repeat detection instruction address
RptDtct1: An instruction address one instruction following the repeat detection instruction
RptDtct2: An instruction address two instruction following the repeat detection instruction
RptDtct3: An instruction address three instruction following the repeat detection instruction
RS: Repeat start instruction address

If a re-execution type exception is accepted at an instruction in the hatched areas above, a
return address to be saved in the SPC is incorrect. If RC[11:0] is 1 or 0, a correct return
address is saved in the SPC.

[llegal Instruction Exception in Repeat Control Period: If one of the following instructionsis
executed at the address following RptDtctl, agenera illegal instruction exception occurs. For
details on an address to be saved in the SPC, refer to the description in section 4.4.3, SPC Saved
by Exception in Repeat Control Period.

e Branch instructions
BRA, BSR, BT, BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR, IMP, TRAPA
e Repeat control instructions
SETRC, LDRS, LDRE
e Load instructionsfor SR, RS, and RE
LDCRn, SR, LDC @Rn+, SR, LDC Rn, RE, LDC @Rn+, RE, LDC Rn,RS, LDC @Rn+, Rs
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Note: Inarepeat loop consisting of one to three instructions, some restrictions apply to repeat
detection instructions and all the remaining instructions. In arepeat |oop consisting of four
or more instructions, restrictions apply to only the three instructions that include a repeat
end instruction.

Exception Retained in Repeat Control Period: In the repeat control period, an interrupt or some
exception will be retained to prevent an exception acceptance at an instruction where returning
from the exception cannot be performed correctly. For details, refer to repeat loop program
examples 1 to 4. In the examples, exceptions generated at instructions indicated as [B], [C], [C1],
or [C2], the following processing is executed.

e Interrupt, DMA address error
An exception request is not accepted and retained at instructions [B] and [C]. If an instruction
indicates as [A] is executed at the next time, an exception request is accepted.* Asshownin
program examples 1 to 4, any interrupt or DMA address error cannot be accepted in a repest
loop consisting of four instructions or less.

Note: * Aninterrupt request or aDMA address error exception request isretained in the
interrupt controller (INTC) and the direct memory access controller (DMAC) until the
CPU can accept arequest.
o User break before instruction execution
A user break before instruction execution is accepted at instruction [B], and an address of
instruction [B] is saved in the SPC. This exception cannot be accepted at instruction [C] but
the exception request is retained until an instruction [A] or [B] is executed at the next time.
Then, the exception request is accepted before an instruction [A] or [B] is executed. In this
case, an address of instruction [A] or [B] is saved in the SPC.

e User break after instruction execution

A user break after instruction execution cannot be accepted at instructions [B] and [C] but the
exception request is retained until an instruction [A] or [B] is executed at the next time. Then,
the exception request is accepted before an instruction [A] or [B] is executed. In this case, an
address of instruction [A] or [B] is saved in the SPC.

Table4.4  Exception Acceptancein Repeat L oop

Exception Type Instruction [B] Instruction [C]
Interrupt Not accepted Not accepted
DMA address error Not accepted Not accepted
User break before instruction execution Accepted Not accepted
User break after instruction execution Not accepted Not accepted
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CPU AddressError in Repeat Control Period: If a CPU address error occurs in the repeat
control period, the exception is accepted but an exception code (H'070) indicating the repeat |oop
period is specified in the EXPEVT. If a CPU address error occurs in instructions following a
repeat detection instruction to repeat end instruction, an exception code for instruction access or
data accessis specified in the EXPEVT.

The SPC is saved according to the description in section 4.4.3, SPC Saved by Exception in Repeat
Control Period.

After the CPU address error exception processing, the repeat control cannot be returned correctly.
To execute arepeat loop correctly, care must be taken not to generate a CPU address error in the
repeat control period.

Note: Inarepeat loop consisting of one to three instructions, some restrictions apply to repeat
detection instructions and al the remaining instructions. In a repeat |oop consisting of four
or more instructions, restrictions apply to only the four instructions that include a repeat
end instruction. The restriction occurs when SR.RC[11:0] > 1.

Table4.5 Instruction Where a Specific Exception Occurs when Memory Access Exception
Occursin Repeat Control (SR.RC[11:0] = 1)

. Number of Instructions in Repeat Loop
Instruction where

Exception Occurs 1 2 3 4 or Greater
RptDtct
RptDtct1 Instruction/data  Instruction/data  Instruction/data  Instruction/data
access access access access
RptDtct2 — Instruction/data  Instruction/data  Instruction/data
access access access
RptDtct3 — — Instruction/data  Instruction/data
access access

Note: The following labels are used here.
RptDtct: Repeat detection instruction
RptDtct1: An instruction of one instruction following the repeat detection instruction
RptDtct2: An instruction of two instruction following the repeat detection instruction
RptDtct3: An instruction of three instruction following the repeat detection instruction
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MMU Exception in Repeat Control Period: If an MMU exception occurs in the repeat control
period, a specific exception code is generated as well as a CPU address error. For aTLB miss
exception, TLB invalid exception, and initial page write exception, an exception code (H’070) is
specified in the EXPEVT. For a TLB protection exception, an exception code (H'0DO) is specified
inthe EXPEVT. In a TLB miss exception, vector offset is specified as H’00000100.

An instruction where an exception occurs and the SPC value to be saved are the same as those for
the CPU address error.

After this exception processing, the repeat control cannot be returned correctly. To execute a
repeat loop correctly, care must be taken not to generate an MMU related exception in the repeat
control period.

Note: Inarepeat loop consisting of one to three instructions, some restrictions apply to repeat
detection instructions and al the remaining instructions. In a repeat |oop consisting of four
or more instructions, restrictions apply to only the four instructions that include a repeat
end instruction. The restriction occurs when SR.RC[11:0] > 1.

45 Usage Notes

1. Aninstruction assigned at adelay slot of the RTE instruction is executed after the contents of
the SSR is restored into the SR. An acceptance of an exception related to instruction accessis
determined according to the SR before restore. An acceptance of other exceptionsis
determined by processing mode of the SR after restore, and BL bit value. A processing-
completion type exception is accepted before an instruction at the RTE branch destination
address is executed. However, note that the correct operation cannot be guaranteed if are-
execution type exception occurs.

2. Inaninstruction assigned at adelay slot of the RTE instruction, a user break cannot be
accepted.

3. Ifthe MD and BL bits of the SR register are changed by the LDC instruction, an exception is
accepted according to the changed SR value from the next instruction.* A processing-
completion type exception is accepted after the next instruction is executed. An interrupt and
DMA address error in re-execution type exceptions are accepted before the next instruction is
executed.

Note: * If an LDC instruction is executed for the SR, the following instructions are re-fetched
and an instruction fetch exception is accepted according to the modified SR value.
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Section5 Memory Management Unit (MMU)

This LS| has an on-chip memory management unit (MMU) that supports avirtual memory system.
The on-chip trandation look-aside buffer (TLB) caches information for user-created address
tranglation tables located in external memory. It enables high-speed translation of virtual addresses
into physical addresses. Address translation uses the paging system and supports two page sizes (1
kbyte or 4 kbytes). The access rights to virtual address space can be set for each of the privileged
and user modes to provide memory protection.

51 Roleof MMU

The MMU is afeature designed to make efficient use of physical memory. As shown in figure 5.1,
if aprocessissmaller in size than the physical memory, the entire process can be mapped onto
physical memory. However, if the processincreasesin size to the extent that it no longer fitsinto
physical memory, it becomes necessary to partition the process and to map those parts requiring
execution onto memory as occasion demands (figure 5.1 (1)). Having the process itself consider
this mapping onto physical memory would impose alarge burden on the process. To lighten this
burden, the idea of virtual memory was born as a means of performing en bloc mapping onto
physical memory (figure 5.1 (2)). In avirtual memory system, substantially more virtual memory
than physical memory is provided, and the process is mapped onto this virtual memory. Thus a
process only has to consider operation in virtual memory. Mapping from virtual memory to
physical memory is handled by the MMU. The MMU is normally controlled by the operating
system, switching physical memory to allow the virtual memory required by a processto be
mapped onto physical memory in a smooth fashion. Switching of physical memory is performed
viasecondary storage, etc.

The virtual memory system that came into being in thisway is particularly effective in atime-
sharing system (TSS) in which a number of processes are running simultaneously (figure 5.1 (3)).
If processes running in a TSS had to take mapping onto virtual memory into consideration while
running, it would not be possible to increase efficiency. Virtual memory is thus used to reduce this
load on the individual processes and so improve efficiency (figure 5.1 (4)). In the virtual memory
system, virtual memory is allocated to each process. The task of the MMU isto perform efficient
mapping of these virtual memory areas onto physical memory. It also has a memory protection
feature that prevents one process from inadvertently accessing another process's physical memory.

When address translation from virtual memory to physical memory is performed using the MMU,
it may occur that the relevant trandlation information is not recorded in the MM U, with the result

that one process may inadvertently access the virtual memory alocated to another process. In this
case, the MMU will generate an exception, change the physical memory mapping, and record the
new address trandation information.
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Although the functions of the MMU could a so be implemented by software alone, the need for
tranglation to be performed by software each time a process accesses physical memory would
result in poor efficiency. For thisreason, abuffer for address trand ation (translation look-aside
buffer: TLB) is provided in hardware to hold frequently used address trandlation information. The
TLB can be described as a cache for storing address tranglation information. Unlike cache
memory, however, if addresstrandation fails, that is, if an exception is generated, switching of
address translation information is normally performed by software. This makesiit possible for
memory management to be performed flexibly by software.

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

In the following text, the address space in virtual memory is referred to asvirtual address space,
and address space in physical memory as physical memory space.
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Figure5.1 MMU Functions

511 MMU of ThisLSl

Virtual Address Space: This LSl supports a 32-bit virtual address space that enables accessto a
4-Gbyte address space. As shown in figures 5.2 and 5.3, the virtual address space is divided into
severa areas. In privileged mode, a 4-Gbyte space comprising areas PO to P4 are accessible. In
user mode, a 2-Ghyte space of UO areais accessible, and a 16-Mbyte space of Uxy areais aso
accessible if the DSP hit of the SR register is set to 1. Accessto any area (excluding the UO area
and Uxy area) in user mode will result in an address error.

If the MMU is enabled by setting the AT bit of the MMUCR register to 1, PO, P3, and UO areas
can be used as any physical address areain 1- or 4-kbyte page units. By using an 8-bit address
space identifier, PO, P2, and UO areas can be increased to up to 256 areas. Mapping from virtua
address to 29-bit physical address can be achieved by the TLB.
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1. PO, P3, and UO Areas

The PO, P3, and UO areas can be address translated by the TLB and can be accessed through
the cache. If the MMU is enabled, these areas can be mapped to any physical address spacein
1- or 4-kbyte page units viathe TLB. If the CE bit in the cache control register (CCR1) is set
to 1 and if the corresponding cache enable bit (C bit) of the TLB entry is set to 1, accessviathe
cacheisenabled. If the MMU is disabled, replacing the upper three hits of an address in these
areas with Os creates the address in the corresponding physical address space. If the CE hit of
the CCR1 register is set to 1, access viathe cache is enabled. When the cache is used, either
the copy-back or write-through mode is selected for write access viathe WT bit in CCRL.
If these areas are mapped to the on-chip module control register area or on-chip memory area
inareal inthe physical address space viathe TLB, the C hit of the corresponding page must
be cleared to 0.

2. PlArea

The P1 area can be accessed via the cache and cannot be address-translated by the TLB.
Whether the MMU is enabled or not, replacing the upper three bits of an address in these areas
with Os creates the address in the corresponding physical address space. Use of the cacheis
determined by the CE bit in the cache control register (CCR1). When the cache is used, either
the copy-back or write-through mode is selected for write access by the CB hit in the CCR1
register.

3. P2Area
The P2 area cannot be accessed via the cache and cannot be address-translated by the TLB.
Whether the MMU is enabled or not, replacing the upper three bits of an addressin this area
with Os creates the address in the corresponding physical address space.

4. P4 Area

The P4 areais mapped to the on-chip I/O of thisLSI. This area cannot be accessed viathe
cache and cannot be address-trandated by the TLB. Figure 5.4 shows the configuration of the
P4 area.
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Figure5.2 Virtual Address Space (MMUCR.AT =1)
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H'E000 0000
Reserved Area
H'F
0000000 Cache Address Array
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Cache Data Array
H'F200 0000
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H'F300 0000
TLB Data Array
H'F400 0000
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H'FC00 0000
Control Register Area
H'FFFF FFFF

Figure5.4 P4 Area

The areafrom H'FO00 0000 to H'FOFF FFFF is for direct access to the cache address array. For
more information, see section 6.4, Memory-Mapped Cache.

The areafrom H'F100 0000 to H'F1FF FFFF is for direct access to the cache data array. For more
information, see section 6.4, Memory-Mapped Cache.

The areafrom H'F200 0000 to H'F2FF FFFF is for direct access to the TLB address array. For
more information, see section 5.6, Memory-Mapped TLB.

The areafrom H'F300 0000 to H'F3FF FFFF is for direct access to the TLB data array. For more
information, see section 5.6, Memory-Mapped TLB.

The areafrom H'FC00 0000 to H'FFFF FFFF is reserved for registers of the on-chip peripheral
modules. For more information, see section 24, List of Registers.

5. Uxy Area

The Uxy areais mapped to the on-chip memory of thisLSl. This areais made usable in user
mode when the DSP bit in the SR register is set to 1. In user mode, accessing this areawhen
the DSP bit is O will result in an address error. This area cannot be accessed viathe cache and
cannot be address-trand ated by the TLB. For more information on the Uxy area, see section 7,
X/IY Memory.
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Physical Address Space: This LSl supports a 29-bit physical address space. As shown in figure
5.5, the physical address spaceis divided into eight areas. Area 1 is mapped to the on-chip
module control register area and on-chip memory area. Area 7 isreserved.

For details on physical address space, refer to section 12, Bus State Controller (BSC).

H'0000 0000

Area 0

H'0400 0000 Aread
(On-Chip module control

H'0800 0000 Register and On-Chip Memories)

Area 2
H'0C00 0000

Area 3
H'1000 0000

Area 4
H'1400 0000

Area 5
H'1800 0000

Area 6
H'1C00 0000

Area 7

(Reserved Area)

H'1FFF FFFF

Figure5.5 External Memory Space

Address Transition: When the MMU is enabled, the virtual address space is divided into units
called pages. Physical addresses are translated in page units. Address trandation tables in externa
memory hold information such as the physical address that corresponds to the virtual address and
memory protection codes. When an access to area P1 or P2 occurs, there is no TLB access and the
physical address is defined uniquely by hardware. If it belongs to area PO, P3 or UO, the TLB is
searched by virtual address and, if that virtual addressis registered in the TLB, the access hits the
TLB. The corresponding physical address and the page control information are read from the TLB
and the physical addressis determined.

If the virtual addressis not registered in the TLB, a TLB miss exception occurs and processing
will shift to the TLB miss handler. In the TLB miss handler, the TLB address trandation table in
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that caused
the TLB missis re-executed. When the MMU is enabled, address trand ation information that
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resultsin a physical address space of H'20000000 to H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, masking the upper three hits of the virtual address to Os creates the
address in the corresponding physical address space. Since this LS| supports 29-hit address space
as physical address space, the upper three bits of the virtual address are ignored as shadow areas.
For details, refer to section 12, Bus State Controller (BSC). For example, address H'00001000 in
the PO area, address H'80001000 in the P1 area, address H'A0001000 in the P2 area, and address
H'C0001000 in the P3 area are al mapped to the same physical memory. If these addresses are
accessed while the cache is enabled, the upper three bits are always cleared to 0 to guarantee the
continuity of addresses stored in the address array of the cache.

Single Virtual Memory Mode and Multiple Virtual Memory Mode: There are two virtua
memory modes:. single virtual memory mode and multiple virtual memory mode. In single virtual
memory mode, multiple processes run in parallel using the virtual address space exclusively and
the physical address corresponding to a given virtual address is specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, so a
given virtual address may be translated into different physical addresses depending on the process.
By the value set to the MMU control register (MMUCR), either single or multiple virtual mode is
selected.

In terms of operation, the only difference between single virtual memory mode and multiple
virtual memory mode isin the TLB address comparison method (see section 5.3.3, TLB Address
Comparison).

Address Space | dentifier (ASID): In multiple virtual memory mode, the address space identifier
(ASID) is used to differentiate between processes running in parallel and sharing virtual address
space. The ASID is eight bitsin length and can be set by software setting of the ASID of the
currently running process in page table entry register high (PTEH) within the MMU. When the
processis switched using the ASID, the TLB does not have to be purged.

In single virtual memory mode, the ASID is used to provide memory protection for processes
running simultaneously and using the virtual address space exclusively (see section 5.3.3, TLB
Address Comparison).

5.2 Register Descriptions

There are four registers for MMU processing. These are all peripheral module registers, so they
are located in address space area P4 and can only be accessed from privileged mode by specifying
the address.
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The MMU has the following registers. Refer the section 24, List of Registers, for the addresses
and access size for these registers.

e Pagetable entry register high (PTEH)
o Pagetable entry register low (PTEL)
e Trandation table base register (TTB)
e MMU control register (MMUCR)

521 Page Table Entry Register High (PTEH)

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

A program that modifies the ASID in PTEH should be allocated in the P1 or P2 areas.

Initial
Bit Bit Name Value R/W Description
311010 VPN — R/W Number of Virtual Page
9,8 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
7100 ASID — R/W Address space identifier
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522 Page Table Entry Register Low (PTEL)

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

Initial
Bit Bit Name Value R/W Description
31to29 — All O R/W Reserved
These bits are always read as 0. The write value
should always be 0.
28to10 PPN — R Number of Physical Page
9 — 0 R/W Page management information
8 \Y — For more details, see section 5.3, TLB Functions
7 — 0
6,5 PR —
4 Sz —
3 C —
2 D —
1 SH —
0 — 0

523 Trandation Table Base Register (TTB)

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

524 MMU Control Register (MMUCR)

The MMU control register (MMUCR) residing at address H'FFFFFFEO, which makes the MMU
settings described in figure 5.3. Any program that modifies MMUCR should reside in the P1 or P2
area.
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Initial

Bit Bit Name Value R/W Description

31t09 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

8 SV 0 R/W Single virtual memory mode
0: Multiple virtual memory mode
1: Single virtual memory mode

7,6 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

5,4 RC AllO R/W Random counter
A 2-bit random counter that is automatically updated
by hardware according to the following rules in the
event of an MMU exception.
When a TLB miss exception occurs, all of TLB entry
way corresponding to the virtual address at which
the exception occurred are checked. If all ways are
valid, 1 is added to RC; if there is one or more
invalid way, they are set by priority from way 0, in
the order way 0, way 1, way 2, way 3. In the event
of an MMU exception other than a TLB miss
exception, the way which caused the exception is
set in RC.

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

2 TF 0 R/W TLB flush
Write 1 to flush the TLB (clear all valid bits of the
TLB to 0). When they are read, 0 is always returned.

1 IX 0 R/W Index mode

0: VPN bits 16 to 12 are used as the TLB index
number.

1: The value obtained by EX-ORing ASID bits 4 to O
in PTEH and VPN bits 16 to 12 is used as the
TLB index number.
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Initial
Bit Bit Name Value R/W Description
0 AT 0 R/W Address translation

Enables/disables the MMU.

0: MMU disabled
1: MMU enabled

53 TLB Functions

531 Configuration of the TLB

The TLB caches address trand ation table information located in the external memory. The address
trangation table stores the logical page number and the corresponding physical number, the
address space identifier, and the control information for the page, which is the unit of address
trangdlation. Figure 5.6 shows the overall TLB configuration. The TLB is 4-way set associative
with 128 entries. There are 32 entries for each way. Figure 5.7 shows the configuration of virtual
addresses and TLB entries.

Way Oto 3 Way Oto 3
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1

1 1 1 1 | | 1 1 1 1 1 1 | |
Entry 0 VPN(31-17) [VPN(11-10)| ASID(7-0) | V | H Entry 0 |PPN(28-10)|PR(1-0){SZ| C | D [SHLI
Entry 1 _-_ Entry 1 [H ]
Entry 31 _'- Entry 31 _'-

Address Array Data Array

Figure5.6 Overall Configuration of the TLB

Rev. 2.00 Dec. 07, 2005 Page 193 of 950
RENESAS REJ09B0079-0200




Section 5 Memory Management Unit (MMU)

31 10 9 0
[ VPN | offset |
Virtual Address (1-kbyte Page)
31 12 11 0
[ VPN | Offset |
Virtual Address (4-kbyte Page)
(15) (2) (8 () (19) 2 Mm@
[vPN (31-17) VPN (11-0) [ ASID| V | PPN |PR[sz|c|D[sH
TLB Entry

Legend

VPN: Virtual page number
Upper 22 bits of virtual address for a 1-kbyte page, or upper 20 bits of virtual address for a 4-kbyte
page. Since VPN bits 16 to 12 are used as the index number, they are not stored in the TLB entry.
Attention must be paid to the synonym problem (see section 5.4.4, Avoiding Synonym Problems).

ASID: Address space identifier
Indicates the process that can access a virtual page. In single virtual memory mode and user mode, or
in multiple virtual memory mode, if the SH bit is 0, the address is compared with the ASID in PTEH
when address comparison is performed.

SH:  Share status bit
0: Page not shared between processes
1: Page shared between processes

SZ: Page-size bit
0: 1-kbyte page
1: 4-kbyte page

V: Valid bit
Indicates whether entry is valid.
0: Invalid
1: Valid
Cleared to 0 by a power-on reset. Not affected by a manual reset.

PPN: Physical page number
Upper 22 bits of physical address. PPN bits 11 to10 are not used in case of a 4-kbyte page.

PR:  Protection key field
2-bit field encoded to define the access rights to the page.
00: Reading only is possible in privileged mode.
01: Reading/writing is possible in privileged mode.
10: Reading only is possible in privileged/user mode.
11: Reading/writing is possible in privileged/user mode.

C: Cacheable bit
Indicates whether the page is cacheable.
0: Non-cacheable
1: Cacheable
D: Dirty bit
Indicates whether the page has been written to.
0: Not written to

Figureb5.7 Virtual Addressand TLB Structure
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532 TLB Indexing

The TLB uses a4-way set associative scheme, so entries must be selected by index. VPN bits 16
to 12 are used as the index number regardless of the page size. The index number can be generated
in two different ways depending on the setting of the IX bit in MMUCR.

1. WhenIX =0, VPN bits 16 to 12 alone are used as the index number

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

Thefirst method is used to prevent lowered TLB efficiency that results when multiple processes
run simultaneoudly in the same virtual address space (multiple virtual memory) and a specific
entry is selected by indexing of each process. In single virtual memory mode (MMUCR.SV = 1),
IX bit should be set to 0. Figures 5.8 and 5.9 show the indexing schemes.

Virtual Address PTEH Register
31 1716 12 11 0 31 10 7 0
| | VPN | o] as |
ASID(4-0)
Exclusive-OR <
Index
Way 0 to 3

1 Il Il Il Il Il Il Il Il
VPN(31-17) | VPN(11-10) | ASID(7-0) | v || PPN(28-10) |PR(1-0)|SZ| C | D | SH

o

31 i

Address Array Data Array

Figure5.8 TLB Indexing (IX =1)
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Virtual Address
31 1716 12 11 0

Index

Way O to 3

o| VPN(@B1-17) | VPN(11-10)| ASID(7-0) | V |f| PPN(28-10) | PR(1-0)[SZ| C | D | SH

31 1

Address Array Data Array

Figure5.9 TLB Indexing (IX =0)

533 TLB Address Comparison

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

It is necessary to have software ensure that TLB hits do not occur simultaneously in more than one
way, as hardware operation is not guaranteed if this occurs. An example of setting which causes
TLB hitsto occur simultaneously in more than one way is described below. It is necessary to
ensure that this kind of setting is not made by software.

1. If therearetwo identical TLB entries with the same VPN and a setting is made such that a
TLB hit ismade only by aprocess with ASID = H'FF when oneisin the shared state (SH = 1)
and the other in the non-shared state (SH = 0), then if the ASID in PTEH is set to H'FF, there is
apossihility of simultaneous TLB hitsin both these ways.

2. If severa entries which have different ASID with the same VPN are registered in single virtual
memory mode, there is the possibility of simultaneous TLB hitsin more than one way when
accessing the corresponding page in privileged mode. Several entries with the same VPN must
not be registered in single virtual memory mode.

3. Thereisthe possibility of simultaneous TLB hitsin more than one way. These hits may occur
depending on the contents of ASID in PTEH when a page to which SH isset 1 isregistered in
the TLB in index mode (MMUCR.IX = 1). Therefore a page to which SH is set 1 must not be
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registered in index mode. When memory is shared by several processings, different pages must
be registered in each ASID.

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

The page-size information determines whether VPN (11 to 10) is compared. VPN (11 to 10) is
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).

The sharing information (SH) determines whether the PTEH.ASID and the ASID in the TLB entry
are compared. ASIDs are compared when there is no sharing between processes (SH = 0) but not
when thereis sharing (SH = 1).

When single virtual memory is supported (MMUCR.SV = 1) and privileged mode is engaged
(SR.MD =1), al process resources can be accessed. This means that ASIDs are not compared
when single virtual memory is supported and privileged mode is engaged. The objects of address
comparison are shown in figure 5.10.

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

No (4-kbyte) No (4-kbyte)

Yes (1-kbyte) Yes (1-kbyte)

Y Y
Bits Compared: Bits Compared: Bits Compared: Bits Compared:
VPN 31 to 17 VPN 31to 17 VPN 31 to 17 VPN 31to 17
VPN 11 to 10 VPN 11 to 10 ASID 7 to 0
ASID7to0

Figure5.10 Objectsof Address Comparison
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534 Page M anagement I nfor mation

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

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

The C bit in the entry indicates whether the referenced page resides in a cacheable or non-
cacheable area of memory. When the control registers and on-chip memory in area 1 are mapped,
set the C bit to 0. The PR field specifies the access rights for the page in privileged and user modes
and is used to protect memory. Attempts at non-permitted accesses result in TLB protection
violation exceptions.

Access states designated by the D, C, and PR bits are shown in table 5.1.
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Table5.1 Access States Designated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
1 Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation violation violation
exception exception exception
01 Permitted Permitted TLB protection TLB protection
violation violation
exception exception
10  Permitted TLB protection Permitted TLB protection
violation violation
exception exception
11 Permitted Permitted Permitted Permitted
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54 M MU Functions

54.1 MMU Hardwar e Management
There are two kinds of MMU hardware management as follows.

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

2. In address tranglation, the MMU receives page management information from the TLB, and
determines the MM U exception and whether the cache is to be accessed (using the C bit). For
details of the determination method and the hardware processing, see section 5.5, MMU
Exceptions.

54.2 MMU Softwar e M anagement
There are three kinds of MMU software management, as follows.

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

2. TLB entry recording, deletion, and reading
TLB entry recording can be done in two ways by using the LDTLB instruction, or by writing
directly to the memory-mapped TLB. For TLB entry deletion and reading, the memory
alocation TLB can be accessed. See section 5.4.3, MMU Instruction (LDTLB), for details of
the LDTLB instruction, and section 5.6, Memory-Mapped TLB, for details of the memory-
mapped TLB.

3. MMU exception processing
When an MMU exception is generated, it is handled on the basis of information set from the
hardware side. See section 5.5, MMU Exceptions, for details.

When single virtual memory mode is used, it is possible to create a state in which physical
memory access is enabled in the privileged mode only by clearing the share status bit (SH) to 0 to
specify recording of all TLB entries. This strengthens inter-process memory protection, and
enables specia access levelsto be created in the privileged mode only.
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Recording a 1- or 4- kbyte page TLB entry may result in a synonym problem. See section 5.4.4,
Avoiding Synonym Problems.

543  MMU Instruction (LDTLB)

Theload TLB instruction (LDTLB) is used to record TLB entries. When the I X bitin MMUCR is
0, the LDTLB instruction changes the TLB entry in the way specified by the RC bitin MMUCR
to the value specified by PTEH and PTEL, using VPN bits 16 to 12 specified in PTEH as the
index number. When the I X bitin MMUCR is 1, the EX-OR of VPN bits 16 to 12 specified in
PTEH and ASID bits4 to 0 in PTEH are used as the index number.

Figure 5.11 shows the case where the IX bitin MMUCR is 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. The way is set in the RC bit of MMUCR for each
exception according to the rules (see section 5.2.4, MMU Control Register (MMUCR)).
Consequently, if the LDTLB instruction isissued after setting only PTEL in the MMU exception
processing routine, TLB entry recording is possible. Any TLB entry can be updated by software
rewriting of PTEH and the RC bitsin MMUCR.

Asthe LDTLB instruction changes address trandation information, there isarisk of destroying
address trand ation information if thisinstruction isissued in the PO, UO, or P3 area. Make sure,
therefore, that thisinstruction isissued in the P1 or P2 area. Also, an instruction associated with an
access to the PO, UO, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDTLB instruction.

Rev. 2.00 Dec. 07, 2005 Page 201 of 950
RENESAS REJ09B0079-0200



Section 5 Memory Management Unit (MMU)

MMUCR

9 0
0 Isv]o|olrc|o|TF| x| aT]

Index —l_ Way Selection
PTEH Register L PTEL Register
31 17 12 10_8 0 31 292 10 0
VPN | |VPN | 0| ASID | |000| PPN |O|V|0|PR|SZ|C|D|SH|O|
v
Way 0to 3
1 1 1 1 | | 1 1 1 1 1
1 1 1 1 1L 1 1 1 1 1
1 Il Il Il U 1 1 1 1 1
0 VPN(31-17) VPN(11-10) | ASID(7-0) | V |I| PPN(28-10) |PR(1-0)(SZ| C | D |SH

31

Address Array Data Array

Figure5.11 Operation of LDTLB Instruction

54.4 Avoiding Synonym Problems

When a 1- or 4-kbyte pageisrecorded in a TLB entry, a synonym problem may arise. If a number
of virtual addresses are mapped onto a single physical address, the same physical address data will
be recorded in a number of cache entries, and it will not be possible to guarantee data congruity.
The reason that this problem occurs is explained below with reference to figure 5.12. The
relationship between bit n of the virtual address and cache size is shown in the following table.

Cache Size Bit n of Virtual Address
16 kbytes 11
32 kbytes 12

To achieve high-speed operation of this LS|’ s cache, an index number is created using virtual
address [n:4]. When a 1-kbyte page is used, virtual address [n:10] is subject to address trandlation
and when a 4-kbyte page is used, avirtual address [n:12] is subject to address trandlation.
Therefore, the physical address [n:10] may not be the same as the virtual address [n:10].

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the following
tranglation has been performed are recorded in two TLBs:
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Virtual address1 H'00000000 — physical address H'00000C00
Virtual address2 H'00000CO0 — physica address H'00000C00

Virtual address 1 isrecorded in cache entry H'000, and virtual address 2 in cache entry H'0CO.
Since two virtual addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as awrite is performed to either
virtual address.

Consequently, the following restrictions apply to the recording of address translation information
in TLB entries.

1. When address trandlation information whereby a number of 1-kbyte page TLB entries are
translated into the same physical addressis recorded in the TLB, ensure that the VPN [n:10]
are the same.

2. When address trandlation information whereby a number of 4-kbyte page TLB entries are
translated into the same physical addressis recorded in the TLB, ensure that the VPN [n:12] is
the same.

3. Do not use the same physical addresses for address trandation information of different page
Sizes.

The above restrictions apply only when performing accesses using the cache.

Note:  When multiple items of address trandlation information use the same physical memory to
provide for future SuperH RISC engine family expansion, ensure that the VPN bits 20 to
10 are the same.
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* When Using a 4-kbyte Page
Virtual Address
31 1312 1110 0
VPN | ofset |

~——

Physical Address Virtual Address 12 to 4

28 13 12 1110 0
PPN N | Offset |

Physical Address 28 to 10

* When Using a 1-kbyte Page
Virtual Address
31 13121110 0
VPN N Offset |

—r—

Cache

Physical Address Virtual Address 12 to 4

28 131211 10 0
PPN | offset |

Physical Address 28 to 10

Cache

Figure5.12 Synonym Problem (32-kbyte Cache)
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55 MMU Exceptions

When the address trandlation unit of the MMU is enabled, occurrence of the MMU exception is
checked following the CPU address error check. There are four MMU exceptions: TLB miss, TLB
protection violation, TLB invalid, and initial page write, and these MMU exceptions are checked
in this order.

55.1 TLB Miss Exception

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

Hardware Operations. In aTLB miss, this hardware executes a set of prescribed operations, as
follows:

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

3. Either exception code H'040 for aload access, or H'060 for a store access, iswritten to the
EXPEVT register.

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

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

The MD hit in SR is set to 1 to place the privileged mode.

TheBL bitin SR isset to 1 to mask any further exception requests.

The RB bitin SRisset to 1.

