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Cautions

Keep safety first in your circuit designs!

1.

Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and morereliable, but thereis dways 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 materias

1

These materids are intended as areference to assist our customersin 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 athird 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 materids, 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 istherefore 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 al so 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 dl of theinformation contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sureto evaluate all information asatotal
system before making afinal 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 usein a
device or system that isused under circumstances in which human lifeis 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
undersearepeater 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 alicense 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 materias or the products
contained therein.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pinsare either not connected to any of the interna circuitry or are
used astest pinsor to reduce noise. If something is connected to the NC pins, the
operation of the LSl isnot guaranteed.

2. Treatment of Unused Input Pins

Note: Fix al unused input pinsto high or low leve.
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
chipand alow leve isinput on thereset 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:  Accessto undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation isnot guaranteed if they are accessed.
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Configuration of This Manual

Thismanua comprisesthe following items.

General Precautions on Handling of Product
Configuration of This Manual
Preface
Contents
Overview
Description of Functiona Modules
e CPU and System-Control Modules
*  On-Chip Periphera Modules

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

i) Feature
ii) Input/Output Pin
iii) Register Description
iv) Operation
v) Usage Note
When designing an application system that includesthis LS|, take notesinto account. Each

section includes notes in relation to the descriptions given, and usage notes are given, as required,
asthefinal part of each section.

o 0k~ wbdhE

7. List of Registers

8. Electrical Characteristics
9. Appendix

10. Index
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Preface

The SH7705 single-chip RISC (Reduced Instruction Set Computer) microprocessor includesa
Renesas Technology original RISC CPU asiits core, and the peripheral functions required to
configure asystem.

Target users Thismanua was written for userswho will be using the SH7705 Micro-Computer
Unit (MCU) in the design of application systems. Users of this manual are expected
to understand the fundamentals of electrical circuits, logical circuits, and
mi crocomputers.

Objective:  Thismanual was written to explain the hardware functions and electrica
characterigtics of the SH7705 MCU 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 manud:

* Product names
The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification Product Code

SH7705 HD6417705

* 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.

* |n order to understand the detail s 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, isimplemented
on more than one channd:

XXX_N (XXX istheregister name and N isthe channel
number)

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

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, decimal is Xxxx

Signal notation:  An overbar is added to alow-active signal: xxxx

Related Manuals:  The latest versions of all related manual s are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/eng/

SH7705 manuals,

Manual Title ADE No.
SH7705 Hardware Manual This manual
SH-3/SH-3E/SH3-DSP Programming Manual ADE-602-096

Users manuals for devel opment tools:

Manual Title ADE No.

SH Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's ADE-702-246
Manual

SH Series Simulator/Debugger (for Windows) User's Manual ADE-702-186
SH Series Simulator/Debugger (for UNIX) User's Manual ADE-702-203
Embedded Workshop User's Manual ADE-702-201
SH Series Embedded Workshop, Debugging Interface Tutorial ADE-702-230
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Abbreviations

ADC
ALU
ASE
ASID
AUD
BCD
bps
BSC
CCN
CMT
CPG
CPU
DMAC
etu
FIFO
Hi-Z
uDI
INTC
IrDA
JTAG
LQFP
LRU
LSB
MMU
MPX
MSB

PFC
PLL
PWM

RISC
ROM
RTC

SCIF

Analog to Digital Converter
Arithmetic Logic Unit
Adaptive System Evaluator
Address Space Identifier
Advanced User Debugger
Binary Coded Decimal

bit per second

Bus State Controller

Cache Memory Controller
Compare Match Timer
Clock Pulse Generator
Central Processing Unit
Direct Memory Access Controller
Elementary Time Unit
Firg-In First-Out

High Impedance

User Debugging Interface
Interrupt Controller

Infrared Data Association
Joint Test Action Group
Low Profile QFP

Least Recently Used

Least Significant Bit
Memory Management Unit
Multiplex

Most Significant Bit
Program Counter

Pin Function Controller
Phase Locked Loop

Pulse Width Modulation
Random Access Memory
Reduced Instruction Set Computer
Read Only Memory
Realtime Clock

Serial Communication Interface with FIFO

RENESAS
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SDRAM Synchronous DRAM

TAP Test Access Port

T.B.D  ToBeDetermined

TLB Trandation Lookaside Buffer

T™MU Timer Unit

TPU Timer Pulse Unit

UART  Universal Asynchronous Receiver/Tranamitter
UBC User Break Controller

UsB Universal Serial Bus

wWDT Watchdog Timer
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Main Revisions and Additions in this Edition

Item Page Revisions (See Manual for Details)
1.1 SH7705 Features 4 Features of USB function module (USB) amended
Table 1.1 SH7705 » Conforms to USB 2.0 full-speed specification
Features
1.3 Pin Assignment 13, 15, Note *6, *7 added
Table 1.2 Pin Functions 16 Pin No.
FP-  TBP-
208C 208A  Pin Name 110 Description
139 G15  TDI/PTGO I/1/0  Testdata input (UDI) /
input/output port G
140 G14  TCK/PTGL I/1/0  Testclock (UDI) / input/output
port G
141 F17 TMS/PTG2 I/1/0  Testmode select (UDI) /
input/output port G
142  F16  TRST'/PTG3 1/1/0  Testreset (UDI)/ input/output
port G
143  F15  TDO/PTF5 O/l0  Testdata output (UDI) /
input/output port F
144 F14 ASEBRKAK/ O /1O  ASE break acknowledge
PTF6 (UDI) / input/output port F
145  E17  ASEMDO™2*"/ I/1/0  ASE mode (UDI) / input/output
PTF7 port F
195  C6 RESETP® I Power-on reset request
Notes: 6. Pull-up MOS connected.
7. The pull-up MOS turns on if the pin function controller
(PFC) is used to select other functions (UDI).
4.4.1 Address Array 105 Description amended
Address-Array Write [T This operation is used to invalidate the address
(Associative Operation) specification for a cache.
4.4.3 Usage Examples 107 Description largely revised
Invalidating a Specific Entry
Invalidating an Address 108 Description added
Specification
5.2.5 Exception Source 117 Note *3 amended

Acceptance Timing and
Priority

Table 5.1 Exception Event

Vectors

Note: 3. If an interrupt is accepted, the exception event
register (EXPEVT) is not changed. [T
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Item Page Revisions (See Manual for Details)
6.1 Features 126 CMT deleted
Figure 6.1 Block Diagram M b ———
of INTC : Inputioutput [
IRQ5-IRQ0 ﬁ—>: 5 control
i ——
PINT15-PINTO ﬁ‘ﬁ»
DMAC ?(Interrupt request) 4
SCIF — -
ADC — -
USB — L -
™
Legend:
DMAC : Direct memory access controller
SCIF  : Serial communication interface (with FIFO)
ADC  :A/D converter
USB  :USB interface
TMU  : Timer pulse unit
TPU : 16-bit timer pulse unit
6.4.6 Interrupt Exception 140 IPR (bit numbers) amended for interrupt source TMU2
Handling and Priority IPRA (7 to 4)
Table 6.4 Interrupt
Exception Handling Sources
and Priority (IRQ Mode)
7.4.2 CSn Space Bus 160 Bits 14 to 12 description added
Cor_1tro| Register (CSnBCR) Note: SDRAM can be specified only in area 2 and area 3. If
(n=0,2, 3,4, 5A, 5B, 6A, SDRAM is connected to only one area, SDRAM should be
68) specified for area 3. In this case area 2 should be specified
as normal space.
161 Note 5 added
Note: 5. The SDRAM bank active mode can only be used
for the CS3 space. (Refer to the explanation of the BACTV
bit in the SDRAM control register.)
7.4.5 Refresh Timer 177 Bits 31 to 18 description amended
Control/Status Register Bit Initial
(RTCSR) Bit Name Value R/W  Description
31to8 O 0 R Reserved
7.4.6 Refresh Timer 179 Bits 31 to 18 description amended

Counter (RTCNT)

Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved
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Item Page Revisions (See Manual for Details)
7.13 Others 237 In standby, sleep, and manual reset, control registers of the
Reset bus state controller are not initialized. At manual reset, the
current bus cycle being executed is completed and then the
access wait state is entered. | | Since the RTCNT continues
counting up during manual reset signal assertion, a refresh
request occurs to initiate the refresh cycle.
Note that arbitration requests using BREQ are not accepted
during manual reset signal assertion.
8.3.4 DMA Channel 244 Bits 15, 14 description amended
Control Registers (CHCR) 00: Fixed destination address
(setting prohibited in 16-byte transfer)
245 Bits 13, 12 description amended
00: Fixed source address
(setting prohibited in 16-byte transfer)
8.4.3 Channel Priority 258 [mrhe priority of round-robin mode is CHO > CH1 > CH2 >
Round-Robin Mode CH3 immediately after a reset.
When the round-robin mode is specified, cycle-steal mode
and burst mode should not be mixed among the bus modes
for multiple channels.
8.4.4 DMA Transfer Types 262 Figure amended
Address Modes |_|1 |_| |_gl E |_|? |_| |_|?
CKIO
Figure 8.6 Example of ! ! 1 1
DMA Transfer Timing in : : i i
Dual Mode (Source: rasors W T ><§D< T X
Ordinary Memory, 3 ! 1 |
Destination: Ordinary s N /gé A\ L/
Memory) 1 3 |
Nl
e — S
DACKn 52
(Active-Low) \ ' / ' '
| Data read cycle i 3 Data write cycle
(1stoycle) " [ (2ndcycle)
Bus Mode and channel 266 Description largely revised
Priority Order
8.5 Precautions 270 Newly added
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Item Page Revisions (See Manual for Details)
9.1 Features 272 Figure amended
Figure 9.1 Block Diagram ( s mortac )
of Clock Pulse Generator
Peripheral bus
10.2.2 Watchdog Timer 289 Note added
Control/Status Register Note: If manual reset is selected using the RSTS bit, a
(WTCSR) frequency division ratio of 1/16, 1/32, 1/64, 1/256, 1/1,024,
or 1/4,096 is selected using bits CKS2 to CKSO0, and a
watchdog timer counter overflow occurs, resulting in a
manual reset, the LSI will generate two manual resets in
succession. This will not affect its operation but will cause
change in the state of the STATUS pin.
11.6.1 Transition to 301 Description amended
Module Standby Function This function can be used to reduce the power consumption
in the normal mode and sleep mode.
16.5 SCIF Interrupt 427 Table amended
Sources and DMAC i
Table 16.4 SCIF Interrupt Source Description DMAC Activation
Sources ERI Interrupt initiated by receive error flag Not possible
(ER) or break flag (BRK)
RXI Interrupt initiated by receive FIFO data  Possible™*
full flag (RDF) or receive data ready
(DR)
TXI Interrupt initiated by transmit FIFO data  Possible*?
empty flag (TDFE) or transmit data stop
flag (TSF)
18.1 Features 437 Description amended
» The UDC (USB device controller) conforming to USB2.0
and transceiver process USB protocol automatically.
19.2.7 Port F Control 489 Note *2 added to Bits 15 and 14
Register (PFCR) Note 2. Pull-up MOS on.
19.2.9 Port G Control 491 Note *2 added to Bits 7 to O

Register (PGCR)

Note 2. Pull-up MOS on.
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Item Page Revisions (See Manual for Details)
22.2.10 Execution Times 552 Note added
Break RegiSter (BETR) Note: If the channel B brake condition set to during instruction fetch cycles and any of the
instructions below perform breaks, BETR is not decremented when the first break occurs.
The decremented values are listed below.
Value Value
Instruction Decremented Instruction Decremented
RTE 4 LDC.L @Rm+,SR 6
DMULS.L Rm,Rn 2 LDC.L @Rm+,GBR 4
DMULU.L Rm,Rn 2 LDC.L @Rm+,VBR 4
MAC.L @Rm+@Rn+ 2 LDC.L @Rm+,SSR 4
MAC.W @Rm+,@Rn+ 2 LDC.L @Rm+,SPC 4
MUL.L Rm,Rn 3 LDC.L @Rm+,R0_BANK 4
AND.B #mm,@(R0,GBR) 3 LDC.L @Rm+,R1_BANK 4
OR.B #imm,@(R0,GBR) 3 LDC.L @Rm+,R2_BANK 4
TAS.B @Rn 3 LDC.L @Rm+,R3_BANK 4
TST.B #imm,@(R0,GBR) 3 LDC.L @Rm+,R4_BANK 4
XOR.B #imm,@(R0,GBR) 3 LDC.L @Rm+,R5_BANK 4
LDC Rm,SR 4 LDC.L @Rm+,R6_BANK 4
LDC Rm,GBR 4 LDC.L @Rm+,R7_BANK 4
LDC Rm,VBR 4 LDC.L @Rn+MOD 4
LDC Rm,SSR 4 LDC.L @Rn+,RS 4
LDC Rm,SPC 4 LDC.L @Rn+,RE 4
LDC Rm,R0O_BANK 4 LDC Rn,MOD 4
LDC Rm,R1_BANK 4 LDC Rn,RS 4
LDC Rm,R2_BANK 4 LDC Rn,RE 4
LDC Rm,R3_BANK 4 BSR label 2
LDC Rm,R4_BANK 4 BSRF Rm 2
LDC Rm,R5_BANK 4 JSR @Rm 2
LDC Rm,R6_BANK 4
LDC Rm,R7_BANK 4
23.2 Input/Output Pins 569 Note * added
Note: * The pull-up MOS turns on if the pin function
controller (PFC) is used to select other functions (UDI).
23.3.3 Boundary Scan 570 Description amended
Register (SDBSR) SDBSR is a 385-hit shift register, located on the PAD, for
controlling the input/output pins of this LSI.
23.5.2 Points for Attention 582 Item 7 added under “23.5.2 Points for Attention”
7. The CKIO cock should operate during boundary scan.
The MD[2:0] pin should be set to the clock mode used
during normal operation, and EXTAL and CKIO should be
set within the frequency range specified in the Clock Pulse
Generator (CPG) section.
As during normal operation, the boundary scan test should
be performed after allowing sufficient settling time for the
crystal oscillator, PLL1, and PLL2.
24.1 Register Addresses 592 Access size of EP1 data register and EP2 data register

(by functional module, in
order of the corresponding
section numbers)

amended to 8/32

RENESAS
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Item Page Revisions (See Manual for Details)

25.3.1 Clock Timing 633 Figure amended
Figure 255 POWer'On oo Stable oscillation
OSCi”atiOn Sett“ng T|me internal clocl; mﬂ_\_//_\%%/_xv_/_\_
(¢ (¢
Vee _7L Ve min t’ oo, o
RE% « « A