The RCfield in the MMU control register (MMUCR) is incremented by 1 when all entries
indexed are valid. When some entries indexed are invalid, the smallest way number of them is
setin RC.

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

© ©® N O

Software (TLB Miss Handler) Operations. The software searches the page tables in external
memory and allocates the required page table entry. Upon retrieving the required page table entry,
software must execute the following operations:
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1. Write the value of the physical page number (PPN) field and the protection key (PR), page size
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
recorded in the address trandlation table in the external memory into the PTEL register.

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

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

4. Issue the return from exception handler (RTE) instruction to terminate the handler routine and
return to the instruction stream.

552 TLB Protection Violation Exception

A TLB protection violation exception results when the virtual address and the address array of the
selected TLB entry are compared and avalid entry is found to match, but the type of accessis not
permitted by the access rights specified in the PR field. TLB protection violation exception
processing includes both hardware and software operations.

Hardwar e Operations. In a TLB protection violation exception, this hardware executes a set of
prescribed operations, as follows:

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

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

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

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

The MD bitin SR is set to 1 to place the privileged mode.

TheBL bitin SR isset to 1 to mask any further exception requests.
The RB bitin SRisset to 1.

. Theway that generated the exception is set in the RC field in MMUCR.

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

© © N o Ou

Software (TLB Protection Violation Handler) Oper ations: Software resolvesthe TLB
protection violation and issues the RTE (return from exception handler) instruction to terminate
the handler and return to the instruction stream. Issue the RTE instruction after issuing two
instructions from the LDTLB instruction.
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553 TLB Invalid Exception

A TLB invalid exception results when the virtual addressis compared to a selected TLB entry
address array and a match isfound but the entry isnot valid (the V bit is0). TLB invalid exception
processing includes both hardware and software operations.

Hardwar e Operations: InaTLB invalid exception, this hardware executes a set of prescribed
operations, as follows:

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

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

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

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

The mode (MD) bit in SR is set to 1 to place the privileged mode.
Theblock (BL) bitin SR is set to 1 to mask any further exception requests.
TheRB hitin SRissetto 1.

The way number causing the exception iswritten to RC in MMUCR.

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

© © N oo

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

1. Write the values of the physical page nhumber (PPN) field and the values of the protection key
(PR), page size (S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page
table entry recorded in the external memory to the PTEL register.

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

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

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

Aninitia page write exception results in awrite access when the virtual address and the address
array of the selected TLB entry are compared and avalid entry with the appropriate access rights
isfound to match, but the D (dirty) bit of the entry is O (the page has not been written to). Initial
page write exception processing includes both hardware and software operations.

Hardwar e Operations. In an initial page write exception, this hardware executes a set of
prescribed operations, as follows:

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

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

The contents of SR at the time of the exception are written to SSR.
The MD bit in SR is set to 1 to place the privileged mode.

TheBL bitin SR isset to 1 to mask any further exception requests.
TheRB hitin SRissetto 1.

. Theway that caused the exception is set in the RC field in MMUCR.

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

A w DN PR

© © N oo

Softwar e (I nitial Page Write Handler) Operations: The software must execute the following
operations:

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

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

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

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

6. Issuethe RTE instruction to terminate the handler and return to the instruction stream. The
RTE instruction must be issued after two LDTLB instructions.
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555 MMU Exception in Repeat L oop

If aCPU address error or MMU exception occurs in a specific instruction in the repeat loop, the
SPC may indicate an illegal address or the repeat |oop cannot be reexecuted correctly even if the
SPC is correct. Accordingly, if a CPU address error or MMU exception occurs in a specific
instruction in the repeat loop, this LS| generates a specific exception code to set the EXPEVT to
H’070 for aTLB miss exception, TLB invalid exception, initial page write exception, and CPU
address error and to H’0ODO for a TLB protection violation exception. In addition, a vector offset
for TLB miss exception is H' 100. For details, refer to section 4.4.3,Exception in Repeat Control
Period.
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Figure5.13 MMU Exception Generation Flowchart
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5.6 Memory-Mapped TLB

In order for TLB operations to be managed by software, TLB contents can be read or writtento in
the privileged mode using the MOV instruction. The TLB is assigned to the P4 areain the virtual
address space. The TLB address array (VPN, V bit, and ASID) is assigned to H'F2000000 to
H'F2FFFFFF, and the data array (PPN, PR, SZ, C, D, and SH bits) to H'F3000000 to
H'F3FFFFFF. The V bit in the address array can aso be accessed from the data array. Only
longword access is possible for both the address array and the data array. However, the instruction
data cannot be fetched from both arrays.

56.1 Address Array

The address array is assigned to H'F2000000 to H'F2FFFFFF. To access an address array, the 32-
bit address field (for read/write operations) and 32-bit data field (for write operations) must be
specified. The address field specifies information for selecting the entry to be accessed; the data
field specifiesthe VPN, V bit and ASID to be written to the address array (figure 5.14 (1)).

In the address field, specify the entry address for selecting the entry (bits 16 to 12), W for
selecting the way (bits 9 to 8) and H'F2 to indicate address array access (bits 31 to 24). The IX bit
in MMUCR indicates whether an EX-OR is taken of the entry address and ASID.

The following two operations can be used on the address array:

1. Addressarray read
VPN, V, and ASID are read from the TLB entry corresponding to the entry address and way
set in the address field.

2. TLB address array write

The data specified in the data field are written to the TLB entry corresponding to the entry
address and way set in the address field.

5.6.2 Data Array

The dataarray is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
addressfield (for read/write operations), and 32-bit data field (for write operations) must be
specified. The address section specifies information for selecting the entry to be accessed; the data
section specifies the longword data to be written to the data array (figure 5.14 (2)).

In the address section, specify the entry address for selecting the entry (bits 16 to 12), W for
selecting the way (bits 9 to 8), and H'F3 to indicate data array access (bits 31 to 24). The X bit in
MMUCR indicates whether an EX-OR is taken of the entry address and ASID.
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Both reading and writing use the longword of the data array specified by the entry address and
way number. The access size of the data array isfixed at longword.

(1) TLB Address Array Access

* Read Access

31 24 23 17 16 121110 9 8 7 6 210
AddressFieId|11110010 Foeeeeeee * VPN x| * W|0* --------- * 00|

31 1716 121110 9 8 7 0
Data Field | VPN | O------- 0 |VPN| 0 |V| ASID |

* Write Access

31 24 23 17 16 1211109 8 7 6 210
AddreSSF|e|d| 1 1 1 10010 |~k ............ ~k| VPN |*|*|W |0|* ......... *|00|

31 17 16 121110 9 8 7 0
Data Field | VPN Foeeeee * VPN| * |V ASID |

VPN: Virtual Page Number

V: Valid Bit

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

ASID: Address Space Identifier

*: Don’t Care Bit

(2) TLB Data Array Access
* Read/Write Access

31 24 23 17 16 1211109 8 7 10
AddfeSS Fle'd | 1 1 1 1 O 0 1 1 Ko e e * VPN * | * W Foe e e e e e e * Ool

31 2928 109 87 6 543 210
Data Field |0 00 | PPN |X|V|X| PR |SZ|C|D|SH|X|

PPN: Physical Page Number

PR: Protection Key Field

C: Cacheable Bit

SH:  Share Status Bit

VPN: Virtual Page Number

X: 0 for Read, Don’t Care Bit for Write

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

V: Valid Bit

SZ: Page-Size Bit

D: Dirty bit

*-

Don’t Care Bit

Figure5.14 Specifying Address and Data for Memory-Mapped TLB Access
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5.6.3 Usage Examples

Invalidating Specific Entries. Specific TLB entries can be invalidated by writing O to the entry’s
V bit. RO specifies the write data and R1 specifies the address.

; RO=H'1547 381C RI1=H'F201 3000

; MMUCR.IX=0

; the V bit of way 0 of the entry selected by the VPN(16-12)=B'1l 0011
; index is cleared to0,achieving invalidation.

MOV.L RO,@R1

Reading the Data of a Specific Entry: This example reads the data section of a specific TLB
entry. The bit order indicated in the datafield in figure 5.14 (2) is read. RO specifies the address
and the data section of a selected entry is read to R1.

; RO=H'F300 4300 VPN (16-12)=B'00100 Way 3
; MOV.L @QRO,R1

5.7 Usage Note

The following operations should be performed in the P1 or P2 areas. In addition, when the PO, P3,
or UO areas are accessed consecutively (this access includes instruction fetching), the instruction
code should be placed at least two instructions after the instruction that executes the following
operations.

Modification of SR.MD or SR.BL
Execution of the LDTLB instruction
Write to the memory-mapped TLB
Modification of MMUCR
Modification of PTEH.ASID

ok w DN
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Section 6 Cache

6.1 Features

e Capacity: 16 or 32 kbytes

e Structure: Instructions/data mixed, 4-way set associative
e Locking: Way 2 and way 3 are lockable

e Linesize: 16 bytes

e Number of entries: 256 entries/way in 16-kbyte mode to 512 entries/way in 32-kbyte mode
o Write system: Write-back/write-through is selectable for spaces PO, P1, P3, and UO

o Replacement method: Least-recently used (LRU) algorithm

Note: After power-on reset or manual reset, initialized as 16-kbyte mode (256 entries/way).

6.1.1 Cache Structure

The cache mixes instructions and data and uses a 4-way set associative system. It is composed of
four ways (banks), and each of which is divided into an address section and a data section.

Each of the address and data sectionsis divided into 512 entries. The entry datais called aline.
Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 8 kbytes (16 bytes x 512
entries) in the cache as awhole (4 ways). The cache capacity is 32 kbytes as awhole. Figure 6.1

shows the cache structure.
Address array (ways 0 to 3) Data array (ways 0 to 3) LRU
] —
1
Entry 0| v | U [Tag address Of two | w1 | Lw2 | Lw3 0
Entry 1 1 1
Entry 511 | 511 | — 511
24 (1 +1 + 22) bits 128 (32 x 4) bits 6 bits
- -€ ! e e

LWO to LW3: Longword data 0 to 3

Figure6.1 Cache Structure
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Address Array: TheV bit indicates whether the entry dataisvalid. When the V bitis 1, datais
valid; when 0, datais not valid. The U hit indicates whether the entry has been written to in write-
back mode. When the U bit is 1, the entry has been written to; when 0, it has not. The tag address
holds the physical address used in the external memory access. It is composed of 22 bits (address
bits 31-10) used for comparison during cache searches.

InthisLSI, the top three of 32 physical address bits are used as shadow bits (see section 12, Bus
State Controller (BSC)), and therefore the top three bits of the tag address are cleared to 0.

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

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

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

Six LRU bitsindicate the way to be replaced, when a cache miss occurs. Table 6.1 shows the
relationship between the LRU bits and the way to be replaced when the cache locking mechanism
is disabled. (For the relationship when the cache locking mechanism is enabled, refer to section
6.2.2, Cache Control Register 2 (CCR2).) If abit pattern other than those listed in table 6.1 is set
in the LRU bits by software, the cache will not function correctly. When modifying the LRU bits
by software, set one of the patterns listed in table 6.1.

The LRU bits are initialized to 000000 by a power-on reset, but are not initialized by a manual
reset.

Table6.1 LRU and Way Replacement (when Cache L ocking M echanism is Disabled)

LRU (Bits 5 to 0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0
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6.2 Register Descriptions

The cache has the following registers. For details on register addresses and register states during
each process, refer to section 24, List of Registers.

e Cache control register 1 (CCR1)
e Cache control register 2 (CCR2)
e Cache control register 3 (CCR3)

6.2.1 Cache Control Register 1 (CCR1)

The cacheis enabled or disabled using the CE bit in CCR1. CCR1 also has a CF hit (which
invalidates all cache entries), and WT and CB hits (which select either write-through mode or
write-back mode). Programs that change the contents of the CCR1 register should be placed in
address space that is not cached.

Initial
Bit Bit Name Value R/W Description
31to4 — AllO R Reserved

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

3 CF 0 R/W Cache Flush

Writing 1 flushes all cache entries (clears the V, U,
and LRU bits of all cache entries to 0). This bit is
always read as 0. Write-back to external memory is
not performed when the cache is flushed.

2 CB 0 R/W Write-Back
Indicates the cache’s operating mode for space P1.

0: Write-through mode
1: Write-back mode

1 WT 0 R/W Write-Through

Indicates the cache’s operating mode for spaces PO,
U0, and P3.

0: Write-back mode
1: Write-through mode
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Initial
Bit Bit Name Value R/W Description
0 CE 0 R/wW Cache Enable

Indicates whether the cache function is used.

0: The cache function is not used.
1: The cache function is used.

6.2.2 Cache Control Register 2 (CCR2)

The CCR2 register controls the cache locking mechanism in cache lock mode only. The CPU
enters the cache lock mode when the DSP bit (bit 12) in the status register (SR) isset to 1 or the
lock enable bit (bit 16) in the cache control register 2 (CCR2) is set to 1. The cache locking
mechanism is disabled in non-cache lock mode (DSP hit = 0).

When a prefetch instruction (PREF@Rn) isissued in cache lock mode and a cache miss occurs,
the line of data pointed to by Rn will be loaded into the cache, according to the setting of bits9
and 8 (W3LOAD, W3LOCK) and bits 1 and 0 (W2LOAD, W2LOCK in CCR2).

Table 6.2 shows the relationship between the settings of bits and the way that is to be replaced
when the cache is missed by a prefetch instruction.

On the other hand, when the cache is hit by a prefetch instruction, new datais not loaded into the
cache and the valid entry is held. For example, a prefetch instruction is issued while bits
W3LOAD and W3LOCK are set to 1 and the line of data to which Rn pointsis already in way O,
the cache is hit and new datais not loaded into way 3.

In cache lock mode, bits W3LOCK and W2LOCK restrict the way that isto be replaced, when
instructions other than the prefetch instruction are issued. Table 6.3 shows the relationship
between the settings of bitsin CCR2 and the way that is to be replaced when the cache is missed
by instructions other than the prefetch instruction.

Programs that change the contents of the CCR2 register should be placed in address space that is
not cached.
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Bit

Bit Name

Initial
Value

R/W

Description

31t017

AllO

Reserved

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

16

LE

R/W

Lock enable (LE)
Controls cache lock mode.

0: Enters cache lock mode when the DSP bit of the
SR register is set to 1.

1: Enters cache lock mode regardless of the DSP bit
value.

15t0 10

AllO

Reserved

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

WB3LOAD
W3LOCK

R/W
R/W

Way 3 Load (W3LOAD)
Way 3 Lock (W3LOCK)

When the cache is missed by a prefetch instruction
while in cache lock mode and when bits W3LOAD
and W3LOCK in CCR2 are set to 1, the data is
always loaded into way 3. Under any other
condition, the prefetched data is loaded into the way
to which LRU points.

7t02

AllO

Reserved

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

W2LOAD
W2LOCK

R/W
R/W

Way 2 Load (W2LOAD)
Way 2 Lock (W2LOCK)

When the cache is missed by a prefetch instruction
while in cache lock mode and when bits W2LOAD
and W2LOCK in CCR2 are set to 1, the data is
always loaded into way 2. Under any other
condition, the prefetched data is loaded into the way
to which LRU points.

Note: W2LOAD and W3LOAD should not be set to 1 at the same time.

RENESAS
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Table6.2 Way Replacement when a PREF Instruction Missesthe Cache

DSP Bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be Replaced

0 * * * * Determined by LRU (table 6.1)
1 * 0 * 0 Determined by LRU (table 6.1)
1 * 0 0 1 Determined by LRU (table 6.4)
1 0 1 * 0 Determined by LRU (table 6.5)
1 0 1 0 1 Determined by LRU (table 6.6)
1 0 * 1 1 Way 2

1 1 1 0 * Way 3

Note: * Don't care
WS3LOAD and W2LOAD should not be set to 1 at the same time.

Table6.3 Way Replacement when Instructions other than the PREF Instruction Missthe
Cache

DSP Bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be Replaced

*

*

* * Determined by LRU (table 6.1)

*

* Determined by LRU (table 6.1)

*

Determined by LRU (table 6.4)

* *

Determined by LRU (table 6.5)

* *

0
1
1 *
1
1

alalo| o
-1 Oo|=| 0O

Determined by LRU (table 6.6)

Note: * Don't care
W3LOAD and W2LOAD should not be set to 1 at the same time.

Table6.4 LRU and Way Replacement (when W2LOCK =1 and W3LOCK =0)

LRU (Bits 5to 0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3

000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1

101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table6.5 LRU and Way Replacement (when W2LOCK = 0and W3LOCK =1)

LRU (Bits 5to 0) Way to be Replaced
000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2
000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1
110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0

Table6.6 LRU and Way Replacement (when W2LOCK =1 and W3LOCK =1)

LRU (Bits 5 to 0) Way to be Replaced

000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0
111011, 111100, 111110, 111111

6.2.3 Cache Control Register 3 (CCR3)

The CCR3 register controls the cache size to be used. The cache size must be specified according
to the LSI to be selected. If the specified cache size exceeds the size of cache incorporated in the
LS, correct operation cannot be guaranteed. Note that programs that change the contents of the
CCR3 register should be placed in un-cached address space. In addition, note that all cache entries
must be invalidated by setting the CF bit of the CCR1 to 1 before accessing the cache after the
CCR3 is modified.

Initial
Bit Bit Name Value R/W Description
31t024 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
23to 16 CSIZE7to HO1 R/W Cache Size

CSIZEO Specify the cache size as shown below.

0000 0001: 16-kbyte cache
0000 0010: 32-kbyte cache
Settings other than above are prohibited.

15100 — All O R Reserved

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

6.3.1 Sear ching the Cache

If the cache is enabled (the CE bit in CCR1 = 1), whenever instructions or data in spaces PO, P1,
P3, and UO are accessed the cache will be searched to see if the desired instruction or dataisin the
cache. Figure 6.2 illustrates the method by which the cache is searched. The cache is a physical
cache and holds physical addressesin its address section.

Entries are selected using bits 12 to 4 of the address (virtual) of the access to memory and the tag
address of that entry is read. The virtual address (bits 31 to 10) of the access to memory and the
physical address (tag address) read from the address array are compared. The address comparison
uses all four ways. When the comparison shows a match and the selected entry isvalid (V = 1), a
cache hit occurs. When the comparison does not show amatch or the selected entry is not valid (V
=0), acache miss occurs. Figure 6.2 shows a hit on way 1.
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Virtual address

31 13 12 4 3210
| [ [ ]
i
Entry selection | | Longword (LW) selection
Ways 0to 3 Ways 0to 3
MMU 0 | V| U |Tag address| Lwo | Lwi Lw2 | LwW3

511 — —

Physical address { v { *

CMP0O|CMP1|CMP2|CMP3 l

Hit signal 1

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

Figure6.2 Cache Search Scheme

6.3.2 Read Access

Read Hit: In aread access, instructions and data are transferred from the cache to the CPU. The
LRU iSupdated to indicate that the hit way is the most recently hit way.

Read Miss: An external bus cycle starts and the entry is updated. The way to be replaced is shown
in table 6.3. Entries are updated in 16-byte units. When the desired instruction or data that caused
the missisloaded from external memory to the cache, the instruction or datais transferred to the
CPU in parallel with being loaded to the cache. When it isloaded to the cache, the U bit is cleared
to 0 and the V hit is set to 1 to indicate that the hit way is the most recently hit way. When the U
bit for the entry which is to be replaced by entry updating in write-back mode is 1, the cache-
update cycle starts after the entry is transferred to the write-back buffer. After the cache completes
its update cycle, the write-back buffer writes the entry back to the memory. Transfer isin 16-byte
units.
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6.3.3 Prefetch Operation

Prefetch Hit: The LRU isupdated to indicate that the hit way is the most recently hit way. The
other contents of the cache are not changed. Instructions and data are not transferred from the
cache to the CPU.

Prefetch Miss: Instructions and data are not transferred from the cache to the CPU. The way that
isto be replaced is shown in table 6.2. The other operations are the same as those for aread miss.

6.3.4 Write Access

Write Hit: In awrite access in write-back mode, the data is written to the cache and no external
memory write cycleisissued. The U bit of the entry that has been written to is set to 1, and the
LRU is updated to indicate that the hit way isthe most recently hit way. In write-through mode,
the data is written to the cache and an external memory write cycle isissued. The U hit of the
entry that has been written to is not updated, and the LRU is updated to indicate that the hit way is
the most recently hit way.

Write Miss: In write-back mode, an external write cycle starts when awrite miss occurs, and the
entry is updated. The way to be replaced is shown in table 6.3. When the U bit of the entry which
isto be replaced by entry updating is 1, the cache-update cycle starts after the entry has been
transferred to the write-back buffer. Datais written to the cache and the U bit and the V bit are set
to 1. The LRU isupdated to indicate that the replaced way is the most recently updated way. After
the cache has completed its update cycle, the write-back buffer writes the entry back to the
memory. Transfer isin 16-byte units. In write-through mode, no write to cache occursin awrite
miss; the write is only to the external memory.

6.3.5 Write-Back Buffer

When the U hit of the entry to be replaced in write-back mode is 1, the entry must be written back
to the external memory. To increase performance, the entry to be replaced isfirst transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
externa memory. After the fetching of new entries to the cache completes, the write-back buffer
writes the entry back to the external memory. During the write-back cycles, the cache can be
accessed. The write-back buffer can hold one line of cache data (16 bytes) and its physical

address. Figure 6.3 shows the configuration of the write-back buffer.
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|PA (31to4) |Longword 0 |Longword 1 |Longword 2 | Longword 3

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

Figure6.3 Write-Back Buffer Configuration

6.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by thisL S| and another deviceis placed in an address space to which caching applies, use
the memory-mapped cache to make the data invalid and written back, as required. Memory that is
shared by thisLSI’s CPU and DMAC should also be handled in thisway.
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6.4 Memory-M apped Cache

To allow software management of the cache, cache contents can be read and written by means of
MOV instructionsin privileged mode. The cache is mapped onto the P4 areain virtual address
space. The address array is mapped onto addresses H'FO000000 to H'FOFFFFFF, and the data
array onto addresses H'F1000000 to H'F1FFFFFF. Only longword can be used as the access size
for the address array and data array, and instruction fetches cannot be performed.

6.4.1 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array, the
32-bit address field (for read/write accesses) and 32-bit data field (for write accesses) must be
specified. The address field specifies information for selecting the entry to be accessed; the data
field specifies the tag address, V bit, U bit, and LRU bitsto be written to the address array.

In the address field, specify the entry address for selecting the entry, W for selecting the way, A
for enabling or disabling the associative operation, and H'FO for indicating address array access.
Asfor W, 00 indicates way 0, 01 indicates way 1, 10 indicates way 2, and 11 indicates way 3).

In the datafield, specify the tag address, LRU bits, U bit, and V bit. Figures 6.4 and 6.5 show the
address and data formats. The following three operations are available in the address array.

Address-Array Read: Read the tag address, LRU bits, U bit, and V bit for the entry that
corresponds to the entry address and way specified by the address field of the read instruction. In
reading, the associative operation is not performed, regardless of whether the associative bit (A
bit) specified in the addressis 1 or O.

Address-Array Write (non-Associative Oper ation): Write the tag address, LRU bits, U bit, and
V bit, specified by the data field of the write instruction, to the entry that corresponds to the entry
address and way as specified by the address field of the write instruction. Ensure that the
associative bit (A bit) in the address field is set to 0. When writing to a cache line for which the U
bit = 1 and the V bit =1, write the contents of the cache line back to memory, then write the tag
address, LRU bits, U bit, and V bit specified by the datafield of the writeinstruction. When O is
written to the V bit, 0 must also be written to the U bit for that entry.

Address-Array Write (Associative Operation): When writing with the associative bit (A bit) of
the address = 1, the addresses in the four ways for the entry specified by the address field of the
write instruction are compared with the tag address that is specified by the data field of the write
instruction. If the MMU is enabled in this case, alogical address specified by datais translated
into a physical address viathe TLB before comparison. Write the U bit and the V bit specified by
the datafield of the write instruction to the entry of the way that has a hit. However, the tag
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address and LRU bits remain unchanged. When there is no way that receives a hit, nothing is
written and there is no operation. This function is used to invalidate a specific entry in the cache.
When the U hit of the entry that has received a hit is 1 at this point, writing back should be
performed. However, when 0 is written to the V bit, 0 must also be written to the U bit of that
entry.

6.4.2 Data Array

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

In the address field, specify the entry address for selecting the entry, L for indicating the longword
position within the (16-byte) line, W for selecting the way, and H'F1 for indicating data array
access. Asfor L, 00 indicates longword 0, 01 indicates longword 1, 10 indicates longword 2, and
11 indicates longword 3. Asfor W, 00 indicates way 0, 01 indicates way 1, 10 indicates way 2,
and 11 indicates way 3.

Since access size of the data array isfixed at longword, bits 1 and 0 of the address field should be
set to 00.

Figures 6.4 and 6.5 show the address and data formats.

The following two operations on the data array are available. The information in the address array
is not affected by these operations.

Data-Array Read: Read the data specified by L of the address filed, from the entry that
corresponds to the entry address and the way that is specified by the address filed.

Data-Array Write: Write the longword data specified by the datafiled, to the position specified
by L of the addressfield, in the entry that corresponds to the entry address and the way specified
by the addressfield.
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(1) Address array access
(a) Address specification
Read access
31 24 23 14 13 12 11 4 3 2 0
| 11110000 [ reeex | w | Entry address o] * o o |

Write access
31 24 23 14 13 12 11 4 3 2 0

| 11110000 [ rer | w | Entryaddress [a] = o o |

(b) Data specification (both read and write accesses)
31 10 9 4 3 2 1 0

| Tag address (31 to 10) LRU X X [ul| v]|

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

(a) Address specification
31 24 23 14 13 12 11 4 3 2 1 0

| 11110001 | reex | w | Entry address L 0 0

(b) Data specification

31 0

I Longword

*: Don’t care bit
X: 0 for read, don’t care for write

Figure6.4 Specifying Address and Data for Memory-Mapped Cache Access
(16 kbytes mode)
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(1) Address array access
(a) Address specification

Read access

31 24 23 15 14 13 12 4 3 2 0
| 11110000 [ reeex | w | Entry address [o] * o o |
Write access
31 24 23 15 14 13 12 4 3 2 0
| 11110000 [ rer | w | Entryaddress [a] = o o |
(b) Data specification (both read and write accesses)
31 30 29 28 10 9 4 3 2 1 0
[o]o]o] Tagaddress (2810 10) LRU X x |[ul v]|
(2) Data array access (both read and write accesses)
(a) Address specification
31 24 23 15 14 13 12 4 3 2 A 0
| 11110001 | reex | w | Entry address L 0 0
(b) Data specification
31 0
I Longword

*: Don’t care bit
X: 0 for read, don’t care for write

Figure6.5 Specifying Address and Data for Memory-Mapped Cache Access

(32 kbytes mode)
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6.4.3 Usage Examples

Invalidating Specific Entries: Specific cache entries can be invalidated by writing O to the
entry’sV bit in the memory-mapped cache access. When the A bit is 1, the tag address specified
by the write data is compared to the tag address within the cache selected by the entry address, and
amatch isfound, the entry is written back if the entry’sU bit is 1 and the V bit and U bit specified
by the write data are written. If no match is found, there is no operation. In the example shown
below, RO specifies the write data and R1 specifies the address.

; RO=H'01100010; VPN=B'0000 0001 0001 0000 0000 00, U=0, V=0
; RI=H'F0000088; address array access, entry=B'00001000, A=1

MOV.L RO,@R1

Reading the Data of a Specific Entry: To read the datafield of a specific entry is enabled by the
memory-mapped cache access. The longword indicated in the data field of the data array in figure
6.4 or 6.5 isread into the register. In the example shown below, RO specifies the address and R1
shows what isread.

; RO=H'F100 004C; data array access, entry=B'00000100
; Way = 0, longword address = 3

MOV.L @RO,R1 ; Longword 3 is read.
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Section 7 X/Y Memory

This LSl has on-chip X-memory and Y -memory which can be used to store instructions or data.

7.1 Features

° Page
There are four pages. The X memory is divided into two pages (pages 0 and 1) and the Y
memory is divided into two pages (pages 0 and 1).

e Memory map
The X/Y memory islocated in the logical address space, physical address space, and X-bus
and Y -bus address spaces.

In the logical address space, this memory is located in the addresses shown in table 7.1. These
addresses are included in space P2 (when SR.MD = 1) or Uxy (when SR.MD = 0 and SR.DSP
= 1) according to the CPU operating mode.

Table7.1 X/Y Memory L ogical Addresses

Memory Size (Total Four Pages)

Page 16 kbytes

Page 0 of X memory H’A5007000 to H’A5007FFF
Page 1 of X memory H’A5008000 to H’A5008FFF
Page 0 of Y memory H’A5017000 to H’A5017FFF
Page 1 of Y memory H’A5018000 to H’A5018FFF

On the other hand, this memory islocated in apart of area 1 in the physical address space. When
this memory is accessed from the physical address space, addresses in which the upper three bits
are 0 in addresses shown in table 7.1 are used. In the X-bus and Y -bus address spaces, addressesin
which the upper 16 bits are ignored in addresses of X memory and Y memory shown in table 7.1
are used.

e Ports
Each page has three independent read/write ports and is connected to each bus. The X memory
is connected to the | bus, X bus, and L bus. The Y memory is connected to the | bus, Y bus,
and L bus. The L busis used when this memory is accessed from the logical address space.
The busis used when this memory is accessed from the physical address space. The X bus
and Y bus are used when this memory is accessed from the X-bus and Y -bus address spaces.
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e Priority order
In the event of simultaneous accesses to the same page from different buses, the accesses are
processed according to the priority order. The priority order is: | bus> X bus> L busin the X
memory and | bus> Y bus> L busintheY memory.

7.2 Operation

7.2.1 Accessfrom CPU

Methods for accessing by the CPU are directly viathe L bus from the logical addresses, and via
the | bus after the logical addresses are converted to be the physical addresses using the MMU. As
long as a conflict on the page does not occur, access viathe L busis performed in one cycle.
Several cycles are necessary for accessing viathe | bus. According to the CPU operating mode,
access from the CPU is asfollows:

Privileged mode and privileged DSP mode (SR. MD = 1): The X/Y memory can be accessed by
the CPU directly from space P2. The MMU can be used to map the logical addresses in spaces PO
and P3 to this memory.

User DSP mode (SR.MD =0and SR.DSP = 1): The X/Y memory can be accessed by the CPU
directly from space Uxy. The MMU can be used to map the logical addresses in space UO to this
memory.

User mode (SR.MD =0 and SR.DSP = 0): The MMU can be used to map the logical addresses
in space UO to this memory.

7.2.2 Access from DSP
Methods for accessing from the DSP differ according to instructions.

With aX datatransfer instruction and aY datatransfer instruction, the X/Y memory is aways
accessed viathe X busor Y bus. Aslong as a conflict on the page does not occur, access viathe X
busor Y busis performed in one cycle. The X memory access viathe X bus and the Y memory
accessviathe Y bus can be performed simultaneously.

In the case of asingle data transfer instruction, methods for accessing from the DSP are directly
viathe L busfrom the logical addresses, and viathe | bus after the logical addresses are converted
to be the physical addresses using the MMU. Aslong as a conflict on the page does not occur,
accessviathe L busis performed in one cycle. Severa cycles are necessary for accessing viathe |
bus. According to the CPU operating mode, access from the CPU is asfollows:
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Privileged DSP mode (SR. MD =1 and SR.DSP = 1): The X/Y memory can be accessed by the
DSP directly from space P2. The MMU can be used to map the logical addressesin spaces PO and
P3 to this memory.

User DSP mode (SR.MD =0and SR.DSP = 1): The X/Y memory can be accessed by the DSP
directly from space Uxy. The MMU can be used to map the logical addressesin space U0 to this
memory.

7.2.3 Accessfrom DMAC, E-DMAC, and IPSEC

The X/Y memory is always accessed by the DMAC, E-DMAC, and IPSEC viathe | bus, whichis
aphysical address bus. Addresses in which the upper three bits are 0 in addresses shown in table
7.1 must be used.

7.3 Usage Notes

731 Page Conflict

In the event of simultaneous accesses to the same page from different buses, the conflict on the
pages occurs. Although each accessis completed correctly, thiskind of conflict tends to lower
X/Y memory accessibility. Thereforeit is advisable to provide software measures to prevent such
conflict as far as possible. For example, conflict will not arise if different memory or different
pages are accessed by each bus.

7.3.2 BusConflict

The busis shared by several bus master modules. When the X/Y memory is accessed viathe |
bus, a conflict between the other 1-bus master modules may occur on the | bus. This kind of
conflict tendsto lower X/Y memory accessibility. Thereforeit is advisable to provide software
measures to prevent such conflict as far as possible. For example, by accessing the X/Y memory
by the CPU not viathe | bus but directly from space P2 or Uxy, conflict on the | bus can be
prevented.

7.3.3 MMU and Cache Settings

When the X/Y memory is accessed viathe | bus using the cache from the CPU and DSP, correct
operation cannot be guaranteed. If the X/Y memory is accessed while the cache is enabled

(CCR1.CE =1), it is advisable to access the X/Y memory viathe L bus from space P2 or Uxy. If
the X/Y memory is accessed from space PO, P3, or UQ, it is advisable to access the X/Y memory
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viathe | bus, which does not use the cache, with MMU setting enabled (MMUCR.AT = 1) and
cache disabled (C bit = 0) as page attributes. Since access using the MMU occursviathe bus,
several cycles are necessary (the number of necessary cycles varies according to the ratio between
the internal clock (1$) and bus clock (B¢) or the operation state of the DMAC, E-DMAC and
IPSEC). In aprogram that requires high performance, it is advisable to access the X/Y memory
from space P2 or Uxy.

The relationship described above is summarized in table 7.2.

Table7.2 MMU and Cache Settings

Setting Logical Address Space and Access Enabled or Disabled
CCR1.CE MMUCR.AT PO, UO P1 P2, Uxy P3
0 0 B B A B
0 1 B B A B
1 0 X X A X
1 1 C X A C
[Legend] A: Accessible (recommended)

B: Accessible

C: Accessible (Note that MMU page attribute must be specified as cache disabled
by clearing the C bit to 0.)

X: Not Accessible

734 Sleep Mode

In sleep mode, | bus master modules such asthe DMAC, E-DMAC and IPSEC cannot access the
X/Y memory.

7.35 AddressError

If writing that may causes an address error is performed on the X/Y memory, the contents of the
X/Y memory are not guaranteed.
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Section 8 Interrupt Controller (INTC)

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

8.1 Features

The INTC has the following features:

16 levels of interrupt priority can be set

By setting the interrupt-priority registers, the priorities of on-chip peripheral modules, and IRQ
interrupts can be selected from 16 levels for individual request sources.

NMI noise canceler function

An NMI input-level bit indicates the NMI pin state. By reading this bit in the interrupt
exception service routine, the pin state can be checked, enabling it to be used as anoise
canceler.

IRQ interrupts can be set
Detection of low level, rising edge, falling edge, or high level
Interrupt request signal can be externally output (IRQOUT pin)

The bus mastership can be requested by notifying the external bus master that the external
interrupt and on-chip peripheral module interrupt requests have been generated.

8.1.1 Block Diagram

Figure 8.1 shows a block diagram of the INTC.
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DMAC:

SCIF0/1:
E-DMAC:
IPSEC:
SIOF0/1:
TMU:
RTC:
WDT:
REF:
H-UDI:
ICRn:
IPRn:
IRRnN:
SR:

Direct memory access controller
Serial communication interface with FIFO

Direct memory access controller for ethernet controller

IP security accelerator

Serial 1/0 with FIFO

Timer unit

Realtime clock unit

Watchdog timer

Refresh request in bus state controller
User-debugging interface

Interrupt control registers 0, 1
Interrupt priority registers A to |
Interrupt request registers 0 to 5, 7 and 8
Status register

CPU

Internal bus

Figure8.1 Block Diagram of INTC
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8.2 I nput/Output Pins
Table 8.1 shows the INTC pin configuration.

Table8.1 Pin Configuration

Name Abbreviation 1/0 Description

Nonmaskable interrupt input pin NMI Input Input of interrupt request signal, not
maskable by the interrupt mask bits
in SR

Interrupt input pins IRQ5 to IRQO  Input Input of interrupt request signals

IRL3 to IRLO*'
Bus mastership request output IRQOUT Output Notifies that an interrupt request
pin*® has generated

Notes: 1. The IRL3 to IRLO pins and the IRQ3 to IRQO cannot be used simultaneously because
these pins are multiplexed with the IRQ3 to IRQO pins.

2. When the NMI or H-UDI interrupt requests are generated and the response time of the
CPU is short, this pin may not be asserted.

8.3 Interrupt Sources

There are four types of interrupt sources: NMI, IRQ, IRL, and on-chip peripheral modules. Each
interrupt has a priority level (0 to 16), with 1 the lowest and 16 the highest. Priority level O masks
an interrupt, so the interrupt request isignored.

831 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BLMSK hit in the interrupt
control register 1 (ICR1) isset to 1 or the BL bit in the status register (SR) is 0 and the MALI bit in
ICR1is0, NMI interrupts are accepted. NMI interrupts are edge-detected. In sleep or standby
mode, the interrupt is accepted regardless of the BL setting. The NMI edge select bit (NMIE) in
the interrupt control register O (ICRO) is used to select either rising or falling edge detection.

When using edge-input detection for NMI interrupts, a pulse width of at least two P cycles
(peripheral clock) is necessary. NMI interrupt exception handling does not affect the interrupt
mask level bits (13 to 10) in the status register (SR). When the BL bit is 1 and the BLMSK hit in
ICR1issetto 1, only the NMI interrupt is accepted.

It is possible to wake the chip up from sleep mode or standby mode with the NMI interrupt.
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8.3.2 IRQ Interrupts

IRQ interrupts are input by level or edge from pins IRQO to IRQ5. The priority level can be set by
interrupt priority registers C and D (IPRC and IPRD) in arange from 0 to 15.

When using edge-sensing for IRQ interrupts, clear the interrupt source by having software read 1
from the corresponding bit in IRRO, then write O to the hit.

When ICR1 isrewritten, IRQ interrupts may be mistakenly detected, depending on the IRQ pin
states. To prevent this, rewrite the register while interrupts are masked, then release the mask after
clearing theillegal interrupt by writing O to interrupt request register O (IRRO).

Edge input interrupt detection requires input of a pulse width of more than two cycles on a P clock
basis.

When using level-sensing for IRQ interrupts, the pin levels must be retained until the CPU
samples the pins. Therefore, the interrupt source must be cleared by the interrupt handler.

The interrupt mask hits (13 to 10) in the status register (SR) are not affected by IRQ interrupt
handling. IRQ interrupts can be used for recovering from standby when the corresponding
interrupt level is higher than that of bits13 to 10 in SR. (However, only when the RTC is used,
recovering from standby by using the clock for the RTC is enabled.)

833 IRL Interrupts

IRL interrupts are input by the IRL3 to IRLO pins as level. The priority level isthe higher level
that isindicated by the IRL3 to IRLO pins. When the values of the IRL3 to IRLO pinsare 0
(B’0000), the highest level interrupt request (interrupt priority level 15) isindicated. When the
values of the pinsare 15 (B’1111), no interrupt is requested (interrupt priority level 0). Figure 8.2
shows an example of connection for an IRL interrupt. Table 8.3 lists the IRL pins and interrupt
level.

IRL interrupts are included with a noise canceler function and detected when the sampled levels of
each peripheral module clock keep the same value for 2 cycles. This prevents sampling error level
in IRL pin changing. In standby mode, a noise canceler is handled by the RTC clock (32 kHz)
because the peripheral module clocks are halted. Therefore, when the RTC is not used, recovering
from standby by IRL interrupts cannot be executed in standby mode.

The priority level of IRL interrupts should be kept until an interrupt is accepted and its handling is
started. However, changing to higher level is enabled.

Rev. 2.00 Dec. 07, 2005 Page 238 of 950
REJ09B0079-0200 RENESAS



Section 8 Interrupt Controller (INTC)

Theinterrupt mask hits (13 to 10) in the status register (SR) are not affected by the IRL interrupt

handling.
SH7710
—_————
Interrupt E— Priority 4 —_—
| |RL3 to IRLO
request R encoder
IRL3 to IRLO
—_————

Figure8.2 Exampleof IRL Interrupt Connection

8.34 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are generated by the following 14 modules:;

Direct memory access controller (DMAC)

Serial communication interface with FIFO (SCIFO and SCIF1)
Direct memory access controller for ethernet controller (E-DMAC)
(includes an EtherC interrupt)

I P security accelerator (IPSEC)

Seria /0O with FIFO (SIOF0 and SIOF1)

Timer unit (TMUO to TMU2)

Realtime clock (RTC)

Watchdog timer (WDT)

Bus state controller (BSC)

User-debugging interface (H-UDI)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected in the
interrupt event registers (INTEVT and INTEVT2). It is easy to identify sources by using the value
of INTEVT or INTEV T2 as abranch offset.

A priority level (from 0 to 15) can be set for each module except the H-UDI by writing to the
interrupt priority registers A, B, and Eto | (IPRA, IPRB, and IPRE to IPRI). The priority level of
the H-UDI interrupt is 15 (fixed).
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Theinterrupt mask bits (I3 to 10) in the status register are not affected by on-chip periphera
module interrupt handling.

8.35 Interrupt Exception Handling and Priority

There are four types of interrupt sources. NMI, IRQ, IRL, and on-chip peripheral modules. The
priority of each interrupt source is set within priority levels 0 to 16; level 16 is the highest and
level 1 isthe lowest. When the priority is set to level O, that interrupt is masked and the interrupt
request isignored.

Tables 8.2 and 8.3 list the codes for the interrupt event registers (INTEVT and INTEVT2) and the
order of interrupt priority.

Each interrupt source is assigned a unique code by INTEVT or INTEVT2. The start address of the
interrupt service routine is common for each interrupt source. Thisiswhy, for instance, the value
of INTEVT or INTEVT2 isused as an offset at the start of the interrupt service routine and
branched to in order to identify the interrupt source.

IRQ interrupt and on-chip peripheral module interrupt priorities can be set freely between 0 and 15
for each module by setting interrupt priority registers A to | (IPRA to IPRI). A reset assigns
priority level 0 to IRQ and on-chip peripheral module interrupts.

If the same priority level is assigned to two or more interrupt sources and interrupts from those
sources occur simultaneously, their priority order isthe default priority order indicated at the right
intables 8.2 and 8.3.

Table8.2 Interrupt Exception Handling Sourcesand Priority (IRQ Mode)

Interrupt Priority
Priority IPR within IPR  Default
Interrupt Source Interrupt Code*' (Initial Value) (Bit Numbers) Setting Unit Priority
NMI H1C0*? 16 — — High
H-UDI H’5E0*? 15 — —
IRQ IRQO H’600*° 0to 15 (0) IPRC (3to0) —
IRQ1 H'620*° 0to 15 (0) IPRC (7to4) —
IRQ2 H’640*° 0to 15 (0) IPRC (11t08) —
IRQ3 H’660*° 0to 15 (0) IPRC (15t0 12) —
IRQ4 H’680*° 0to 15 (0) IPRD (3to0) —
IRQ5 H'6A0*° 0to 15 (0) IPRD (7to4) — Low
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Interrupt Priority
Priority IPR within IPR  Default

Interrupt Source Interrupt Code  (Initial Value) (Bit Numbers) Setting Unit Priority
DMAC DEIO H’800*° 0to 15 (0) IPRE (15t0o12) High High
M DEN H'820*° 0to 15 (0) A

DEI2 H’840*° 0to 15 (0) I

DEI3 H’860*° 0to 15 (0) Low
SCIFO  ERIO H’880*° 0to 15 (0) IPRE (11 to 8) High

RXIO H’8A0*°

BRIO H’8CO*° I

TXIO H’8E0*° Low
SCIF1  ERH H’900*° 0to 15 (0) IPRE (7to 4) High

RXI1 H'920*°

BRI1 H'940*° I

TXI H’960*° Low
DMAC DEI4 H’B80*° 0to 15 (0) IPRF (11 to 8) High
@) DEI5 H'BAO*® Low
IPSEC IPSECI HBEO*® 0to 15 (0) IPRF (15t0 12) —
E-DMAC EINTO H'C00*® 0to 15 (0) IPRG (15t0 12) —

EINT1 H'C20*° 0to 15 (0) IPRG (11t08) —

EINT2 H'C40*° 0to 15 (0) IPRG (7to 4) —
SIOF0  ERIO HE00*° 0to 15 (0) IPRH (3to 0)  High

TXIO HE20*°

RXIO H'E40*° I

CcCio HE60*° Low
SIOF1  ERH HE80*° 0to 15 (0) IPRI (7 to 4) High

TXI HEAQ*°

RXI1 HECO0*® I

(ofe] ]! HEEQ*® Low
TMUO  TUNIO H’400** 0to 15 (0) IPRA (15t0 12) —
TMU1  TUNH H’420** 0to 15 (0) IPRA (11t08) — Y
TMU2  TUNI2 H’440** 0to 15 (0) IPRA (7to 4) — Low
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Interrupt Priority
Priority IPR within IPR  Default
Interrupt Source Interrupt Code  (Initial Value) (Bit Numbers) Setting Unit Priority
RTC ATI H’480** 0to 15 (0) IPRA (3to 0)  High High
PRI H4A0*2 t
Cul H’4C0** Low
WDT ITI H’560** 0to 15 (0) IPRB (15t0 12) —
REF RCMI H’580** 0to 15 (0) IPRB (11t08) — Low

Notes: 1. INTEVT2 code
2. The code set in INTEVT is as same as INTEVT2.
3. The code that indicates the interrupt level (H200 to H’3CO0) is set in INTEVT. For details
on correspondence between the interrupt level and INTEVT, see table 8.4.
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Table8.3 Interrupt Exception Handling Sourcesand Priority (IRL Mode)
Interrupt Priority
Interrupt Priority IPR within IPR  Default

Interrupt Source Code*' (Initial Value) (Bit Numbers) Setting Unit Priority
NMI H1C0** 16 — — High
H-UDI H’5E0*° 15 — — A
IRL IRL[3:0] = B'0000 H’200*° 15 — —

IRL[3:0] = B'0001 H’220*° 14 — —

IRL[3:0] = B'0010 H'240*° 13 — —

IRL[3:0] = B'0011 H’260*° 12 — —

IRL[3:0] = B'0100 H'280*° 11 — —

IRL[3:0] = B'0101 H2A0*® 10 — —

IRL[3:0] = B’0110 H"2C0*° 9 — —

IRL[3:0] = B’'0111 H2E0*° 8 — —

IRL[3:0] = B'1000 H’300*° 7 — —

IRL[3:0] = B'1001 H’320*° 6 — —

IRL[3:0] = B'1010 H’340*° 5 — —

IRL[3:0] = B'1011 H’360*° 4 — —

IRL[3:0] = B'1100 H’380*° 3 — —

IRL[3:0] = B'1101 H’3A0*° 2 — —

IRL[3:0] = B1110 H’3C0*° 1 — —
IRQ IRQ4 H’680*° 0to 15 (0) IPRD (3to0) — \/

IRQ5 H'6A0*° 0to 15 (0) IPRD (7to4) — Low
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Interrupt Priority
Priority IPR within IPR  Default

Interrupt Source Interrupt Code  (Initial Value) (Bit Numbers) Setting Unit Priority
DMAC DEIO H’800*° 0to 15 (0) IPRE (15t012) High High
(1) DEI H'820*° 0to 15 (0) A

DEI2 H’840*° 0to 15 (0) I

DEI3 H’860*° 0to 15 (0) Low
SCIFO  ERIO H’880*° 0to 15 (0) IPRE (11 to 8) High

RXIO H’8A0*°

BRIO H’8CO*° I

TXIO H’8E0*° Low
SCIF1  ERH H’900*° 0to 15 (0) IPRE (7to 4) High

RXI1 H'920*°

BRI1 H'940*° I

TXI H’960*° Low
DMAC DEl4 H’B80*° 0to 15 (0) IPRF (11 to 8) High
@) DEI5 H'BAO*® Low
IPSEC IPSECI HBEO*® 0to 15 (0) IPRF (15t0 12) —
E-DMAC EINTO H'C00*® 0to 15 (0) IPRG (15t0 12) —

EINT1 H'C20*° 0to 15 (0) IPRG (11t0 8) —

EINT2 H'C40*° 0to 15 (0) IPRG (7to 4) —
SIOF0  ERIO HE00*° 0to 15 (0) IPRH (3to 0)  High

TXIO HE20*°

RXIO H'E40*° I

CCIo HE60*° Low
SIOF1  ERN HE80*° 0to 15 (0) IPRI (7 to 4) High

TXI HEAQ*°

RXI1 HECO0*® I

(ofe] ]! HEEQ*® Low
TMUO  TUNIO H’400** 0to 15 (0) IPRA (15t0 12) —
TMU1  TUNH H’420** 0to 15 (0) IPRA (11t08) — v
TMU2  TUNI2 H’440** 0to 15 (0) IPRA (7to 4) — Low
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Interrupt Priority
Priority IPR within IPR  Default
Interrupt Source Interrupt Code  (Initial Value) (Bit Numbers) Setting Unit Priority
RTC ATI H’480** 0to 15 (0) IPRA (3to 0)  High High
PRI H'4A0* t
Cul H’4C0** Low
WDT ITI H’560** 0to 15 (0) IPRB (15t0 12) —
REF RCMI H’580** 0to 15 (0) IPRB (11t08) — Low

Notes: 1. INTEVT2 code
2. The code setin INTEVT is as same as INTEVT2.

3. The code that indicates the interrupt level (H200 to H’3CO0) is set in INTEVT. For details
on correspondence between the interrupt level and INTEVT, see table 8.4.

Table8.4 Interrupt Level and INTEVT Code

Interrupt Level INTEVT Code
15 H200
14 H’220
13 H’240
12 H260
11 H280
10 H2A0
9 H2C0
8 H2E0
7 H’300
6 H’320
5 H’340
4 H’360
3 H’380
2 H’3A0
1 H’3C0

Rev. 2.00 Dec. 07, 2005 Page 245 of 950
RENESAS REJ09B0079-0200



Section 8 Interrupt Controller (INTC)

84 Register Descriptions

The INTC hasthe following registers. For details on register addresses and register access size,
refer to section 24, List of Registers.

84.1

Interrupt control register O (ICRO)
Interrupt control register 1 (ICR1)
Interrupt priority register A (IPRA)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
Interrupt priority register F (IPRF)
Interrupt priority register G (IPRG)
Interrupt priority register H (IPRH)
Interrupt priority register | (IPRI)
Interrupt request register 0 (IRRO)
Interrupt request register 1 (IRR1)
Interrupt request register 2 (IRR2)
Interrupt request register 3 (IRR3)
Interrupt request register 4 (IRR4)
Interrupt request register 5 (IRR5)
Interrupt request register 7 (IRR7)
Interrupt request register 8 (IRR8)

Interrupt Priority RegistersA tol (IPRA to IPRI)

IPRA to IPRI are 16-hit readable/writable registers in which priority levels from 0 to 15 are set for
on-chip peripheral module and IRQ interrupts. These registers are initialized to H'0000 by a
power-on reset or manual reset, but are not initialized in standby mode.
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Bit Bit Name Initial Value  R/W Description

15 — 0 R/W These bits set the priority level for each interrupt

14 e 0 R/W source in 4-bit units. For details, see table 8.5,
Interrupt Sources and IPRA to IPRI.

13 — 0 R/W

12 — 0 R/W

11 — 0 R/W

10 — 0 R/W

9 — 0 R/W

8 — 0 R/W

7 — 0 R/W

6 — 0 R/W

5 — 0 R/W

4 — 0 R/W

3 — 0 R/W

2 — 0 R/W

1 — 0 R/W

0 — 0 R/W

Table85 Interrupt Sourcesand IPRA to IPRI

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0

IPRA TMUO TMUA TMU2 RTC

IPRB WDT REF Reserved* Reserved*

IPRC IRQ3 IRQ2 IRQ1 IRQO

IPRD Reserved* Reserved* IRQ5 IRQ4

IPRE DMAC (1) SCIFO SCIF1 Reserved*

IPRF IPSEC DMAC (2) Reserved* Reserved*

IPRG E-DMAC (1) E-DMAC (2) E-DMAC (3) Reserved*

IPRH Reserved* Reserved* Reserved* SIOFO0

IPRI Reserved* Reserved* SIOF1 Reserved*

Note: * Always read as 0. The write value should always be 0.
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As shown in table 8.5, on-chip peripheral module or IRQ interrupts are assigned to four 4-bit
groups in each register. These 4-hit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to 0)
are set with values from H'0 (0000) to H'F (1111). Setting H'0 means priority level 0 (masking is
requested); H'F means priority level 15 (the highest level).

8.4.2 Interrupt Control Register 0 (ICRO)

ICRO is aregister that sets the input signal detection mode of external interrupt input pin NMI, and
indicates the input signal level at the NMI pin. This register isinitialized to H'0000 or H'8000 by a
power-on reset or manual reset, but is not initialized in standby mode.

Bit Bit Name Initial Value R/W Description
15 NMIL 0/1* R NMI Input Level

Sets the level of the signal input at the NMI pin.
This bit can be read from to determine the NMI
pin level. This bit cannot be modified.

0: NMI input level is low
1: NMI input level is high

14 — 0 R Reserved

13 — 0 R These bits are always read as 0. The write value
12 _ 0 R should always be 0.

11 — 0 R

10 — 0 R

9 — 0 R

8 NMIE 0 R/W NMI Edge Select

Selects whether the falling or rising edge of the
interrupt request signal at the NMI pin is
detected.

0: Interrupt request is detected on falling edge of
NMI pin input

1: Interrupt request is detected on rising edge of
NMI pin input
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Bit Bit Name Initial Value R/W Description

7 — 0 R Reserved

6 — 0 R These bits are always read as 0. The write value
5 . 0 R should always be 0.

4 — 0 R

3 — 0 R

2 — 0 R

1 — 0 R

0 — 0 R

Note: * When NMI input is high, 0 when NMI input is low.

8.4.3 Interrupt Control Register 1 (ICR1)

ICR1 isa 16-bit register that specifies the detection mode for external interrupt input pins IRQO to
IRQ5 individually: rising edge, falling edge, high level, or low level. Thisregister isinitialized to
H’4000 by a power-on reset or manual reset, but is not initialized in standby mode.

Bit Bit Name Initial Value R/W Description
15 MAI 0 R/W All Interrupt Mask

When this bit is set to 1, all interrupt requests
are masked while low level is input to the NMI
pin. In standby mode, an NMI interrupt is
masked.

0: When the NMI pin is low, all interrupt requests
are not masked

1: When the NMI pin is low, all interrupt requests
are masked

14 IRQLVL 1 R/W Interrupt Request Level Detection

Enables or disables the use of pins IRQ3 to

IRQO as four independent interrupt pins. The

IRQ4 and IRQ5 pins are not affected.

0: Use of pins IRQS to IRQO as four
independent interrupt pins enabled

1: Use of pins IRL3 to IRLO as encoded 15 level
interrupt pins
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Bit Bit Name Initial Value R/W Description
13 BLMSK 0 R/W BL Bit Mask
When the BL bit in SR is set to 1, this bit
specifies whether an NMI interrupt is masked or
not.
0: When the BL bit is set to 1, an NMI interrupt is
masked
1: An NMI interrupt is accepted regardless of the
BL bit setting
12 — 0 R Reserved
This bit is always read as 0. The write value
should always be 0.
11 IRQ51S 0 R/W IRQnN Sense Select
10 IRQ50S 0 R/W These bits select whether interrupt request
9 IRQ41S 0 R/W signals corresponding to pins IRQ5 to IRQO are
detected by a rising edge, falling edge, high
8 IRQ40S 0 R/W level, or low level.
7 IRQ31S 0 R/W Bit 2n+1 Bit 2n
6 IRQ30S 0 RIW IRQn1S IRQNOS
5 IRQ21S 0 RIW 0 0 Interrupt request is
4 IRQ20S 0 R/W detected on falling
3 IRQ11S 0 R/W edge of IRQn input
2 IRQ10S 0 R/W 0 1 Interrupt request is
detected on rising edge
1 IRQO1S 0 R/W of IRQn input
0 IRQO0S 0 R/W :
1 0 Interrupt request is
detected on low level of
IRQnN input
1 1 Interrupt request is
detected on high level
of IRQn input
Legend n=0to 5
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84.4 Interrupt Request Register 0 (IRRO0)

IRRO is an 8-hit register that indicates interrupt requests from external input pins IRQ5 to IRQO.
Thisregister isinitialized to H'00 by a power-on reset or manual reset, but isnot initialized in

standby mode.

Bit Bit Name Initial Value R/W Description

7 — 0 R Reserved

6 — 0 R These bit are always read as 0. The write value
should always be 0.

5 IRQ5R 0 R/W IRQn Interrupt Request

4 IRQ4R 0 R/W Indicates whether there is interrupt request input

3 IRQ3R 0 R/W to the IRQn pin. When edge-detegtion mode is
set for IRQn, an interrupt request is cleared by

2 IRQ2R 0 R/W writing 0 to the IRQNR bit after reading IRQNR =

1 IRQ1R 0 R/W 1.

0 IRQOR 0 R/W When level-detection mode is set for IRQn, an

interrupt request is set/cleared by only 1/0 input
to the IRQn pin.

IRQNR

0: No interrupt request input to IRQn pin
1: Interrupt request input to IRQn pin
Legend:n=01t0 5

8.4.5 Interrupt Request Register 1 (IRR1)

IRR1 is an 8-bit register that indicates whether interrupt requests from the DMAC and the SCIFO
are generated. Thisregister isinitialized to H'00 by a power-on reset or manual reset, but is not

initialized in standby mode.

Bit Bit Name Initial Value

R/W

Description

7 TXIOR 0

R

TXIO Interrupt Request

Indicates whether the TXIO (SCIFOQ) interrupt
request is generated.

0: TXIO interrupt request is not generated
1: TXIO interrupt request is generated
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Bit Bit Name

Initial Value

R/W

Description

6 BRIOR

0

BRIO Interrupt Request

Indicates whether the BRIO (SCIFQ) interrupt
request is generated.

0: BRIO interrupt request is not generated
1: BRIO interrupt request is generated

5 RXIOR

RXIO0 Interrupt Request

Indicates whether the RXIO (SCIFQ) interrupt
request is generated.

0: RXIO interrupt request is not generated
1: RXIO0 interrupt request is generated

4 ERIOR

ERIO Interrupt Request

Indicates whether the ERIO (SCIFQ) interrupt
request is generated.

0: ERIO interrupt request is not generated
1: ERIO interrupt request is generated

3 DEI3R

DEIS Interrupt Request

Indicates whether the DEI3 (DMAC) interrupt
request is generated.

0: DEI3 interrupt request is not generated
1: DEI3 interrupt request is generated

2 DEI2R

DEI2 Interrupt Request

Indicates whether the DEI2 (DMAC) interrupt
request is generated.

0: DEI2 interrupt request is not generated
1: DEI2 interrupt request is generated

1 DEIMR

DEI1 Interrupt Request

Indicates whether the DEI1 (DMAC) interrupt
request is generated.

0: DEI1 interrupt request is not generated
1: DEI1 interrupt request is generated

0 DEIOR

DEIO Interrupt Request

Indicates whether the DEIO (DMAC) interrupt
request is generated.

0: DEIO interrupt request is not generated
1: DEIO interrupt request is generated

Rev. 2.00 Dec. 07, 2005 Page 252 of 950

REJ09B0079-0200

RENESAS



Section 8 Interrupt Controller (INTC)

8.4.6 Interrupt Request Register 2 (IRR2)

IRR2 is an 8-hit register that indicates whether interrupt requests from the SCIF1 are generated.
Thisregister isinitialized to H'00 by a power-on reset or manual reset, but isnot initialized in
standby mode.

Bit Bit Name Initial Value R/W Description
7t04 — AllO R Reserved

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

3 TXHR 0 R TXI1 Interrupt Request

Indicates whether the TXI1 (SCIF1) interrupt
request is generated.

0: TXI1 interrupt request is not generated
1: TXI1 interrupt request is generated
2 BRI1R 0 R BRI Interrupt Request

Indicates whether the BRI1 (SCIF1) interrupt
request is generated.

0: BRI interrupt request is not generated
1: BRI1 interrupt request is generated
1 RXI1R 0 R RXI1 Interrupt Request

Indicates whether the RXI1 (SCIF1) interrupt
request is generated.

0: RXI1 interrupt request is not generated
1: RXI1 interrupt request is generated
0 ERIMR 0 R ERI1 Interrupt Request

Indicates whether the ERI1 (SCIF1) interrupt
request is generated.

0: ERI1 interrupt request is not generated
1: ERI1 interrupt request is generated
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8.4.7 Interrupt Request Register 3 (IRR3)

IRR3 is an 8-hit register that indicates whether interrupt requests from the RTC are generated.
Thisregister isinitialized to H'00 by a power-on reset or manual reset, but isnot initialized in

standby mode.

Bit Bit Name Initial Value R/W

Description

7t03 — AllO R

Reserved

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

2 CUIR 0 R

CUI Interrupt Request

Indicates whether the CUI (RTC) interrupt
request is generated.

0: CUl interrupt request is not generated
1: CUl interrupt request is generated

1 PRIR 0 R

PRI Interrupt Request

Indicates whether the PRI (RTC) interrupt
request is generated.

0: PRI interrupt request is not generated
1: PRI interrupt request is generated

0 ATIR 0 R

ATI Interrupt Request

Indicates whether the ATI (RTC) interrupt
request is generated.

0: ATl interrupt request is not generated
1: ATl interrupt request is generated
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8.4.8 Interrupt Request Register 4 (IRR4)

IRR4 is an 8-bit register that indicates whether interrupt requests from the TMU2, TMU1, TMUO,
WDT, and REF are generated. This register isinitialized to H'00 by a power-on reset or manual
reset, but is not initialized in standby mode.

Bit Bit Name Initial Value R/W Description
7 — 0 R Reserved

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

6 TUNI2R 0 R TUNIZ2 Interrupt Request

Indicates whether the TUNI2 (TMUZ2) interrupt
request is generated.

0: TUNI2 interrupt request is not generated
1: TUNI2 interrupt request is generated
5 TUNHR 0 R TUNI Interrupt Request

Indicates whether the TUNI1 (TMU1) interrupt
request is generated.

0: TUNI interrupt request is not generated
1: TUNI1 interrupt request is generated
4 TUNIOR 0 R TUNIO Interrupt Request

Indicates whether the TUNIO (TMUO) interrupt
request is generated.

0: TUNIO interrupt request is not generated
1: TUNIO interrupt request is generated
3 ITIR 0 R ITI Interrupt Request

Indicates whether the ITI (WDT) interrupt
request is generated.

0: ITl interrupt request is not generated
1: ITl interrupt request is generated
2 — 0 R Reserved

1 — 0 R These bits are always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value R/W Description

0 RCMIR 0 R RCMI Interrupt Request

Indicates whether the RCMI (REF) interrupt
request is generated.

0: RCMI interrupt request is not generated
1: RCMI interrupt request is generated

8.4.9 Interrupt Request Register 5 (IRR5)

IRR5 is an 8-bit register that indicates whether interrupt requests from the IPSEC, DMAC, and E-
DMAC are generated. This register isinitialized to H'00 by a power-on reset or manual reset, but
isnot initialized in standby mode.

Bit Bit Name Initial Value R/W Description

7 IPSECIR 0 R IPSECI Interrupt Request

Indicates whether the IPSECI (IPSEC) interrupt
request is generated.

0: IPSECI interrupt request is not generated
1: IPSECI interrupt request is generated

6 — 0 R Reserved

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

5 DEI5SR 0 R DEI5 Interrupt Request

Indicates whether the DEI5 (DMAC) interrupt
request is generated.

0: DEI5 interrupt request is not generated
1: DEI5 interrupt request is generated

4 DEI4R 0 R DEI4 Interrupt Request

Indicates whether the DEI4 (DMAC) interrupt
request is generated.

0: DEI4 interrupt request is not generated
1: DEI4 interrupt request is generated

3 — 0 R Reserved

This bit is always read as 0. The write value
should always be 0.
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Bit Bit Name Initial Value R/W Description
2 EINT2R 0 R EINT2 Interrupt Request

Indicates whether the EINT2 (E-DMAC) interrupt
request is generated.

0: EINT2 interrupt request is not generated
1: EINT2 interrupt request is generated
1 EINT1R 0 R EINT1 Interrupt Request

Indicates whether the EINT1 (E-DMAC) interrupt
request is generated.

0: EINT1 interrupt request is not generated

1: EINT1 interrupt request is generated
0 EINTOR 0 R EINTO Interrupt Request

Indicates whether the EINTO (E-DMAC) interrupt
request is generated.

0: EINTO interrupt request is not generated

1: EINTO interrupt request is generated

8.4.10 Interrupt Request Register 7 (IRR7)

IRR7 is an 8-hit register that indicates whether an interrupt request from the SIOFQ is generated.
Thisregister isinitialized to H'00 by a power-on reset or manual reset, but isnot initialized in
standby mode.

Bit Bit Name Initial Value R/W Description

7 CCIOR 0 R CCIO Interrupt Request

Indicates whether the CCIO (SIOFO) interrupt
request is generated.

0: CCIO interrupt request is not generated
1: CCIO interrupt request is generated
6 RXIOR 0 R RXIO Interrupt Request

Indicates whether the RXI0O (SIOFO) interrupt
request is generated.

0: RXIO interrupt request is not generated
1: RXIO interrupt request is generated
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Bit Bit Name Initial Value R/W

Description

5 TXIOR 0 R

TXIO Interrupt Request

Indicates whether the TXIO (SIOFO) interrupt
request is generated.