25.3.2 Control Signal 636 Conditions amended
Timing (Conditions: VccQ = Vee-RTC = Vec-USB = 3.0 t0 3.6 V,
Table 25.6 Control Signal Vece = Vee-PLLL = Vee-PLL2 =1.41t0 1.6 V, AVce = 3.0 to
Timing 3.6 V, VssQ =Vss = Vss-RTC = Vss5-USB = Vgs-PLL1 = Vss-

PLL2 = AVss=0V, Ta =-20to 75°C, Clock mode

0/1/2/4/5/617)

Note *1 amended

Note: 1. RESETP, RESETM, NMI, and IRQ5 to IRQO are
asynchronous. [T

Figure 25.15 Pin Drive 638 Figure amended
Tlmlng at Standby Normal mode Standby mode Normal mode
3 AVAVAS AVAN
tsto
STATUS 0 \ / / =
STATUS 1 /\ ((
25.3.4 Basic Timing 640 Note *2 added
Figure 25.16 Basic Bus tweo | twep |
Cycle (No Wait) wEe | # 71_
Write { twop1 twor
D31 to DO
tyvoha

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.17 Basic Bus 641 Note *2 added

Cycle (One Software Wait) tweo teo t |
|
m*z 7[

Write { twop1 twori

D31 to DO

tvoha

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.
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Item Page Revisions (See Manual for Details)

25.3.4 Basic Timing 642 Note *2 added
Figure 25.18 Basic Bus &jﬁ twe NI
Cycle (One External Wait) wen | 7(_ —
Write twopi twor1
{ D31 to DO V—]ﬁ V_;

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.19 Basic Bus 643 Note *2 added

Cycle (One Software Wait, e weo | o o Jtur ‘
External Wait Enabled - ——i T i ¥
(WM Bit = 0), No Idle Cycle ,
. Write twoo1 taopt | twop1 taowt |
Setting) Hj;
D15 to DO %’ % %
== =4
Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.
25.3.11 SCIF Module 671 Iltem amended
Signal Timing Transmission data delay time (clock synchronization)
Table 25.13 SCIF Module RTS delay time (clock synchronization)
Signal Timing
A. I/O Port States in Each 679 Note *11 added
Processing State power-Down
S
Table A.1 1/O Port States Reset fates
H H Power- Bus Handling
in Each Processmg State on Manual Software Mastership of Unused
Category Pin Reset Reset Standby Sleep Released 1/O Pins
System RESETP % e [ [l | Mustbe
control used
RESETM | | | | | I Pull-up
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Item Page Revisions (See Manual for Details)
A. 1/O Port States in Each 682, Note *13 added
Processing State 684 power-Down
R t Stat
Table A.1 1/O Port States = =
H H Power- Bus Handling
in Each Processmg State on Manual Software Mastership of Unused
Category Pin Reset Reset Standby Sleep Released 1/O Pins
Port NF/PTD[5] | | z | | N Pull-up
PTE[7] V P K P P 10 Open
NF/PTI[7] L o o o o 0/O Open
NFPTI  H® o o o o 0/O Open
[6:0]

Note: 13. The values of PTJ6, PTJ1, and PTJO differ during
power-on reset and after the power-on reset state is
released. They conform to the port J data register value
after being switched to port status by the pin function
controller (PFC).

- After Power-On Reset Release
During Power-On

Reset PTD5/NF = 1 PTD5/NF =0
PTJ6/NF 1 0 1
PTJLUNF 1 1 0
PTJOINF 1 0 1
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Section1l Overview

11 SH7705 Features

ThisLSl isamicroprocessor that integrates a 32-bit RISC-type SuperH architecture CPU asits
core, together with 32-kbyte cache memory as well as peripherd functions required for system
configuration such as an interrupt controller.

High-speed data transfers can be formed by an on-chip direct memory access controller (DMAC),
and an externa memory access support function enables direct connection to different kinds of
memory. This LS| aso includes powerful periphera functionsthat are essential to system
configuration, such as USB (Function) functionality and a serial interface with alarge FIFO.

A powerful built-in power-management function keeps power consumption low, even during
high-speed operation. This LS| isideal for use in electronic devices such as those for applications
that require both high speeds and low power consumption.

The features of thisLSl arelisted in table 1.1.
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Tablel.l SH7705 Features

Item Features

CPU .

Original Renesas SuperH architecture

Compatible with SH-1, SH-2 and SH-3 at object code level

32-bit internal data bus

General-registers

Sixteen 32-bit general registers (eight 32-bit shadow registers)
Five 32-bit control registers

Four 32-bit system registers

RISC-type instruction set

Instruction length: 16-bit fixed length and improved code efficiency
Load/store architecture

Delayed branch instructions

Instruction set based on C language

Instruction execution time: one instruction/cycle for basic instructions
Logical address space: 4 Gbytes

Five-stage pipeline

Memory .
management
unit (MMU)

4 Gbytes of address space, 256 address space identifiers (ASID: 8 hits)
Page unit sharing

Supports multiple page sizes: 1 kbyte or 4 kbytes

128-entry, 4-way set associative TLB

Supports software selection of replacement method and random-
replacement algorithms

Contents of TLB are directly accessible by address mapping

Cache memory =«

32-kbyte cache, mixture of instructions and data

512 entries, 4-way set associative, 16-byte block length
Write-back, write-through, LRU replacement algorithm
1-stage write-back buffer

Interrupt .
controller (INTC)

Seven external interrupt pins (NMI, IRQ5 to IRQO)

On-chip peripheral interrupt: Priority level is independently selected for each
module
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Item

Features

Bus state
controller (BSC)

Physical address space is divided 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

The following features are settable for each area

Bus size (8, 16, or 32 bits). The supported bus size differs for each area.
Number of access wait cycles (Numbers of wait-state cycles during reading
and writing are independently selectable for some areas.)

Setting of idle wait cycles (for the same area or different area)

Specifying the memory type to be connected to each area enables direct
connection to SRAM, byte selection SRAM, SDRAM, and burst ROM. Some
areas support address/data multiplex 1/0 (MPX).

Outputs chip select signal (CSO, CS2 to CS4, CS5A/B, CS6A/B) for
corresponding area (Programs are used to select the CS assert/negate
timing.)

SDRAM refresh function

Supports auto-refresh and self-refresh modes

SDRAM burst access function
Different SDRAM can be connected to area 2 or area 3 (size/latency)
Usable as either big or little endian machine

Direct memory
access controller
(DMAC)

Four channels. Two of these channels support external requests.
Burst mode and cycle steal mode

Outputs transfer end signal in channel with DREQ (one channel)
Supports intermittent mode (supports 16 or 64 cycles)

Clock pulse
generator (CPG)

Clock mode: Input clock can be selected from external input (EXTAL or
CKIO) or crystal resonator

Three types of clocks generated

CPU clock: max. 133.34 MHz/100 MHz

Bus clock: max. 66.67 MHz

Peripheral clock: max. 33.34 MHz

Seven types of clock mode (selection of multiplication ratio of PLL1 and
PLL2, and selection external clock or crystal resonator)

Watchdog timer
(WDT)

One-channel watchdog timer

Power-down
mode

Supports power-down mode

Sleep mode

Software standby mode and hardware standby mode
Module standby mode
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Item

Features

Timer unit (TMU)

Three-channel auto-reload-type 32-bit timer
Input capture function (only channel 2)

Five types of counter input clocks can be selected (Pq@/4, P@16, P@64,
P@256, TCLK input)

Compare match
timer (CMT)

16-bit counter
Four types of clocks can be selected (P@'4, P@8, P@/16, P@64)

16-bit timer pulse
unit (TPU)

Four PWM output (TOO, TO1, TO2, and TO3)
Supports PWM function

Realtime clock
(RTC)

Clock and calendar functions (BCD format)
30-second adjust function
Alarm/periodic/carry interrupt

Automatic leap year adjustment

Serial
communication
interface
(SCIF_0, SCIF_2)

Clock synchronous/asynchronous mode
64-byte transmit/receive FIFOs

High-speed UART

UART supports FIFO stop and FIFO trigger
Supports RTS/CTS

Supports IrDA 1.0 (only channel 0)

USB function
module (USB)

Conforms to USB 2.0 full-speed specification
Supports modes with an on-chip and external USB transceiver

Supports control transfer (endpoint 0), bulk transfer (endpoint 1, 2), and
interrupt transfer (endpoint 3)

The USB standard commands are supported, and class and bender
commands are handled by firmware

On-chip FIFO buffer for endpoints (128 bytes/endpoint 1, 2)
Module input clock: 48 MHz

I/O port

Bitwise selection of input/output for input/output port

A/D converter

10 bits + 4 LSB, four channels
Input range: 0 to AVcc (max. 3.6 V)

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
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Item Features

User debugging « Supports the E10A emulator

interface (UDI) JTAG-standard pin assignment

* Real-time branch trace (AUD)

Power-supply e 1/0:3.3+0.3V,internal: 1.5+ 0.1V

voltage
Product lineup Power Supply Voltage
Product On-chip  Operating
Name /O Modules  Frequency Product Code Package

SH7705 33+03V 1.5+0.1V 133 MHz HD6417705F133  208-pin
100 MHz  HD6417705F100  Plastic

LQFP (FP-

208C)
133 MHz HD6417705BP133 208-pin
100 MHz HD6417705BP100 FBGA

(TBP-208A)
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12

Block Diagram

Figure 1.1 shows an internal block diagram of the SH7705.

CCN | —— ——| cpu
CACHE [—— UBC
—— ] RTC
e}
—K— Auw
MMU = @ CMT
— » Qo
a ©
— o)
:
BSC
Externalbus | ¢—— | I/0 port | — uDl
interface (PFC) [—
Legend:
CACHE: Cache memory TMU: Timer unit
CCN: Cache memory controller TPU: 16-bit timer pulse unit
MMU: Memory management unit RTC: Realtime clock
TLB: Translation look-aside buffer CMT: Compare match timer
INTC: Interrupt controller SCIF: Serial communication interface with FIFO
CPG/WDT: Clock pulse generator/watchdog timer  IrDA: Infrared data association module
CPU: Central processing unit USB: Universal serial bus
UBC: User break controller ADC: A/D converter
AUD: Advanced user debugger UDI: User debugging interface
BSC: Bus state controller PFC: Pin function controller
DMAC: Direct memory access controller

Figure 1.1 Block Diagram of SH7705
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13 Pin Assignment

NF¥*/PTM4
Vss

156 3 VssQ
149 9 Voe-PLLA

STATUSO/PTE4/RTSO0 [}

STATUS1/PTE5/CTSO RASUPPTD!
VssQ RASL/PTDO
CKIO CS6B/PTD7
VecQ CS6A/PTC7
PTNO/SUSPND CS5B/PTD6
PTN1/TXENL CS5A/PTC6
PTN2/XVDATA CS4/PTC5
PTN3/TXDMNS CS3/PTC4
PTN4/TXDPLS CS2/PTC3
PTN5/DMNS CSso__
PTN6/DPLS RD/WR -
p WEB/DQMUU/AR/PTC2
TCLKIPTES WE2/DQMUL/PTCA
P WE1/DQMLU
TXDO/SCPTO/IFTX
SCKO/SCPT1 WEO/DQMLL
TxD2/SCPT2 VssQ
SCK2/SCPT3 RD
RTS2/SCPT4 BS/PTCO
RXDO/SCPTO/IRX A25/PTK7
ccQ A24/PTK6
RxD2/SCPT2 A23/PTK5
oremerssd SH7705 AZZIPTKA
cC
V. FP—ZQSC AZTIPTK3
RESE (Top view) WRemice
IRQU/IRLO/PTHO A19/PTK1

IRQ1/IRL1/PTH1
IRQ2/IRL2/PTH2

IRQ3/IRL3/PTH3 A16
IRQ4/PTH4 A15
IRQ5/PTE2 VeeQ

AUDCK/PTG4 A4
NMI VssQ
DREQO/PTH5 AT3
DREQ1/PTH6 A12
RESETP A1
CA A10
MD3 A9
MD4 A8
AVss A7
ANO/PTLO A6
AN1/PTL1 A5
AN2/PTL2 VeeQ
AN3/PTL3 Ad
AVee [ 1VssQ
vssQ ] 205 [1A3
EXTAL_USB []206 A2

XTAL_UsB []207 A1

VecQ 4208 1 A0/PTKO
©
exoacge g g 8
»—l—»—»—E B o0z2zzzzz>z2z>z22
ZZZZZ>Z>pppaaa a aa
RERESLLRRSR3 5 o%
mOOM0 M EEFEEE E EE
EEEEE - apnoooQ Qo ao
200008 0 FIFFIcS O BN
SOBR & UNNANNA = =<
SONNN N an000a o oo
afatayataiiya)

Note: * The initial functions of NF (No Function) pins are not assigned after power-on reset. Specifies the functions with Pin Function Controller (PFC).

Figure 1.2 Pin Assignment (FP-208C)
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0000000000000 00O0O0|
0000000000000 00O0O0;
0000000000000 00O0O0;
0000000000000 00O0O0;
O O O O ey 0 00O
' 00o0O0 0 0O0O!
" 0oo0o0oO0 0 0O0O0:
0000 ass .|iooo0o0]
0000 T =/ 00 0O
00 0O - = 2| 000 O0;
'ooo0oO0 \\ 0O 00O
" 0oo0o0oO0 ©00O0O0!
0 0 0 0O 0 0O0O0;
0000000000000 00O0O0;
0000000000000 0O0O0O;
0000000000000 0O0O0O!
0000000000000 0O0O0O;

Note: The terminal area surrounded by the dotted line is the perspective view.