0: TXIO interrupt request is not generated
1: TXIO interrupt request is generated

4 ERIOR 0 R

ERIO Interrupt Request

Indicates whether the ERIO (SIOFOQ) interrupt
request is generated.

0: ERIO interrupt request is not generated
1: ERIO interrupt request is generated

3to0 — AllO R

Reserved

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

84.11

Interrupt Request Register 8 (IRR8)

IRR8 is an 8-hit register that indicates whether interrupt requests from the SIOF1 are generated.
Thisregister isinitialized to H'00 by a power-on reset or manual reset, but isnot initialized in

standby mode.
Bit Bit Name Initial Value R/W Description
7 CCIHHR 0 R CCI1 Interrupt Request
Indicates whether the CCI1 (SIOF1) interrupt
request is generated.
0: CCI1 interrupt request is not generated
1: CCH1 interrupt request is generated
6 RXI1R 0 R RXI1 Interrupt Request

Indicates whether the RXI1 (SIOF1) interrupt
request is generated.

0: RXI1 interrupt request is not generated
1: RXI1 interrupt request is generated
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Bit

Bit Name

Initial Value

R/W

Description

TX1R

0

R

TXI1 Interrupt Request

Indicates whether the TXI1 (SIOF1) interrupt
request is generated.

0: TXI1 interrupt request is not generated
1: TXI1 interrupt request is generated

ERI1R

0

ERI1 Interrupt Request

Indicates whether the ERI1 (SIOF1) interrupt
request is generated.

0: ERI1 interrupt request is not generated
1: ERI interrupt request is generated

3to0

AllO

Reserved

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

851 Interrupt Sequence

The sequence of interrupt operations is described below. Figure 8.3 is aflowchart of the
operations.

1.
2.

© N o o

The interrupt request sources send interrupt request signals to the interrupt controller.
Theinterrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in the interrupt priority registers A to | (IPRA to IPRI). Lower
priority interrupts are held pending. If two of these interrupts have the same priority level or if
multiple interrupts occur within asingle module, the interrupt with the highest priority is
selected, according to tables 8.2 and 8.3, Interrupt Exception Handling Sources and Priority.
The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (13 to 10) in the status register (SR) of the CPU. If the request priority level
is higher than the level in bits 13 to 10, the interrupt controller accepts the interrupt and sends
an interrupt request signal to the CPU.

Detection timing: The INTC operates, and notifies the CPU of interrupt requests, in
synchronization with the periphera clock (P). The CPU receives an interrupt at abreak in
instructions.

Theinterrupt source code is set in the interrupt event registers INTEVT and INTEVT2).

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

The CPU jumps to the start address of the interrupt handler (the sum of the value set in the
vector base register (VBR) and H'00000600). This jump is not a delayed branch. The interrupt
handler may branch with INTEVT or INTEV T2 value asits offset in order to identify the
interrupt source. This enablesit to branch to the handling routine for the individual interrupt
source.

Notes: 1. Theinterrupt mask bits (13 to 10) in the status register (SR) are not changed by

acceptance of an interrupt inthisLSI.

2. Theinterrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt request that should have been cleared is not inadvertently accepted again, read
the interrupt source flag after it has been cleared, and then clear the BL bit or execute
an RTE instruction.
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Y

Program execution state

Interrupt No
generated?

No SR.BL=0

Y

Set interrupt source in
INTEVT, INTEVT2

Y

Save SR to SSR;
save PC to SPC

or sleep mode?

Level 15
interrupt?

Level 14
interrupt?

13 to 10 level
14 or lower?

Level 1
interrupt?

13 to 10 level

Set BL/MD/RB
bit in SR to 1

Y

Branch to exception
handler

13 or lower?

No

I3to 10
level 0?

13 to 10: Interrupt mask bits in status register (SR)

Figure8.3 Interrupt Operation Flowchart
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85.2 Multiple Interrupts
When handling multiple interrupts, an interrupt handler should include the following procedures:

1. Branchto aspecific interrupt handler corresponding to acode set in INTEVT or INTEVT2.
Thecodein INTEVT or INTEVT2 can be used as an offset for branching to the specific
handler.

Clear the interrupt source in each specific handler.

Save SSR and SPC to memory.

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

Execute the RTE instruction.

© 0k~ wbd

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted after clearing the BL bit in step 4. See figure 8.3 on a sample interrupt
operation flowchart.
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Section 9 User Break Controller

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Break conditions that can be set in the UBC are
instruction fetch or data read/write access, data size, data contents, address value, and stop timing
in the case of instruction fetch.

9.1 Features

The UBC has the following features:

1. Thefollowing break comparison conditions can be set.
Number of break channels: two channels (channels A and B)
User break can be requested as either the independent or sequential condition on channels A
and B (sequential break setting: channel A and then channel B match with break conditions,
but not in the same bus cycle).

e Address
Compares 40 bits configured of the ASID and addresses 32 hits: the ASID can be selected
either all-bit comparison or all-bit mask. Comparison bits are maskable in 1-bit units; user can
mask addresses at lower 12 hits (4-k page), lower 10 bits (1-k page), or any size of page, etc.
One of the four address buses (logic address bus (LAB), internal address bus (IAB),
X-memory address bus (XAB), and Y-memory address bus (Y AB)) can be selected.

e Data
Only on channel B, 32-bit maskable.
One of the four data buses (L-bus data (LDB), I-bus data (IDB), X-memory data bus (XDB)
and Y -memory data bus (Y DB)) can be selected.

e Buscycle
Instruction fetch or data access

o Read/write

e Operand size
Byte, word, and longword

2. A user-designed user-break condition exception processing routine can be run.
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3. Inaninstruction fetch cycle, it can be selected that a break is set before or after an instruction
is executed.

e Maximum repeat times for the break condition (only for channel B): 2% — 1 times.
e Eight pairs of branch source/destination buffers.
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Figure 9.1 shows a block diagram of the UBC.

ASID

XAB/YAB
Access L 1AB LAB MDB
A A A A
. Access
" | comparator BBRA
> BARA
Address
> comparator _B AMRA
»| ASID BASRA
comparator
- Channel A
| comparator E0GE
: Address BARB
= | comparator
> BAMRB
»| ASID BASRB
comparator
Data BDRB
»| comparator
BDMRB
< Channel B BETR
_ BRSR
»1 PC trace
> BRDR
\ \ \ » CONTROL BRCR
\ Y
LDB/IDB/ k t
o CPU state User break request
signals
|:| UBC Location |:| CCN Location
[Legend]
BBRA: Break bus cycle register A BASRB: Break ASID register B
BARA: Break address register A BDRB: Break data register B
BAMRA: Break address mask register A BDMRB: Break data mask register B
BASRA: Break ASID register A BETR: Execution times break register
BBRB: Break bus cycle register B BRSR: Branch source register
BARB: Break address register B BRDR: Branch destination register
BAMRB: Break address mask register B BRCR: Break control register

Figure9.1 Block Diagram of User Break Controller
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9.2 Register Descriptions

The user break controller has the following registers. For details on register addresses and access
sizes, refer to section 24, List of Registers.

e Break addressregister A (BARA)

e Break address mask register A (BAMRA)
e Break buscycleregister A (BBRA)

o Break addressregister B (BARB)

e Break address mask register B (BAMRB)
e Break buscycleregister B (BBRB)

o Break dataregister B (BDRB)

e Break datamask register B (BDMRB)

e Break control register (BRCR)

e Execution times break register (BETR)

e Branch source register (BRSR)

e Branch destination register (BRDR)

o Break ASID register A (BASRA)

e Break ASID register B (BASRB)

9.21 Break Address Register A (BARA)

BARA isa32-bit readable/writable register. BARA specifies the address used as a break condition
in channel A.

Initial
Bit Bit Name Value R/W  Description
31to0 BAA31to All O R/W  Break Address A

BAAO Store the address on the LAB or IAB specifying break

conditions of channel A.
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922  Break AddressMask Register A (BAMRA)

BAMRA is a 32-bit readable/writable register. BAMRA specifies bits masked in the break address

specified by BARA.

Initial
Bit Bit Name Value R/W  Description
31to0 BAMA31to AlO R/W Break Address Mask A

BAMA 0

Specify bits masked in the channel A break address
bits specified by BARA (BAA31-BAAO).

0: Break address bit BAAn of channel A is included in
the break condition

1: Break address bit BAAn of channel A is masked and
is not included in the break condition

Note:n=311t00

9.23 Break Bus Cycle Register A (BBRA)

BBRA isa 16-bit readable/writable register, which specifies (1) L bus cycle or | buscycle, (2)
instruction fetch or data access, (3) read or write, and (4) operand size in the break conditions of

channel A.
Initial
Bit Bit Name Value R/W  Description
15t08 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
CDA1 0 R/W L Bus Cycle/l Bus Cycle Select A
CDAO 0 R/W  Select the L bus cycle or | bus cycle as the bus cycle of

the channel A break condition.

00: Condition comparison is not performed
01: The break condition is the L bus cycle
10: The break condition is the | bus cycle
11: The break condition is the L bus cycle
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Bit Bit Name

Initial
Value

R/W

Description

5 IDA1
4 IDAO

0
0

R/W
R/W

Instruction Fetch/Data Access Select A

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel A break condition.

00: Condition comparison is not performed
01: The break condition is the instruction fetch cycle
10: The break condition is the data access cycle

11: The break condition is the instruction fetch cycle or
data access cycle

3 RWA1
RWAO

R/W
R/W

Read/Write Select A

Select the read cycle or write cycle as the bus cycle of
the channel A break condition.

00: Condition comparison is not performed
01: The break condition is the read cycle
10: The break condition is the write cycle

11: The break condition is the read cycle or write cycle

SZA1
0 SZAO

R/W
R/W

Operand Size Select A

Select the operand size of the bus cycle for the
channel A break condition.

00: The break condition does not include operand size
01: The break condition is byte access
10: The break condition is word access

11: The break condition is longword access
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924  Break AddressRegister B (BARB)

BARB is a 32-bit readable/writable register. BARB specifies the address used as a break condition
in channel B. Control bits CDB1, CDBO, XYE, and XY Sin BBRB select one of the four address
buses for break condition B.

Initial
Bit Bit Name Value R/W Description

31to0 BAB31to AlO R/W  Break Address B

BAB 0 Stores an address which specifies a break condition in
channel B.

If the | bus or L bus is selected in BBRB, an IAB or LAB
address is set in BAB31 to BABO.

If the X memory is selected in BBRB, the values in bits 15
to 1 in XAB are set in BAB31 to BAB17. In this case, the
values in BAB16 to BABO are arbitrary.

If the Y memory is selected in BBRB, the values in bits 15
to 1in YAB are set in BAB15 to BAB1. In this case, the
values in BAB31 to BAB16, and BABO are arbitrary.

Table9.1  Specifying Break Address Register

Bus Selection in

BBRB BAB31to BAB17 BAB16 BAB15 to BAB1 BABO

L bus LAB31 to LABO

| bus IAB31 to IABO

X bus XAB15 to XAB1 Don't care Don't care Don't care
Y bus Don't care Don't care YAB15 to YAB1 Don't care
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925  Break AddressMask Register B (BAMRB)

BAMRB is a 32-hit readabl e/writable register. BAMRB specifies bits masked in the break address

specified by BARB.

Initial
Bit Bit Name Value R/W  Description
31to0 BAMB31to AlO R/W  Break Address Mask B

BAMB 0

Specifies bits masked in the break address of channel
B specified by BARB (BAB31 to BABO).

0: Break address BABN of channel B is included in the
break condition

1: Break address BABnN of channel B is masked and is
not included in the break condition

Note: n=311t00

9.2.6 Break Data Register B (BDRB)

BDRB is a 32-bit readable/writable register. The control bits CDB1, CDBO, XYE, and XY Sin
BBRB select one of the four data buses for break condition B.

Initial
Bit Bit Name  Value R/W  Description
31to0 BDB31to AllO R/W  Break Data Bit B

BDBO

Stores data which specifies a break condition in channel
B.

If the | bus is selected in BBRB, the break data on IDB
is set in BDB31 to BDBO.

If the L bus is selected in BBRB, the break data on LDB
is set in BDB31 to BDBO.

If the X memory is selected in BBRB, the break data in
bits 15to 0 in XDB is set in BDB31 to BDB16. In this
case, the values in BDB15 to BDBO are arbitrary.

If the Y memory is selected in BBRB, the break data in

bits 15to 0 in YDB are set in BDB15 to BDBO. In this
case, the values in BDB31 to BDB16 are arbitrary.
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Table9.2

Specifying Break Data Register

Bus Selection in

BBRB BDB31 to BDB16 BDB15 to BDBO

L bus LDB31 to LDBO

| bus IDB31 to IDBO

X bus XDB15 to XDBO Don't care

Y bus Don't care YDB15 to YDBO

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2.  When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDRB as the break data.

3. Set the data in bits 31 to 16 when including the value of the data bus as an L-bus
break condition for the MOVS.W @-As, Ds, MOVS.W @As, Ds, MOVS.W @As+, Ds,
or MOVS.W @As+Ix, Ds instruction.

9.2.7 Break Data Mask Register B (BDMRB)

BDMRB is a 32-hit readabl e/writable register. BDMRB specifies bits masked in the break data
specified by BDRB.

Initial
Bit Bit Name Value R/W  Description
31to0 BDMB31to AlO R/W  Break Data Mask B
BDMB 0 Specifies bits masked in the break data of channel B
specified by BDRB (BDB31 to BDBO).
0: Break data BDBn of channel B is included in the
break condition
1: Break data BDBn of channel B is masked and is not
included in the break condition
Note:n=311t00
Notes: 1. Specify an operand size when including the value of the data bus in the break condition.
2.  When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDRB as the break mask data in BDMRB.
3. Set the mask data in bits 31 to 16 when including the value of the data bus as an L-

bus break condition for the MOVS.W @-As, Ds, MOVS.W @As, Ds, MOVS.W @As+,
Ds, or MOVS.W @ As+Ix, Ds instruction.
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9.2.8 Break Bus Cycle Register B (BBRB)

BBRB is a 16-hit readabl e/writable register, which specifies (1) X busor Y bus, (2) L bus cycle or
| bus cycle, (3) instruction fetch or data access, (4) read or write, and (5) operand size in the break
conditions of channel B.

Initial
Bit Bit Name Value R/W  Description

15t010 — AllO R Reserved

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

9 XYE 0 R/W  Selects the X memory bus or Y memory bus as the
channel B break condition. Note that this bit setting is
enabled only when the L bus is selected with the CDB1
and CDBO bits. Selection between the X memory bus
and Y memory bus is done by the XYS bit.

0: Selects L bus for the channel B break condition

1: Selects X/Y memory bus for the channel B break
condition

8 XYS 0 R/W  Selects the X bus or the Y bus as the bus of the
channel B break condition.

0: Selects the X bus for the channel B break condition
1: Selects the Y bus for the channel B break condition

CDBf1 0 R/W L Bus Cycle/l Bus Cycle Select B

CDBO 0 R/W  Select the L bus cycle or | bus cycle as the bus cycle of
the channel B break condition.

00: Condition comparison is not performed
01: The break condition is the L bus cycle
10: The break condition is the | bus cycle
11: The break condition is the L bus cycle
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Initial
Bit Bit Name Value R/W Description
5 IDBA 0 R/W Instruction Fetch/Data Access Select B
4 IDBO 0 R/W Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel B break condition.
00: Condition comparison is not performed
01: The break condition is the instruction fetch cycle
10: The break condition is the data access cycle
11: The break condition is the instruction fetch cycle or
data access cycle
3 RWB1 0 R/W Read/Write Select B

RWBO0 0 R/W Select the read cycle or write cycle as the bus cycle of
the channel B break condition.

00: Condition comparison is not performed

01: The break condition is the read cycle

10: The break condition is the write cycle

11: The break condition is the read cycle or write cycle

1 SZB1
0 SZB0

o

R/W Operand Size Select B

R/W  Select the operand size of the bus cycle for the channel
B break condition.

o

00: The break condition does not include operand size
01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword access
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9.2.

9 Break Control Register (BRCR)

BRCR sets the following conditions:

1

5.
6.

Channels A and B are used in two independent channel conditions or under the sequential
condition.

A break is set before or after instruction execution.

Specify whether to include the number of execution times on channel B in comparison
conditions.

Determine whether to include data bus on channel B in comparison conditions.
Enable PC trace.
Enable ASID check.

BRCR is a 32-bit readable/writable register that has break conditions match flags and bits for
setting a variety of break conditions.

Initial
Bit Bit Name Value R/W Description
31t022 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
21 BASMA 0 R/W  Break ASID Mask A
Specifies whether bits in channel A break ASID7 to
ASIDO (BASA7 to BASAOQ) which are set in BASRA are
masked or not.
0: All BASRA bits are included in the break conditions
and the ASID is checked
1: All BASRA bits are not included in the break
conditions and the ASID is not checked
20 BASMB 0 R/W  Break ASID Mask B

Specifies whether bits in channel B break ASID7 to
ASIDO (BASB7 to BASBO0) which are set in BASRB are
masked or not.

0: All BASRB bits are included in the break conditions
and the ASID is checked

1: All BASRB bits are not included in the break conditions
and the ASID is not checked
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Initial
Bit Bit Name Value R/W  Description
19to 16 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
15 SCMFCA 0 R/W L Bus Cycle Condition Match Flag A

When the L bus cycle condition in the break conditions

set for channel A is satisfied, this flag is set to 1 (not

cleared to 0). In order to clear this flag, write 0 into this

bit.

0: The L bus cycle condition for channel A does not
match

1: The L bus cycle condition for channel A matches

14 SCMFCB 0 R/W L Bus Cycle Condition Match Flag B

When the L bus cycle condition in the break conditions

set for channel B is satisfied, this flag is set to 1 (not

cleared to 0). In order to clear this flag, write 0 into this

bit.

0: The L bus cycle condition for channel B does not
match

1: The L bus cycle condition for channel B matches

13 SCMFDA 0 R/W 1 Bus Cycle Condition Match Flag A

When the | bus cycle condition in the break conditions

set for channel A is satisfied, this flag is set to 1 (not

cleared to 0). In order to clear this flag, write 0 into this

bit.

0: The | bus cycle condition for channel A does not
match

1: The | bus cycle condition for channel A matches

12 SCMFDB 0 R/W | Bus Cycle Condition Match Flag B

When the | bus cycle condition in the break conditions
set for channel B is satisfied, this flag is set to 1 (not
cleared to 0). In order to clear this flag, write 0 into this
bit.

0: The | bus cycle condition for channel B does not match
1: The | bus cycle condition for channel B matches
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Initial
Bit Bit Name Value R/W Description
11 PCTE 0 R/W  PC Trace Enable
0: Disables PC trace
1: Enables PC trace
10 PCBA 0 R/W  PC Break Select A
Selects the break timing of the instruction fetch cycle for
channel A as before or after instruction execution.
0: PC break of channel A is set before instruction
execution
1: PC break of channel A is set after instruction
execution
— R Reserved
— R These bits are always read as 0. The write value should
always be 0.
7 DBEB 0 R/W  Data Break Enable B
Selects whether or not the data bus condition is
included in the break condition of channel B.
0: No data bus condition is included in the condition of
channel B
1: The data bus condition is included in the condition of
channel B
6 PCBB 0 R/W  PC Break Select B
Selects the break timing of the instruction fetch cycle for
channel B as before or after instruction execution.
0: PC break of channel B is set before instruction
execution
1: PC break of channel B is set after instruction
execution
5 — R Reserved
— R These bits are always read as 0. The write value should

always be 0.
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Initial
Bit Bit Name Value R/W Description
3 SEQ 0 R/W Sequence Condition Select
Selects two conditions of channels A and B as
independent or sequential conditions.
0: Channels A and B are compared under independent
conditions
1: Channels A and B are compared under sequential
conditions (channel A, then channel B)
2 — 0 R Reserved
— 0 R These bits are always read as 0. The write value should
always be 0.
0 ETBE 0 R/W Number of Execution Times Break Enable

Enables the execution-times break condition only on
channel B. If this bit is 1 (break enable), a user break is
issued when the number of break conditions matches
with the number of execution times that is specified by
BETR.

0: The execution-times break condition is disabled on
channel B

1: The execution-times break condition is enabled on
channel B
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9.210 Execution TimesBreak Register (BETR)

BETR is a 16-hit readable/writable register. When the execution-times break condition of channel
B is enabled, this register specifies the number of execution times to make the break. The
maximum number is 2” — 1 times. When a break condition is satisfied, it decreases BETR. A
break isissued when the break condition is satisfied after BETR becomes H'0001.

Initial
Bit Bit Name Value R/W Description
15t012 — R Reserved
These bits are always read as 0. The write value should
always be 0.
11100 BET11 to R/W Number of Execution Times
BETO

Note: When the instruction fetch cycle is specified as the break condition of the channel B, and its
break condition is triggered by the following instructions, the BETR is decremented by the
following value (not by one).

Instruction

Decrement value

Instruction

Decrement value

RTE

DMULS.L Rm,Rn
DMULU.L Rm,Rn

MAC.L @BRm+,@Rn
MAC.W @Rm+,@Rn
MUL.L Rm,Rn

AND.B #imm, @ (R0,GBR)
OR.B #imm, @ (R0,GBR)
TAS.B @Rn

TST.B #imm, @ (R0,GBR)
XOR.B #imm, @ (R0,GBR)
LDC Rm,SR

APRAPAPPAPPARAPRPDPAPRDRAPRDRAPRPDPOWWWWWONDNONNN A

LDC.L @Rm+,SR
LDC.L @Rm+,GBR
LDC.L @Rm+,VBR
LDC.L @Rm+,SSR
LDC.L @Rm+,SPC
LDC.L @Rm+,R0_BANK
LDC.L @Rm+,R1_BANK
LDC.L @Rm+,R2_BANK
LDC.L @Rm+,R3_BANK
LDC.L @Rm+,R4_BANK
LDC.L @Rm+,R5_BANK
LDC.L @Rm+,R6_BANK

NMNNMADMARADDARNADDARNDDARNDDAO

LDC Rm,GBR LDC.L @Rm+,R7_BANK
LDC Rm,VBR LDC.L @Rn+,MOD
LDC Rm,SSR LDC.L @Rn+,RS
LDC Rm.SPC LDC.L @Rn+RE
LDC Rm,R0_BANK LDC Rn,MOD

LDC Rm,R1_BANK LDC Rn,RS

LDC Rm,R2_BANK LDC Rn,RE

LDC Rm,R3_BANK BSR label

LDC Rm,R4_BANK BSRF Rm

LDC Rm,R5_BANK JSR @Rm

LDC Rm,R6_BANK

LDC Rm,R7_BANK
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9.211 Branch Source Register (BRSR)

BRSR is a 32-hit read-only register. BRSR stores bits 27 to 0 in the address of the branch source
instruction. BRSR has the flag bit that is set to 1 when a branch occurs. Thisflag bitisclearedto 0
when BRSR isread, the setting to enable PC trace is made, or BRSR isinitialized by a power-on
reset. Other bits are not initialized by a power-on reset. The eight BRSR registers have a queue
structure and a stored register is shifted at every branch.

Initial
Bit Bit Name Value R/W  Description
31 SVF 0 R BRSR Valid Flag

Indicates whether the branch source address is
stored. When a branch source address is fetched, this
flag is set to 1. This flag is cleared to 0 by reading
from BRSR.

0: The value of BRSR register is invalid
1: The value of BRSR register is valid
30to28 — All O R Reserved

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

27t00 BSA27to — R Branch Source Address
BSAO

Store bits 27 to 0 of the branch source address.
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9.212 Branch Destination Register (BRDR)

BRDR is a 32-bit read-only register. BRDR stores hits 27 to 0 in the address of the branch
destination instruction. BRDR has the flag bit that is set to 1 when a branch occurs. Thisflag bit is
cleared to O when BRDR isread, the setting to enable PC trace is made, or BRDR isinitialized by
a power-on reset. Other bits are not initialized by a power-on reset. The eight BRDR registers
have a queue structure and a stored register is shifted at every branch.

Initial
Bit Bit Name Value R/W  Description
31 DVF 0 R BRDR Valid Flag

Indicates whether a branch destination address is
stored. When a branch destination address is fetched,
this flag is set to 1. This flag is cleared to 0 by reading
BRDR.

0: The value of BRDR register is invalid
1: The value of BRDR register is valid

30to28 — AllO R Reserved

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

27t00 BDA27to0 — R Branch Destination Address

BDAO Store bits 27 to 0 of the branch destination address.

9213 Break ASID Register A (BASRA)

BASRA isan 8-hit readable/writable register that specifies ASID which becomes the break
condition for channel A. BASRA isin CCN.

Initial
Bit Bit Name Value R/W Description
7to0 BASA7to — R/W Break ASID A
BASAO Store ASID (bits 7 to 0) which is the break condition for

channel A.
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9214 Break ASID Register B (BASRB)

BASRB is an 8-hit readable/writable register that specifies ASID which becomes the break
condition for channel B. BASRB isin CCN.

Initial
Bit Bit Name Value R/W Description
7t0o0 BASB7to — R/W Break ASID B
BASBO Store ASID (bits 7 to 0) which is the break condition for

channel B.

9.3 Operation

931 Flow of the User Break Operation
The flow from setting of break conditionsto user break exception processing is described below:

1. Thebreak addresses and corresponding ASID are set in the break address registers (BARA or
BARB) and break ASID registers (BASRA or BASRB in CCN). The masked addresses are set
in the break address mask registers (BAMRA or BAMRB). The break datais set in the break
data register (BDRB). The masked datais set in the break data mask register (BDMRB). The
bus break conditions are set in the break bus cycle registers (BBRA or BBRB). Three groups
of BBRA or BBRB (L bus cycle/l bus cycle select, instruction fetch/data access select, and
read/write select) are each set. No user break will be generated if even one of these groupsis
set with 00. The respective conditions are set in the bits of the break control register (BRCR).
Make sure to set all registersrelated to breaks before setting BBRA or BBRB.

2. When the break conditions are satisfied, the UBC sends a user break request to the CPU and
sets the L bus condition match flag (SCMFCA or SCMFCB) and the | bus condition match
flag (SCMFDA or SCMFDB) for the appropriate channel. When the X/Y memory busis
specified for channel B, SCMFCB is used for the condition match flag.

3. The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can
be used to check if the set conditions match or not. The matching of the conditions sets flags,
but they are not reset. 0 must first be written to them before they can be used again.

4, Thereisachance that the break set in channel A and the break set in channel B occur around
the same time. In this case, there will be only one break request to the CPU, but these two
break channel match flags could be both set.

5. When selecting the | bus as the break condition, note the following:
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— Severa bus masters, including the CPU, DMAC and E-DMAC, are connected to the | bus.
The UBC monitors bus cycles generated by all bus masters, and determines the condition
match.

— Physical addresses are used for the | bus. Set a physical addressin break address registers
(BARA and BARB). The bus cyclesfor logical addressesissued on the L bus by the CPU
are converted to physical addresses before being output to the | bus. (If the address
tranglation function is enabled, address translation by the MMU is carried out.)

— For data access cyclesissued on the L bus by the CPU, if their logical addresses are not to
be cached, they are issued with the data size specified on the L bus and their addresses are
not rounded.

— For instruction fetch cyclesissued on the L bus by the CPU, even though their logical
addresses are not to be cached, they are issued in longwords and their addresses are
rounded to match longword boundaries.

— If alogical addressissued on the L bus by the CPU is an address to be cached and a cache
miss occurs, its bus cycle isissued as a cachefill cycle onthe | bus. In this case, it isissued
in longwords and its address is rounded to match longword boundaries. However note that
cachefill is not performed for awrite miss in write through mode. In this case, the bus
cycle isissued with the data size specified on the L bus and its address is not rounded. In
write back mode, awrite back cycle may beissued in addition to aread fill cycle. Itisa
longword bus cycle whose address is rounded to match longword boundaries.

— | bus cycles (including read fill cycles) resulting from instruction fetches on the L bus by
the CPU are defined as instruction fetch cycles on the | bus, while other bus cycles are
defined as data access cycles.

— The DMAC and E-DMAC only issues data access cycles for | bus cycles.

— If abreak condition is specified for the | bus, even when the condition matchesin an | bus
cycle resulting from an instruction executed by the CPU, at which instruction the break is
to be accepted cannot be clearly defined.

6. Whilethe block bit (BL) in the CPU status register (SR) is set to 1, no breaks can be accepted.

However, condition determination will be carried out, and if the condition matches, the

corresponding condition match flagisset to 1.
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932 Break on Instruction Fetch Cycle

When L bus/instruction fetch/read/word or longword is set in the break bus cycle register
(BBRA or BBRB), the break condition becomes the L bus instruction fetch cycle. Whether it
breaks before or after the execution of the instruction can then be selected with the PCBA or
PCBB bit of the break control register (BRCR) for the appropriate channel. If an instruction
fetch cycleis set as abreak condition, clear LSB in the break address register (BARA or
BARB) to 0. A break cannot be generated as long asthis bit is set to 1.

Aninstruction set for a break before execution breaks when it is confirmed that the instruction
has been fetched and will be executed. This means this feature cannot be used on instructions
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not to
be executed). When thiskind of break is set for the delay slot of a delayed branch instruction,
the break is generated prior to execution of the delayed branch instruction.

Note: If abranch does not occur at adelay condition branch instruction, the subsequent
instruction is not recognized as a delay slot.

When the condition is specified to be occurred after execution, the instruction set with the
break condition is executed and then the break is generated prior to the execution of the next
instruction. As with pre-execution breaks, this cannot be used with overrun fetch instructions.
When thiskind of break is set for a delayed branch instruction and its delay slot, a break is not
generated until the first instruction at the branch destination.

When an instruction fetch cycleis set for channel B, the break data register B (BDRB) is
ignored. Therefore, break data cannot be set for the break of the instruction fetch cycle.

If thel busis set for abreak of an instruction fetch cycle, the condition is determined for the
instruction fetch cycles on the | bus. For details, see 5in section 9.3.1, Flow of the User Break
Operation.

9.3.3 Break on Data Access Cycle

1

If the L busis specified as a break condition for data access break, condition comparison is
performed for the logical addresses (and data) accessed by the executed instructions, and a
break occursif the condition is satisfied. If the | busis specified as a break condition, condition
comparison is performed for the physical addresses (and data) of the data access cycles that are
issued on the | bus by all bus masters including the CPU, and a break occursiif the condition is
satisfied. For details on the CPU bus cyclesissued on the | bus, see5in section 9.3.1, Flow of
the User Break Operation.

The relationship between the data access cycle address and the comparison condition for each
operand sizeislisted in table 9.3.
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Table9.3 Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 0

This means that when address H'00001003 is set in the break address register (BARA or
BARB), for example, the bus cycle in which the bresk condition is satisfied is as follows
(where other conditions are met).
Longword access at H'00001000
Word access at H'00001002
Byte access at H'00001003

3. When the data value isincluded in the break conditions on channel B:

When the data value isincluded in the break conditions, either longword, word, or byteis
specified as the operand size of the break bus cycleregister B (BBRB). When data values are
included in break conditions, a break is generated when the address conditions and data
conditions both match. To specify byte data for this case, set the same datain two bytes at bits
15 to 8 and hits 7 to 0 of the break dataregister B (BDRB) and break data mask register B
(BDMRB). When word or byteis set, bits 31 to 16 of BDRB and BDMRB are ignored. Set the
word datain bits 31 to 16 in BDRB and BDMRB when including the value of the databus asa
break condition for the MOVS.W @-As, Ds, MOVS.W @As, Ds, MOVSW @As+, Ds, or
MOVS.W @As+lx, Dsinstruction (bits 15 to 0 are ignored).

4. Access by aPREF instruction is handled as read access in longword units without access data.
Therefore, if including the value of the data bus when a PREF instruction is specified asa
break condition, a break will not occur.

5. If theL busis selected, abreak occurs on ending execution of the instruction that matches the
break condition, and immediately before the next instruction is executed. However, when data
is also specified as the break condition, the break may occur on ending execution of the
instruction following the instruction that matches the break condition. If the | busis selected,
the instruction at which the break will occur cannot be determined. When this kind of break
occurs at a delayed branch instruction or its delay slot, the break may not actually take place
until the first instruction at the branch destination.
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9.34 Break on X/Y-Memory Bus Cycle

. The break condition on an X/Y-memory bus cycleis specified only in channel B. If the XYE
bitin BBRB is set to 1, the break address and break data on X/Y-memory bus are selected. At
thistime, select the X-memory bus or Y-memory bus by specifying the XY S bit in BBRB. The
break condition cannot include both X-memory and Y-memory at the same time. The break
condition is applied to an X/Y-memory bus cycle by specifying L bus/data access/read or
write/word or no specified operand size in bits 7 to 0 in the break bus cycle register B (BBRB).
. When an X-memory address is selected as the break condition, specify an X-memory address
in the upper 16 bitsin BARB and BAMRB. When a'Y-memory address is selected, specify a
Y -memory address in the lower 16 bits. Specification of X/Y-memory datais the same for
BDRB and BDMRB.

. Thetiming of adata access break for the X memory or Y memory bus to occur isthe same asa
data access break of the L bus. For details, see 5 in section 9.3.3, Break on Data Access Cycle.

9.35 Sequential Break

1. By setting the SEQ bit in BRCR to 1, the sequential break isissued when a channel B break

condition matches after achannel A break condition matches. A user break is not generated
even if achannel B break condition matches before a channel A break condition matches.
When channels A and B conditions match at the same time, the sequential break is not issued.
To clear the channel A condition match when a channel A condition match has occurred but a
channel B condition match has not yet occurred in a sequential break specification, clear the
SEQ bitinBRCR to 0.

. Insequential break specification, the L/I/X/Y bus can be selected and the execution times
break condition can be also specified. For example, when the execution times break condition
is specified, the break condition is satisfied when a channel B condition matches with BETR =
H'0001 after a channel A condition has matched.
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9.3.6 Value of Saved Program Counter

When a break occurs, the address of the instruction from where execution isto be resumed is
saved in the SPC, and the exception handling state is entered. If the L busis specified as a break
condition, the instruction at which the break should occur can be clearly determined (except for
when dataisincluded in the break condition). If the | busis specified as a break condition, the
instruction at which the break should occur cannot be clearly determined.

1. When ingtruction fetch (before instruction execution) is specified as a break condition:
The address of the instruction that matched the break condition is saved in the SPC. The
instruction that matched the condition is not executed, and the break occurs before it. However
when adelay dot instruction matches the condition, the address of the delayed branch
instruction is saved in the SPC.

2. When instruction fetch (after instruction execution) is specified as a break condition:
The address of the instruction following the instruction that matched the break condition is
saved in the SPC. The instruction that matches the condition is executed, and the break occurs
before the next instruction is executed. However when a delayed branch instruction or delay
slot matches the condition, these instructions are executed, and the branch destination address
issaved in the SPC.

3. When data access (address only) is specified as a break condition:
The address of the instruction immediately after the instruction that matched the break
condition is saved in the SPC. The instruction that matches the condition is executed, and the
break occurs before the next instruction is executed. However when adelay slot instruction
matches the condition, the branch destination address is saved in the SPC.

4. When data access (address + data) is specified as a break condition:

When adatavalue is added to the break conditions, the address of an instruction that iswithin
two instructions of the instruction that matched the break condition is saved in the SPC. At
which instruction the break occurs cannot be determined accurately.

When adelay dot instruction matches the condition, the branch destination addressis saved in
the SPC. If the instruction following the instruction that matches the break condition isa
branch instruction, the break may occur after the branch instruction or delay slot has finished.
In this case, the branch destination address is saved in the SPC.
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9.3.7 PC Trace

1. Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, and interrupt

exception) is generated, the branch source address and branch destination address are stored in

BRSR and BRDR, respectively.

The values stored in BRSR and BRDR are as given below due to the kind of branch.

— If abranch occurs due to a branch instruction, the address of the branch instruction is saved
in BRSR and the address of the branch destination instruction is saved in BRDR.

— If abranch occurs due to an interrupt or exception, the value saved in SPC due to exception
occurrenceis saved in BRSR and the start address of the exception handling routineis
saved in BRDR.

When arepeat |oop of the DSP extended function is used, control being transferred from the

repeat end instruction to the repeat start instruction is not recognized as a branch, and the

values are not stored in BRSR and BRDR.

BRSR and BRDR have eight pairs of queue structures. The top of queuesis read first when the

address stored in the PC trace register is read. BRSR and BRDR share the read pointer. Read

BRSR and BRDR in order, the queue only shifts after BRDR is read. After switching the

PCTE bit (in BRCR) off and on, the values in the queues are invalid.

9.3.8 Usage Examples

Break Condition Specified for L Bus|Instruction Fetch Cycle:

Register specifications

BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300400

Specified conditions: Channel A/channel B independent mode
<Channel A>
Address:  H'00000404, Address mask: H'00000000

Buscycle: L bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

The ASID check is not included.

<Channel B>
Address: H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Rev. 2.00 Dec. 07, 2005 Page 287 of 950
RENESAS REJ09B0079-0200



Section 9 User Break Controller

Buscycle: L bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

The ASID check is not included.

A user break occurs after an instruction of address H'00000404 is executed or before
instructions of addresses H'00008010 to H'00008016 are executed.

o Register specifications
BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA =H'80, BASRB = H'70
Specified conditions: Channel A/channel B sequential mode
<Channel A>
Address:.  H'00037226, Address mask: H'00000000, ASID = H'80
Buscycle: L bus/instruction fetch (before instruction execution)/read/word
<Channdl B>
Address.  H'0003722E, Address mask: H'00000000, ASID = H'70
Data: H'00000000, Data mask: H'00000000
Buscycle: L bus/instruction fetch (before instruction execution)/read/word

After an instruction with ASID = H’ 80 and address H'00037226 is executed, a user break
occurs before an instruction with ASID = H' 70 and address H'0003722E is executed.

e Register specifications
BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031415,

BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300000

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'00027128, Address mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/write/word
The ASID check is not included.

<Channel B>
Address;. H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

The ASID check is not included.

Buscycle: L bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

Rev. 2.00 Dec. 07, 2005 Page 288 of 950
REJ09B0079-0200 RENESAS



Section 9 User Break Controller

On channel A, no user break occurs sinceinstruction fetch is not awrite cycle. On channel B,
no user break occurs since instruction fetch is performed for an even address.

Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA =H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequential mode

<Channel A>

Address.  H'00037226, Address mask: H'00000000, ASID = H'80

Buscycle: L bus/instruction fetch (before instruction execution)/write/word

<Channel B>

Address.  H'0003722E, Address mask: H'00000000, ASID = H'70

Data H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read/word

Sinceinstruction fetch is not awrite cycle on channel A, asequential condition does not
match. Therefore, no user break occurs.

Register specifications

BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address:  H'00000500, Address mask: H'00000000

Buscycle: L bug/instruction fetch (before instruction execution)/read/longword
The ASID check is not included.

<Channel B>
Address: H'00001000, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Buscycle: L bug/instruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)
The ASID check is not included.

On channel A, auser break occurs before an instruction of address H'00000500 is executed.
On channel B, a user break occurs after the instruction of address H'00001000 are executed
four times and before the fifth time.
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Register specifications

BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,

BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,

BRCR = H'00000400, BASRA =H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'00008404, Address mask: H'00000FFF, ASID = H'80

Buscycle: L bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channdl B>

Address.  H'00008010, Address mask: H'00000006, ASID = H'70

Data: H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with ASID = H'80 and addresses H'00008000 to
H'00008FFE is executed or before an instruction with ASID = H’ 70 and addresses H'00008010
to H'00008016 are executed.

Break Condition Specified for L Bus Data Access Cycle:

Register specifications

BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = H'000ABCDE,
BAMRB = H'000000FF, BBRB = H'006A, BDRB = H'0000A512, BDMRB = H'00000000,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'00123456, Address mask: H'00000000, ASID = H'80

Buscycle: L bus/data access/read (operand sizeis not included in the condition)
<Channel B>

Address:. H'000ABCDE, Address mask: H'000000FF, ASID = H'70

Data: H'0000A512, Data mask: H'00000000

Buscycle: L bus/data accessiwrite/word

On channel A, auser break occurs with longword read from ASID = H'80 and address
H'00123454, word read from address H'00123456, or byte read from address H'00123456. On
channel B, a user break occurs when word H'A512 iswritten in ASID = H'70 and addresses
H'000ABCO00 to H'000ABCFE.
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Register specifications

BARA = H'01000000, BAMRA = H'00000000, BBRA = H'0066, BARB = H'0000F000,
BAMRB = H'FFFF0000, BBRB = H'036A, BDRB = H'00004567, BDMRB = H'00000000,
BRCR = H'00300080

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'01000000, Address mask: H'00000000

Buscycle: L bus/data access/read/word

The ASID check is not included.

<Channel B>

Y Address: H'0000F000, Address mask: H'FFFFO000

Data H'00004567, Data mask: H'00000000

Buscycle: Y bus/data access/write/word

The ASID check is not included.

On channel A, auser break occurs during word read from address H'01000000 in the memory
space. On channel B, a user break occurs when word data H'4567 is written in address
H'0000F000 in the Y memory space. The X/Y-memory space is changed by a mode setting.

Break Condition Specified for | Bus Data Access Cycle:

Register specifications

BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00007878, BDMRB = H'00000FOF,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'00314156, Address mask: H'00000000, ASID = H'80

Buscycle: | bug/instruction fetch/read (operand size is not included in the condition)
<Channel B>

Address.  H'00055555, Address mask: H'00000000, ASID = H'70

Data H'00000078, Data mask: H'0000000F

Buscycle: | bus/data access/write/byte

On channel A, auser break occurs when instruction fetch is performed for ASID = H’80 and
address H'00314156 in the memory space.

On channel B, a user break occurs when ASID = H’ 70 and byte data H'7* is written in address
H'00055555 on the | bus.
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9.4 Usage Notes

1. The CPU can read from or write to the UBC registers viathe | bus. Accordingly, during the
period from executing an instruction to rewrite the UBC register till the new value is actually
rewritten, the desired break may not occur. In order to know the timing when the UBC register
is changed, read from the last written register. Instructions after then are valid for the newly
written register value.

2. UBC cannot monitor access to the L bus and | bus in the same channel.

3. Note on specification of sequential break:

A condition match occurs when a B-channel match occurs in abus cycle after an A-channel
match occurs in another bus cycle in sequential break setting. Therefore, no break occurs even
if abus cycle, in which an A-channel match and a channel B match occur simultaneoudly, is
Set.

4. When a user break and another exception occur at the same instruction, which has higher
priority is determined according to the priority levels defined in table 4.1 in section 4,
Exception Handling. If an exception with higher priority occurs, the user break is not
generated.

— Pre-execution break has the highest priority.

— When a post-execution break or data access break occurs simultaneously with are-
execution-type exception (including pre-execution break) that has higher priority, the re-
execution-type exception is accepted, and the condition match flag is not set (see the
exception in the following note). The break will occur and the condition match flag will be
set only after the exception source of the re-execution-type exception has been cleared by
the exception handling routine and re-execution of the same instruction has ended.

— When a post-execution break or data access break occurs simultaneously with a
completion-type exception (TRAPA) that has higher priority, though a break does not
occur, the condition match flag is set.

5. Notethe following exception for the above note.

If a post-execution break or data access break is satisfied by an instruction that generates a

CPU address error (or TLB related exception) by data access, the CPU address error (or TLB

related exception) is given priority to the break. Note that the UBC condition match flag is set

in this case.
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6. Note the following when abreak occursin adelay dot.
If apre-execution break is set at the delay slot instruction of the RTE instruction, the break
does not occur until the branch destination of the RTE instruction.

7. User breaks are disabled during UBC module standby mode. Do not read from or write to the
UBC registers during UBC module standby mode; the values are not guaranteed.

8. When the repeat loop of the DSP extended function is used, even though a break condition is
satisfied during execution of the entire repeat |oop or several instructionsin the repeat loop, the
break may be held. For details, see section 4, Exception Handling.
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Section 10 Power-Down Modes

With the power-down modes, the operation of the CPU and same of on-chip peripheral modules
are halted to reduce power consumption. The power-down modes are canceled by interrupts or a
reset.

10.1 Overview

10.1.1  Power-Down M odes
This LSl has the following power-down modes and function:

1. Sleep mode
2. Software standby mode
3. Module standby function

Table 10.1 shows the transition conditions for entering the modes from the program execution
state, as well asthe CPU and peripheral module states in each mode and the procedures for
canceling each mode.
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Table10.1 Statesof Power-Down Modes

State
CPG CPU On- On-Chip

Transition EtherC Reg- Chip Periphera External Canceling
Mode Conditions E-DMAC CPU ister Memory | Modules Pins Memory Procedure
Sleep Execute SLEEP Run Halt Held Held Run Held Refreshe 1. Interrupt
mode instruction with d 5 Reset

STBY bit cleared

to 0in STBCR
Software Execute SLEEP  Halt Halt Held Held Halt*' Held Self- 1. Interrupt
Standby instruction with refreshed 5 Reset
mode STBY bit setto 1

in STBCR
Module  Set MSTP bitto 1 Run Run Held Held Specified ** Refreshe 1. Clear
standby in STBCR, module d MSTP
function STBCR2, and halts bit to 0

STBCR3 2. Power-

on reset

Notes: 1. The RTC runs when the START bit in RCR2 is set to 1. For details, see section 15,

Realtime Clock (RTC).

2. Depends on the on-chip peripheral modules. For details, see section 1, Overview and

Pin Function.

1012 Reset

A reset is used at power-on or to re-execute from theinitia state. This LS| supports two types of
reset: power-on reset and manual reset. In power-on reset, any processing to be currently executed
isterminated and any events not executed are canceled to execute reset processing immediately. In
manual reset, processing required to maintain external memory contentsis continued. The
following shows the conditions in which power-on reset or manual reset occurs.

e Power-on reset

1. Alow level signa isinput to the RESETP pin.
2. The WDT counter overflows if the WDT starts counting while the WT/IT and RSTS bitsin

WTCSR are set to 1 and cleared to O, respectively.

3. AnH-UDI reset occurs. (For details on the H-UDI reset, refer to section 23, User

Debugging Interface (H-UDI).)
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e Manual reset
1. Alow signal isinput to the RESETM pin.

2. The WDT counter overflows if WDT starts counting while the WT/IT and RSTS bits of the
WTCSR are set to 1.

Note: Immediately after a power-on reset or manual reset, be sure to execute the following
routine:

MOV.L #H'FFFFFF40, R1
MOV.L #H'80000005, RO
MOV.L #H'A4FC0008, R2
NOP
NOP
TESTCR2_SET
NOP
MOV.B RO, @R1
MOV.B RO, @R1
MOV.L RO, @R2
NOP
NOP
NOP
MOV.L @R2, R3
CMP/EQ R3, RO
BF TESTCR2_SET
NOP
NOP
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10.1.3  Input/Output Pins
Table 10.2 lists the pins used for the power-down modes.

Table10.2 Pin Configuration

Pin Name Symbol 1/0 Description
Processing state 1 STATUSH @) Indicates the operating state of the processor.
Processing state 0  STATUSO HH: Reset

HL: Sleep mode
LH: Standby mode
LL: Normal operation

Power-on reset RESETP Inputting low level signal to this pin cause a transition
to power-on reset processing.
Manual reset RESETM Inputting low level signal to this pin cause a transition

to manual reset processing.

Note: H and L indicate high and low levels, respectively. The STATUS1 and STATUSO pins
indicate the pin status in this order.

10.2 Register Descriptions

The following registers are used for the power-down modes. Refer to section 24, List of Registers,
for the addresses and access size for these registers.

e Standby control register (STBCR)
e Standby control register 2 (STBCR2)
e Standby control register 3 (STBCR3)

10.21 Standby Control Register (STBCR)

STBCR is an 8-hit readable/writable register that specifies the state of the power-down mode. This
register isinitialized to H’00 at power-on reset but retains the previous value after manual reset.
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Bit Bit Name Initial Value R/W  Description
7 STBY 0 R/W  Software Standby
Specifies transition to software standby mode.
0: Executing SLEEP instruction puts chip into sleep
mode
1: Executing SLEEP instruction puts chip into
software standby mode
6103 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
2 MSTP2 0 R/W  Module Stop Bit 2
When the MSTP2 bit is set to 1, the supply of the
clock to the TMU is halted.
0: TMU runs
1: Clock supply to TMU halted
1 MSTP1 0 R/W  Module Stop Bit 1
When the MSTP1 bit is set to 1, the supply of the
clock to the RTC is halted.
0: RTC runs
1: Clock supply to RTC halted
0 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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1022  Standby Control Register 2 (STBCR?2)

STBCR2 is an 8-hit readable/writable register that controls the operation of modulesin the power-
down mode. Thisregister isinitialized to H'00 at power-on reset but retains the previous value
after manual reset.

Bit Bit Name Initial Value R/W  Description

7 MSTP10 O R/W  Module Stop Bit 10

When the MSTP10 bit is set to 1, the supply of the
clock to the H-UDI is halted.

0: H-UDI runs
1: Clock supply to H-UDI halted

6 MSTP9 0 R/W  Module Stop Bit 9

When the MSTP9 bit is set to 1, the supply of the
clock to the UBC is halted.

0: UBC runs
1: Clock supply to UBC halted

5 MSTP8 0 R/W  Module Stop Bit 8

When the MSTP8 bit is set to 1, the supply of the
clock to the DMAC is halted.

0: DMAC runs
1: Clock supply to DMAC halted

4 MSTP7 0 R/W  Module Stop Bit 7

When the MSTP?7 bit is set to 1, the supply of the
clock to the DSP is halted.

0: DSP runs
1: Clock supply to DSP halted

3 MSTP6 0 R/W  Module Stop Bit 6

When the MSTP6 bit is set to 1, the supply of the
clock to the TLB is halted.

0: TLB runs
1: Clock supply to TLB halted
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Bit Bit Name Initial Value R/W  Description
2 MSTP5 0 R/W  Module Stop Bit 5

When the MSTPS5 bit is set to 1, the supply of the
clock to the cache memory is halted.

0: The cache memory runs
1: Clock supply to the cache memory halted

1 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

0 MSTP3 0 R/W  Module Stop Bit 3

When the MSTP3 bit is set to 1, the supply of the
clock to the X/Y memory is halted.

0: The X/Y memory runs
1: Clock supply to the X/Y memory halted

1023  Standby Control Register 3 (STBCR3)

STBCRS3 is an 8-hit readable/writable register that controls the operation of the peripheral modules
in the power-down mode. This register isinitialized to H’00 at power-on reset but retains the
previous value after manual reset.

Bit Bit Name Initial Value R/W  Description

7 MSTP37 O R/W  Module Stop Bit 37

When the MSTP37 bit is set to 1, the supply of the
clock to the IPSEC is halted.

0: IPSEC runs
1: Clock supply to IPSEC halted
6to4 — All O R Reserved

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

3 MSTP33 0 R/W  Module Stop Bit 33

When the MSTP33 bit is set to 1, the supply of the
clock to the SIOF1 is halted.

0: SIOF1 runs
1: Clock supply to SIOF1 halted
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Bit Bit Name Initial Value R/W  Description
2 MSTP32 0 R/W  Module Stop Bit 32

When the MSTP32 bit is set to 1, the supply of the
clock to the SIOFO is halted.

0: SIOFO runs
1: Clock supply to SIOFO halted
1 MSTP31 0 R/W  Module Stop Bit 31

When the MSTP31 bit is set to 1, the supply of the
clock to the SCIF1 is halted.

0: The SCIF1 runs
1: Clock supply to the SCIF1 halted
0 MSTP30 O R/W  Module Stop Bit 30

When the MSTP30 bit is set to 1, the supply of the
clock to the SCIFO is halted.

0: The SCIFO runs
1: Clock supply to the SCIFO halted

10.3  Operation

10.31 Sleep Mode

Transition to Sleep M ode: Executing the SLEEP instruction when the STBY bit in STBCRis0
causes atransition from the program execution state to sleep mode. Although the CPU halts
immediately after executing the SLEEP instruction, the contents of itsinternal registersremain
unchanged. The on-chip peripheral modules continue to run in sleep mode and the clock continues
to be output to the CKIO pin. In sleep mode, a high signal and low signal are output from the
STATUSLI and STATUSO pins, respectively.

Canceling Sleep M ode: Sleep mode is canceled by an interrupt (NMI, IRQ, IRL, or on-chip
peripheral module) or reset. Interrupts are accepted in sleep mode even when the BL bitin SRis 1.
If necessary, save SPC and SSR to the stack before executing the SLEEP instruction.

e Canceling with an Interrupt
When an NMI, IRQ, IRL, or on-chip peripheral module interrupt occurs, eep modeis
canceled and interrupt exception handling is executed. A code indicating the interrupt sourceis
setin INTEVT and INTEVT2.
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e Canceling with a Reset
Sleep mode is canceled by a power-on reset or a manual reset.

10.3.2  Software Standby M ode

Transition to Softwar e Standby Mode: The LS| switches from a program execution state to a
software standby mode by executing the SLEEP instruction when the STBY bitis1in STBCR. In
a software standby mode, not only the CPU but also the clock and on-chip peripheral modules
halt. The clock output from the CKIO pin aso halts.

The contents of the CPU and cache registers remain unchanged. Some registers of on-chip
peripheral modules are, however, initialized. Table 10.3 lists the states of on-chip peripheral
modules registers in software standby mode.

Table10.3 Register Statesin Software Standby Mode

Module Registers Initialized Registers Retaining Data
Interrupt Controller (INTC) — All registers
On-Chip Oscillation Circuits — All registers
User Break Controller (UBC) — All registers
Bus State Controller (BSC) — All registers
Timer Unit (TMU) TSTR Registers other than TSTR
IPSEC — All registers
I/O ports — All registers
H-UDI — All registers
SCIF0/1 — All registers
SIOF0/1 — All registers
EtherC, E-DMAC — All registers
DMAC — All registers

Rev. 2.00 Dec. 07, 2005 Page 303 of 950
RENESAS REJ09B0079-0200



Section 10 Power-Down Modes

The procedure for switching to software standby mode is as follows:

1. Clear the TME bit in the WDT’ stimer control register (WTCSR) to O to stop the WDT.

2. Setthe WDT'stimer counter (WTCNT) to 0 and the CKS2 to CKS0 hitsin WTCSR to
appropriate values to secure the specified oscillation settling time.

3. After the STBY bitin STBCRisset to 1, a SLEEP instruction is executed.

4. Software standby mode is entered and the clocks within the chip are halted. The STATUSL1
and STATUSO pins output low and high, respectively.

Canceling Softwar e Standby M ode: Software standby mode is canceled by an interrupt (NMI,
IRQ, IRL, or RTC) or areset.

e Canceling with an Interrupt

The on-chip WDT can be used for hot starts. When the chip detects an NMI, IRQ**, IRL**, or
RTC*" interrupt, the clock will be supplied to the entire chip and software standby mode canceled
after the time set in the WDT’ s timer control/status register has elapsed. The STATUSL and
STATUSO pins go low. Interrupt exception handling then begins and a code indicating the
interrupt sourceisset in INTEVT and INTEVT2. After the branch to the interrupt handling
routine, clear the STBY bit in STBCR. The WDT stops automaticaly. If the STBY bit is not
cleared, the WDT continues operation and a transition is made to software standby mode** when
WTCNT reaches H'80. A manual reset is not accepted until the STBY bit is cleared to O.

Interrupts are accepted in software standby mode even when the BL bit in SR is 1. If necessary,
save SPC and SSR to the stack before executing the SLEEP instruction.

Immediately after an interrupt is detected, the phase of the CK IO pin clock output may be
unstable, until the software standby mode is canceled.

Notes: 1. Only when the RTC is used, software standby mode can be canceled by an IRQ, IRL,
or RTC.

2. This standby mode can be canceled only by a power-on reset.
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Interrupt WDT overflow and branch to
request interrupt handling routine
Crystal resonator settling Clear bit STBCR.STBY before
time and PLL synchronization WTCNT reaches H'80. When
time STBCR. STBY is cleared, WTCNT
WTCNT value \4 halts automatically.
A < > < >
H'FF
H'80

P Time

Figure10.1 Canceling Standby Modewith STBCR.STBY

e Canceling with a Reset

Software standby mode is canceled by areset (power-on or manual). Keep the RESETP or
RESETM pin low until the clock oscillation settles. Theinternal clock will continue to be output
to the CKIO pin.

10.3.3 Module Standby Function

Transition to Module Standby Function: Setting each MSTP bit in the standby control registers
to 1 halts the supply of clocks to the corresponding on-chip peripheral modules. This function can
be used to reduce the power consumption in normal or sleep mode. Before a transition is made, the
module should be disabled.

In the modul e standby state, the functions of the external pins of the on-chip peripheral modules
change depending on the on-chip peripheral module. For details, see section 1, Overview and Pin
Function. All of the register states are the same as those in standby mode. For details, see table
10.3.

Canceling M odule Standby Function: The module standby function can be canceled by clearing
the MSTP bitsto O, or by a power-on reset.

To cancel the module standby function by clearing the corresponding MSTP bit to O, read the
MSTP hit to check the MSTP bit was cleared correctly.
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10.34

STATUS Pin Change Timings

The STATUSL and STATUSO pin change timings are shown below.

Reset:

e Power-on reset

CKIO |||||||||||(
CKlIO2
e —- ! !
RESETP PLL setting time |
*2 : Y | *1 : *2
STATUS normal ' X ' reset X normal
Oto5 Beyc *3 ' 0 to 30 Beyc*3 '

Notes: *1 reset : HH (STATUS1 = High, STATUSO = High)
*2 normal : LL (STATUS1 = Low, STATUSO = Low)
*3 Beyc : Bus clock cycle

Figure10.2 STATUS Output at Power-On Reset
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e Manual reset

v I YA I O

RESETM i

*2 *3
reset normal

><._._.--

STATUS normal“® : X
—: :_
IOchc~ *1xh 0 to 30 Beyc *4

Notes *1 :In manual reset, STATUS = HH (reset) after the current bus cycle is completed
and then internal reset is initiated.
*2 : reset: HH (STATUS1 = High, STATUSO = High)
*3:normal: LL (STATUS1 = Low, STATUSO = Low)
*4 : Beyc: Bus clock cycle

Figure10.3 STATUS Output at Manual Reset
Softwar e Standby M ode:

o Software standby modeis canceled by an interrupt

Oscillation stops Interrupt request WDT overflow

: : d
oo LML (IO L

——-
WDT count |

*2
X normal

STATUS normal*? X standby ™’ .

Notes: *1 standby : LH (STATUS1 = Low, STATUSO = High)
*2 normal : LL (STATUS1 = Low, STATUSO = Low)

Figure10.4 STATUS Output when Software Standby Mode is Canceled by I nterrupt
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e Software standby modeis canceled by a power-on reset

Oscillation stops Reset

| |
oo [T L] [TTTITITS

*1 : :
RESETP i | |
STATUS normal*4 X standby*k3 reset*2 E 4>f< normalik4
' 0 to 10 Beyc*® 0to 30 chc;5

Notes: *1 If a standby mode is canceled by a power on reset, the WDT stops counting.
RESETP must be kept low for the PLL oscillation stabilization time.
*2 reset: HH (STATUS1 = High, STATUSO = High)
*3 standby : LH (STATUS1 = Low, STATUSO = High)
*4 normal : LL (STATUS1 = Low, STATUSO = Low)
*5 Bceyc : Bus clock cycle

Figure10.5 STATUS Output when Software Standby Mode is Canceled by Power-on Reset

o Software standby mode is canceled by a manual reset

Oscillation stops Reset

b
oo, LI LI I I

RESETWM | I I

><_.__.__

*2 *4
reset X normal

~—
0to 20 Beyc*S

STATUS normal** X standby*®

Notes: *1  If a standby mode is canceled by a power on reset, the WDT stops counting.
RESETM must be kept low for the PLL oscillation stabilization time.
*2 reset: HH (STATUS1 = High, STATUSO = High)
*3  standby : LH (STATUS1 = Low, STATUSO = High)
*4 normal : LL (STATUS1 = Low, STATUSO = Low)
*5  Beyc : Bus clock cycle

Figure10.6 STATUS Output when Software Standby Mode is Canceled by Manual Reset
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Sleep Mode:

e Sleep mode is canceled by an interrupt

Interrupt request
CKIO2 | \
; 2
X normal

!
STATUS normal*? X sleep™’

Notes: *1 sleep : HL (STATUS1 = High, STATUSO = Low)
*2 normal : LL (STATUS1 = Low, STATUSO = Low)

Figure10.7 STATUS Output when Sleep Modeis Canceled by Interrupt

e Sleep mode is canceled by a power-on reset

Reset
campinipipinlpNinnnipieiaipinly
CKIO2

*1 ; | !
RESETP I | h | .
' ' '
' | '
' ' ' i '
U | '
STATUS normal** X sleep™® reset"” E X normal**
4 ' ' 0 '
H [ g :-:
0to 10 Beyc *5 0 to 30 Beyc *5

Notes: *1 If PLL1 multiplication rate changed by a power-on reset,
RESETP must be kept low for the oscillation stabilization time.
*2 reset : HH (STATUS1 = High, STATUSO = High)
*3 sleep : HL (STATUS1= High, STATUSO= Low)
*4 normal : LL (STATUS1 = Low, STATUSO = Low)
*5 Beyc : Bus clock cycle

Figure10.8 STATUS Output when Sleep Mode is Canceled by Power-on Reset
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e Sleep modeis canceled by a manual reset

Reset

cco LML LU LS L LS L

RESETM *'

'
\
'
'
'
\ *
sleep
d

STATUS normal™* X

3

X

*2
reset

x4
X normal

Notes: *1 RESETM must be kept low until STATUS = reset.
*2 reset:HH (STATUS1 = High, STATUSO = High)
*3 sleep:HL(STATUS1= High, STATUSO= Low)
*4 normal:LL (STATUS1 = Low, STATUSO = Low)
*5 Beyc:Bus clock cycle

0 to 80 Beyc*5

0 to 30 Beye *5

Figure10.9 STATUS Output when Sleep Modeis Canceled by Manual Reset
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Section 11  On-Chip Oscillation Circuits

111 Overview

The oscillator consists of aclock pulse generator (CPG) block and awatchdog timer (WDT)
block.

The CPG generates clocks supplied to this LS| and controls the power-down modes.

The WDT isasingle-channel timer that counts the clock settling time and is used when clearing
standby mode and temporary standbys, such as frequency changes. It can aso be used as an
ordinary watchdog timer or interval timer.

11.1.1 Features
The CPG has the following features:

e Seven clock modes: Selection of seven clock modes according to the frequency range to be
used and direct connection of crystal resonator or external clock input.

e Three clocks generated independently: An internal clock (16) for the CPU and cache; a
peripheral clock (Po) for the peripheral modules; and a bus clock (Bd = CKIO) for the external
businterface.

e Frequency change function: Internal and peripheral clock frequencies can be changed
independently using the PLL circuit and divider circuit within the CPG. Frequencies are
changed by software using frequency control register (FRQCR) settings.

e Power-down mode control: The clock can be stopped for sleep mode and standby mode and
specific modules can be stopped using the module standby function.

The WDT has the following features:

e Can beused to ensure the clock settling time:
Use the WDT to cancel standby mode and the temporary standbys which occur when the clock
frequency is changed.
e Can switch between watchdog timer mode and interval timer mode.
e Generatesinternal resetsin watchdog timer mode:
Internal resets occur after counter overflow.
Selection of power-on reset or manual reset.
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e Generatesinterruptsin interval timer mode:
Aninterval timer interrupt is generated after counter overflow.
e Selection of eight counter input clocks
Eight clocks in which peripheral clocks are divided (x 1 to x 1/4096) can be selected.
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11.2 Overview of CPG

11.21  CPG Block Diagram

A block diagram of the on-chip clock pulse generator is shown in figure 11.1.

Clock pulse generator

Divider 1
———————>»| [ PLLaircuit 1 X1 >
> (x1.2,9) ;ilg >——> I(m«)ernal clock
CKIO Zi<} [ X 1/4
x 1/6
ckioz2 [R——~<F——
=
A .
Crystal Z——>» Busclock
Z]— = B¢=CKIO
XTAL m PLL circuit 2 - (® )
1,2,4
EXTAL|Z— (1.2,4) »
}4) Peripheral clock
> (Po)
TCPG control unit T
Clock frequency Standby control
control circuit circuit
FRQCR | STBCR | | STBCR2 || STBCR3 |
A A A A
Y Y Y Y
( Bus interface )
A
Y
Internal bus
[Legend]

FRQCR: Frequency control register
STBCR: Standby control register

STBCR2: Standby control register 2
STBCR3: Standby control register 3

Figure11l.1 Block Diagram of CPG
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The clock pulse generator blocks function as follows:

1

PLL Circuit 1: PLL circuit 1 doubles, triples, or leaves unchanged the input clock frequency
from the CK10O terminal. The multiplication rate is set by the frequency control register. When
thisis done, the phase of therising edge of the internal clock is controlled so that it will
synchronize with the phase of the rising edge of the CKI10 pin.

PLL Circuit 2: PLL circuit 2 doubles, quadruples, or leaves unchanged the input clock
frequency from the crysta oscillator or EXTAL pin. The multiplication ratio isfixed by the
clock operating modes. The clock operating modesis set by pins MDO, MD1, and MD2. See
table 11.2 for more information on clock operating modes.

Crystal Oscillator: This oscillator is used when acrystal resonator is connected to the X TAL
and EXTAL pins. This crystal oscillator operates according to the clock operating mode
Setting.