Figure 1.3 Pin Assignment (TBP-208A)
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Tablel.2

Pin Functions

Pin No.
FP-  TBP-
208C 208A Pin Name I/0 Description
1 Al VssQ ad I/O power supply (0 V)
2 B1 Vce-USB ad USB power supply (3.3 V)
3 C3 D+ I/0 USB data line
4 Cc2 D- I/O USB data line
5 C1 Vss-USB ad USB power supply (0 V)
6 D3 Vce-RTC*® O RTC power supply (3.3 V)*°
7 D2 XTAL2 (0] Crystal oscillator pin for on-chip RTC
8 D1 EXTAL2 I Crystal oscillator pin for on-chip RTC
9 E4 Vss-RTC*® O RTC power supply (0 V)*°
10 E3 VBUS/PTM6 I1/1/0 USB power supply detection / input/output port M
11 E2 MD6 I connect to /0 power supply (0V)
12 El D31/PTB7/PINT15 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
13 F4 D30/PTB6/PINT14 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
14 F3 D29/PTB5/PINT13 /O /1/O /1 Data bus/input/output port B / PINT interrupt
15 F2 D28/PTB4/PINT12 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
16 F1 D27/PTB3/PINT11 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
17 G4 VssQ d I/O power supply (0 V)
18 G3 D26/PTB2/PINT10 1/O/1/O /1 Data bus/input/output port B / PINT interrupt
19 G2 VeeQ ad I/O power supply (3.3 V)
20 Gl D25/PTBL/PINT9  1/O/1/O /1 Data bus/input/output port B / PINT interrupt
21 H4 D24/PTBO/PINT8  1/O/1/O /1 Data bus/input/output port B / PINT interrupt
22 H3 D23/PTA7/PINT7  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
23 H2 D22/PTA6/PINT6  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
24 H1 D21/PTAS5/PINTS  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
25 J4 D20/PTA4/PINT4  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
26 J2 Vss d Internal power supply (0 V)
27 J1 D19/PTA3/PINT3 /O /1/O /1 Data bus/input/output port A/ PINT interrupt
28 J3 Vcce d Internal power supply (1.5 V)
29 K1 D18/PTA2/PINT2  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
30 K2 D17/PTAL/PINTL  1/O/1/O /1 Data bus/input/output port A/ PINT interrupt
31 K3 D16/PTAO/PINTO  I/O/1/O /1 Data bus/input/output port A/ PINT interrupt
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Pin No.
FP-  TBP-

208C 208A Pin Name I/O Description

32 K4 VssQ ad I/O power supply (0 V)
33 L1 D15 I/0 Data bus

34 L2 VeeQ ad I/O power supply (3.3 V)
35 L3 D14 I/0 Data bus

36 L4 D13 I/0 Data bus

37 M1 D12 I/0 Data bus

38 M2 D11 I/0 Data bus

39 M3 D10 I/O Data bus

40 M4 D9 I/0 Data bus

41 N1 D8 I/0 Data bus

42 N2 D7 I/0 Data bus

43 N3 D6 I/O Data bus

44 N4 VssQ d I/O power supply (0 V)
45 P1 D5 I/0 Data bus

46 P2 VeeQ d I/O power supply (3.3 V)
47 P3 D4 I/O Data bus

48 R1 D3 I/O Data bus

49 R2 D2 I/O Data bus

50 P4 D1 I/0 Data bus

51 T1 DO I/0 Data bus

52 T2 VssQ ad I/O power supply (0 V)
53 Ul AO/PTKO O/1/0 Address bus / input/output port K
54 u2 Al o Address bus

55 R3 A2 o Address bus

56 T3 A3 O Address bus

57 u3 VssQ ad I/O power supply (0 V)
58 R4 Ad O Address bus

59 T4 VeeQ d I/O power supply (3.3 V)
60 u4 A5 O Address bus

61 P5 A6 O Address bus

62 R5 A7 O Address bus

63 T5 A8 0] Address bus
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Pin No.
FP-  TBP-

208C 208A Pin Name I/0 Description

64 us A9 (0] Address bus

65 P6 A10 (0] Address bus

66 R6 All (0] Address bus

67 T6 Al12 (0] Address bus

68 ué6 A13 (0] Address bus

69 P7 VssQ ad I/O power supply (0 V)

70 R7 Al4 (0] Address bus

71 T7 VeeQ d I/O power supply (3.3 V)

72 u7 Al15 (0] Address bus

73 P8 A16 O Address bus

74 R8 Al7 (0] Address bus

75 T8 Al18 (0] Address bus

76 us A19/PTK1 O /1/0 Address bus / input/output port K

77 P9 A20/PTK2 O/1/0 Address bus / input/output port K

78 T9 Vss d Internal power supply (0 V)

79 U9 A21/PTK3 O/l1/0 Address bus / input/output port K

80 R9 Vcce d Internal power supply (1.5 V)

81 Ul0  A22/PTK4 O/l1/o Address bus / input/output port K

82 T10  A23/PTK5 O/1/0 Address bus / input/output port K

83 R10  A24/PTK6 O/l1/0 Address bus / input/output port K

84 P10  A25/PTKY O /l1/0 Address bus / input/output port K

85 Uil  BS/PTCO O/1/0 Bus cycle start signal / input/output port C
86 T11 RD o Read strobe

87 R11  VssQ ad I/O power supply (0 V)

88 P11  WEO/DQMLL 0O/0 D7 to DO select signal / DQM (SDRAM)
89 Uul2  VceQ ad I/O power supply (3.3 V)

90 T12 WE1/DQMLU 0O/0 D15 to D8 select signal / DQM (SDRAM)

91 R12  WE2/DQMUL/PTC1 O/O/1/O D23 to D16 select signal / DQM (SDRAM) /
input/output port C

92 P12 WE3/DQMUU/AH/ 0O/O/0O/ D31 to D24 select signal / DQM (SDRAM) /

PTC2 I/0 address hold / input/output port C
93 Ul3 RD/WR ¢} Read/write
94 T13 CS0 (0] Chip select 0

Rev. 2.00, 09/03, page 11 of 690
RENESAS



Pin No.

FP-  TBP-

208C 208A Pin Name I/0 Description

95 R13 CS2/PTC3 0 /10 Chip select 2 / input/output port C

96 P13  CS3/PTC4 0o/10 Chip select 3 / input/output port C

97 Ul4 CS4/PTC5 0o/10 Chip select 4 / input/output port C

98 T14  CSBA*’/PTC6 0/10 Chip select 5A / input/output port C

99 R14 CS5B**PTD6 0/10 Chip select 5B / input/output port D

100 U15 CSBA**PTCT7 0/1/0 Chip select 6A / input/output port C

101 T15 CS6B*%PTD7 o/1/0 Chip select 6B / input/output port D

102 P14 RASL/PTDO 0 /10 Lower 32 Mbytes address RAS (SDRAM) /
input/output port D

103 U16 RASU*¥PTD1 O/10 Upper 32 Mbytes address RAS (SDRAM) /
input/output port D

104 T16 CASL/PTD2 O/10 Lower 32 Mbytes address CAS (SDRAM) /
input/output port D

105 Ul7  VssQ d I/O power supply (0 V)

106 T17 CASU**/PTD3 o/10 Upper 32 Mbytes address CAS (SDRAM) /
input/output port D

107 R15 CKE/PTD4 O/1/0 CK enable (SDRAM) / input/output port D

108 R16  PTD5/NF** | Input port D/ NF**

109 R17 BACK/PTG5 0O/1l0 Bus acknowledge / input/output port G

110 P15 BREQ/PTG6 1/1/0 Bus request / input/output port G

111 P16  VssQ d I/O power supply (0 V)

112 P17  WAIT/PTG? I/1/0 Hardware wait request / input/output port G

113 N14  VceQ d I/O power supply (3.3 V)

114 N15  DACKO/PTEO O/1/0 DMA acknowledge 0 / input/output port E

115 N16  DACK1/PTE1l O/1/0 DMA acknowledge 1 / input/output port E

116 N17  TENDO/PTE3 O/l1/o DMA transfer end natification / input/output
port E

117 M14  AUDSYNC/PTF4 O/l1/o AUD synchronous / input/output port F

118 M15  AUDATAO/PTFO/TOO0 O/I/O/O  AUD data output / input/output port F / timer
output

119 M16  AUDATA1/PTFL/TO1 O/I/O/O  AUD data output/ input/output port F / timer
output

120 M17  AUDATA2/PTF2/TO2 O/I/O/O  AUD data output / input/output port F / timer

output
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Pin No.

FP-  TBP-

208C 208A Pin Name I/0 Description

121 L14 AUDATA3/PTF3/TO3 O/1/0/0O  AUD data output / input/output port F / timer
output

122 L15  NF*/PTJO o} NF** Joutput port J

123 L16 NF*/PTI1 o} NF** Joutput port J

124  L17  NF*/PTJI2 o} NF** Joutput port J

125 K14  NF*/PTJ3 o} NF** Joutput port J

126 K15 NF*/PTJ4 o} NF** Joutput port J

127 K16 NF*/PTJ5 o} NF** Joutput port J

128 K17  NF*/PTJ6 o} NF** Joutput port J

129  J14  NF*/PTJI7 o} NF** Joutput port J

130 J16 Vss d Internal power supply (0 V)

131 J17  NF*Y/PTM4 | NF**/ input port M

132 J15 Vce d Internal power supply (1.5 V)

133 H17  VssQ I/O power supply (0 V)

134 H16  PTMO I/0 Input/output port M

135 H15 PTM1 I/0 Input/output port M

136 H14  PTM2 I/0 Input/output port M

137 G17 PTM3 I/0 Input/output port M

138 G16  VccQ d I/O power supply (3.3 V)

139 G15 TDI*'/PTGO I1/1/0 Test data input (UDI) / input/output port G

140 Gl14 TCK'/PTG1 I1/1/0 Test clock (UDI) / input/output port G

141 F17 TMS*'IPTG2 I1/1/0 Test mode select (UDI) / input/output port G

142 F16  TRST'*/PTG3 1/1/0 Test reset (UDI) / input/output port G

143 F15 TDO/PTF5 O/1/0 Test data output (UDI) / input/output port F

144 F14 ASEBRKAK/PTF6 O/1/0 ASE break acknowledge (UDI) / input/output
port F

145 E17  ASEMDO***'/PTF7 1/1/0 ASE mode (UDI) / input/output port F

146 E16 MDO I Clock mode setting

147 E15 MD1 I Clock mode setting

148 E14 MD2 I Clock mode setting

149 D17  Vcc-PLL1 d PLL1 power supply (1.5 V)

150 D16  Vss-PLL1 d PLL1 power supply (0 V)
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Pin No.

FP-  TBP-

208C 208A Pin Name I/O Description

151 D15  Vss-PLL2 ad PLL2 power supply (0 V)

152 C17  Vcc-PLL2 ad PLL2 power supply (1.5 V)

153 Cl16 MD5 I Endian setting

154 D14  XTAL (0] Crystal oscillator pin

155 B17 EXTAL I External clock / crystal oscillator pin

156 B16  VssQ ad I/O power supply (0 V)

157 Al7  STATUSO/PTE4/ O/1/O/O  Processor status/input/output port E / SCIFO

RTSO transmit request
158 Al6  STATUS1/PTES/ O/1/O/I Processor status / input/output port E / SCIFO
CTSO transmit clear

159 C15 VssQ d I/O power supply (0 V)

160 B15 CKIO I/0 System clock input/output

161 Al15  VceQ d I/O power supply (3.3 V)

162 Cl14  PTNO/SUSPND /010 input/output port N / USB suspend

163 B14 PTN1/TXENL /010 input/output port N / USB output enable

164 Al4 PTN2/XVDATA /O /1 input/output port N / USB differential receive
input

165 D13  PTN3/TXDMNS /010 input/output port N / USB D- transmit output

166 C13  PTN4/TXDPLS /010 input/output port N / USB D+ transmit output

167 B13 PTN5/DMNS /O /1 input/output port N / D—input from USB
receiver

168 A13 PTN6/DPLS /O /1 input/output port N / D+ input from USB
receiver

169 D12  PTN7 I/0 input/output port N

170 Cl12  TCLK/PTE6 I1/1/0 TMU clock input / input/output port E

171 B12 PTE7 I/0 Input/output port E

172 Al12  TxDO/SCPTO/IFTX O/O/0O SCIFO transmit data / SC port / IrDA TX port

173 D11  SCKO/SCPT1 /0 /110 SCIFO clock / SC port

174 Cl11  TxD2/SCPT2 0O/0 SCIF2 transmit data / SC port

175 B11 SCK2/SCPT3 /O /110 SCIF2 clock / SC port

176 A1l  RTS2/SCPT4 o/1o SCIF2 transmit request / SC port

177 D10  RxDO/SCPTO/IrRX 1/11/1 SCIFO receive data / SC port / IrDA RX port

178 C10  VceQ d I/O power supply (3.3 V)

179 B10 RxD2/SCPT2 /1 SCIF2 receive data / SC port
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Pin No.

FP-  TBP-
208C 208A Pin Name I/0 Description

180 A10  VssQ ad I/O power supply (0 V)

181 D9 CTS2/SCPT5 I/1/0 SCIF2 transmit clear / SC port

182 B9 Vss ad I/0 power supply (0 V)

183 A9 RESETM I Manual reset request

184 C9 Vcce ad Internal power supply (1.5 V)

185 A8 IRQOARLO/PTHO /17110 External interrupt request / input/output port H
186 B8 IRQLARLT/PTH1 /17110 External interrupt request / input/output port H
187 c8 IRQ2IRL2/PTH2 I/1/1/0 External interrupt request / input/output port H
188 D8 IRQ3/RL3/PTH3 1/1/1/0 External interrupt request / input/output port H
189 A7 IRQ4/PTH4 I1/1/0 External interrupt request / input/output port H
190 B7 IRQ5/PTE2 I1/1/0 External interrupt request / input/output port E
191 Cc7 AUDCK/PTG4 O/l1/o AUD clock / input/output port G

192 D7 NMI I Nonmaskable interrupt request

193 A6 DREQO/PTH5 I1/1/0 DMA request / input/output port H

194 B6 DREQ1/PTH6 I1/1/0 DMA request / input/output port H

195 C6  RESETP® I Power-on reset request

196 D6 CA I Hardware standby request

197 A5 MD3 I Area 0 bus width setting

198 B5 MDA4 I Area 0 bus width setting

199 C5 AVss ad Analog power supply (0 V)

200 D5 ANO/PTLO /1 A/D converter input / input port L

201 Ad AN1/PTL1 /1 A/D converter input / input port L

202 B4 AN2/PTL2 /1 A/D converter input / input port L

203 Cc4 AN3/PTL3 1/1 A/D converter input / input port L

204 A3 AVcc ad Analog power supply (3.3 V)

205 B3 VssQ ad I/O power supply (0 V)

206 D4 EXTAL_USB I USB clock

207 A2 XTAL_USB 0] USB clock

208 B2 VeeQ d I/O power supply (3.3 V)

Notes: The unused pins should be handled according to table A.1, I/O Port States in Each

Processing State, in Appendix.