Divider 1: Divider 1 generates a clock at the operating frequency used by the internal or
peripheral clock. The operating frequency of the internal clock (1¢) can be 1, 1/2, or /3 times
the output frequency of PLL circuit 1, aslong asit stays at or above the clock frequency of the
CKIO pin. The operating frequency of the peripheral clock (P) can be 1/2, 1/3, 1/4, or 1/6
times the output frequency of PLL circuit 1 within 8.34 MHz < P$ < 33.34 MHz. Thedivision
ratio is set in the frequency control register.

Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MD pins and the frequency control register.

Standby Control Circuit: The standby control circuit controls the state of the on-chip oscillator
and other modules during clock switching or in sleep or standby mode.

Frequency Control Register: The frequency control register has control bits assigned for the
following functions: clock output/non-output from the CKIO pin, the frequency multiplication
ratio of PLL circuit 1, and the frequency division ratio of the internal clock and the peripheral
clock.

Standby Control Register: The standby control register has bits for controlling the power-down
modes. See section 10, Power-Down Modes, for more information.
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11.2.2

I nput/Output Pins

Table 11.1 lists the CPG pins and their functions.

Table11.1 Pin Configuration

Pin Name

Abbreviation 1/0

Description

Mode control pins

| Set the clock operating mode.

| Set the clock operating mode.

| Set the clock operating mode.

Crystal oscillator
pins (clock input
pins)

(0] Connects a crystal oscillator.

| Connects a crystal oscillator. Also used to input an
external clock.

Clock 1/0 pin

I0  Inputs or outputs an external clock.

Clock output pin

(0] Outputs an external clock.

Note: To prevent device malfunction, the value of the mode control pin is sampled only by a

power-on reset.

11.3  Clock Operating Modes

Table 11.2 shows the relationship between the mode control pins (MD2 to MDO) combinations
and the clock modes. Table 11.3 shows the available combinations of the values of the clock
modes and frequency control register (FRQCR).

Table11.2 Clock Operating M odes

Pin Values Clock 110 PLL2 PLL1 CKIO
Mode MD2 MD1 Source Output On/Off On/Off Frequency
0 0 0 EXTAL CKIO ON ON (EXTAL)
CKIO2 (x 1) (x1,2,3)
1 0 0 EXTAL CKIO ON ON (EXTAL) x 4
CKIO2 (x 4) (x1,2,3)
2 0 1 Crystal CKIO ON ON (Crystal) x 4
resonator ckj02  (x 4) (x1,2,3)
4 1 0 Crystal CKIO ON ON (Crystal)
resonator ckj02  (x 1) (x1,2,3)

RENESAS
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Pin Values Clock 1/0 PLL2 PLL1L CKIO
Mode MD2 MD1 MDO Source Output On/Off On/Off Frequency
5 1 0 1 EXTAL CKIO ON ON (EXTAL) x 2
CKIO2 (x2) (x1,2,3)
6 1 1 0 Crystal CKIO ON ON (Crystal) x 2
resonator ckjo2  (x 2) (x1,2,3)
7 1 1 1 CKIO — OFF ON (CKIO)
(x1,2,3)
Mode 0: An external clock is input from the EXTAL pin and undergoes waveform shaping by PLL

Mode 1:

Mode 2:

Mode 4:

Mode 5:

Mode 6:

Mode 7:

circuit 2 before being supplied inside this LSI. An input clock frequency of 33.3 MHz to
66.67 MHz can be used, and the CKIO frequency range is 33.3 MHz to 66.67 MHz.

An external clock is input from the EXTAL pin and its frequency is multiplied by 4 by PLL
circuit 2 before being supplied inside this LSI, allowing a low-frequency external clock to
be used. An input clock frequency of 10.00 MHz to 16.67 MHz can be used, and the
CKIO frequency range is 40.00 MHz to 66.67 MHz.

The on-chip crystal oscillator operates, with the oscillation frequency being multiplied by 4
by PLL circuit 2 before being supplied inside this LSI, allowing a low-frequency external
clock to be used. A crystal oscillation frequency of 10.00 MHz to 16.67 MHz can be used,
and the CKIO frequency range is 40.00 MHz to 66.67 MHz.

The on-chip crystal oscillator operates and undergoes waveform shaping by PLL circuit 2
before being supplied inside this LSI. A crystal oscillation frequency of 33.34 MHz to
48.00 MHz can be used, and the CKIO frequency range is 33.34 MHz to 48.00 MHz.

An external clock is input from the EXTAL pin and its frequency is multiplied by 2 by PLL
circuit 2 before being supplied inside this LSI, allowing a low-frequency external clock to
be used. An input clock frequency of 16.67 MHz to 33.34 MHz can be used, and the
CKIO frequency range is 33.34 MHz to 66.67 MHz.

The on-chip crystal oscillator operates, with the oscillation frequency being multiplied by 2
by PLL circuit 2 before being supplied inside this LSI, allowing a low-frequency clock to
be used. A crystal oscillation frequency of 10.00 MHz to 16.67 MHz can be used, and the
CKIO frequency range is 40.00 MHz to 66.67 MHz

In this mode, the CKIO pin is an input, an external clock is input to this pin, and
undergoes waveform shaping and also frequency multiplication according to the setting,
by PLL circuit 1 before being supplied to this LSI. As PLL circuit 1 compensates for
fluctuations in the CKIO pin load, this mode is suitable for connection of synchronous
DRAM.
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Table11.3 Possible Combination of Clock M ode and FRQCR Values

Clock Frequency Range of
FRQCR PLL PLL Ratio* Input Clock and Frequency Range of
Mode Value Circuit1 Circuit2 (I:B:P) Crystal Resonator CKIO Pin
0 1001 On(x1) On(x1) 1:1:1/2 33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
1002 On(x1) On(x1) 1:1:1/3 33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
1003 On(x1) On(x1) 1:1:1/4 33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
1103 On(x2) On(x1) 2:1:1/2 33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
1104 On(x2) On(x1) 2:1:1/3 33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
1204 On(x3) On(x1) 3:1:1/2 33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
1,2 1001 On(x1) On(x4) 442 10.00 MHz to 40.00 MHz to 66.67
16.67 MHz MHz
1002 On(x1) On(x4) 4:4:4/3 10.00 MHz to 40.00 MHz to 66.67
16.67 MHz MHz
1003 On(x1) On((x4) 4:4:1 10.00 MHz to 40.00 MHz to 66.67
16.67 MHz MHz
1103 On(x2) On((x4) 8:4:2 10.00 MHz to 40.00 MHz to 66.67
16.67 MHz MHz
1104 On(x2) On(x4) 8:4:4/3 10.00 MHz to 40.00 MHz to 66.67
16.67 MHz MHz
1204 On(x3) On(x4) 12:4:2 10.00 MHz to 40.00 MHz to 66.67
16.67 MHz MHz
4 1001 On(x1) On(x1) 1:1:1/2 33.34 MHz to 33.34 MHz to 48.00
48.00 MHz MHz
1002 On(x1) On(x1) 1:1:1/3 33.34 MHz to 33.34 MHz to 48.00
48.00 MHz MHz
1003 On(x1) On(x1) 1:1:1/4 33.34 MHz to 33.34 MHz to 48.00
48.00 MHz MHz
1103 On(x2) On(x1) 2:1:1/2 33.34 MHz to 33.34 MHz to 48.00
48.00 MHz MHz
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Clock  Frequency Range of
FRQCR PLL PLL Ratio* Input Clock and Frequency Range of
Mode Value Circuit 1 Circuit 2 (:B:P) Crystal Resonator  CKIO Pin
4 1104 On(x2) On(x1) 2:1:1/3 33.34 MHzto 33.34 MHz to 48.00
48.00 MHz MHz
1204 On(x3) On(x1) 3:1:1/2 33.34 MHz to 33.34 MHz to 48.00
48.00 MHz MHz
5 1001 On(x1) On((x2) 2:2:1 16.67 MHz to 33.34 MHz to 66.67
33.34 MHz MHz
1002 On(x1) On(x2) 2:2:2/3 16.67 MHzto 33.34 MHz to 66.67
33.34 MHz MHz
1003 On(x1) On(x2) 2:22:1/2 16.67 MHzto 33.34 MHz to 66.67
33.34 MHz MHz
1103 On(x2) On((x2) 4:2:1 16.67 MHz to 33.34 MHz to 66.67
33.34 MHz MHz
1104 On(x2) On(x2) 4:2:2/3 16.67 MHzto 33.34 MHz to 66.67
33.34 MHz MHz
1204 On(x3) On((x2) 6:2:1 16.67 MHz to 33.34 MHz to 66.67
33.34 MHz MHz
6 1001 On(x1) On((x2) 2:2:1 16.67 MHz to 33.34 MHz to 66.67
33.34 MHz MHz
1002 On(x1) On(x2) 2:2:2/3 16.67 MHzto 33.34 MHz to 66.67
33.34 MHz MHz
1003 On(x1) On(x2) 2:2:1/2 16.67 MHzto 33.34 MHz to 66.67
33.34 MHz MHz
1103 On(x2) On((x2) 4:2:1 16.67 MHz to 33.34 MHz to 66.67
33.34 MHz MHz
1104 On(x2) On(x2) 4:2:2/3 16.67 MHzto 33.34 MHz to 66.67
33.34 MHz MHz
1204 On(x3) On((x2) 6:2:1 16.67 MHz to 33.34 MHz to 66.67
33.34 MHz MHz
7 1001 On (x1) Off 1:1:1/2  33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
1002 On (x1) Off 1:1:1/3  33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
1003 On (x1) Off 1:1:1/4 33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz
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Mode

Clock Frequency Range of
FRQCR PLL PLL Ratio* Input Clock and Frequency Range of
Value Circuit 1 Circuit2 (I:B:P)  Crystal Resonator  CKIO Pin

1103 On (x2)  Off 2:1:1/2  33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz

1104 On (x2) Off 2:1:1/3  33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz

1204 On (x3)  Off 3:1:1/2  33.34 MHz to 33.34 MHz to 66.67
66.67 MHz MHz

Notes: *

The input clock is 1.

Maximum frequency: I¢ = 200.00 MHz, B¢ (CKIO) = 66.67 MHz, P¢ = 33.34 MHz

Use the CKIO frequency within 33.34 MHz < CKIO < 66.67 MHz.

The input to divider 1 is the output of PLL circuit 1.

Use the internal clock frequency within 33.34 MHz < 1¢p < 200.00 MHz.

The internal clock frequency is the product of the frequency of the CKIO pin, the
frequency multiplication ratio of PLL circuit 1 selected by the STC bit in FRQCR, and
the division ratio selected by the IFC bit in FRQCR.

Do not set the internal clock frequency lower than the CKIO pin frequency.

Use the peripheral clock frequency within 8.34 MHz < P¢ < 33.34 MHz.

The peripheral clock frequency is the product of the frequency of the CKIO pin, the
frequency multiplication ratio of PLL circuit 1 selected by the STC bit in FRQCR, and
the division ratio selected by the PFC bit in FRQCR.

Do not set the peripheral clock frequency higher than the frequency of the CKIO pin.

x 1, x 2, or x 3 can be used as the multiplication ratio of PLL circuit 1. x 1, x 1/2, or x 1/3
can be selected as the division ratio of an internal clock. x 1/2, x 1/3, x 1/4, or

x 1/6 can be selected as the division ratio of a peripheral clock. Set the rate in FRQCR.
The output frequency of PLL circuit 1 is the product of the CKIO frequency and the
multiplication ratio of PLL circuit 1. Use the output frequency under 200.00 MHz.
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114  Register Description

The CPG has the following register. For details on register addresses and register access size, refer
to section 24, List of Registers.

e Frequency control register (FRQCR)

1141  Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-hit readable/writable register used to specify
whether aclock is output from the CKI1O pin, the frequency multiplication ratio of PLL circuit 1,
and the frequency division ratio of theinternal clock and the peripheral clock.

Only word access can be used on the FRQCR register. FRQCR isinitialized to H’ 1003 by a
power-on reset, but retains its value in amanual reset and in standby mode.

The write valuesto bits 15 to 13, 11 to 10, 7 to 6, and 3 should always be 0.

Initial
Bit Bit Name Value R/W Description
15013 — All O R Reserved

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

12 CKOEN 1 R/W Clock Output Enable

CKOEN specifies whether a clock is output from the
CKIO pin or the CKIO pin is placed in the level-fixed
state in the standby mode, CKIO pin is fixed at low
during STATUS 1 =L, and STATUSO = H, when
CKOEN is set to 0. Therefore, the malfunction of an
external circuit because of an unstable CKIO clock in
releasing the standby mode can be prevented. The
CKIO pin becomes to input pin regardless of the
value of the CKOEN bit in clock operating mode 7.

0: CKIO pin goes to low level state in standby mode.
1: Clock is output from CKIO pin

11 — 0 R Reserved

10 — 0 R These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W Description
9 STC1 0 R/W Frequency Multiplication Ratio of PLL Circuit 1
8 STCO 0 R/W 00: x 1 time
01: x 2 times
10: x 3 times
11: Reserved (setting prohibited)
— R Reserved
— R These bits are always read as 0. The write value
should always be 0.
5 IFC1 R/W Internal Clock Frequency Division Ratio
IFCO R/W These bits specify the frequency division ratio of the
internal clock (l¢) with respect to the output frequency
of PLL circuit 1.
00: x 1 time
01: x 1/2 time
10: x 1/3 time
11: Reserved (setting prohibited)
3 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
2 PFC2 0 R/W Peripheral Clock Frequency Division Ratio
1 PFC1 1 R/W These bits specify the division ratio of the peripheral
0 PECO 1 R/W clock (P¢) frequency with respect to the output

frequency of PLL circuit 1.

001: x 1/2 time

010: x 1/3 time

011: x 1/4 time

100: x 1/6 time

Other than above: Reserved (setting prohibited)

RENESAS
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115 Changing Frequency

The frequency of the internal clock and peripheral clock can be changed either by changing the
multiplication rate of PLL circuit 1 or by changing the division rates of divider 1. All of these are
controlled by software through FRQCR. The methods are described below.

1151 Changing Multiplication Rate

A PLL settling time is required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

1
2.

Intheinitial state, the multiplication rate of PLL circuit 1is 1.

Set avalue that will become the specified oscillation settling time in the WDT and stop the
WDT. The following must be set:

TME bitin WTCSR = 0: WDT stops

CKS2 to CKS0 bitsin WTCSR: Division ratio of WDT count clock

WTCNT: Initial counter value

Set the desired value in the STC1 and STCO bits. The division ratio can aso be set in the IFC1
and IFCO bits and PFC2 to PFCO hits.

The processor pauses internally and the WDT starts incrementing. The internal and peripheral
clocks both stop and the WDT is supplied with the clock. The clock will continue to be output
at the CKI10O pin.

Supply of the clock that has been set begins at WDT count overflow, and the processor begins
operating again. The WDT stops after it overflows.

11.5.2 Changing Division Ratio

The WDT will not count unless the multiplication rate is changed simultaneously.

1
2.

Intheinitial state, IFC1 and IFCO = 00 and PFC2 to PFCO = 011.

Set the IFC1, IFCO, and PFC2 to PFCO bits to the new division ratio. The values that can be set
are limited by the clock mode and the multiplication rate of PLL circuit 1. Note that if the
wrong value is set, the processor will malfunction.

The clock isimmediately supplied at the new division ratio.
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11.6 Overview of WDT

11.6.1 Block Diagram of WDT

Figure 11.2 shows a block diagram of the WDT.

WDT
Standby Standby |« Standby
cancellation ~ control  |e— mode
3 | Peripheral
14 I clock
Internal .
reset Reset |« | Divider
| Lo | T
t
reques 3 Clock selection
v Clock selector
Interrupt _ Interrupt |« Overflow lCI .
request control <_| oc
A4
WTCSR WTCNT
( Bus interface )
- ? » Peripheral bus
[Legend]

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure11.2 Block Diagram of WDT
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11.7 Register Descriptionsof WDT

The WDT has the following two registers that select the clock, switch the timer mode, and
perform other functions. For details on register addresses and register access size, refer to section
24, List of Registers.

e Watchdog timer counter (WTCNT)
e Watchdog timer control/status register (WTCSR)

11.7.1 Watchdog Timer Counter (WTCNT)

WTCNT is an 8-bit readable/writable counter. WTCNT increments on the selected clock. When
an overflow occurs, it generates areset in watchdog timer mode and an interrupt in interval time
mode. WTCNT isinitialized to H'00 only by a power-on reset through the RESETP pin. Usea
word access to write to WTCNT, with H'5A in the upper byte. Use abyte accessto read WTCNT.

Note: WTCNT differs from other registersin that it is more difficult to write to. See section
11.7.3, Notes on Register Access, for details.

11.7.2  Watchdog Timer Control/Status Register (WTCSR)

WTCSR is an 8-hit readabl e/writable register composed of bits to select the clock used for the
count, bits to select the timer mode, and overflow flags.

WTCSR isinitialized to H'00 only by a power-on reset through the RESETP pin. When aWDT
overflow causes an internal reset, WTCSR retains its value. When used to count the clock settling
time for canceling a standby, it retains its value after counter overflow.

Use aword accessto write to WTCSR, with H'A5 in the upper byte. Use a byte access to read
WTCSR.

Note: WTCSR differs from other registersin that it is more difficult to write to. See section
11.7.3, Notes on Register Access, for details.
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Initial
Bit Bit Name Value R/W Description
7 TME 0 R/W Timer Enable
Starts and stops timer operation. Clear this bit to O
when using the WDT in standby mode or when
changing the clock frequency.
0: Timer disabled: Count-up stops and WTCNT value
is retained
1: Timer enabled
6 WTAT 0 R/W Timer Mode Select
Selects whether to use the WDT as a watchdog timer
or an interval timer.
0: Use as interval timer
1: Use as watchdog timer
Note: If WT/IT is modified when the WDT is running,
the up-count may not be performed correctly.
5 RSTS 0 R/W Reset Select
Selects the type of reset when the WTCNT overflows
in watchdog timer mode. In interval timer mode, this
setting is ignored.
0: Power-on reset
1: Manual reset
4 WOVF 0 R/W Watchdog Timer Overflow
Indicates that the WTCNT has overflowed in
watchdog timer mode. This bit is not set in interval
timer mode.
0: No overflow
1: WTCNT has overflowed in watchdog timer mode
3 IOVF 0 R/W Interval Timer Overflow

Indicates that the WTCNT has overflowed in interval
timer mode. This bit is not set in watchdog timer
mode.

0: No overflow
1: WTCNT has overflowed in interval timer mode
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Initial
Bit Bit Name Value R/W Description
2 CKS2 0 R/W Clock Select2t0 0
CKSH1 0 R/W These bits select the clock to be used for the WTCNT
0 CKSO 0 R/W count from the eight types obtainable by dividing the

peripheral clock. The overflow period in the table is
the value when the peripheral clock (P¢) is 15 MHz.

Clock Clock Overflow Period
Select |Division Ratio| (when P$=15MHz)

000 1 17 ps

001 1/4 68 us

010 1/16 273 us

011 1/32 546 ps

100 1/64 1.09 ms

101 1/256 4.36 ms

110 1/1024 17.48 ms

111 1/4096 69.91 ms

Note: If bits CKS2 to CKSO0 are modified when the
WDT is running, the up-count may not be
performed correctly. Ensure that these bits are
modified only when the WDT is not running.

11.7.3  Noteson Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR) are
more difficult to write to than other registers. The procedure for writing to these registers are given
below.

Writingto WTCNT and WTCSR: These registers must be written by aword transfer
instruction. They cannot be written by a byte or longword transfer instruction.

When writing to WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data,
as shown in figure 11.3. When writing to WTCSR, set the upper byte to H'A5 and transfer the
lower byte as the write data. This transfer procedure writes the lower byte datato WTCNT or
WTCSR.
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WTCNT write
15 8 7 0
Address: H'A415FF84 H'5A Write data
WTCSR write
15 8 7 0
Address: H'A415FF86 ] H'A5 Write data

Figure11.3 Writingto WTCNT and WTCSR

11.8 Using WDT

11.81 Canceling Standbys

The WDT can be used to cancel standby mode with an interrupt such as an NMI. The procedure is
described below. (The WDT does not run when resets are used for canceling, so keep the RESETP
or RESETM pin low until the clock stabilizes.)

1.

Before transitioning to standby mode, always clear the TME bit in WTCSR to 0. When the
TME bitis 1, an erroneous reset or interval timer interrupt may be generated when the count
overflows.

Set the type of count clock used in the CKS2 to CK S0 bitsin WTCSR and the initial values for
the counter in WTCNT. These values should ensure that the time till count overflow islonger
than the clock oscillation settling time.

Move to standby mode by executing a SLEEP instruction to stop the clock.

The WDT starts counting by detecting the edge change of the NMI signal.

When the WDT count overflows, the CPG starts supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set at thistime.

Since the WDT continues counting from H'00, clear the STBY hitin STBCR to 0 in the
interrupt processing program and this will stop the WDT. When the STBY bit remains 1, the
LSl again enters the standby mode when the WDT has counted up to H'80. This standby mode
can be canceled by power-on resets.
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11.8.2 Changing Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only by
switching the divider, do not use the WDT.

1. Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME bit
is1, an erroneous reset or interval timer interrupt may be generated when the count overflows.

2. Set the type of count clock used in the CKS2 to CKS0 bitsin WTCSR and the initial values for
the counter in WTCNT. These values should ensure that the time till count overflow islonger
than the clock oscillation settling time.

3. When the frequency control register (FRQCR) is written, the processor stop temporarily. The
WDT starts counting.

4. When the WDT count overflows, the CPG resumes supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set at thistime.

5. The counter stops at the values H'00.

6. Before changing the WTCNT after the execution of the frequency change instruction, aways
confirm that the value of the WTCNT is H'00 by reading the WTCNT.

11.8.3 Using Watchdog Timer Mode

1. Setthe WT/IT bitin WTCSR to 1, set the reset type in the RSTS bit, set the type of count
clock in the CKS2 to CK SO0 bits, and set the initial value of the counter in WTCNT.

2. Setthe TME bit in WTCSR to 1 to start the count in watchdog timer mode.

3. While operating in watchdog timer mode, rewrite the counter periodically to H'00 to prevent
the counter from overflowing.

4. When the counter overflows, the WDT sets the WOVF flag in WTCSR to 1 and generates the
type of reset specified by the RSTS bit. The counter then resumes counting.

11.84 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow of
the counter. This enables interrupts to be generated at set periods.

1. Clear the WT/IT bitin WTCSR to 0, set the type of count clock in the CK S2 to CK S0 bits, and
set the initial value of the counter in WTCNT.

2. Setthe TME bit in WTCSR to 1 to start the count in interval timer mode.

3. When the counter overflows, the WDT sets the IOVF flag in WTCSR to 1 and an interval
timer interrupt request is sent to INTC. The counter then resumes counting.
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11.9 Noteson Board Design

When Using an External Crystal Resonator: Place the crystal resonator, capacitors CL1 and
CL 2, and damping resistor R close to the EXTAL and XTAL pins. To prevent induction from
interfering with correct oscillation, use a common grounding point for the capacitors connected to
the resonator, and do not locate awiring pattern near these components.

Avoid crossing
signal lines

This LSI

Note: The values for CL1, CL2, and the damping resistance should be determined after
consultation with the crystal manufacturer.

Figure11.4 Pointsfor Attention when Using Crystal Resonator

Bypass Capacitors. Insert alaminated ceramic capacitor as a bypass capacitor for each Vss/VssQ
and Vcc/VecQ pair. Mount the bypass capacitors to the power supply pins, and use components
with afrequency characteristic suitable for the operating frequency of the LSI, aswell as a suitable
capacitance value.

Pin assignments of HQFP2828-256 (FP-256G/GV)

Vss/VssQ and Vee/VeeQ pair of digital circuitry

3and 4, 13 and 14, 15 and 16, 25 and 26, 35 and 36, 43 and 44, 49 and 50, 57 and 58, 72 and
73, 81 and 82, 83 and 84, 92 and 93, 99 and 100, 107 and 108, 113 and 114, 121 and 122, 136
and 137, 146 and 147, 148 and 149, 158 and 159, 167 and 168, 176 and 177, 185 and 186, 191
and 192, 206 and 207, 208 and 209, 221 and 222, 227 and 228, 235 and 236, 241 and 242

Vss/VssQ and Vee/VeeQ pair of the on-chip oscillator
193 and 196, 251 and 252, 253 and 254
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Pin assignments of P-LFBGA1717-256 (BP-256H/HV)

Vss/VssQ and Vee/VeeQ pair of digital circuitry

D2-B1, E1-F4, G2-G3, J2-M4, L3-L2, N3-N2, R4-P2, U2-W1, V4-Y 4, Y6-U7, W8-V8, V10-
w10, V11-w11, V13-W13, U15-W14, W17-Y 19, U18-U20, P17-N19, N18-P20, L 17-L.20,
J18-J19, E20-F17, D19-B20, C19-A20, D15-B14, C14-A15, B11-D11, C10-B10, C8-B8, D6-
B7

Vss/VssQ and Vee/VeeQ pair of the on-chip oscillator
B19-A19, C3-B5, and C5-C4

When Using a PLL Oscillator Circuit: Keep thewiring from the PLL Vcc and PLL Vss
connection pattern to the power supply pins short, and make the pattern width large, to minimize
the inductance component.

Connect the EXTAL pinto VceQ or VssQ and make the X TAL pin open in clock mode 7.

The analog power supply system of the PLL is sensitive to anoise. Therefore the system
malfunction may occur by the intervention with other power supply. Do not supply the analog
power supply with the same resource as the digital power supply of Vcc and VecQ.

Avoid crossing

signal line
Vee(PLL2) _L:
] Power
TE Vee supply
Vss(PLL2) .
Veo(PLL1) _L
] Vss
Vss(PLL1) -|_

Figure11.5 Pointsfor Attention when Using PLL Oscillator Circuit
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Section 12 Bus State Controller (BSC)

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. The BSC functions enable this LS|
to connect directly with SRAM, SDRAM, and other memory storage devices, and external
devices.

12.1 Features
The BSC has the following features:

1. External address space

e A maximum 32 or 64 Mbytes for each of the eight areas, CS0, CS2 to CS4, CS5A, CS5B,
CS6A and CS6B, totally 384 Mbytes (divided into eight areas).

e A maximum 64 Mbytes for each of the six areas, CS0, CS2 to C$4, CS5, and CS6, totally a
total of 384 Mbytes (divided into six areas).

e Can specify the normal space interface, byte-selection SRAM, burst ROM (clock synchronous
or asynchronous), SDRAM, PCMCIA for each address space.

e Can select the data bus width (8, 16, or 32 hits) for each address space.
e Controlstheinsertion of the wait state for each address space.
e Controlstheinsertion of the wait state for each read access and write access.

e Can set theindependent idling cycle in the continuous access for five cases: read-write (in
same space/different space), read-read (in same space/different space), or thefirst cycleisa
write access.

2. Normal space interface
e Supports the interface that can directly connect to the SRAM.

3. Burst ROM (clock asynchronous) interface
e High-speed access to the ROM that has the page mode function.

4. SDRAM interface

e Can set the SDRAM inup to 2 areas.

e Multiplex output for row address/column address.
o Efficient access by single read/single write.

o High-speed access by bank-active mode.

e Supports an auto-refresh and self-refresh.
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5. Byte-selection SRAM interface
e Can connect directly to a byte-selection SRAM.

6. PCMCIA direct interface
e Supports IC memory cards and I/O card interfaces defined in the JEIDA specifications Ver 4.2
(PCMCIA2.1 Rev 2.1).

e Controlsthe insertion of the wait state using software.
e Supports the bus sizing function of the I/O bus width (only in little endian mode).

7. Burst ROM (clock synchronous) interface
e Can connect directly to aburst ROM of the clock synchronous type.

8. Busarbitration
e Sharesall of the resources with other CPU and outputs the bus enabl e after receiving the bus
request from external devices.

9. Refresh function

e Supports the auto-refresh and self-refresh functions.

o Specifiestherefresh interval using the refresh counter and clock selection.

e Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8).

10. Interval timer using refresh counter
e Generates an interrupt request by a compare match.

The block diagram of the BSC is shown in figure 12.1.
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CMNCR: Common control register
CSnWCR: CSn space wait control register (n = 0, 2, 3, 4, 5A, 5B, 6A, 6B)
CSnBCR: CSn space bus control register (n =0, 2, 3, 4, 5A, 5B, 6A, 6B)
SDCR: SDRAM control register
RTCSR: Refresh timer control/status register
RTCNT:  Refresh timer counter
RTCOR: Refresh time constant register

Figure12.1 Block Diagram of BSC
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12.2  Input/Output Pins

The configuration of pinsin this module is shown in table 12.1.

Table12.1 Pin Configuration

Name /0 Function

A25 to AO O  Address bus
D31 to DO I/O Data bus

BS O Buscycle start

Asserted when a normal space, burst ROM (clock
synchronous/asynchronous), or PCMCIA is accessed. Asserted by the
same timing as CAS in SDRAM access.

CS0, CS2to CS4 O  Chip select

CS5A O  Chip select
Active only for address map 1

CS5B/CE1A O  Chip select
Corresponds to PCMCIA card select signals D7 to DO when the
PCMCIA is used.

CE2A O  Corresponds to PCMCIA card select signals D15 to D8 when the
PCMCIA is used.

CS6A O  Chip select
Active only for address map 1

CS6B/CE1B O  Chip select
Corresponds to PCMCIA card select signals D7 to DO when the
PCMCIA is used.

CE2B O  Corresponds to PCMCIA card select signals D15 to D8 when the
PCMCIA is used.

RD/WR O Read/write
Connects to WE pins when SDRAM or byte-selection SRAM is
connected.

RD O Read pulse signal (read data output enable signal)

A strobe signal to indicate the memory read cycle when the PCMCIA is
used.
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Name /0 Function

WES3(BE3)/ICIOWR O Indicates that D31 to D24 are being written to.

Connected to the byte select signal when a byte-selection SRAM is
connected.

Functions as the 1/O write strobe signal when the PCMCIA is used.

WE2(BE2)/ICIORD O Indicates that D23 to D16 are being written to.

Connected to the byte select signal when a byte-selection SRAM is
connected.

Functions as the I/O read strobe signal when the PCMCIA is used.

WE1(BE1)/WE O Indicates that D15 to D8 are being written to.
Connected to the byte select signal when a byte-selection SRAM is
connected.
Functions as the memory write strobe signal when the PCMCIA is
used.
WEO(BEO) O Indicates that D7 to DO are being written to.
Connected to the byte select signal when a byte-selection SRAM is
connected.
RAS O Connects to RAS pin when SDRAM is connected.
CAS O Connects to CAS pin when SDRAM is connected.
CKE O  Connects to CKE pin when SDRAM is connected.
I01S16 I PCMCIA 16-bit I/O signal
Valid only in little endian mode.
Make it into low level at the time of big endian mode.
DQMUU O  Connected to the DQMxx when the SDRAM is connected.
DQMUL DQMUU: Selects D31 to D24
DQMLU DQMUL: Selects D23 to D16
DQMLL DQMLU: Selects D15 to D8
DQMLL: Selects D7 to DO
WAIT I External wait input
BREQ I Bus request input
BACK O Bus acknowledge output
MD5 to MD3 | MD5: Selects data alignment (big endian or little endian)
MD4 and MD3: Specify area 0 bus width (8/16/32 bits)
REFOUT O Refresh request output when a bus is released
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12.3 AreaOverview

12.3.1 AreaDivision

In the architecture of this LSI, both logical spaces and physical spaces have 32-bit address spaces.
The upper three bits divide into the PO to P4 areas, and specify the cache access method. For
details see section 6, Cache. The remaining 29 bits are used for division of the space into ten areas
(address map 1) or eight areas (address map 2) according to the MAP bit in CMNCR setting. The
BSC performs control for this 29-bit space.

Aslisted in tables 12.2 and 12.3, this LS| can be connected directly to eight areas of memory, and

it outputs chip select signals (CS0, CS2 to CS4, CS5A, CS5B, CS6A, and CS6B) for each of them.
CS0 is asserted during area 0 access, CS5A is asserted during area 5A access when address map 1

is selected; and CS5B is asserted when address map 2 is selected.

12.3.2 Shadow Area

Areas 0, 2to 4, 5A, 5B, 6A, and 6B are decoded by physical addresses A28 to A25, which
correspond to areas 000 to 111. Address bits 31 to 29 are ignored. This means that the range of
area 0 addresses, for example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space
isthe address space in P1 to P3 areas obtained by adding to it H'20000000 x n (n= 1 to 6).

The address range for area 7 is H'1C000000 to H'1FFFFFFF. The address space H'1C000000 +
H'20000000 x n to H'1FFFFFFF + H'20000000 x n (n = 0 to 6) corresponding to the area 7
shadow space is reserved, so do not useit.

Area P4 (H'EO000000 to H'EFFFFFFF) isan I/O areaand is assigned for internal register
addresses. Therefore, area P4 does not become shadow space.
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Figure12.2 Address Space
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1233 AddressMap

The external address space has a capacity of 384 Mbytes and is used by dividing 8 partial spaces
(addressmap 1) or 6 partial spaces (address map 2). The kind of memory to be connected and the
data bus width are specified in each partial space. The address map for the external address space
islisted below.

Table12.2 AddressSpaceMap 1 (CMNCR.MAP =0)

Physical Address Area Memory to be Connected Capacity

H’00000000 to H'O3FFFFFF  Area 0 Normal memory*® 64 Mbytes
Burst ROM (Asynchronous)
Burst ROM (Synchronous)

H’04000000 to H'O7FFFFFF  Area 1 Internal I/O register area** 64 Mbytes
H’08000000 to H'OBFFFFFF  Area 2 Normal memory*® 64 Mbytes
Byte-selection SRAM
SDRAM
H’0C000000 to H'OFFFFFFF  Area 3 Normal memory*® 64 Mbytes
Byte-selection SRAM
SDRAM
H’10000000 to H'13FFFFFF  Area 4 Normal memory*® 64 Mbytes

Byte-selection SRAM
Burst ROM (Asynchronous)

H’14000000 to H'15FFFFFF  Area 5A Normal memory*° 32 Mbytes

H’16000000 to H'17FFFFFF ~ Area 5B Normal memory*® 32 Mbytes
Byte-selection SRAM

H’18000000 to H'19FFFFFF  Area 6A Normal memory*° 32 Mbytes

H’1A000000 to H'1BFFFFFF  Area 6B Normal memory*® 32 Mbytes
Byte-selection SRAM

H’1C000000 to H'1FFFFFFF  Area 7 Reserved area*’ 64 Mbytes

Notes: 1. Do not access the reserved area. If the reserved area is accessed, the correct
operation cannot be guaranteed.

2. Set the top three bits of the address to 101 to allocate in the P2 space.
3. Memory that has an interface such as SRAM.
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Table12.3 Address Space Map 2(CMNCR.MAP =1)

Physical Address

Area

Memory to be Connected

Capacity

H’00000000 to H'03FFFFFF

Area 0

Normal memory**
Burst ROM (Asynchronous)
Burst ROM (Synchronous)

64 Mbytes

H’04000000 to H'07FFFFFF

Area 1

Internal I/O register area*®

64 Mbytes

H’08000000 to H'OBFFFFFF

Area 2

Normal memory**
Byte-selection SRAM
SDRAM

64 Mbytes

H’0C000000 to H'OFFFFFFF

Area 3

Normal memory**
Byte-selection SRAM
SDRAM

64 Mbytes

H’10000000 to H'13FFFFFF

Area 4

Normal memory**
Byte-selection SRAM
Burst ROM (Asynchronous)

64 Mbytes

H’14000000 to H'17FFFFFF

Area 5*2

Normal memory**
Byte-selection SRAM
PCMCIA

64 Mbytes

H’18000000 to H'1BFFFFFF

Area 6*?

Normal memory**
Byte-selection SRAM
PCMCIA

64 Mbytes

H’1C000000 to H'1FFFFFFF

Area 7

Reserved area*'

64 Mbytes

Notes: 1. Do not access the reserved area. If the reserved area is accessed, the correct

operation cannot be guaranteed.

2. For area 5, CS5BBCR and CS5BWCR are valid.

For area 6, CS6BBCR and CS6BWCR are valid.
3. Set the top three bits of the address to 101 to allocate in the P2 space.
4. Memory that has an interface such as SRAM.
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1234 AreaOMemory Typeand Memory BusWidth

The memory bus width in this LS| can be set for each area. In area 0, external pins can be used to
select byte (8 bits), word (16 bits), or longword (32 hits) on power-on reset. The memory bus
width of the other areais set by the register. The correspondence between the memory type,
external pins (MD3, MD4), and bus width is listed in the table below.

Table12.4 Correspondence between External Pins (MD3 and M D4), Memory Type of CS0,
and Memory Bus Width

MD4 MD3 Memory Type Bus Width

0 0 Normal memory Reserved (Setting prohibited)
1 8 bits*

1 0 16 bits
1 32 bits

Note: * The bus width must not be specified as eight bits if the burst ROM (clock synchronous)
interface is selected.

1235 DataAlignment

This LS| supports the big endian and little endian methods of data alignment. The data alignment
is specified using the external pin (MD5) at power-on reset as shown in table 12.5.

Table12.5 Correspondence between External Pin (MD5) and Endians

MD5 Endian
0 Big endian
1 Little endian
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124  Register Descriptions

The BSC has the following registers. Refer to section 24, List of Registers, for the addresses and
access size for these registers.

Do not access spaces other than CS0 until the termination of the setting the memory interface.

Common control register (CMNCR)

Bus control register for area 0 (CSOBCR)

Bus control register for area 2 (CS2BCR)

Bus control register for area 3 (CS3BCR)

Bus control register for area 4 (CS4BCR)

Bus control register for area 5A (CS5ABCR)
Bus control register for area 5B (CS5BBCR)
Bus control register for area 6A (CS6ABCR)
Bus control register for area 6B (CS6BBCR)
Wait control register for area 0 (CSOWCR)
Wait control register for area 2 (CS2WCR)
Wait control register for area 3 (CS3WCR)
Wait control register for area 4 (CS4AWCR)
Wait control register for area 5A (CSSAWCR)
Wait control register for area 5B (CS5BWCR)
Wait control register for area 6A (CS6AWCR)
Wait control register for area 6B (CS6BWCR)
SDRAM control register (SDCR)

Refresh timer control/status register (RTCSR)**
Refresh timer counter (RTCNT)**

Refresh time constant register (RTCOR)**
SDRAM mode register for area 2 (SDMR2)**
SDRAM mode register for area 3 (SDMR3)*?

Notes: 1. Thisregister only accepts 32-bit writing to prevent incorrect writing. In this case, the

upper 16 bits of the data must be H'A55A. Otherwise, writing cannot be performed. In
reading, the upper 16 bits are read as H'0000.

2. The contents of thisregister are stored in SDRAM. When this register spaceis
accessed, the corresponding register in SDRAM iswritten to. For details, see
description of Power-on Sequence in section 12.5.5, SDRAM Interface.
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1241 Common Control Register (CMNCR)

CMNCR is a32-bit register that controls the common items for each area. Do not access external
memory other than area 0 until the CMNCR initialization is complete.

Initial
Bit Bit Name Value R/W Description
31to — All O R Reserved
15 These bits are always read as 0. The write value should

always be 0.

14 BSD 0 R/W Bus Access Start Timing Specification After Bus

Acknowledge

Specifies the bus access start timing after the external bus

acknowledge signal is received.

0: Starts the external access at the same timing as the
address drive start after the bus acknowledge signal is
received.

1: Starts the external access one cycle following the
address drive start after the bus acknowledge signal is
received.

13 — 0 R Reserved
This bit is always read as 0. The write value should always
be 0.

12 MAP 0 R/W Space Specification

Selects the address map for the external address space.

The address maps to be selected are shown in tables 12.2

and 12.3.

0: Selects address map 1.

1: Selects address map 2.

11 BLOCK 0 R/W Bus Lock Bit

Specifies whether or not the BREQ signal is received.
0: Receives BREQ.
1: Does not receive BREQ.
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Initial
Bit Bit Name Value R/W Description
10 DPRTY1 O R/W DMA Burst Transfer Priority
9 DPRTY0O O R/W Specify the priority for a refresh request/bus mastership
request during DMA burst transfer.
00: Accepts a refresh request and bus mastership request
during DMA burst transfer
01: Accepts a refresh request but does not accept a bus
mastership request during DMA burst transfer
10: Accepts neither a refresh request nor a bus mastership
request during DMA burst transfer
11: Reserved (Setting prohibited)
8 DMAIW2 0 R/W Wait States between Access Cycles when DMA Single
7 DMAIW1 0 R/W Address is Transferred
6 DMAIWO 0O R/W Specify the number of idle cycles to be inserted after an

access to an external device with DACK when DMA single
address transfer is performed. The method of inserting idle
cycles depends on the contents of DMAIWA.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycled inserted
100: 6 idle cycled inserted
101: 8 idle cycle inserted
110: 10 idle cycles inserted
111: 12 idle cycled inserted

5 DMAIWA 0 R/W Method of Inserting Wait States between Access Cycles
when DMA Single Address is Transferred

Specifies the method of inserting the idle cycles specified
by the DMAIW1 and DMAIWO bits. Clearing this bit will
make this LSl insert the idle cycles when another device,
which includes this LSI, drives the data bus after an
external device with DACK drove it. When the external
device with DACK drives the data bus continuously, idle
cycles are not inserted. Setting this bit will make this LSI
insert the idle cycles even when the continuous accesses
to an external device with DACK are performed.
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Initial
Bit Bit Name Value R/W Description
4 — 1 R Reserved
This bit is always read as 1. The write value should always
be 1.
3 ENDIAN  0/1* R Endian Flag

Samples the external pin for specifying endian on power-on

reset (MD5). All address spaces are defined by this bit.

This is a read-only bit.

0: The external pin for specifying endian (MD5) was low
level on power-on reset. This LSI is being operated as
big endian.

1: The external pin for specifying endian (MD5) was high
level on power-on reset. This LSI is being operated as
little endian.

2 CK2DRV 0 R/W CKIO2 Drive

Specifies whether the CKIO2 pin outputs a low level signal

or clock (Bo).

0: Outputs a low level signal
1: Outputs a clock (Bo)

1 HIZMEM O R/W High-Z Memory Control

Specifies the pin state in standby mode for A25 to AO, BS,
CSn, RD/WR, WEn (BEn)/DQMxx, and RD. When a bus is
released, these pins enter the high-impedance state
regardless of the setting of this bit.

0: High impedance in standby mode
1: Driven in standby mode

0 HIZCNT O R/W High-Z Control
Specifies the state in standby mode and bus released for
CKIO, CKIO2, CKE, RAS, and CAS.
0: High impedance in standby mode and bus released for
CKIO, CKIO2, CKE, RAS, and CAS.
1: Driven in standby mode and bus released for CKIO,
CKIO2, CKE, RAS, and CAS.

Note: If one of clock operating modes 4 to 6 is set, CKIO,
CKIO2, CKE, RAS, and CAS should be driven in
standby mode and bus released.

Note: * The external pin (MD5) for specifying endian is sampled on power-on reset. When big
endian is specified, this bit is read as 0 and when little endian is specified, this bit is
read as 1.
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12.4.2

CSn Space Bus Control Register (CSNBCR) (n=0, 2, 3, 4, 5A, 5B, 6A, 6B)

CSnBCR specifies the type of memory connected to each space, data-bus width of each space, and
the number of wait cycles between access cycles.

Do not access external memory other than area 0 until the CSnBCR initialization is completed.

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 Iww2 0 R/W Idle Cycles between Write-Read Cycles and Write-Write
20 wwi 1 Rw  Cyeles
o8 IWWO 1 R/W These bits specify the number of idle cycles to be inserted

after the access to a memory that is connected to the
space. The target access cycles are the write-read cycle
and write-write cycle.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

Rev. 2.00 Dec. 07, 2005 Page 345 of 950

RENESAS REJ09B0079-0200



Section 12 Bus State Controller (BSC)

Bit

Bit Name

Initial
Value

R/W

Description

27
26
25

IWRWD2
IWRWD1
IWRWDO

0
1
1

R/W
R/W
R/W

Idle Cycles for Another Space Read-Write

Specify the number of idle cycles to be inserted after the
access to a memory that is connected to the space. The
target access cycle is a read-write one in which continuous
accesses switch between different spaces.

000: No idle cycle inserted
001: 1 idle cycles inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

24
23
22

IWRWS2
IWRWSH
IWRWSO0

0
1
1

R/W
R/W
R/W

Idle Cycles for Read-Write in Same Space

Specify the number of idle cycles to be inserted after the
access to a memory that is connected to the space. The
target cycle is a read-write cycle of which continuous
accesses are for the same space.

000: No idle cycle inserted
001: 1 idle cycles inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name Value R/W Description
21 IWRRD2 O R/W Idle Cycles for Read-Read in Another Space
20 IWRRD1 1 R/W Specify the number of idle cycles to be inserted after the
19 IWRRDO 1 R/W access to a memory that is connected to the space. The
target cycle is a read-read cycle of which continuous
accesses switch between different space.
000: No idle cycle inserted
001: 1 idle cycles inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
18 IWRRS2 0 R/W Idle Cycles for Read-Read in Same Space
17 IWRRS1 1 R/W  Specify the number of idle cycles to be inserted after the
16 IWRRSO 1 R/W access to a memory that is connected to the space. The

target cycle is a read-read cycle of which continuous
accesses are for the same space.

000: No idle cycle inserted
001: 1 idle cycles inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Bit

Bit Name

Initial
Value

R/W

Description

15
14
13
12

TYPE3
TYPE2
TYPE1
TYPEO

0

0
0
0

R/W
R/W
R/W
R/W

Memory Type
Specify the type of memory connected to a space.

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:
Note:

Normal space

Burst ROM (clock asynchronous)
Reserved (setting prohibited)
Byte-selection SRAM

SDRAM

PCMCIA

Reserved (setting prohibited)
Burst ROM (clock synchronous)*?
Reserved (setting prohibited)
Reserved (setting prohibited)
Reserved (setting prohibited)
Reserved (setting prohibited)
Reserved (setting prohibited)

Reserved (setting prohibited)

Py

Reserved (setting prohibited)

Reserved (setting prohibited)

Memory type for area 0 immediately after reset is
normal space. The normal space, burst ROM (clock
asynchronous), or burst ROM (clock synchronous)
can be selected by these bits.

For details on memory type in each area, see tables 12.2
and 12.3.

11

Reserved

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

be 0.

Rev. 2.00 Dec. 07, 2005 Page 348 of 950

REJ09B0079-0200

RENESAS



Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W Description
10 BSz1 1% R/W  Data Bus Size
9 BSZ0 1% R/W Specify the data bus sizes of spaces.
00: Reserved (setting prohibited)
01: 8-bit size
10: 16-bit size
11: 32-bit size

Notes: 1. The data bus width for area 0 is specified by
the external pin. The BSZ1 and BSZO0 bit
settings in CSOBCR are ignored.

2. If area 5 or area 6 is specified as PCMCIA
space, the bus width can be specified as either
8 bits or 16 bits.

3. If area 2 or area 3 is specified as SDRAM
space, the bus width can be specified as either
16 bits or 32 bits.

8to0 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
Notes: 1. CSOBCR samples the external pins (MD3 and MD4) that specify the bus width at a
power-on reset.
2. The burst ROM (clock synchronous) must be accessed as a cacheable space.
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12.43  CSn Space Wait Control Register (CST\WCR) (n =0, 2, 3, 4, 5A, 5B, 6A, 6B)

Thisregister specifies various wait cycles for memory accesses. The bit configuration of this
register varies as shown below according to the memory type (TYPES, TYPE2, TYPEL, or
TY PEQ) specified by the CSn space bus control register (CSnBCR). Specify CSnWCR before
accessing the target area. Specify CSnBCR first, then specify CSnWCR.

Normal Space, Byte-Selection SRAM:

e CSOWCR, CS6BWCR

Initial

Bit Bit Name Value R/W  Description

31to — All O R Reserved

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

20 BAS 0 R/W  Byte Access Selection for Byte-Selection SRAM
Specifies the WEn (BEn) and RD/WR signal timing when
the byte-selection SRAM interface is used.

0: Asserts the WEn (BEn) signal at the read/write timing
and asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn (BEn) signal during the read/write
access cycle and asserts the RD/WR signal at the write
timing.

19to — All O R Reserved

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

12 SWi1 0 R/W  Number of Delay Cycles from Address, CSn Assertion to

11 SWo 0 rw  RD, WEn (BEn) Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn (BEn) assertion.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit

Bit Name

Initial

Value R/W

Description

10

WRS3
WR2
WR1
WRO

1

0
1
0

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles that are necessary for
read/write access.

0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the number
of access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5to2

AllO

R

Reserved

These bits are always read as 0. The write value should
always be 0.
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Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W Description
1 HW1 0 R/W  Number of Delay Cycles from RD, WEn (BEn) negation to
0 HWO 0 R/W Address, CSn negation

Specify the number of delay cycles from RD and WEn
(BEN) negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

e CS2WCR, CS3WCR

Initial
Bit Bit Name Value R/W Description

31to — All O R Reserved

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

always be 0.

20 BAS 0 R/W Byte Access Selection for Byte-Selection SRAM

Specifies the WEn (BEn) and RD/WR signal timing when
the byte-selection SRAM interface is used.

0: Asserts the WEn (BEn) signal at the read/write timing
and asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn (BEn) signal during the read/write
access cycle and asserts the RD/WR signal at the write
timing.

19to — All O R Reserved

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

always be 0.
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Bit

Bit Name

Initial
Value

R/W

Description

10

WRS3
WR2
WR1
WRO

1

0
1
0

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles that are necessary for
read/write access.

0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

R/W

External Wait Mask Specification

Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5t00

AllO

R

Reserved

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

Bit Bit Name Value R/W Description

31to — AllO R Reserved

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

20 BAS 0 R/W Byte Access Selection for Byte-Selection SRAM
Specifies the WEn (BEn) and RD/WR signal timing when
the byte-selection SRAM interface is used.

0: Asserts the WEn (BEn) signal at the read/write timing
and asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn (BEn) signal during the read/write
access cycle and asserts the RD/WR signal at the write
timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should always
be 0.

18 Ww2 R/W Number of Write Access Wait Cycles

17 WWi1 R/W Specify the number of cycles that are necessary for write

16 WWOo R/w  access.

000: The same cycles as WR3 to WRO setting (read access

wait)

001: 0 cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

15t0 — All O R Reserved

13

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

Bit Name

Initial
Value

R/W

Description

12
11

Swi
SWo

0
0

R/W
R/W

Number of Delay Cycles from Address, CSn Assertion to
RD, WEn (BEn) Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn (BEn) assertion.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

WR3
WR2
WR1
WRO

o = O =

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles that are necessary for
read/write access.

0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycles is 0.

0: External wait is valid
1: External wait is ignored
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Initial

Bit Bit Name Value

R/W

Description

5to2 —

AllO

Reserved

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

1 HWH1
0 HWO

R/W
R/W

Number of Delay Cycles from RD, WEn (BEn) negation to
Address, CSn negation

Specify the number of delay cycles from RD and WEn
(BEn) negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

e CS5AWCR

Initial

Bit Bit Name Value

R/W

Description

31t019 —

AllO

Reserved

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

18 Ww2
17 WWi1
16 WWO0

R/W
R/W
R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for write
access.

000: The same cycles as WR3 to WRO setting (read access
wait)

001: 0 cycle

010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t013 —

AllO

Reserved

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

Bit Name

Initial

Value R/W

Description

12
11

SwWi1
SWo

0
0

R/W
R/W

Number of Delay Cycles from Address, CSn Assertion to
RD, WEnN (BEn) Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn (BEn) assertion.

00: 0.5 cycle
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

WR3
WR2
WR1
WRO

o = O =

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles that are necessary for
read/write access.

0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

WM

R/W

External Wait Mask Specification

Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.

0: External wait is valid
1: External wait is ignored
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Initial

Bit Bit Name Value R/W Description

5t02 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

1 HW1 0 R/W  Number of Delay Cycles from RD, WEn (BEn) negation to

0 HWO 0 R/W Address, CSn negation o
Specify the number of delay cycles from RD and WEnN
(BEn) negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles

e CS5BWCR

Initial

Bit Bit Name Value R/W Description

31to — All O R Reserved

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

20 BAS 0 R/W  Byte Access Selection for Byte-Selection SRAM
Specifies the WEn (BEn) and RD/WR signal timing when
the byte-selection SRAM interface is used.

0: Asserts the WEn (BEn) signal at the read/write timing
and asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn (BEn) signal during the read/write
access cycle and asserts the RD/WR signal at the write
timing.

19 — 0 R Reserved

This bit is always read as 0. The write value should always
be 0.
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Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W Description
18 WW2 0 R/W Number of Write Access Wait Cycles
17 WWi1 0 R/W  Specify the number of cycles that are necessary for write
16 WWo 0 R/W  80Cess.
000: The same cycles as WR3 to WRO setting (read
access wait)
001: 0 cycle
010: 1 cycle
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles
151013 — Al0O R Reserved
These bits are always read as 0. The write value should
always be 0.
12 Swi1 0 R/W  Number of Delay Cycles from Address, CSn Assertion to
11 SWo 0 rw  RD,WEn (BEn) Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn (BEn) assertion.

00: 0.5 cycle
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles
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Bit Bit Name

Initial
Value

R/W

Description

10 WR3
9 WR2
8 WR1
7 WRO

o = O =

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles that are necessary for
read/write access.

0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycles is 0.

0: External wait is valid
1: External wait is ignored

5to2 —

AllO

Reserved

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

1 HWH1
0 HWO

R/W
R/W

Number of Delay Cycles from RD, WEn (BEn) negation to
Address, CSn negation

Specify the number of delay cycles from RD and WEn
(BEN) negation to address and CSn negation.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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¢ CS6AWCR
Initial
Bit Bit Name Value R/W Description
31to — All O R Reserved
13 These bits are always read as 0. The write value should
always be 0.
12 Swi1 0 R/W  Number of Delay Cycles from Address, CSn Assertion to
11 SWO 0 R/W RD, WEnN (BEn) Assertion
Specify the number of delay cycles from address and CSn
assertion to RD and WEn (BEn) assertion.
00: 0.5 cycle
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
10 WR3 1 R/W Number of Access Wait Cycles
9 WR2 0 R/W Specify the number of wait cycles that are necessary for
8 WR1 1 R/W read/write access.
7 WRO 0 R/W 0000: 0 cycle
0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)
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Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W Description
6 WM 0 R/W External Wait Mask Specification
Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.
0: External wait is valid
1: External wait is ignored
5t02 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
HW1 0 R/W  Number of Delay Cycles from RD, WEn (BEn) negation to
0 HWO 0 R/W Address, CSn negation

Specify the number of delay cycles from RD and WEn
(BEN) negation to address and CSn negation.

00: 0.5 cycle
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Burst ROM (Clock Asynchronous):

e CSOWCR
Initial

Bit Bit Name Value R/W  Description

31to21 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

20 BEN 0 R/W  Burst Enable Specification
Enables or disables 8-burst access for a 16-bit bus width
or 16-burst access for an 8-bit bus width during 16-byte
access. If this bit is set to 1, 2-burst access is performed
four times when the bus width is 16 bits and 4-burst
access is performed four times when the bus width is 8
bits.
To use a device that does not support 8-burst access or
16-burst access, set this bit to 1.
0: Enables 8-burst access for a 16-bit bus width and 16-

burst access for an 8-bit bus width.
1: Disables 8-burst access for a 16-bit bus width and 16-
burst access for an 8-bit bus width.

19,18 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

17 BWA1 0 R/W  Number of Burst Wait Cycles

16 BWO 0 R/W  Specify the number of wait cycles to be inserted between
the second or later access cycles in burst access.
00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

15t0 11 — All O R Reserved

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

Initial
Value

R/W

Description

10 W3
9 w2
8 Wi1
7 WO

o = O =

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the first
read/write access cycle.

0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/W

External Wait Mask Specification

Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycles is 0.

0: External wait is valid
1: External wait is ignored

5to0 —

AllO

R

Reserved

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

Bit Bit Name

Initial
Value R/W

Description

31to —
21

AllO R

Reserved

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

20 BEN

Burst Enable Specification

Enables or disables 8-burst access for a 16-bit bus width
or 16- burst access for an 8-bit bus width during 16-byte
access. If this bit is set to 1, 2-burst access is performed
four times when the bus width is 16 bits and 4-burst
access is performed four times when the bus width is 8
bits.

To use a device that does not support 8-burst access or
16-burst access, set this bit to 1.

0: Enables 8-burst access for a 16-bit bus width and 16-
burst access for an 8-bit bus width.

1: Disables 8-burst access for a 16-bit bus width and 16-
burst access for an 8-bit bus width.

19,18 —

AllO R

Reserved

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

17 BW1
16 BWO

R/W
R/W

Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted between
the second or later access cycles in burst access.

00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

15to0 —
13

AllO R

Reserved

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

Initial
Value R/W

Description

12 Swi
11 SWo

0 R/W
0 R/W

Number of Delay Cycles from Address, CSn Assertion to
RD, WEn (BEn) Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn (BEn) assertion. These bits can
be specified only in area 4.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

9 w2
8 Wi
7 WO

R/W
R/W
R/W
R/W

o = O =

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the first
read/write access cycle.

0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

External Wait Mask Specification

Specifies whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycles is 0.

0: External wait is valid
1: External wait is ignored
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Bit Bit Name

Initial
Value

R/W

Description

5to2 —

AllO

Reserved

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

1 HWA1
0 HWO

R/W
R/W

Number of Delay Cycles from RD, WEn (BEn) negation to
Address, CSn negation

Specify the number of delay cycles from RD and WEn
(BEn) negation to address and CSn negation. These bits
can be specified only in area 4.

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

SDRAM*:

e CS2WCR

Bit Bit Name

Initial
Value

R/W

Description

31to —
11

AllO

Reserved

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

Reserved

These bits are always read as 1. The write value should
always be 1.

Reserved

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

A2CLA1
A2CLO

R/W
R/W

CAS Latency for Area 2

Specify the CAS latency for area 2.
00: 1 cycle

01: 2 cycles

10: 3 cycles

11: 4 cycles
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Initial
Bit Bit Name Value R/W

Description

6to0 — AllO R

Reserved

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

e CS3WCR

Initial
Bit Bit Name Value R/W

Description

31to — AllO R
15

Reserved

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

14 TRP1 0 R/W
13 TRPO 0 R/W

Number of Wait Cycles Waiting Completion of Precharge
Specify the number of minimum wait cycles to be inserted
to wait the completion of precharge. The setting for areas 2
and 3 is common.

(1) From starting auto-charge to issuing the ACTV
command for the same bank

(2) From issuing the PRE/PALL command to issuing the
ACTV command for the same bank

(3) To transiting to power-down mode/deep power-down
mode

(4) From issuing the PALL command at auto-refresh to
issuing the REF command

(5) From issuing the PALL command at self-refresh to
issuing the SELF command

00: 0 cycle

01: 1 cycles
10: 2 cycles
11: 3 cycles

12 — 0 R

Reserved

This bit is always read as 0. The write value should always
be 0.
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Section 12 Bus State Controller (BSC)

Bit

Bit Name

Initial
Value

R/W

Description

11
10

TRCD1
TRCDO

0
1

R/W
R/W

Number of Wait Cycles from ACTV Command to
READ (A)/WRIT (A) Command

Specify the number of minimum wait cycles from issuing
the ACTV command to issuing the READ (A)/WRIT (A)
command. The setting for areas 2 and 3 is common.

00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

Reserved

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

A3CLA1
A3CLO

—_

R/W
R/W

CAS Latency for Area 3.

Specify the CAS latency for area 3.
00: 1 cycle

01: 2 cycles

10: 3 cycles

11: 4 cycles

6,5

AllO

Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W

Description

4 TRWLA1 0 R/W
3 TRWLO 0 R/W

Number of Wait Cycles Waiting Start of Precharge

Specify the number of minimum wait cycles to be inserted
to wait the start of precharge. The setting for areas 2 and 3
is common.

(1) This LSl is in non-bank active mode from the issue of
the WRITA command to the start of auto-precharge in
SDRAM, and issues the ACTV command for the same
bank after issuing the WRITA command.

Confirm how many cycles are required from the
reception of the WRITA command to the start of auto-
precharge in each SDRAM data sheet.

Set this bit so that the number of cycles is not above the
cycles specified by this bit.

(2) This LSl is in bank active mode from issuing the WRIT
command to issuing the PRE command, and the access
to different row address in the same bank is performed.

00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

Reserved

This bit is always read as 0. The write value should always
be 0.
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Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W  Description
1 TRCAH 0 R/W  Number of Idle Cycles from REF Command/Self-refresh
0 TRCO 0 r\w  Release to ACTV/REF/MRS Command

Specify the number of minimum idle cycles between the
commands in the following cases. The setting for areas 2
and 3 is common.

(1) From issuing the REF command to issuing the
ACTV/REF/MSR command

(2) From releasing self-refresh to issuing the
ACTV/REF/MSR command

00: 2 cycles
01: 3 cycles
10: 5 cycles
11: 8 cycles

Note: * If both areas 2 and 3 are specified as SDRAM, TRP1/0, TRCDO0/1, TRWL1/0, and
TRC1/0 bit settings are common. If only one area is connected to the SDRAM, specify
area 3. In this case, specify area 2 as normal space or byte-selection SRAM.
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PCMCIA:
e CS5BWCR, CS6BWCR

Initial
Bit Bit Name Value R/W

Description

31to22 — AllO R

Reserved

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

21 SA1 0 R/W
20 SAQ 0 R/W

Space Attribute Specification

Specify memory card interface or I/C card interface when
the PCMCIA interface is selected.

SA1

0: Specifies memory card interface when A25 = 1
1: Specifies 1/O card interface when A25 = 1

SAQ

0: Specifies memory card interface when A25 =0
1: Specifies 1/O card interface when A25 = 0

19to 15 — AllO R

Reserved

These bits are always read as 0. The write value should
always be 0.
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Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W Description
14 TED3 0 R/W Delay from Address to RD or WE Assert
13 TED2 0 R/W  Specify the delay time from address output to RD or WE
12 TED1 0 rw assertin PCMCIA interface.
11 TEDO 0 R/W 0000: 0.5 cycle

0001: 1.5 cycles
0010: 2.5 cycles
0011: 3.5 cycles
0100: 4.5 cycles
0101: 5.5 cycles
0110: 6.5 cycles
0111: 7.5 cycles
1000: 8.5 cycles
1001: 9.5 cycles
1010: 10.5 cycles
1011: 11.5 cycles
1100: 12.5 cycles
1101: 13.5 cycles
1110: 14.5 cycles
1111: 15.5 cycles

RENESAS
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Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W  Description
10 PCW3 1 R/W  Number of Access Wait Cycles
9 PCW2 0 R/W  Specify the number of wait cycles to be inserted.
8 PCW1 1 R/W  0000: 3 cycles
7 PCWO 0 R/W  0001: 6 cycles

0010: 9 cycles

0011: 12 cycles
0100: 15 cycles
0101: 18 cycles
0110: 22 cycles
0111: 26 cycles
1000: 30 cycles
1001: 33 cycles
1010: 36 cycles
1011: 38 cycles
1100: 52 cycles
1101: 60 cycles
1110: 64 cycles
1111: 80 cycles

6 WM 0 R/W  External Wait Mask Specification

Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycle is 0.

0: External wait is valid
1: External wait is ignored

5,4 — AllO R Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Name Value

R/W

Description

o = N W

TEH3 0
TEH2 0
TEH1 0
TEHO 0

R/W
R/W
R/W
R/W

Delay from RD or WE Negate to Address

Specify the address hold time from RD or WE negate in
the PCMCIA interface.

0000:
0001:
0010:
0011
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

0.5 cycle
1.5 cycles
2.5 cycles

: 3.5 cycles

4.5 cycles
5.5 cycles
6.5 cycles
7.5 cycles
8.5 cycles
9.5 cycles
10.5 cycles
11.5 cycles
12.5 cycles
13.5 cycles
14.5 cycles
15.5 cycles

Burst ROM (Clock Synchronous):

e CSOWCR

Bit

Initial
Bit Name Value

R/W

Description

31to
18

— AllO

Reserved

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

17
16

BW1 0
BWO 0

R/W
R/W

Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted between
the second or later access cycles in burst access.

00: O cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

RENESAS
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Bit Bit Name

Initial
Value

R/W

Description

15to0 —
11

AllO

Reserved

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

9 w2
8 Wi1
7 WO

o = O =

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the first
read/write access cycle.

0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (setting prohibited)
1110: Reserved (setting prohibited)
1111: Reserved (setting prohibited)

R/wW

External Wait Mask Specification

Specify whether or not the external wait input is valid. The
specification by this bit is valid even when the number of
access wait cycles is 0.

0: External wait is valid
1: External wait is ignored

5to0 —

AllO

R

Reserved

These bits are always read as 0. The write value should
always be 0.
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1244 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMsto be

connected.
Initial

Bit Bit Name Value R/W Description

31to — All O R Reserved

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

20 A2ROW1 0 R/W Number of Bits of Row Address for Area 2

19 A2ROWO0 O R/W Specify the number of bits of row address for area 2.
00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (setting prohibited)

18 — 0 R Reserved
This bit is always read as 0. The write value should always
be 0.

17 A2COL1 O R/W Number of Bits of Column Address for Area 2

16 A2COLO O R/W Specify the number of bits of column address for area 2.
00: 8 bits
01: 9 bits
10: 10 bits
11: Reserved (setting prohibited)

15,14 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

13 DEEP 0 R/W Deep Power-Down Mode

This bit is valid for low-power SDRAM. If the RMODE bit is
set to 1 while this bit is set to 1, the deep power-down entry
command is issued and the low-power SDRAM enters the
deep power-down mode.