1. The TRST pin must be driven low for a specified period when power supply is turned on
regardless of whether the UDI function is used or not. As the same as the RESETP pin,
the TRST pin should be driven low at the power-on set state and driven high after the
power-on reset state is released.
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2. The input level of the ASEMDO pin must be high if the E10A emulator is not used. For
details, refer to section 23.4.2, Reset Configuration.

3. These pins are initialized to the general input port setting in which the pull-up MOS is off
at a power-on reset. When these pins are connected to memory and so on, their levels
must be fixed externally.

4. The initial functions of NF (No Function) pins are not assigned after power-on reset.
Specifies the functions with Pin Function Controller (PFC).

5. In hardware standby mode, supply power to all power supply pins including the RTC
power supply pins.

6. Pull-up MOS connected.

7. The pull-up MOS turns on if the pin function controller (PFC) is used to select other
functions (UDI).
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14 Pin Functions

Table 1.3 liststhe pin functions.

Table1.3

Classification

Pin Functions

Symbol

I/0

Name

Function

Power supply

Vcc

Power supply

Power supply for the internal
modules 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.

VceQ

Power supply

Power supply for 1/O 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-PLL1

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. An external clock signal
may also be input to the EXTAL

pin.

XTAL

Crystal

For connection to a crystal
resonator.

CKIO

1’0

System clock

Supplies the system clock to
external devices.

RENESAS
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Classification Symbol I/O Name Function
Operating mode MD6 to MDO I Mode set Sets the operating mode. Do not
control change values on these pins
during operation.
MD2 to MDO set the clock mode,
MD3 and MD4 set the bus-width
mode of area 0 and MD5 sets the
endian. MD6 pin should be
connected to VssQ.
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.
STATUSLI, (0] Status output Indicates the operating state.
STATUSO
BREQ Bus request Low when an external device
requests the release of the bus
mastership.
BACK o Bus request Indicates that the bus mastership
acknowledge 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.
CA Chip active High in normal operation, and low
in hardware standby mode.
Interrupts NMI Non-maskable Non-maskable interrupt request
interrupt pin. Fix to high level when not in
use.
IRQ5t0 IRQO | Interrupt Maskable interrupt request pin.
requests 510 0 ggjectable as level input or edge
input. The rising edge or falling
edge is selectable as the detection
edge. The low level or high level is
selectable as the detection level.
IRL3 to IRLO Interrupt Maskable interrupt request pin.
requests 3t0 0 Input a coded interrupt level.
PINT15 to Interrupt PINT interrupt request pin.
PINTO requests 15to 0
Address bus A25 to AO (0] Address bus Outputs addresses.
Data bus D31 to DO IO Data bus 32-bit bidirectional data bus.
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Classification Symbol I/O Name Function
Bus control CS0, o) Chip select 0,  Chip-select signal for external
CS2 to CS4, 2to4,5A, 5B, memory or devices.
CS5A, CS5B, 6A, 6B
CS6A, CS6B,
RD o] Read Indicates reading of data from
external devices.
RD/WR 0 Read/write Read/write signal.
BS 0 Bus start Bus-cycle start.
WE3 (0] Highest-byte Indicates that bits 31 to 24 of the
write data in the external memory or
device are being written.
WE2 (0] Second-highest- Indicates that bits 23 to 16 of the
byte write data in the external memory or
device are being written.
WE1 o Second-lowest- Indicates that bits 15 to 8 of the
byte write data in the external memory or
device are being written.
WEO o Lowest-byte Indicates that bits 7 to O of the data
write in the external memory or device
are being written.
CKE (0] CK enable Clock enable. (SDRAM)
DQMUU (0] DQ mask UU Selects D31 to D24. (SDRAM)
DQMUL (0] DQ mask UL Selects D23 to D16. (SDRAM)
DQMLU (0] DQ mask LU Selects D15 to D8. (SDRAM)
DQMLL (0] DQ mask LL Selects D7 to DO. (SDRAM)
RASU (0] Row address U Specifies a row address. (SDRAM)
RASL (0] Row address L  Specifies a row address. (SDRAM)
CASU (0] Column address Specifies a column address.
U (SDRAM)
CASL o Column address Specifies a column address.
L (SDRAM)
AH o] Address hold  Address hold signal.
WAIT I Wait Inserts a wait cycle into the bus

cycles during access to the
external space.
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Classification Symbol I/O Name Function
Direct memory  DREQO, I DMA-transfer Input pin for external requests for
access controller DREQ1 request DMA transfer.
, -transfer utput strobe to external I/O, in
(DMAC) DACKO 0 DMA-transfer O b 11/0, i
DACK1 strobe response to external requests for
DMA transfer.
TENDO (0] DMA-transfer ~ Transfer end output for DMAC
end channel 0.
Timer unit (TMU) TCLK Clock input External clock input pin/input
capture control input pin.
16-bit timer pulse TO3 to TOO (0] Timer output Output compare/PWM output pin.
unit (TPU)
Serial TxDO, TxD2 (@] Transmit data  Transmit data pin.
pommunlca}tlon RxDO0, RxD2 | Receive data Receive data pin.
interface with
EIFO SCKO, SCK2 I/O Serial clock Clock input/output pin.
(SCIFO, SCIF2) RTSO, RTS2 O Transmit Modem control pin.
request
CTS0, CTS2 | Transmit enable Modem control pin.
IrDA IrTX (0] IrDA TX port IrDA transmit data output.
IrRX I IrDA RX port IrDA receive data input.
Realtime clock  EXTAL2 I RTC clock RTC crystal oscillator pin. (32.768
(RTC) kHz)
XTAL2 o RTC clock RTC crystal oscillator pin. (32.768
kHz)
Vce-RTC ad RTC power Power supply pin for the RTC.
supply
Vss-RTC d RTC ground Ground pin for the RTC.
A/D converter ANS3 to ANO I Analog input pin Analog input pin.
(ADC) AVcc O A/D analog Power supply for the A/D
power supply converter. When the A/D converter
is not in use, connect this pin to the
port power supply (VccQ).
AVss d A/D analog Ground pin for the A/D converter.
ground Connect this pin to the system

power supply (Vss).
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Classification Symbol I/O Name Function
USB EXTAL_USB I USB clock USB clock input pin. (48-MHz
input)
XTAL_USB (0] USB clock USB clock pin.
XVDATA I Data input Receive data input pin from the
differential receiver.
VBUS USB power USB-cable connection-monitor pin.
supply detection
TXDPLS (0] D+ output D+ transmit output pin for the
driver.
TXDMNS o D- output D- transmit output pin for the
driver.
DPLS D+ input D+ signal input pin from the
receiver to the driver.
DMNS D- input D- signal input pin from the
receiver to the driver.
TXENL (0] Output enable  Output enable pin for the driver.
SUSPND o Suspend Suspend-state output pin for the
transceiver.
Vce-USB ad USB analog USB power supply pin. When the
power supply USB is not in use, connect this pin
to the port power supply (VccQ).
Vss-USB ad USB analog USB ground pin. Connect this pin
ground to the system power supply (Vss).
D- I/0 D-1/0 On-chip USB transceiver D-.
D+ I/0 D+1/0 On-chip USB transceiver D+.
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Classification Symbol I/O Name Function
1/O port PTA7 to PTAO 1/O General 8-bit general-purpose 1/0 port pins.

purpose port

PTB7 to PTBO /O General 8-bit general-purpose 1/O port pins.
purpose port

PTC7 to PTCO 1/O General 8-bit general-purpose 1/O port pins.
purpose port

PTD7 to PTDO /O General 8-bit general-purpose 1/O port pins.
purpose port

PTE7 to PTEQO 1/O General 8-bit general-purpose 1/0 port pins.
purpose port

PTF7 to PTFO  I/O General 8-bit general-purpose 1/O port pins.
purpose port

PTG7 to PTGO 1/O General 8-bit general-purpose 1/O port pins.
purpose port

PTH6 to PTHO 1/O General 7-bit general-purpose 1/O port pins.
purpose port

PTJ7to PTIO O General 8-bit general-purpose output port
purpose port pins.

PTK7 to PTKO 1/O General 8-bit general-purpose 1/O port pins.
purpose port

PTL3to PTLO | General 4-bit general-purpose input port
purpose port pins.

PTM6, PTM4 to 1/0 General 6-bit general-purpose I/O port pins.

PTMO purpose port

PTN7 to PTNO I/O General 8-bit general-purpose 1/O port pins.
purpose port

SCPT5 to I/O Serial port 6-bit serial port pins.

SCPTO
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Classification Symbol I/O Name Function

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

|rggr|face T™MS I Test mode Inputs the test-mode select signal.
(UD1) select

TDI Test data input  Serial input pin for instructions and

data.

TDO o Test data Serial output pin for instructions
output and data.

TRST I Test reset Initial-signal input pin.

Advanced user AUDATAS to o AUD data Destination-address output pinin

debugger AUDATAO branch-trace mode.

(AUD) AUDCK (0] AUD clock Synchronous clock output pin in
branch-trace mode.

AUDSYNC o AUD Data start-position acknowledge-
synchronous signal output pin in branch-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 SH7705 E10A Emulator
User’s Manual (tentative title).
ASEMDO ASE mode Sets ASE mode.

RENESAS

Rev. 2.00, 09/03, page 23 of 690



Rev. 2.00, 09/03, page 24 of 690
RENESAS



Section2 CPU

2.1 Processing States and Processing M odes

211 Processing States

This LSl 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 thereset state, the CPU isreset. The LS| supports two types of resets. power-on
reset and manual reset. For details on resets, refer to section 5, Exception Handling.

In power-on reset, theregistersand 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 asthe bus state
controller (BSC), areretained. For details, refer to section 24, Ligt of Registers. The CPU internal
statuses and registers areinitialized 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 gatus 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 regiser (VBR) and passes control to the exception processing program defined by the
user to be executed. For details on reset, refer to section 5, Exception Handling.

Program Execution State: The CPU executes programs sequentidly.

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 ingtruction. For details on
the low-power consumption state, refer to section 11, Power-Down Modes.

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

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

Clearing the MD hit of the SR to 0 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 contral ingtructions 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 aserviceroutine usedin privileged mode from user mode, the LS| supportsan
unconditiona 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 SLEEP instruction
exceptions An exception Y

Exception handling state

is accepted
Low-power
An exception consumption state
is accepted

Figure2.1 Processing State Transitions
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2.2 Memory M ap

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 spaceisdivided into several areas as shown intable 2.1.

PO/UO Area: Thisareais caled the PO area when the CPU isin privileged mode and the UO area
when in user mode. For the PO and UO areas, access using the cacheis enabled. The PO and UO
areas are handled as address trandatabl e areas.

If the cacheis enabled, access to the PO or UO areais cached. If a PO or UO addressis specified
while the address trandation unit is enabled, the PO or U0 addressistrandated into a physical
address based on trandation 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 P1 areais defined as a cacheable but non-address trand atable 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 trandatable area. A reset
processing program to be called from thereset 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 module control register, its
corresponding program should be assigned to the P2 area.

P3 Area: The P3 areais defined as a cacheable and address trandatable area. Thisareaisused if
an address trandation isrequired for a privileged program.

P4 Area: The P4 areais defined as a control area which isnon-cacheable and non-address
trandatable. This area can be accessed only in privileged mode. A part of this LSl's on-chip
module control register isassigned to thisarea.
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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'OFFFFFFF

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,
H'DFFFFFFF address translatable

H'E0000000to P4 Privileged mode 0.5-Gbyte control space, non-cacheable
H'FFFFFFFF

222 External Memory Space

The LSl uses 29 hits of the 32-bit logical address to access external memory. In this case, 0.5-
Ghbyte of external memory space can be accessed. The externa 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 7, Bus State Controller (BSC). In addition, area 1 in the externa
memory space is used as an on-chip 1/O space where most of this LSI's on-chip module control
registers are mapped. **

Normally, the upper three bits of the 32-hit logical address are masked and the lower 29 bitsare
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 logica address space isnot mapped into the external memory
address. If an address in the P4 areais accessed, an external memory cannot be accessed.

Notes: 1. To access an on-chip module control register mapped into area 1 in the externa
memory space, access the address from the P2 areawhich isnot cached in the logical
address space.

2. If theaddresstrandation unit is enabled, arbitrary mapping in page units can be
specified. For details, refer to section 3, Memory Management Unit (MMU).
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External memory space

H'0000 0000 H'0000 0000
Area 0
Area 1
Area 2
Area 3
PO Area 4
area Area 5
U0 area
Area 6
Area 7
' .
H'8000 0000 ' X H'8000 0000
|
P1 area B
1
H'A000 0000 /
|
P2 area !
H'C000 0000 ! Address error
P3 area
H'E000 0000
P4 area
H'FFFF FFFF H'FFFF FFFF
Privileged mode User mode

Figure2.2 Logical Addressto External Memory Space Mapping

2.3 Register Descriptions

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

General Registers: This LS| 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 statusregister (SR) define which set of banked registers (RO_BANKO
to R7_BANKO or RO_BANK1 to R7_BANK1) are accessed as general registers.

System Registers: This LS| incorporates the multiply and accumulate registers (MACH/MACL)
and procedureregister (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: ThisLSl incorporates the statusregister (SR), global base register (GBR),
save statusregister (SSR), save program counter (SPC), and vector base register (VBR) 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.
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Table 2.2 shows the register values after reset. Figure 2.3 shows the register configurations in each
process mode.

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=1,13to 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.
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Notes: 1.

31 0 31 0 31 0
RO_BANKOQ"" "2 RO_BANK1"" "3 RO_BANKOQ"" ™
R1_BANKO0™ R1_BANK1™3 R1_BANKO0™
R2_BANK0™2 R2_BANK1™3 R2_BANKO0™
R3_BANKO0™2 R3_BANK1™3 R3_BANKO0™
R4_BANKO0™2 R4_BANK1™3 R4_BANKO™
R5_BANKO0™ R5_BANK1™3 R5_BANKO0™
R6_BANKO0™2 R6_BANK1"3 R6_BANKO0™
R7_BANKO0™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_BANKOQ™" * RO_BANK1""*3
R1_BANKO™ R1_BANK13
R2_BANKO0™ R2_BANK1"™3
R3_BANKO0™ R3_BANK1™3
R4_BANKO™ R4_BANK1™3
R5_BANKO™ R5_BANK13
R6_BANKO0™ R6_BANK1™3
R7_BANKO0™ R7_BANK1"3

(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.

Figure 2.3 Register Configuration in Each Processing M ode
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231 General Registers

There are twenty-four 32-bit general regisers: 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_BANK1 to R7_BANKZ1) 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 0O is selected regardless of he RB bit value. Sixteen registers: RO_BANKO to
R7_BANKO and R8 to R15 are accessed as generd registers RO to R15. The RO_BANK1 to
R7_BANK1 registersin bank 1 cannot be accessed.

In privileged mode that is entered by a transition to exception handling state, the RB bitissetto 1
to select bank 1. In privileged mode, sixteen registers: RO BANK1 to R7_BANK1 and R8 to R15
are accessed as generd registers RO to R15. A bank is switched automatically when an exception
handling state is entered, registers RO to R7 need not be saved by the exception handling routine.
The RO_BANKO to R7_BANKO registers in bank 0 can be accessed as RO_BANK to R7_BANK
by the LDC and STC instructions.

In privileged mode, bank 0 can also be used as genera 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_BANK1 to R7_BANKZ1 registersin bank 1 can be accessed as
RO_BANK to R7_BANK by the LDC and STC ingtructions.

The general registers RO to R15 are used as equivalent registers for amost all instructions. In
someinstructions, 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
R32 register-indirect addressing mode and indexed
Ra2 GBR-indirect addressing mode. In some

- instructions, only RO can be used as the source
R5™ or destination register.
R6"2 2. RO-R7 are banked registers. In user mode,
R7*2 BANKO is used. In privileged mode, either
RS RO_BANKO to R7_BANKO or RO_BANK1 to

R7_BANK1 is selected by the RB bit of the SR

R9 register.
R10
R11
R12
R13
R14
R15

Figure2.4 General Registers

232 System Registers

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

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

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

The program counter (PC) stores the value obtained by adding 4 to the current instruction address.
Thereisnoinstruction 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 procedureregister (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
| = |

Program counter (PC)
31 0

I PC |

Figure2.5 System Registersand Program Counter
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234

Control Registers

The contral 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 contral registers are described below.

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

Initial
Bit Bit Name Value R/W Description
31 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.
30 MD 1 R/W Processing Mode
Indicates the CPU processing mode.
0: User mode
1: Privileged mode
The MD bit is set to 1 in reset or exception handling state.
29 RB 1 R/W Register Bank
The general registers RO to R7 are banked registers. The RB
bit selects a bank used in the privileged mode.
0: Selects bank 0 registers. In this case, RO_BANKO to
R7_BANKO and R8 to R15 are used as general registers.
RO_BANK?1 to R7_BANKZ1 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.
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 bhit is set to 1 in reset or exception handling state.
27t0100 0 R 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
9 M g R/W M Bit
8 Q O R/W Q Bit
These bits are used by the DIVOS, 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.

7t04 13tol0 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 a 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

1 S O 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.

0 T a 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 statusregister (SSR) can be accessed only in privileged
mode. Before entering the exception, the contents of the SR register is stored in the SSR regider.
At reset, the SSR initial value is undefined.

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

Global Base Register (GBR): The global baseregiser (GBR) isreferenced as a baseregister in
GBR indirect addressing mode. At reset, the GBR initial valueis undefined.
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Vector Base Register (VBR): Theglobal baseregister (GBR) can be accessed only in privileged
mode. If atransition from reset state to exception handling state occurs, thisregister isreferenced
as abase address. For details, refer to section 5, Exception Handling. At reset, the VBRis
initiaized as H'00000000.

Figure 2.6 shows the control register configuration.

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[RB[BL| 0 o[M[Q[13 12 11 10[0]0[S]T]

Figure2.6 Control Register Configuration
24 Data Formats

24.1 Register Data Format

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

w
-
o

Longword |
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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 hits) or aword (16 bits), it
is sign-extended into alongword 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
theregister corresponds to the lowest address in the memory, and the LSB thein the register
corresponds to the highest address. For example, if the contents of the general register RO is stored
at an address indicated by the general register R1 in longword, the MSB byte of the RO is stored at
the address indicated by the R1 and the LSB byte of the R1 register is stored at the address
indicated by the (R1 +3).

The on-chip device registers assigned to memory are accessed in big endian mode. Note that the
available access size (byte, word, or long word) 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 bytein this order from the
word boundary of the memory.

Y 23 15 7 0
Byte postion | | | |[7:01 | | |[15:8] | [7:0] | | [31:24]| [23:16]| [15:8] | [7:0] |
Biyr:em’fnifr‘;” |[7:0] | | | | |[15:8] | [7:0] | | | | [31:24] | [23:16]| [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 Data Format on Memory (Big Endian M ode)
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The little endian mode can also be specified as data format. Either big-endian or little-endian mode
can be selected according to the MD5 pin at reset. When MD5 islow at reset, the processor
operatesin big-endian mode. When MD5 ishigh at reset, the processor operatesin little-endian
mode. The endian mode cannot be modified dynamically.

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

If the little endian mode is selected, 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 thisLS| must be stored in word units. In little endian mode,
the instruction code must be stored from lower byte to upper bytein this order from the
word boundary of the memory.

» 31 23 15 7 0
Byte"ft';satlon | | | |[7:O] | | | | [15:8] | [7:0] | | [31:24] | [23:16]| [15:8] | [7:0] |

Biyr:em‘fmsff;" | | | |[7:0] | | | |[15:8] |[7:01 | | [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 M ode)
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25 Features of CPU Corelnstructions

251 Instruction Execution M ethod

Instruction Length: All instructions have a fixed length of 16 bits and are executed in the
sequential pipeline. In the sequential pipeline, amost al 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 datais sign-extended and operated on as longword
data. Immediate data is sign-extended to longword size for arithmetic operations (MOV, ADD,
and CMP/EQ ingructions) or zero-extended to longword size for logical operations (TST, AND,
OR, and XOR ingtructions).

L oad/Stor e Ar chitectur e; Basic operations are executed between registers. In operations
involving memory, dataisfirst loaded into aregister (load/store architecture). However, bit
manipulation ingtructions 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 ingruction (called the dot
instruction) immediately following the delayed branch instruction. This minimizes disruption of
the pipeline when a branch is made.

This LSl supports two types of conditional branch ingtructions: delayed branch ingtruction or
normal branch ingtruction.

Exanpl e:  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 theresult is True or False. Processing speed
has been improved by keeping the number of instructions that modify the T bit to a minimum.

Exanpl e:  ADD #1, RO ; The T bit cannot be modified by the ADD instruction
CWP/ EQ #0, RO :TheT bitissettolif ROisO.
BT Tar get ; Branchto TARGET if the T bitis 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 ingruction length is fixed to 16 bits, word and longword literal constant is not placed
inside the ingruction code, but in atablein memory. Thetable in memory is referenced with a
MOV instruction using PC-relative addressing mode with displacement.

Exanpl e: MOV. W @di sp, PO

Absolute Addr esses. When dataisreferenced by absol ute address, the absolute address value is
placed in atable in memory beforehand aswell asword 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 dataisreferenced 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 ingtruction is executed, thisvalueistransferred to a
register and the data is referenced using indexed register indirect addressing mode.

Rev. 2.00, 09/03, page 41 of 690
RENESAS



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 @RnN Effective address is register Rn contents. Rn

indirect T

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

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

operand, 4 for a longword operand.

®

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

Longword: Rn + 4
Rn

Register @-Rn
indirect with
pre-decrement

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

longword operand.

Rn - 1/2/4

Byte:Rn—-1 - Rn
Word: Rn—2 - Rn

Longword: Rn—4 -
Rn

(Instruction executed
with Rn after
calculation)

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

Effective address is register Rn contents with
4-bit displacement disp added. After disp is
zero-extended, it is multiplied by 1 (byte), 2
(word), or 4 (longword), according to the
operand size.

disp

(zero-extended)

Rn
+disp x 1/2/4

Byte: Rn + disp

Word: Rn + disp x
2

Longword: Rn +
disp x4
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Indexed @(RO, Rn) Effective address is sum of register Rnand RO  Rn + RO
register indirect contents.
©,

[ R0 ]
GBR indirect @(disp:8, Effective address is register GBR contents with  Byte: GBR + disp
with GBR) 8-bit displacement disp added. After disp is

displacement

zero-extended, it is multiplied by 1 (byte), 2
(word), or 4 (longword), according to the
operand size.

disp

(Zero-extended)

GBR
+ disp x 1/2/4

Word: GBR + disp
x 2

Longword: GBR +
disp x4

Indexed GBR
indirect

@(RO,
GBR)

Effective address is sum of register GBR and

RO contents.

GBR + RO

GBR + RO

PC-relative with
displacement

@(disp:8,
PC)

Effective address is PC with 8-bit displacement
disp added. After disp is zero-extended, it is
multiplied by 2 (word) or 4 (longword), according
to the operand size. With a longword operand,
the lower 2 bits of PC are masked.

disp

(zero-extended)

PC +disp x 2
or
PC &
H'FFFFFFFC

+disp x4

*: With longword operand

Word: PC + disp x 2

Longword:
PC&H'FFFFFFFC
+disp x 4

RENESAS
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative disp:8 Effective address is PC with 8-bit displacement  PC + disp x 2
disp added after being sign-extended and
multiplied by 2.
diep
(sign-extended)
disp:12 Effective address is PC with 12-bit displacement PC + disp x 2
disp added after being sign-extended and
multiplied by 2
disp
(sign-extended)
Rn Effective address is sum of PC and Rn. PC + Rn
O
[ R ]
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)
@ (disp:8, Rn)
@ (disp:8, PC)
disp:8, disp

; Register indirect with displacement
; GBR indirect with displacement

; PC relative with displacement

: PC relative
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253 CPU Instruction Formats

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

XXXX: Ingtruction code
mmmm:  Source register
nnnn; Destination register
iiii: Immediate data
dddd: Displacement

Table2.4 CPU Instruction For mats

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
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Source Destination
Instruction Format Operand Operand Sample Instruction
nm type mmmm: register nnnn: register ADD Rm,Rn
15 0 direct direct
e
mmmm: register  nnnn: register MOV.L Rm,@Rn
indirect indirect
mmmm: post- MACH, MACL MAC.W @Rm+,@Rn+

increment register
indirect (multiply-
and-accumulate
operation)

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

operation)

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,@(RO,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
[ 0001 | nnnn o ddd with displacement

mmmmdddd: nnnn: register MOV.L @(disp,Rm),Rn

register indirect
with displacement

direct
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Source Destination

Instruction Format Operand Operand Sample Instruction
d type dddddddd: GBR RO (register direct) MOV.L @(disp,GBR),R0
15 0 indirect with
displacement
RO (register direct) dddddddd: GBR ~ MOV.L R0O,@(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
i type iiiiiiii: immediate Indexed GBR AND.B #imm,@(R0,GBR)
15 0 indirect
EXEERT
iiiiiiii; immediate RO (register directy AND  #imm,R0
iiiiiiii; immediate — TRAPA #imm
ni type iiiiiiii; immediate nnnn: register ADD  #imm,Rn
15 0 direct
i e i

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

Table2,5 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
pperatiqn 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
MAC Multiply-and-accumulate, double-
precision multiply-and-accumulate
MUL Double-precision multiplication

(32 x 32 hits)
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Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 MULS Signed multiplication (16 x 16 bits) 33
pperatiqn MULU Unsigned multiplication (16 x 16 bits)
instructions

NEG Sign inversion

NEGC Sign inversion with borrow

SUB Binary subtraction

SUBC Binary subtraction with carry

SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
pperatign 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 L-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

RENESAS
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Kinds of Number of

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

Execution
Instruction Instruction Code Operation Privilege states T Bit
Indicated by mnemonic. Indicated in MSB - Indicates summary of Indicates a  Value when Value of T
LSB order. operation. privileged no wait bit after

instruction.  states are instruction is
inserted”!  executed

Explanation of Symbols Explanation of Symbols Explanation of Symbols Explanation
. N of Symbols
OP.Sz SRC, DEST mmmm: Source register —, <. Transfer direction
OP:  Operation code L . —: No
Sz Size nnnn: Destination register  (xx): Memory operand change
SRC: Source 8882 Eg M/Q/T: Flag bits in SR

DEST: Destination . .
""""" &: Logical AND of each bit

Rm: Source register 1111: R15 . .
|: Logical OR of each bit
Rn:  Destination register iiii: Immediate data . .
. A Exclusive logical OR of
imm: Immediate data dddd: Displacement 2 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 Data Transfer 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 0110nnnnmmmmoO0011 Rm - Rn - 1 -
MOV.B Rm,@Rn 0010nnnnmmmmO000 Rm - (Rn) - 1 -
MOV.W Rm,@Rn 0010nnnnmmmmO001  Rm - (Rn) - 1 -
MOV.L Rm,@Rn 0010nnnnmmmmO0010 Rm - (Rn) - 1 -
MOV.B @Rm,Rn 0110nnnnmmmmO0000 (Rm) - Sign extension — Rn - 1 -
MOV.W  @Rm,Rn 0110nnnnmmmmo0001 (Rm) - Sign extension — Rn - 1 -
MOV.L @Rm,Rn 0110nnnnmmmmo0010 (Rm) - Rn - 1 -
MOV.B Rm,@-Rn 0010nnnnmmmmo0100 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 0110nnnnmmmmO0100 (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),RO 10000100mmmmdddd  (disp+Rm) - Sign extension - R0 — 1 -
MOV.W  @(disp,Rm),RO 10000101mmmmdddd  (disp X 2+Rm) - Sign - 1 -
extension - RO
MOV.L @(disp,Rm),Rn 0101nnnnmmmmdddd  (disp x 4+Rm) - Rn - 1 -
MOV.B  Rm,@(RO,Rn) 0000nNnNNnmMmmmO0100 Rm - (RO+Rn) - 1 -
MOV.W Rm,@(RO,Rn) 0000nnNnnmmmmO0101  Rm - (RO+Rn) - 1 -
MOV.L Rm,@(RO,Rn) 0000nNnNnnmmmmO0110 Rm - (RO+Rn) - 1 -
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit

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

MOV.W @(RO,Rm),Rn 0000nnnnmmmm1101  (RO+Rm) - Sign extension - Rn — 1 -

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

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

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

MOV.L  @(disp,GBR),RO  11000110dddddddd  (disp x 4+GBR) - RO - 1 -

MOVA @(disp,PC),R0  11000111dddddddd  disp X 4+PC RO - 1 -

MOVT Rn 0000nNNN00101001 T-Rn - 1 -

SWAP.B  Rm,Rn 0110nnnnmmmm1000 Rm - Swap lowest two - 1 -
bytes - Rn

SWAPW Rm,Rn 0110nnnnmmmm1001 Rm- Swap two consecutive  — 1 -
words - Rn

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

RENESAS
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Table2.7

Arithmetic Operation Instructions

Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
ADD Rm,Rn 0011nnnnmmmm1100 Rn+Rm-RnN - 1 -
ADD #imm,Rn 0111nnnniiiiii 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,R0O 10001000iiiiiiii IfRO=imm,1 - T - 1 Comparison
result
CMP/EQ Rm,Rn 0011nnnnmmmmo0000 IfRn=Rm,1 - T - 1 Comparison
result
CMP/HS Rm,Rn 0011nnnnmmmmo0010 If Rn = Rm with unsigned data, 1 — 1 Comparison
- T result
CMP/GE Rm,Rn 0011nnnnmmmmo0011 If Rn = Rm with signed data, 1 - — 1 Comparison
T result
CMP/HI Rm,Rn 0011nnnnmmmmo0110 If Rn > Rm with unsigned data, 1 — 1 Comparison
- T result
CMP/GT Rm,Rn 0011nnnnmmmmo111 If Rn > Rm with signed data, 1 - — 1 Comparison
T result
CMP/PL Rn 0100nnnNn00010101 IfRN20,1-T - 1 Comparison
result
CMP/PZ Rn 0100nnnNn00010001 fRn>0,1-T - 1 Comparison
result
CMP/STR Rm,Rn 0010nnnnmmmm31100 If Rn and Rm have an equivalent — 1 Comparison
byte,1 - T result
DIVl Rm,Rn 0011nnnnmmmmo0100 Single-step division (Rn/Rm) - 1 Calculation
result
DIVOS Rm,Rn 0010nnnnmmmmo0111 MSB of Rn - Q, MSB of Rm - — 1 Calculation
MM~A"Q - T result
DIVOU 0000000000011001 0 - M/IQIT - 1 0
DMULS.L Rm,Rn 0011nnnnmmmm1101 Signed operation of Rn x Rm - — 2(to -
MACH, MACL 32 x 32 - 64 bits 5)*
DMULU.L Rm,Rn 0011nnnnmmmmo0101 Unsigned operation of Rn x Rm — 2(to -
- MACH, MACL 32 x 32 - 64 5)*
bits
DT Rn 0100nnNN00010000 Rn-1 - Rn,fRNn=0,1 T, - 1 Comparison

else0 - T

result

Rev. 2.00, 09/03, page 54 of 690

RENESAS



Privileged

Instruction Instruction Code Operation Mode Cycles T Bit
EXTS.B Rm,Rn 0110nnnnmmmm1110 A byte in Rm is sign-extended - — 1 -
Rn
EXTSW  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 0110nnnnmmmm31101 A word in Rm is zero-extended — 1 -
- Rn
MAC.L @Rm+, 0000nnnnmmmm31111  Signed operation of (Rn) x (Rm) — 2(to5)" —
@Rn+ +MAC - MAC,Rn+4 - Rn,
Rm+4 - Rm,
32 x 32 + 64 - 64 bits
MAC.W @Rm+, 0100nnnnmmmm31111 Signed operation of (Rn) x (Rm) — 2(to5)" —
@Rn+ +MAC - MAC,Rn+2 - Rn,
Rm+2 - Rm,
16 x 16 + 64 - 64 bits
MUL.L Rm,Rn 0000nnnnmmmmoO0111 Rn xRm - MACL, - 2 (to 5)* -
32 x 32 - 32 bits
MULS.W  Rm,Rn 0010nnnnmmmm1111  Signed operation of Rn xRm - — 1(to 3)" -
MACL,
16 x 16 — 32 bits
MULUW  Rm,Rn 0010nnnnmmmm1110 Unsigned operation of Rn xRm  — 1(to 3)" -
- MACL,
16 x 16 — 32 bits
NEG Rm,Rn 0110nnnnmmmm1011 O-Rm - Rn — 1 —
NEGC Rm,Rn 0110nnnnmmmm1010 O0-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 0010nnnnmmmm1001RN & Rm - Rn - 1 -
AND #imm,R0 11001001iiiiiiii RO & imm - RO - 1 -
AND.B #imm,@ (RO,  1100110diiiiiiii (RO+GBR) & imm - (RO+GBR) - 3 -
GBR)
NOT Rm,Rn 0110nnnnmmmmo0111 Rm - Rn - 1 -
OR Rm,Rn 0010nnnnmmmm1011RNORM - Rn - 1 -
OR #imm,R0O 1100101 Liiiiiii ROOMmM - RO - 1 -
OR.B #mm,@ (RO, 110011 1%iiiiiiii (RO+GBR)mm - (RO+GBR) - 3 -
GBR)
TAS.B @Rn 0100nnnn00011011 If (Rn)is 0,1 - T;1 - MSB of — 4 Test
(Rn) result
TST Rm,Rn 0010nnnnmmmm1000Rn & Rm; if theresultis 0,1 - T — 1 Test
result
TST #imm,R0O 11001000iiiiiii RO & imm; if the resultis 0,1 - T— 1 Test
result
TST.B #imm,@ (RO,  11001100iiiiiii (RO + GBR) & imm; if the result is — 3 Test
GBR) 0,1-T result
XOR Rm,Rn 0010nnnnmmmm1010RN * Rm - Rn — 1 -
XOR #imm,R0 1100101 Qiiiiiiii RO ~imm - RO - 1 -
XOR.B #imm,@ (RO, 110011 10iiiiiiii (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 0100nnNN00000100 T~Rn-MSB - 1 MSB
ROTR Rn 0100nnnNN00000101 LSB-Rn-T - 1 LSB
ROTCL Rn 0100nnNN00100100 T<Rn-T - 1 MSB
ROTCR Rn 0100nnNN00100101 T-Rn-T - 1 LSB
SHAD Rm, Rn 0100nnnnmmmm1100 Rn = 0: Rn << Rm - Rn - 1 -

Rn<0:Rn>>Rm - [MSB -

Rn]
SHAL Rn 0100nnNN00100000 T<Rn-0 - 1 MSB
SHAR Rn 0100nnNN00100001 MSB-Rn-T - 1 LSB
SHLD Rm, Rn 0100nnnnmmmm1101 Rn = 0: Rn << Rm - Rn - 1 —

Rn<0:Rn>>Rm - [0 - Rn]
SHLL Rn 0100nnNN00000000 T<Rn-0 - 1 MSB
SHLR Rn 0100nnnNN00000001 O0-Rn-T - 1 LSB
SHLL2 Rn 0100nnNn00001000 Rn<<2 - Rn - 1 -
SHLR2 Rn 0100nnNn00001001 Rn>>2 - Rn - 1 -
SHLLS8 Rn 0100nnNn00011000 Rn<<8 - Rn - 1 -
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn - 1 -
SHLL16 Rn 0100nnNN00101000 Rn<<16 - Rn - 1 -
SHLR16 Rn 0100nnnNn00101001 Rn>>16 - Rn - 1 -
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Table2.10 Branch Instructions

Privileged

Instruction Instruction Code Operation Mode Cycles T Bit

BF disp 10001011dddddddd ~ If T=0,disp x2+PC  PC;  — 31 -
if T=1, nop

BF/S disp 10001111dddddddd ~ Delayed branch, - 21 -
if T=0,dispx2+PC - PC;
if T=1, nop

BT disp 10001001dddddddd ~ If T=1,dispx2+PC — PC;  — 31 -
if T=0, nop

BT/S disp 10001101dddddddd Delayed branch, - 211" -
if T=1,dispx2+PC - PC;
if T=0, nop

BRA disp 1010dddddddddddd Delayed branch, disp x 2 + PC - — 2 -
PC

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

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

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

JMP @Rm 0100mmmmo00101011 Delayed branch, Rm - PC - 2 -

JSR @Rm 0100mmmmo00001011 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 Contral Instructions

Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
CLRM 0000000000101000 0 - MACH,MACL - 1 -
AC
CLRS 0000000001001000  0-S - 1 -
CLRT 0000000000001000  0-T - 1 0
LDC Rm,SR 0100mmmmO00001110 Rm-SR v 6 LSB
LDC Rm,GBR 0100mmmmO00011110 Rm- GBR - 4 -
LDC Rm,VBR 0100mmmm00101110 Rm-VBR v 4 -
LDC Rm,SSR 0100mmmm00111110 Rm -SSR v 4 -
LDC Rm,SPC 0100mmmm01001110 Rm - SPC v 4 -
LDC Rm,RO_BANK  0100mmmm10001110 Rm-RO_BANK v 4 -
LDC Rm,R1_BANK  0100mmmm10011110 Rm-R1_BANK v 4 -
LDC Rm,R2_BANK  0100mmmm10101110 Rm-R2_BANK v 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 v 4 -
LDC.L @Rm+,SR 0100mmmmo00000111 (Rm)- SR, Rm+4 - Rm v 8 LSB
LDC.L @Rm+,GBR 0100mmmm00010111 (Rm)- GBR, Rm+4 - Rm - 4 -
LDC.L @Rm+,VBR 0100mmmmo00100111 (Rm)-VBR, Rm+4 - Rm v 4 -
LDC.L @Rm+,SSR 0100mmmmo00110111 (Rm) -SSR, Rm+4 - Rm v 4 -
LDC.L @Rm+,SPC 0100mmmmo01000111 (Rm)- SPC, Rm+4 - Rm v 4 -
LDC.L @Rm+, 0100mmmm10000111 (Rm)—-RO_BANK, Rm+4_Rm v 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 v 4 -
R2_BANK
LDC.L @Rm-+, 0100mmmm10110111 (Rm)-R3_BANK, Rm+4_Rm v 4 -
R3_BANK
LDC.L @Rm+, 0100mmmm11000111 (Rm)—R4 BANK, Rm+4_Rm v 4 -
R4_BANK
LDC.L @Rm-+, 0100mmmm11010111 (Rm)—R5_BANK, Rm+4_Rm v 4 -
R5_BANK
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit
LDC.L @Rm+, 0100mmmm11100111 (Rm)—R6_BANK, Rm+4 . Rm v 4 -
R6_BANK
LDCL @Rm+, 0100mmmm11110111 (Rm)—R7_BANK, Rm+4_Rm V 4 -
R7_BANK
LDS Rm,MACH 0100mmmmO00001010 Rm - MACH - 1 -
LDS Rm,MACL 0100mmmmO00011010 Rm - MACL - 1 -
LDS Rm,PR 0100mmmm00101010 Rm - PR - 1 -
LDS.L @Rm+,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, V 5 -
SPC - PC
SETS 0000000001011000 1S - 1 -
SETT 0000000000011000 1T - 1 1
SLEEP 0000000000011011  Sleep v 4%t -
STC SR,Rn 0000nNNN00000010 SR-Rn v 1 -
STC GBR,Rn 0000nNNN00010010 GBR-RnN - 1 -
STC VBR,Rn 0000nNNN00100010 VBR - Rn v 1 -
STC SSR, Rn 0000nNNN00110010 SSR - Rn v 1 -
STC SPC,Rn 0000nNNN01000010 SPC - Rn v 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 v 1 -
STC R5_BANK,Rn 0000nNNN11010010 R5_BANK - Rn v 1 -
STC R6_BANK,Rn 0000nNNN11100010 R6_BANK - Rn v 1 -
STC R7_BANK,Rn 0000nNNN11110010 R7_BANK - Rn v 1 -
STC.L SR,@-Rn 0100nnnNN00000011 Rn-4-Rn, SR - (Rn) v 1 -
STC.L GBR,@-Rn 0100nnnNN00010011 Rn-4 - Rn, GBR - (Rn) - 1 -
STC.L VBR,@-Rn 0100nnnNN00100011 Rn-4 - Rn, VBR - (Rn) v 1 -
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Instruction Privileged
Instruction Code Operation Mode Cycles T Bit
STC.L SSR,@-Rn 0100nnnNn00110011 Rn—4 - Rn, SSR - (Rn) v 1 -
STC.L SPC,@-Rn 0100nnnNn01000011 Rn—4 - Rn, SPC - (Rn) v 1 -
STC.L RO_BANK,@-Rn 0100nnnn10000011 Rn-4- Rn, RO_BANK - (Rn) v 1 -
STC.L R1_BANK,@-Rn 0100nnnn10010011 Rn-4-Rn, R1_BANK - (Rn) v 1 -
STC.L R2_BANK,@-Rn 0100nnnn10100011 Rn-4- Rn, R2_BANK - (Rn) v 1 -
STC.L R3_BANK,@-Rn 0100nnnn10110011 Rn-4- Rn, R3_BANK - (Rn) v 1 -
STC.L R4_BANK,@-Rn 0100nnnn11000011 Rn-4- Rn, R4 _BANK - (Rn) v 1 -
STC.L R5_BANK,@-Rn 0100nnnn11010011 Rn-4- Rn, R5_BANK - (Rn) v 1 -
STC.L R6_BANK,@-Rn 0100nnnn11100011 Rn-4- Rn, R6_BANK - (Rn) v 1 -
STC.L R7_BANK,@-Rn 0100nnnn11110011 Rn-4-Rn, R7_BANK - (Rn) v 1 -
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 0100nnnNn00000010  Rn—4 - Rn, MACH - (Rn) - 1 -
STS.L MACL,@-Rn 0100nNnNn00010010 Rn—4 - Rn, MACL - (Rn) - 1 -
STS.L PR,@-Rn 0100nnnNn00100010 Rn—4 - Rn, PR - (RN) - 1 -
TRAPA #imm 1100001 diiiiiiii Unconditional trap exception - 8 -

*2
occurs

Notes: The table shows the minimum number of clocks required for execution. In practice, the
number of execution cycles will be increased in the following conditions.

a. If there is a conflict between an instruction fetch and a data access

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

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

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

2. For details, refer to section 5, Exception Handling.
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2.6.2

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 O0OMD 0010 STC  SR,Rn STC  GBR,Rn STC  VBR,Rn STC  SSR,Rn
0000 Rn  01MD 0010 STC  SPC,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 00MD 0011 BSRF Rm BRAF Rm
0000 Rm 10MD 0011 PREF @Rm
0000 Rn Rm  01MD MOV.B Rm, @(RO, Rn) MOV.W  Rm, @(RO, MOV.L Rm,@(R0O, MULL Rm,Rn
Rn) Rn)
0000 0000 OOMD 1000 CLRT SETT CLRMAC LDTLB
0000 0000 01MD 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 @(RO,Rm), MOV.W @(RO,Rm), MOV.L @(RO,Rm),Rn MAC.L @Rm+@Rn+
Rn Rn
0001 Rn Rm disp MOvV.L Rm, @(disp:4, Rn)
0010 Rn Rm  00MD 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  MULUW Rm,Rn  MULSW  Rm,Rn
0011 Rn  Rm 00MD CMP/EQ  Rm,Rn CMP/HS  Rm,Rn CMP/GE  Rm,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
0011 Rn Rm 01MD DIv1 Rm,Rn  DMULUL 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  DMULSL 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 STSL MACH,@-RnSTS.L  MACL, @- STS.L PR, @-
Rn Rn