0: Self-refresh mode

1: Deep power-down mode
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Initial
Bit Bit Name Value R/W Description
12 SLOW 0 R/W Low-Frequency Mode

Specifies the output timing of command, address, and write
data for SDRAM and the latch timing of read data from
SDRAM. Setting this bit makes the hold time for command,
address, write and read data extended for half cycle (output
or read at the falling edge of CKIO). When this bit set to 1,
the hold time for command, address, and write and read
data can be extended. This mode is suitable for SDRAM
with low-frequency clock.

0: Command, address, and write data for SDRAM is output
at the rising edge of CKIO. Read data from SDRAM is
latched at the rising edge of CKIO.

1: Command, address, and write data for SDRAM is output
at the falling edge of CKIO. Read data from SDRAM is
latched at the falling edge of CKIO.

11 RFSH 0 R/W Refresh Control

Specifies whether or not the refresh operation of the
SDRAM is performed.

0: No refresh
1: Refresh

10 RMODE 0 R/W Refresh Control

Specifies whether to perform auto-refresh or self-refresh
when the RFSH bit is 1. When the RFSH bit is 1 and this bit
is 1, self-refresh starts immediately. When the RFSH bit is 1
and this bit is 0, auto-refresh starts according to the
contents that are set in RTCSR, RTCNT, and RTCOR.

0: Auto-refresh is performed

1: Self-refresh is performed

9 PDOWN 0 R/W Power-Down Mode

Specify whether SDRAM is put in power-down mode or not
after the access to memory other than SDRAM is
completed. This bit, when set to 1, drives the CKE pin low
and places SDRAM in power-down mode by using an
access to a memory other than SDRAM as a trigger.

0: Does not place SDRAM in power-down mode after an
access to a memory other than SDRAM.

1: Places SDRAM in power-down mode after an access to a
memory other than SDRAM.

Rev. 2.00 Dec. 07, 2005 Page 378 of 950
REJ09B0079-0200 RENESAS



Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W Description
8 BACTV 0 R/W Bank Active Mode
Specifies to access whether in auto-precharge mode
(using READA and WRITA commands) or in bank active
mode (using READ and WRIT commands).
0: Auto-precharge mode (using READA and WRITA
commands)
1: Bank active mode (using READ and WRIT commands)
Note: Bank active mode can be used only in area 3. In this
case, the bus width can be selected as 16 or 32 bits.
When both areas 2 and 3 are set to SDRAM, specify
auto-precharge mode.
7t05 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
A3ROW1 0 R/W Number of Bits of Row Address for Area 3
3 A3ROWO O R/W Specify the number of bits of the row address for area 3.
00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (setting prohibited)
2 — 0 R Reserved
This bit is always read as 0. The write value should always
be 0.
1 A3COL1T O R/W Number of Bits of Column Address for Area 3
0 A3COLO O R/W Specify the number of bits of the column address for area

3.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)
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1245 Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM.

When RTCSR is written, the upper 16 bits of the write data must be H’ A55A to cancel write

protection.

Initial
Bit Bit Name Value R/W

Description

31to8 — AllO R

Reserved

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

7 CMF 0 R/W

Compare Match Flag

Indicates that a compare match occurs between the refresh
timer counter (RTCNT) and refresh time constant register
(RTCOR). This bit is set or cleared in the following
conditions.

0: Clearing condition: When 0 is written in CMF after
reading out RTCSR during CMF = 1.

1: Setting condition: When the condition RTCNT = RTCOR
is satisfied.

6 CMIE 0 R/W

Compare Match Interrupt Enable

Enables or disables a CMF interrupt request when the CMF
bit of RTCSR is set to 1.

0: Disables the CMF interrupt request
1: Enables the CMF interrupt request

5 CKS2 0 R/W
CKS1 0 R/W
3 CKS0 0 R/W

Clock Select

Select the clock input to count-up the refresh timer counter
(RTCNT).

000: Stop the counting-up
001: B¢/4

010: B¢/16

011: Bo/64

100: By/256

101: B¢/1024

110: B¢/2048

111: B¢/4096
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Initial
Bit Bit Name Value R/W Description
2 RRC2 0 R/W Refresh Count
1 RRCA1 0 R/W Specify the number of continuous refresh cycles, when the
0 RRCO 0 R/W refresh request occurs after the coincidence of the values

of the refresh timer counter (RTCNT) and the refresh time
constant register (RTCOR). These bits can make the
period of occurrence of refresh long.

000: Once

001: Twice

010: 4 times

011: 6 times

100: 8 times

101: Reserved (setting prohibited)
110: Reserved (setting prohibited)
111: Reserved (setting prohibited)

12.4.6 Refresh Timer Counter (RTCNT)

RTCNT isan 8-hit counter that increments using the clock selected by bits CKS2 to CKSO0 in
RTCSR. When RTCNT matches RTCOR, RTCNT is cleared to 0. The valuein RTCNT returnsto
0 after counting up to 255. When the RTCNT is written, the upper 16 bits of the write data must
be H A5S5A to cancel write protection.

Initial
Bit Bit Name Value R/W  Description
31to8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7t00 — AllO R/W  8-bit Counter
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12.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-hit register. When RTCOR matches RTCNT, the CMF bit in RTCSR isset to 1
and RTCNT iscleared to O.

When the RFSH bit in SDCRis 1, amemory refresh request isissued by this matching signal.
Thisrequest is maintained until the refresh operation is performed. If the request is not processed
when the next matching occurs, the previous request isignored.

If the CMIE bit of the RTCSR is set to 1, an interrupt is requested by this matching signal. This
request is maintained until the CMF bit in RTCSR is cleared to 0. Clearing the CMF bit in RTCSR
affects only interrupts and does not affect refresh requests. This makesit possible to count the
number of refresh requests during refresh by interrupts, and to specify the refresh and interval
timer interrupts simultaneously. When the RTCOR is written, the upper 16 bits of the write data
must be H’ A55A to cancel write protection.

Initial
Bit Bit Name Value R/W Description
31to8 — AllO R Reserved
These bits are always read as 0. The write value should
always be 0.
7t00 — All O R/W 8-bit Counter
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125 Operation

125.1 Endian/Access Size and Data Alignment

This LS| supports big endian, in which the 0 address is the most significant byte (MSByte) in the
byte data and little endian, in which the O address is the least significant byte (LSByte) in the byte
data. Endian is specified on power-on reset by the external pin (MD5). When MD5 pinislow
level on power-on reset, the endian will become big endian and when MD5 pinishigh level on
power-on reset, the endian will become little endian.

Three data bus widths (8 bits, 16 bits, and 32 bits) are available for normal memory and byte-
selection SRAM. Two data bus widths (16 bits and 32 bits) are available for SDRAM. Two data
bus widths (8 bits and 16 hits) are available for PCMCIA interface. Data alignment is performed
in accordance with the data bus width of the device and endian. This also means that when
longword datais read from a byte-width device, the read operation must be done four times. In
this LS, data alignment and conversion of data length is performed automatically between the
respective interfaces.

Tables 12.6 to 12.11 show the relationship between endian, device data width, and access unit.

Table12.6 32-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals

D31to  D23to Di5to WE3(BE3), WE2(BE2), WE1(BE1), WEO(BEO),
Operation D24 D16 D8 D7to DO DQMUU DQMUL DQMLU DQMLL
Byte access Data — — — Assert — — —
ato0 7t00
Byte access — Data — — — Assert — —
at 1 7100
Byte access — — Data — — — Assert —
at2 7100
Byte access — — — Data — — — Assert
at3 7t00
Word Data Data — — Assert Assert — —
accessat0 15t08 7to0
Word — — Data Data — — Assert Assert
access at 2 15t08 7100
Longword Data Data Data Data Assert Assert Assert Assert

accessat0 31to24 23t0o16 15t08 71to0
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Table12.7 16-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15to D7to WE3(BE3), WE2(BE2), WE1(BE1), WEO(BED),
Operation D24 D16 D8 DO DQMUU  DQMUL DQMLU DQMLL
Byte accessat0 — — Data — — — Assert —
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte accessat2  — — Data — — — Assert —
7t00
Byte accessat3 — — — Data — — — Assert
7t00
Word access at0 — — Data Data — — Assert Assert
1508 7100
Word access at2 — — Data Data — — Assert Assert
15t08 7100
Longword 1st — — Data Data — — Assert Assert
access time at 31to 23 to
ato 0 24 16
2nd — — Data Data — — Assert Assert
time at 15t08 7to0

2
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Table12.8 8-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
D31to D23to Di15to D7to WEB(BE3), WE2(BE2), WE1(BE1), WEO(BEO),
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data — — — Assert
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — — — Data — — — Assert
7t00
Byte access at 3 — — — Data — — — Assert
7t00
Word 1sttime — — — Data — — — Assert
accessat0 atO 15108
2nd — — — Data — — — Assert
time at 7t00
1
Word 1sttime — — — Data — — — Assert
accessat2 at2 15108
2nd — — — Data — — — Assert
time at 7t00
3
Longword  1sttime — — — Data — — — Assert
accessat0 atO 31to
24
2nd — — — Data — — — Assert
time at 23 to
1 16
3rd — — — Data — — — Assert
time at 15108
2
4th — — — Data — — — Assert
time at 7t00
3
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Table12.9 32-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals

D31 to D23 to Di5to D7to WE3(BE3), WE2(BE2), WE1(BE1), WEO(BEO),
Operation D24 D16 D8 DO DQMUU  DQMUL DQMLU DQMLL
Byte access — — — Data — — — Assert
ato 7t00
Byte access — — Data — — — Assert —
at1 7100
Byte access — Data — — — Assert — —
at2 7t00
Byte access Data — — — Assert — — —
at3 7t00
Word — — Data Data — — Assert Assert
access at 0 15to8 7to0
Word Data Data — — Assert Assert — —
accessat2 15to8 7t00
Longword  Data Data Data Data Assert Assert Assert Assert

accessat0 31t024 23t016 15t08 7100
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Table 12.10 16-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
o ti D31to D23to D15to D7 to WES3(BE3), WE2(BE2), WE1(BE1), WEO(BEO),
peration D24 D16 D8 DO DQMUU DQMUL DQMLU  DQMLL
Byte accessat0  — — — Data — — — Assert
7t00
Byte access at 1 — — Data — — — Assert —
7t00
Byte accessat2  — — — Data — — — Assert
7t00
Byte accessat3  — — Data — — — Assert —
7t00
Word access at0 — — Data Data — — Assert Assert
15to8 7100
Word accessat2 — — Data Data — — Assert Assert
15t08 7100
Longword 1st — — Data Data — — Assert Assert
access time at 15to8 7100
at0 0
2nd — — Data Data — — Assert Assert
time at 31to24 23to
2 16
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Table 12.11 8-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15 D7to WES(BE3), WE2(BE2), WE1(BE1), WEO(BEO),
Operation D24 D16 toD8 DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data — — — Assert
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — — — Data — — — Assert
7t00
Byte access at 3 — — — Data — — — Assert
7t00
Word 1sttime — — — Data — — — Assert
accessat0 atO 7t00
2nd — — — Data — — — Assert
time at 15t0 8
1
Word 1sttime — — — Data — — — Assert
accessat2 at2 7t00
2nd — — — Data — — — Assert
time at 15t0 8
3
Longword  1sttime — — — Data — — — Assert
accessat0 atO 7t00
2nd — — — Data — — — Assert
time at 15t0 8
1
3rd — — — Data — — — Assert
time at 23 to
2 16
4th — — — Data — — — Assert
time at 31to
3 24
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125.2 Normal Space Interface

Basic Timing: For accessto anormal space, this LS| uses strobe signal output in consideration of
the fact that mainly static RAM will be directly connected. When using SRAM with a byte-
selection pin, see section 12.5.7, Byte-Selection SRAM Interface. Figure 12.3 shows the basic
timings of normal space access. A no-wait normal access is completed in two cycles. The BS
signal is asserted for one cycle to indicate the start of abus cycle.

Read <

Write <

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

Figure12.3 Normal Space Basic Access Timing (Access Wait 0)

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 32 bits are always
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read in case of a 32-bit device, and 16 hits in case of a 16-hit device. When writing, only the WEn
(BEn) signal for the byte to be written is asserted.

It is necessary to output the data that has been read using RD when a buffer is established in the
data bus. The RD/WR signal isin aread state (high output) when no access has been carried out.
Therefore, care must be taken when controlling the external data buffer, to avoid collision.

Figures 12.4 and 12.5 show the basic timings of normal space accesses. If the WM hit of the
CSnWCRiscleared to 0, a Tnop cycleisinserted to evaluate the external wait (figure 12.4). If the
WM hit of the CShWCR is set to 1, external waits are ignored and no Tnop cycle isinserted
(figure 12.5).
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CKIO

A25 to A0

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

Figure12.4 Continuous Accessfor Normal Space 1, Bus Width = 16 bits, L ongword Access,
CSnWCR.WM Bit = 0 (Access Wait =0, Cycle Wait = 0)
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CKIO

A25 to A0
D15 to DO
D15 to DO

-]
{

Write

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

16 bits, Longword Access,

Figure12.5 ContinuousAccessfor Normal Space 2, Bus Width

CSnWCR.WM Bit = 1 (Access Wait =0, Cycle Wait = 0)
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128k x 8-bit
This LSI SRAM
A18 |— —{Ae
A2 ' ~— Ao
Csn cS
RD OE
D31 - — 107
D24 - " 1oo
WE3(BE3) WE
D23
D16 . — A6
WE2(BE2) N
D15 5 Ao
: i cs
D8 OE
WET(BET) — 107
D7 N
: : 1/00
DO WE
WEOQ(BEOQ)
A16
Ao
cs
OE
1107
1/00
WE
A16
Ao
cs
OE
1107
/00
WE

Figure12.6 Exampleof 32-Bit Data-Width SRAM Connection
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128k x 8-bit
This LSI SRAM
M7 |— — ate
_Al - ~{ Ao
Csn cs
RD OE
D15 - —{ 1107
D8 —— — /00
WET(BET) WE
D7
DO ’ —{ At6
WEO(BEO) I I
Ao
cs
OE
1107
1/00
WE

Figure12.7 Exampleof 16-Bit Data-Width SRAM Connection

128 k x 8 bits
This LSI SRAM
A16 A16
A0 A0
CSn CS
RD OE
D7 1107
DO 1/100
WEO(BED) WE

Figure 12.8 Example of 8-Bit Data-Width SRAM Connection
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1253 AccessWait Control

Wait cycle insertion on a normal space access can be controlled by the settings of bits WR3 to
WRO in CSnWCR. It is possible for areas 4, 5A, and 5B to insert wait cycles independently in
read access and in write access. The areas other than 4, 5A, and 5B have common access wait for
read cycle and write cycle. The specified number of Tw cyclesisinserted aswait cyclesin a
normal space access shown in figure 12.9.

| | |
oo _J N\
A25 to A0 :X |
|
oS T\ :
|
ROWR Y|

Ialikal

j

i

D31 to DO

WENR(BER
{ n(BEn) | \
Write

|

| :

|

|
DACKn* | \

1

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

Figure12.9 Wait Timing for Normal Space Access (Softwar e Wait Only)

When the WM bit in CSnWCR is cleared to O, the external wait input WAIT signal isaso
sampled. WAIT pin sampling is shown in figure 12.10. A 2-cycle wait is specified as a software
wait. The WAIT signal is sampled on the falling edge of CKIO at the transition fromthe T1 or Tw
cycletothe T2 cycle.
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Wait states inserted
by WAIT signal

T1 Tw Tw Twx T2

e D31 to DO —:-( I I >~
WA TATTTTOVITUITON § 1/75 ATT
BS T

[ S e

|

! |

| ! |

DACKn* N,
|

| |

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

Figure12.10 Wait State Timing for Normal Space Access (Wait State I nsertion by WAIT
Signal)
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1254 CSn Assert Period Expansion

The number of cycles from CSn assertion to RD and WEn (BEn) assertion can be specified by
setting bits SW1 and SWO0 in CSAWCR. The number of cycles from RD and WEn (BEn) negation
to CSn negation can be specified by setting bits HW1 and HWO. Therefore, aflexible interface to
an external device can be obtained. Figure 12.11 shows an example. A Th cycleand aTf cycleare
added before and after an ordinary cycle, respectively. In these cycles, RD and WEn (BEn) are not
asserted, while other signals are asserted. The data output is prolonged to the Tf cycle, and this
prolongation is useful for devices with slow writing operations.

CKIo | | 1 | |

A25 to A0

RD
Read
D31 to DO

WEN(BEn)
Write {

D31 to DO

|

|

|

DACKn* | \
| |

)

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

Figure12.11 CSn Assert Period Expansion
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1255 SDRAM Interface

SDRAM Direct Connection: The SDRAM that can be connected to this LSl is a product that has
11/12/13 bits of row address, 8/9/10 hits of column address, 4 or less banks, and usesthe A10 pin
for setting precharge mode in read and write command cycles.

The control signals for direct connection of SDRAM are RAS, CAS, RD/WR, DQMUU,
DQMUL, DQMLU, DQMLL, CKE, CS2, and CS3. All the signals other than CS2 and CS3 are
common to all areas, and signals other than CKE are valid when CS2 or CS3 is asserted. SORAM
can be connected to up to 2 spaces. The data bus width of the areathat is connected to SDRAM
can be set to 32 or 16 bits.

Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are supported as
the SDRAM operating mode.

Commands for SDRAM can be specified by RAS, CAS, RD/WR, and specific address signals.
These commands are shown below.

e NOP

e Auto-refresh (REF)

o Sdf-refresh (SELF)

o All banks precharge (PALL)

e Specified bank precharge (PRE)
e Bank active (ACTV)

o Read (READ)

o Read with precharge (READA)
o Write (WRIT)

e Write with precharge (WRITA)
e Write mode register (MRS)

The byte to be accessed is specified by DQMUU, DOMUL, DQMLU, and DQMLL. Reading or
writing is performed for a byte whose corresponding DQMxx is low. For details on the
relationship between DQMxx and the byte to be accessed, refer to section 12.5.1, Endian/Access
Size and Data Alignment.

Figures 12.12 and 12.13 show examples of the connection of the SDRAM with the LSl.
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64-Mbit synchronous SDRAM

This LSI (1M x 16 bits x 4 banks)
A15 A13
A2 A0
CKE CKE
CKIO CLK
CSn CcS
RAS RAS
CAS CAS
RD/WR WE
D31 1/015
D16 1/00
DQMUU DQMU
DQMUL DQML
D15
; — A13
DO :
Do 20
CKE
CLK
Ccs
RAS
CAS
WE
/015
1/00
DQMU
DQML

Figure12.12 Example of 32-Bit Data-Width SDRAM Connection
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64-Mbit synchronous SDRAM

This LSI (1M x 16 bits x 4 banks)
A14 A13
AT A0
CKE CKE
CKIO CLK
CSn csS
RAS RAS
CAS CAS
RD/WR WE
D15 11015
DO 1/00
DQMLU DQMU
DQMLL DQML

Figure12.13 Example of 16-Bit Data-Width SDRAM Connection

Address Multiplexing: An address multiplexing is specified so that SDRAM can be connected
without external multiplexing circuitry according to the setting of bits BSZ[1:0]in CSnBCR,
AXROWI[1:0] and AXCOL[1:0] in SDCR. Tables 12.12 to 12.17 show the relationship between the
settings of bits BSZ[1:0], AXROW/[1:0], and AXCOL[1:0] and the bits output at the address pins.
Do not specify those bits in the manner other than this table, otherwise the operation of thisLSl is
not guaranteed. A25 to A18 are not multiplexed and the original values of address are always
output at these pins.

When the data bus width is 16 bits (BSZ[1:0] =B’ 10), A0 of SDRAM specifies aword address.
Therefore, connect this AO pin of SDRAM to the Al pin of the LSI; the A1 pin of SDRAM to the
A2 pin of the LSI, and so on. When the data bus width is 32 bits (BSZ[1:0] =B’ 11), the A0 pin of
SDRAM specifies alongword address. Therefore, connect this A0 pin of SDRAM to the A2 pin of
the LSI; the A1 pin of SDRAM to the A3 pin of the LSI, and so on.
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Table 12.12 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and

Address Multiplex Output (1)-1

Setting
A2/3 A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address Column Address Synchronous DRAM
This LSI Output Output Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
A14 A22** A22*? A12 (BA1)*® Specifies bank
A13 A21*2 A21** A11 (BAO)
A12 A20 L/H* A10/AP Specifies
address/precharge
A11 A19 A11 A9 Address
A10 A18 A10 A8
A9 A17 A9 A7
A8 A16 A8 A6
A7 A15 A7 A5
A6 A14 A6 A4
A5 A13 A5 A3
A4 A12 A4 A2
A3 A1 A3 A1l
A2 A10 A2 A0
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Setting
A2/3 A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address Column Address Synchronous DRAM

This LSI Output Output Pin Function
A1l A9 A1 Unused
AO A8 AO

Example of connected memory

64-Mbit product (512 kwords x 32 bits x 4 banks, column 8 bits product): 1
16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 2
Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.
2. Bank address specification
3. If the number of 16-Mbit SDRAM (512 kwords x 16 bits x 2 banks: pin with 8-bit
column) is two, the bank address specification is not required. Therefore, the bank
address should be not used.
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Table 12.12 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (1)-2

Setting
A2/3 A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 01 (12 bits) 00 (8 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A24 A17 Unused

A16 A23 A16

A15 A23*? A23*? A13 (BA1) Specifies bank

Al14 A22** A22%? A12 (BAO)

A13 A21 A13 A1 Address

A12 A20 L/H*! A10/AP Specifies
address/precharge

Al A19 A1 A9 Address

A10 A18 A10 A8

A9 A17 A9 A7

A8 A16 A8 A6

A7 A15 A7 A5

A6 Al14 A6 Ad

A5 A13 A5 A3

A4 A12 A4 A2

A3 A11 A3 Al

A2 A10 A2 A0

Al A9 Al Unused

A0 A8 A0

Example of connected memory
128-Mbit product (1 Mword x 32 bits x 4 banks, column 8 bits product): 1
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 12.13 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (2)-1

Setting
A2/3 A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]

11 (32 bits) 01 (12 bits) 01 (9 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A26 A17 Unused

A16 A25 A16

A15 A24+? A24*? A13 (BA1) Specifies bank

Al14 A23** A23*? A12 (BAO)

A13 A22 A13 A1 Address

A12 A21 L/H*! A10/AP Specifies
address/precharge

Al A20 A11 A9 Address

A10 A19 A10 A8

A9 A18 A9 A7

A8 A17 A8 A6

A7 A16 A7 A5

A6 A15 A6 Ad

A5 Al14 A5 A3

A4 A13 A4 A2

A3 A12 A3 Al

A2 A11 A2 A0

A1l A10 Al Unused

A0 A9 A0

Example of connected memory

256-Mbit product (2 Mwords x 32 bits x 4 banks, column 9 bits product): 1
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 12.13 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (2)-2

Setting
A2/3 A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 01 (12 bits) 10 (10 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A27 A17 Unused

A16 A26 A16

A15 A25*? A25*? A13 (BA1) Specifies bank

Al14 A24%* A24%* A12 (BAO)

A13 A23 A13 A1 Address

A12 A22 L/H* A10/AP Specifies
address/precharge

Al A21 A1 A9 Address

A10 A20 A10 A8

A9 A19 A9 A7

A8 A18 A8 A6

A7 A17 A7 A5

A6 A16 A6 Ad

A5 A15 A5 A3

A4 Al14 A4 A2

A3 A13 A3 Al
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Setting
A2/3 A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function
A2 A12 A2 A0

A1l A11 A1 Unused
A0 A10 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10 bits
product): 1

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits
product): 2

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.
2. Bank address specification
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Table 12.14 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (3)

Setting
A2/3 A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]

11 (32 bits) 10 (13 bits) 01 (9 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A26 A17 Unused

A16 A25*2 A25*2 A14 (BA1) Specifies bank

A15 A24%* A24+* A13 (BAO)

Al14 A23 Al14 A12 Address

A13 A22 A13 A1l

Al12 A21 L/H*! A10/AP Specifies
address/precharge

Al A20 A1 A9 Address

A10 A19 A10 A8

A9 A18 A9 A7

A8 A17 A8 A6

A7 A16 A7 A5

A6 A15 A6 A4

A5 Al14 A5 A3

A4 A13 A4 A2

A3 A12 A3 A1

A2 A11 A2 A0

A1l A10 Al Unused

A0 A9 A0

Example of connected memory
512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9 bits product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 12.15 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (4)-1

Setting
A2/3 A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]

10 (16 bits) 00 (11 bits) 00 (8 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A25 A17 Unused

A16 A24 A16

A15 A23 A15

Al4 A22 Al4

A13 A21 A21

A12 A20*? A20*? A11 (BAO) Specifies bank

Al1 A19 L/H* A10/AP Specifies
address/precharge

A10 A18 A10 A9 Address

A9 A17 A9 A8

A8 A16 A8 A7

A7 A15 A7 A6

A6 Al4 A6 A5

A5 A13 A5 A4

A4 A12 A4 A3

A3 A1 A3 A2

A2 A10 A2 Al

A1l A9 A1l A0

AO A8 AO Unused

Example of connected memory

16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 12.15 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (4)-2

Setting
A2/3 A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]

10 (16 bits) 01 (12 bits) 00 (8 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A25 A17 Unused

A16 A24 A16

A15 A23 A15

Al14 A22*? A22%* A13 (BA1) Specifies bank

A13 A21%? A21*° A12 (BAD)

A12 A20 A12 A11 Address

A1 A19 L/H*! A10/AP Specifies
address/precharge

A10 A18 A10 A9 Address

A9 A17 A9 A8

A8 A16 A8 A7

A7 A15 A7 A6

A6 Al14 A6 A5

A5 A13 A5 A4

A4 A12 A4 A3

A3 A1 A3 A2

A2 A10 A2 A1l

A1l A9 A1l A0

AO A8 AO Unused

Example of connected memory
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 12.16 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (5)-1

Setting
A2/3 A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]

10 (16 bits) 01 (12 bits) 01 (9 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A26 A17 Unused

A16 A25 A16

A15 A24 A15

Al14 A23*? A23*? A13 (BA1) Specifies bank

A13 A22%? A22*° A12 (BAO)

A12 A21 A12 A1 Address

A1 A20 L/H* A10/AP Specifies
address/precharge

A10 A19 A10 A9 Address

A9 A18 A9 A8

A8 A17 A8 A7

A7 A16 A7 A6

A6 A15 A6 A5

A5 A14 A5 A4

A4 A13 A4 A3

A3 A12 A3 A2

A2 A11 A2 Al

Al A10 Al A0

AO A9 AO Unused

Example of connected memory

128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 12.16 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (5)-2

Setting
A2/3 A2/3 A2/3
BSZ ROW COL
[1:0] [1:0] [1:0]

10 (16 bits) 01 (12 bits) 10 (10 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A27 A17 Unused

A16 A26 A16

A15 A25 A15

Al14 A24%* A24%* A13 (BA1) Specifies bank

A13 A23+* A23*? A12 (BAO)

A12 A22 A12 A1 Address

A1 A21 L/H*! A10/AP Specifies
address/precharge

A10 A20 A10 A9 Address

A9 A19 A9 A8

A8 A18 A8 A7

A7 A17 A7 A6

A6 A16 A6 A5

A5 A15 A5 A4

A4 Al14 A4 A3

A3 A13 A3 A2

A2 A12 A2 A1l

Al A1 Al AO

AO A10 AO Unused

Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 12.17 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (6)-1

Setting
A2/3 A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]

10 (16 bits) 10 (13 bits) 01 (9 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A26 A17 Unused

A16 A25 A16

A15 A24*2 A24*2 A14 (BA1) Specifies bank

A14 A23** A23** A13 (BAO)

A13 A22 A13 A12 Address

A12 A21 A12 A1

Al A20 L/H* A10/AP Specifies
address/precharge

A10 A19 A10 A9 Address

A9 A18 A9 A8

A8 A17 A8 A7

A7 A16 A7 A6

A6 A15 A6 A5

A5 A14 A5 A4

A4 A13 A4 A3

A3 A12 A3 A2

A2 A11 A2 A1l

Al A10 Al AO

AO A9 AO Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Table 12.17 Relationship between A2/3BSZ[1:0], A2/3ROW|[1:0], A2/3COL[1:0], and
Address Multiplex Output (6)-2

Setting
A2/3 A2/3 A2/3
BSZ ROW COoL
[1:0] [1:0] [1:0]

10 (16 bits) 10 (13 bits) 10 (10 bits)

Output Pin of Row Address Column Address Synchronous

This LSI Output Output DRAM Pin Function

A17 A27 A17 Unused

A16 A26 A16

A15 A25*? A25*? A14 (BA1) Specifies bank

Al14 A24%* A24** A13 (BAO)

A13 A23 A13 A12 Address

A12 A22 A12 A1

Al A21 L/H* A10/AP Specifies
address/precharge

A10 A20 A10 A9 Address

A9 A19 A9 A8

A8 A18 A8 A7

A7 A17 A7 A6

A6 A16 A6 A5

A5 A15 A5 A4

A4 A14 A4 A3

A3 A13 A3 A2

A2 A12 A2 Al

Al Al1 Al A0

AO A10 AO Unused

Example of connected memory
512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at low or high according to the
access mode.

2. Bank address specification
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Burst Read: A burst read occurs in the following cases with this LS.

1. Accesssizeinreading islarger than data bus width.
2. 16-bytetransfer in cache miss.
3. 16-bytetransfer in DMAC or E-DMAC (access to hon-cachable area)

This LS| aways accesses the SDRAM with burst length 1. For example, read access of burst
length 1 is performed consecutively 4 timesto read 16-byte continuous data from the SDRAM that
is connected to a 32-bit data bus.

Table 12.18 shows the rel ationship between the access size and the number of bursts.

Table 12.18 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts

16 bits 8 bits
16 bits
32 bits
16 bytes

32 bits 8 bits
16 bits
32 bits
16 bytes 4

aloo|l | = =

—_

Figures 12.14 and 12.15 show atiming chart in burst read. In burst read, an ACTV command is
output in the Tr cycle, the READ command isissued in the Tcl, Tc2, and Tc3 cycles, the READA
command isissued in the Tc4 cycle, and the read datais received at the rising edge of the external
clock (CKIO) inthe Td1 to Td4 cycles. The Tap cycle isused to wait for the completion of an
auto-precharge induced by the READA command in the SDRAM. In the Tap cycle, anew
command will not be issued to the same bank. However, access to another CS space or another
bank in the same SDRAM space is enabled. The number of Tap cyclesis specified by the TRP1
and TRPO bitsin CS3WCR.

Inthis LSI, wait cycles can be inserted by specifying each bit in CSnWCR to connect the SDRAM
in variable frequencies. Figure 12.15 shows an example in which wait cycles are inserted. The
number of cycles from the Tr cycle where the ACTV command is output to the Tcl cycle where
the READA command is output can be specified using the TRCD1 and TRCDO bitsin CS3WCR.
If the TRCD1 and TRCDO hits specify one cycle or more, a Trw cycle where the NOP command
isissued isinserted between the Tr cycle and Tcl cycle. The number of cycles from the Tcl cycle
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where the READA command is output to the Td1 cycle where the read dataiis latched can be
specified for the CS2 and CS3 spaces independently, using the A2CL1 and A2CLO bitsin
CS2WCR or the A3CL1 and A3CLO hitsin CS3WCR and TRCDO bit in CS3WCR. The number
of cyclesfrom Tcl to Td1 corresponds to the synchronous DRAM CAS latency. The CAS latency
for the synchronous DRAM is normally defined as up to three cycles. However, the CAS latency
inthis LSl can be specified as 1 to 4 cycles. This CAS latency can be achieved by connecting a
latch circuit between this LS| and the synchronous DRAM.

Td1 Td2 Td3 Td4
o Troov Tet v Te2 v Te3 o+ Ted 1 Tde . Tap

<—.—><—>i<—><—><—>,<—><—><—>i

CKIO : ' ! ' . ' / '
A25 to AO :.X . .X .X X ‘X .
momr (L N\ L L \\\\\\\\\\\\\\\\\\\\\ =

L)

~

RAS I\ /o

o}
[9)]
=
%
-

X
S|
X

D31 to DO T T E T - T
s

7

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.14 Burst Read Basic Timing (Auto Precharge)
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Tw Td1 Td2 Td3 Td4
v Tro o Trw o Tel v Te2 0+ Te3 o+ Ted o ! 1 Tde  Tap
<—-—><—-—><—-—>ﬂ—><—><—>ﬂ—><—>s<—><—>:

RD/WR

A
o NG bbb

D110 00 ——F———t L NN

s TN L
e SRR EE N e

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.15 Burst Read Wait Specification Timing (Auto Precharge)
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Single Read: A read access ends in one cycle when data exists 