0100 Rn  00MD 0011 STC.L SR, @-RnSTC.L  GBR, @-Rn STC.L VBR, @-RnSTC.L SSR, @-Rn
0100 Rn  01MD 0011 STC.L SPC, @-Rn
0100 Rn  10MD 0011 STC.L sTC.L sSTC.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 ROTCL RN
0100 Rn  Fx 0101 ROTR Rn CMP/PL Rn ROTCR Rn
0100 Rm Fx 0110 LDSL LDSL @Rm+, MACL LDS.L @Rm+, PR

@Rm+, MACH
0100 Rm 00MD 0111 LDC.L @Rm+, SR LDC.L @Rm+,GBRLDC.L  @Rm+, VBRLDC.L  @Rm+, SSR
0100 Rm 01MD 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 SHLL16 Rn
0100 Rn Fx 1001 SHLR2 Rn SHLRS Rn SHLR16  Rn
0100 Rm Fx 1010 LDS Rm, LDS Rm, LDS Rm, PR

MACH MACL
0100 Rm/ Fx 1011 JSR @Rm TAS.B @Rn VP @Rm

Rn

RENESAS

Rev. 2.00, 09/03, page 63 of 690



Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0100 Rn  Rm 1100 SHAD Rm, Rn
0100 Rn Rm 1101 SHLD Rm, Rn
0100 Rm 00MD 1110 LDC Rm,SR LDC Rm, GBR LDC Rm,VBR LDC  Rm, SSR
0100 Rm 01MD 1110 LDC Rm, SPC
0100 Rm 10MD 1110 LDC  Rm,RO_BANKLDC  Rm,R1_BANKLDC Rm,R2_BANK LDC  Rm, R3_BANK
0100 Rm 11MD 1110 LDC  Rm,R4_BANKLDC  Rm,R5_BANKLDC 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+, RNMOV.L @Rm+,RNNOT  Rm, Rn
0110 Rn Rm 10MD SWAP.B Rm,Rn  SWAPW Rm,Rn NEGC Rm,Rn  NEG Rm,Rn
0110 Rn Rm 11MD EXTU.B Rm,Rn  EXTUW Rm,Rn EXTS.B Rm,Rn  EXTSW Rm,Rn
0111 Rn  imm ADD #imm : 8, Rn
1000 ooMD Rn  disp MOV.B MOV. W
RO, @(disp: 4, Rn) RO, @(disp: 4, Rn)
1000 01MD Rm disp MOV.B MOV.W
@(disp:4, Rm), RO @(disp: 4, Rm), RO
1000 10MD imm/disp CMP/EQ #imm:8, BT disp: 8 BF disp: 8
1000 11MD imm/disp RO BT/S disp: 8 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 01MD disp MOV.B MOV.W MOV.L MOVA
@(disp: 8, GBR), R0 @(disp: 8, GBR), R0 @(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 TSTB AND.B XOR.B OR.B
#imm: 8, @(RO, GBR)  #imm: 8, @(R0, GBR)  #imm: 8, @(R0O, GBR)  #mm: 8, @(R0, GBR)
1101 Rn  disp MOV.L @(disp: 8, PC), Rn
1110 Rn  imm MOV #mm:8, Rn
T —
Note: For details, refer to the SH-3/SH-3H/SH3-DSP Programming Manual.
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Section 3 Memory Management Unit (MMU)

This LSl has an on-chip memory management unit (MMU) that supportsavirtual memory system.
The on-chip trandation look-aside buffer (TLB) caches information for user-created address
trandation tables located in external memory. It enables high-speed trandation of virtual addresses
into physical addresses. Address trandation 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.

3.1 Roleof MM U

The MMU is a feature designed to make efficient use of physical memory. As shown in figure 3.1,
if aprocessis smaller 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 partsrequiring
execution onto memory as occasion demands (figure 3.1 (1)). Having the process itself consider
this mapping onto physical memory would impose a large burden on the process. To lighten this
burden, theidea of virtual memory was born as ameans of performing en bloc mapping onto
physical memory (figure 3.1 (2)). In avirtual memory system, substantially more virtual memory
than physical memory is provided, and the process is mapped onto this virtua memory. Thusa
process only hasto consider operation in virtua memory. Mapping from virtual memory to
physical memory is handled by the MMU. The MMU isnormaly controlled by the operating
system, switching physical memory to allow the virtual memory required by a process to be
mapped onto physical memory in a smooth fashion. Switching of physical memory is performed
via secondary storage, €tc.

The virtual memory system that cameinto being in thisway is particularly effectivein atime-
sharing system (TSS) in which anumber of processes are running simultaneoudy (figure 3.1 (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 3.1 (4)). In the virtual memory
system, virtual memory is allocated to each process. Thetask 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 trandlation from virtual memory to physical memory is performed using the MMU,
it may occur that the relevant trandation information is not recorded in the MMU, with the result

that one process may inadvertently access the virtual memory allocated to another process. In this
case, the MMU will generate an exception, change the physical memory mapping, and record the
new address trandation information.

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

The MMU has two methods of mapping from virtual memory to physical memory: a paging
method using fixed-length address trandation, and a segment method using variable-length
address trandlation. With the paging method, the unit of trandlation 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 isreferred to as virtual address space,
and address space in physical memory as physical memory space.

4 Virtual )
P < memory
Process 1 ‘ Process 1 MMU Physical
T o Physical ysica
Physical .. memory memory
memory A
Process 1
— @@ @
. ay L @)
( h ( Virtual h
Process 1 Process 1 memory
) MMU
\\ Physical N Physical
. memory X memory
Process 2 ‘ Process 2 : e
/ Process 3
Process 3,/
\ ®) L @)

Figure3.1 MMU Functions
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311 MMU of ThisLSI

Virtual Address Space: ThisLSl supportsa 32-hit virtua address space that enables accessto a
4-Gbyte address space. As shown in figures 3.2 and 3.3, the virtual address space is divided into
several areas. In privileged mode, a 4-Gbyte space comprising areas PO to P4 is accessible. In user
mode, a 2-Gbyte space of UO areais accessible. Access to any area excluding the UO areain 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 asany 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 virtual
address to 29-hit physical address can be achieved by the TLB.

1. PO, P3, and UO Areas

The PO, P3, and U0 areas can be address trandlated 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 unitsviathe TLB. If the CE bit in the cache control register (CCRL) is set
to 1 and if the corresponding cache enable bit (C bit) of the TLB entry is set to 1, access via the
cacheisenabled. If the MMU is disabled, replacing the upper three bits of an address in these
areas with Os creates the address in the corresponding physical address space. If the CE bit of
the CCR1 register isset to 1, access via the cache is enabled. When the cacheis used, either
the copy-back or write-through mode is selected for write access viathe WT bit in CCR1.
If these areas are mapped to the on-chip module control register areain area 1 in the physical
address space viathe TLB, the C hit of the corresponding page must be cleared to O.

2. P1Area
The P1 area can be accessed via the cache and cannot be address-trand ated 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 contral register (CCR1). When the cacheis used, either
the copy-back or write-through mode is selected for write access by the CB bit in the CCR1
register.

3. P2 Area
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 thisarea
with Os creates the address in the corresponding physical address space.

4. P4 Area
The P4 areais mapped to the on-chip module control register of this LSI. Thisarea cannot be
accessed via the cache and cannot be address-trand ated by the TLB. Figure 3.4 showsthe
configuration of the P4 area.
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Figure3.2 Virtual Address Space (MMUCR.AT =1)
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The area from H'FO00 0000 to H'FOFF FFFF is for direct access to the cache address array. For
more information, see section 4.4, 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 4.4, Memory-Mapped Cache.

The areafrom H'F200 0000 to H'F2FF FFFF is for direct accessto the TLB address array. For
more information, see section 3.6, Memory-Mapped TLB.

The area from H'F300 0000 to H'F3FF FFFF is for direct accessto the TLB dataarray. For more
information, see section 3.6, Memory-Mapped TLB.

The areafrom H'FC00 0000 to H'FFFF FFFF isreserved for the on-chip module control regisers.
For more information, see section 24, List of Registers.

Physical Address Space: This LS| supportsa 29-hit physical address space. As shown in figure
3.5, the physical address spaceis divided into eight areas. Area 1 is mapped to the on-chip module
control register area. Area 7 isreserved.

For details on physical address space, refer to section 7, Bus State Controller (BSC).
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H'0C00 0000

Area 3
H'1000 0000

Area 4
H'1400 0000

Area 5
H'1800 0000
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H'1C00 0000
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(Reserved Area)

H1FFF FFFF

Figure3.5 External Memory Space
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Address Transition: When the MMU is enabled, the virtual address space is divided into units
called pages. Physical addresses aretrandated in page units. Address trandation tables in externa
memory hold information such as the physical address that correspondsto the virtual address and
memory protection codes. When an accessto area P1 or P2 occurs, thereisno TLB access and the
physical address is defined uniquely by hardware. If it belongsto area PO, P3 or UO, the TLB is
searched by virtual address and, if that virtual address isregistered in the TLB, the access hitsthe
TLB. The corresponding physical address and the page control information areread from the TLB
and the physical addressis determined.

If the virtual addressisnot registered in the TLB, a TLB miss exception occurs and processing
will shift to the TLB misshandler. In the TLB miss handler, the TLB address trandation table in
externa memory is searched and the corresponding physical address and the page control
information areregistered in the TLB. After returning from the handler, the instruction that caused
the TLB missisre-executed. When the MMU is enabled, address trandlation information that
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 bits of the virtual addressto Os creates the
address in the corresponding physical address space. Since this LS| supports 29-bit address space
as physical address space, the upper three bits of the virtual address are ignored as shadow areas.
For details, refer to section 7, 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 all mapped to the same physical memory. If these addresses are
accessed while the cacheis enabled, the upper three bits are dways cleared to 0 to guarantee the
continuity of addresses stored in the address array of the cache.

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

In terms of operation, the only difference between single virtuad memory mode and multiple
virtual memory mode isin the TLB address comparison method (see section 3.3.3, TLB Address
Comparison).

Address Space I dentifier (ASID): In multiple virtual memory mode, the address space identifier
(ASID) isused to differentiate between processes running in parallel and sharing virtual address
space. The ASID iseight 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.
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In single virtual memory mode, the ASID is used to provide memory protection for processes
running simultaneoudly and using the virtual address space exclusively (see section 3.3.3, TLB
Address Comparison).

3.2 Register Descriptions

Thereare four registers for MMU processing. These are all on-chip module control registers, so
they arelocated in address space area P4 and can only be accessed from privileged mode by
specifying the address.

The MMU has the following registers. Refer to section 24, List of Registers, for the addresses and
access size for theseregisters.

» Pagetable entry register high (PTEH)
» Pagetable entry register low (PTEL)
e Trandation table base register (TTB)
«  MMU contral register (MMUCR)

321 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 sizeis 4 kbytes, the VPN isthe upper 20 bits of the virtua address, but in this case
the upper 22 bits of the virtual address are set. The VPN can aso 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.

Bit Initial
Bit Name Value R/W Description
31to 10 VPN d R/W Number of Virtual Page
9,8 a 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
7t00 ASID d R/W Address Space Identifier
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322 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 thisregister are only modified in response to a software
command.

Bit Initial
Bit Name Value R/W Description
31to29 O 0 R Reserved

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

28to 10 PPN d R/W Number of Physical Page

9 d 0 R Page Management Information

8 \Y a R/W For more details, see section 3.3, TLB Functions
7 g 0 R

6,5 PR g R/W

4 Sz g R/W

3 C O R/W

2 D g R/W

1 SH g R/W

0 O 0 R

3.23 Trandlation Table Base Register (TTB)

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

3.24 MMU Control Register (MMUCR)

The MMU control register (MMUCR) residing at address H'FFFFFFEOQ, which makesthe MMU
settings described in figure 3.3. Any program that modifies MMUCR should residein the P1 or P2
area.
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Bit

Bit
Name

Initial
Value

R/W

Description

31t09

Reserved

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

SV

R/W

Single Virtual Memory Mode

0: Multiple virtual memory mode
1: Single virtual memory mode

7,6

Reserved

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

54

RC

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
ways 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 O, in the order
way 0, way 1, way 2, and 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.

Reserved

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

TF

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.

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 0
in PTEH and VPN bits 16 to 12 is used as the TLB
index number.

AT

R/W

Address Translation
Enables/disables the MMU.
0: MMU disabled

1: MMU enabled
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3.3 TLB Functions

331 Configuration of the TLB

The TLB caches address tranglation table information located in the external memory. The address
trandation table stores the logical page number and the corresponding physical number, the
address space identifier, and the control information for the page, which isthe unit of address
trandation. Figure 3.6 shows the overall TLB configuration. The TLB is 4-way set associative
with 128 entries. There are 32 entries for each way. Figure 3.7 shows the configuration of virtual
addresses and TLB entries.

Ways 0 to 3 Ways 0 to 3
1 1 1 1 1 1 1 1 1 1
1 1 1 1 I 1 1 I I I

I 1 1 1 | | 1 1 1 1 1 1 | |
Entry 0 VPN(31-17) |VPN(11-10)| ASID(7-0) | V | Entry 0 |PPN(28-10)|PR(1-0)[SZ| C | D [SHLH
Entry 1 _—_ Entry 1 [H ]
Entry 31 [H™ Entry 31 [H

Address array Data array

Figure3.6 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 1 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) (2) 8 (1) (19) (2) (1) (1) () (1)
VPN (3117)| VPN (11:0) | ASID|V | PPN |Pr|sz|c | |sH|

TLB entry

Legend:

VPN:

ASID:

SH:

SZ:

PPN:

PR:

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 3.4.4, Avoiding Synonym Problems).

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.

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

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

Valid bit

Indicates whether entry is valid.

0: Invalid

1: Valid

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

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

Protection key field

2-bit field encoded to define the access rights to the page.
00: Reading only is possible in privileged mode.

01: Reading/writing is possible in privileged mode.

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

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

Cacheable bit

Indicates whether the page is cacheable.

0: Non-cacheable

1: Cacheable

Dirty bit

Indicates whether the page has been written to.
0: Not written to

1: Written to

Figure3.7 Virtual Addressand TLB Structure
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3.32 TLB Indexing

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

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

2. When IX =1, VPN bits 16 to 12 are EX-ORed with ASID hits4 to 0 to generate a 5-bit index
number

Thefirs method is used to prevent lowered TLB efficiency that results when multiple processes
run simultaneously in the same virtual address space (multiple virtua 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 3.8 and 3.9 show the indexing schemes.

Virtual address PTEH register
31 1716 1211 0 31 10 7 0
| | VPN | 0| asp |
) ASID(4-0)
Exclusive-OR )
-
Index
Ways 0 to 3

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

o

31 1

Address array Data array

Figure3.8 TLB Indexing (IX =1)
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Virtual address
31 1716 1211 0

Index

Ways 0to 3

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

o

31 1

Address array Data array

Figure3.9 TLB Indexing (IX =0)

3.33 TLB Address Comparison

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

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

1. If therearetwo identica TLB entries with the same VPN and a setting is made such that a
TLB hit ismade only by a process 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, thereis
apossibility of smultaneous TLB hitsin both these ways.

2. If severa entries which have different ASID with the same VPN areregistered in single virtual
memory mode, there isthe possibility of simultaneous TLB hits in 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 is set 1isregistered in
the TLB in index mode (MMUCR.IX = 1). Therefore a page to which SH is set 1 must not be
registered in index mode. When memory is shared by several processings, different pages must
be registered in each ASID.
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The object compared varies depending on the page management information (SZ, SH) inthe TLB
entry. It aso varies depending on whether the system supports multiple virtual memory or single
virtual memory.

The page-size information determines whether VPN (11 to 10) iscompared. VPN (11to 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 inthe TLB
entry are compared. ASIDs are compared when thereis 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), all process resources can be accessed. This meansthat ASIDs are not compared
when single virtual memory is supported and privileged mode is engaged. The objects of address
comparison are shown in figure 3.10.

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

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

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

Figure3.10 Objectsof Address Comparison
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3.34 Page M anagement Infor mation

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

The D bit of a TLB entry indicates whether the pageis dirty (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 page is paged out of main memory only after that page is written back to secondary
memory. Torecord that there has been awrite to a given page in the address trandation 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 on-chip module control registersin 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 3.1.

Table3.1 Access StatesDesignated 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
Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11 Permitted Permitted Permitted Permitted
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34 M MU Functions

34.1 MM U Har dwar e M anagement

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.

In address trand ation, the MMU receives page management information from the TLB, and
determines the MMU exception and whether the cache isto be accessed (using the C hit). For
details of the determination method and the hardware processing, see section 3.5, MMU
Exceptions.

34.2 MMU Softwar e Management

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

1

MMU register setting

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

TLB entry recording, deletion, and reading

TLB entry recording can be done in two ways by using the LDTLB instruction, or by writing
directly to the memory-mapped TLB. For TLB entry deletion and reading, the memory
allocation TLB can be accessed. See section 3.4.3, MMU Instruction (LDTLB), for details of
the LDTLB instruction, and section 3.6, Memory-Mapped TLB, for details of the memory-
mapped TLB.

MMU exception processing

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

When single virtual memory mode is used, it is possible to create a state in which physical
memory access is enabled in 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 special access levels to be created in the privileged mode only.

Recording a 1- or 4- kbyte page TLB entry may result in a synonym problem. See section 3.4.4,
Avoiding Synonym Problems.

Rev. 2.00, 09/03, page 81 of 690
RENESAS



34.3 MMU Instruction (LDTLB)

Theload TLB instruction (LDTLB) isused to record TLB entries. When the I X bitin MMUCR is
0, the LDTLB instruction changesthe 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 asthe
index number. When the I X bitin MMUCR is 1, the EX-OR of VPN hits 16 to 12 specified in
PTEH and ASID hits4 to 0in PTEH are used asthe index number.

Figure 3.11 shows the case wherethe I X bitin MMUCRis 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. Theway is set in the RC bit of MMUCR for each exception
according to the rules (see section 3.2.4, MMU Control Registers). 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, thereisarisk of destroying
address trandation information if thisingtruction 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 asthe RTE ingtruction) should be issued at least two
instructions after the LDTLB instruction.

MMUCR

9 0
o |sv]o|olrc|o|TF|ix]AT]

Index —l_ Way selection
PTEH register L PTEL register
31 17 1210 8 0 31 2928 10 0
VPN | |VPN | 0| ASID | 000( PPN |0|V|O|PR|SZ|C|D|SH|O|
v
Ways 0 to 3
1 L L L 11 1 1 1 1 1
| Il Il Il [ 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
0 VPN(31-17) VPN(11-10) | ASID(7-0) | V L] PPN(28-10) |PR(1-0)|SzZ| C | D |SH

31

Address array Data array

Figure3.11 Operation of LDTLB Instruction
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344 Avoiding Synonym Problems

When a 1- or 4-kbyte pageisrecorded in a TLB entry, a synonym problem may arise. If anumber
of virtual addresses are mapped onto asingle 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 bel ow with reference to figure 3.12.

The relationship between bit n of the virtual address and cache size is shown in the following
table. Note that no synonym problems occur in 4-kbyte page when the cache size is 16 kbytes.

Cache Size Bit nin Virtual Address

16 kbytes 11

32 kbytes 12

To achieve high-speed operation of this LSI’s cache, an index number is created using virtual
address bits 12 to 4. When a 1-kbyte page is used, virtua address bits 12 to 10 is subject to address
trandation and when a4-kbyte page is used, avirtual address bit 12 is subject to address
trandation. Therefore, the physical address bits 12 to 10 may not be the same as the virtua address
bits 12 to 10.

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

Virtual address1 H'00000000 - physical address H'00000C00
Virtual address2 H'00000C00 - physical 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 awriteis performed to either
virtual address.

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

1. When address trandation information whereby a number of 1-kbyte page TLB entries are
trandated into the same physical addressisrecorded in the TLB, ensure that the VPN bits 12 to
10 arethe same.

2. When address trandation information whereby a number of 4-kbyte page TLB entries are
trandated into the same physical addressisrecorded in the TLB, ensurethat the VPN bit 12is
the same.

3. Do not use the same physical addresses for address trandation information of different page
sizes.
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The above restrictions apply only when performing accesses using the cache.

Note:  When multiple items of address trandation information use the same physical memory to
provide for future SuperH RISC engine family expansion, ensure that the VPN bits 20 to
10 arethe same.

» When using a 4-kbyte page
Virtual address
31 1312 1110 0
VPN | ! Offset

——

Virtual address 12 to 4

Physical address
28 13 12 1110 0
PPN N ! offset | Cache

Physical address 28 to 10 i

* When using a 1-kbyte page
Virtual address
31 13121110 0
VPN N Offset |

>

Virtual address 12 to 4

Physical address
28 1312 11 10 0
PPN | Offset Cache

»

Physical address 28 to 10

Figure3.12 Synonym Problem (32-kbyte Cache)
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35 MM U Exceptions

When the address trand ation 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 thisorder.

351 TLB MissException

A TLB missresults when the virtua 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.

Hardwar e 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 iswritten to the PTEH register.
2. Thevirtual address causing the exception iswritten 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 vaue 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 dot, the PC
value indicating the address of the related delayed branch instruction is written to the SPC.

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

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

Theblock (BL) bit in SRisset to 1 to mask any further exception requests.

Theregister bank (RB) bit in SRisset to 1.

The RC fied in the MMU control register (MMUCR) isincremented by 1 when all entries
indexed are valid. When some entries indexed are invalid, the smallest way number of themiis
set in RC.

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

© © N o

Softwar e (TLB MissHandler) Operations. The software searches the page tables in external
memory and all ocates the required page table entry. Upon retrieving the required page table entry,
software must execute the following operations:

1. Writethe 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) hits of the page table entry
recorded in the address trand ation table in the external memory into the PTEL register.
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2. If using software for way selection for entry replacement, write the desired value to the RC
fiddin MMUCR.

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

4. Issuethereturn from exception handler (RTE) ingtruction to terminate the handler routine and
return to the ingtruction stream.

352 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.

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

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

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

4. The PC vaue indicating the address of the instruction in which the exception occurred is
written into SPC (if the exception occurred in adelay dot, the PC value indicating the address
of therdated 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 isset to 1 to place the privileged mode.

TheBL bit in SRis set to 1 to mask any further exception requests.
The RB bit in 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

Softwar e (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 ingtruction stream. Issue the RTE ingtruction after issuing two
ingtructions from the LDTLB ingtruction.
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3.5.3 TLB Invalid Exception

A TLB invalid exception results when the virtual addressis compared to aselected TLB entry
address array and amatch isfound but the entry is not valid (the V bit is0). TLB invalid exception
processing includes both hardware and software operations.

Hardware Operations. InaTLB invalid exception, thishardware executes a set of prescribed
operations, asfollows:

1. The VPN number of the virtual address causing the exception is written to the PTEH register.
2. Thevirtual address causing the exception iswritten 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 vaue indicating the address of the instruction in which the exception occurred is
written to the SPC. If the exception occurred in adelay dot, the PC vaue indicating the
address of the delayed branch instruction iswritten to the SPC.

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

The mode (MD) bit in SR isset to 1 to place the privileged mode.
Theblock (BL) bit in SRisset to 1 to mask any further exception requests.
The RB bit in SRisset to 1.

. Theway 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 sarts.

© © N o O»

Softwar e (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 number (PPN) field and the values of the protection key
(PR), page size (S2), cacheable (C), dirty (D), share status (SH), and valid (V) hits 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
fiddin MMUCR.

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

4, |ssuethe RTE instruction to terminate the handler and return to the instruction stream. The
RTE ingtruction should be issued after two LDTLB instructions.
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3.5.4 Initial Page Write Exception

Aninitial page write exception resultsin 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
is found 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.

Hardware Operations. In aninitial page write exception, this hardware executes a set of
prescribed operations, as follows:

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

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

The contents of SR at the time of the exception are written to SSR.
The MD bitin SR isset to 1 to place the privileged mode.

TheBL bit in SRis set to 1 to mask any further exception requests.
The RB bit in SRisset to 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 initia page write exception handler.

A w b

© © N o O»

Softwar e (Initial Page Write Handler) Operations. The software must execute the following
operations.

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

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

4. |f using software for way selection for entry replacement, write the desired value to the RC
fiddin 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 ingtruction must be issued after two LDTLB instructions.
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Figure3.13 MMU Exception Generation Flowchart
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3.6 Memory-Mapped TLB

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

36.1 AddressArray

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 3.14 (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). ThelX bitin
MMUCR indicates whether an EX-OR istaken of the entry address and ASID.

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

1. Addressarray read
VPN, V, and ASID areread 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.

3.6.2 Data Array

The dataarray is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the 32-bit
address fidd (for read/write operations), and 32-bit data field (for write operations) must be
specified. The address section specifiesinformation for selecting the entry to be accessed; the data
section specifies the longword data to be written to the data array (figure 3.14 (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 IX bitin
MMUCR indicates whether an EX-OR istaken of the entry address and ASID.

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

» Read access

31 24 23 17 16 1211109 8 7 6 210
Addressfield|11110010 |* ............ *| VPN * |k W |Of*-- - - * 00|

31 17 16 1211109 8 7 0
Data field | VPN | 0------ 0 |VPN| 0 |V| ASID |

» Write access

31 24 23 17 16 1211109 8 7 6 210
Addressfie|d|11110010 |* ------------ *| VPN |*|*|W |0|* --------- *|OO|

31 17 16 121110 9 8 7 0
Data field | VPN Hoeeeees * VPN|* \% 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
Address field | 11110011 [*orerreee * VPN HLHW [ R * OO|

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

*e

Don't care bit

Figure3.14 Specifying Addressand Data for Memory-Mapped TLB Access
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3.6.3 Usage Examples

Invalidating Specific Entries. Specific TLB entries can be invalidated by writing 0 to the entry’s
V bit. RO specifies the write data and R1 specifies the address.

; RO=H 1547 381C Rl=H F201 3000

; MMUCR | X=0

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

MOV.L RO, @GRl

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 3.14 (2) isread. RO specifies the address
and the data section of a selected entry isread to R1.

. RO=H F300 4300 VPN(16-12)=B 00100 Wy 3
. MV.L @0, Rl

3.7 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 includesinstruction 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~ wDbh PR
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Section4 Cache

41 Features

» Capacity: 16 or 32 kbytes
e Structure: Ingructions/data mixed, 4-way set associative
e Locking: Way 2 and way 3 are lockable
» Linesize 16 bytes
»  Number of entries: 256 entries/way in 16-kbyte mode or 512 entries'way in 32-kbyte mode
»  Write system: Write-back/write-through is selectable for spaces PO, P1, P3, and U0
Group 1 (PO, P3, and UO areas)
Group 2 (P1 area)
» Replacement method: Least-recently used (LRU) algorithm

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

411 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 isdivided into an address section and a data section. Note
that the following sectionswill be described for the 32-kbyte mode as an example. For other cache
size modes, change the number of entries and size/lway according to table 4.1. Each of the address
and data sections is 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 a whole. Figure 4.1 shows the cache
structure.

Table41l Number of Entriesand Size/Way in Each Cache Size

Cache Size Number of Entries Size/Way

16 kbytes 256 4 kbytes

32 kbytes 512 8 kbytes
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Address array (ways 0-3) Data array (ways 0-3) LRU

1
I e .
1
Entry 0| v | U |Tag address O Lwo | Lw1 | Lw2 | Lw3 0
Entry 1 1 1
Entry 511 | T 511 | 511
24 (1 + 1+ 22) bits 128 (32 x 4) bits 6 bits
- € ! e

LWO to LW3: Longword data 0-3

Figure4.1 Cache Structure (32-kbyte M ode)

Address Array: TheV hit indicates whether the entry datais valid. When the V bitis1, datais
valid; when 0, dataisnot valid. The U bit indicates whether the entry has been written to in write-
back mode. When the U bit is 1, the entry has been written to; when 0, it has not. The tag address
holds the physical address used in the external memory access. It is composed of 22 bits (address
bits 31 to 10) used for comparison during cache searches.

InthisLSl, thetop three of 32 physical address bits are used as shadow bits (see section 7, Bus
State Controller (BSC)), and therefore the top three bits of the tag address are cleared to O.

TheV and U hits areinitialized to 0 by a power-on reset, but are not initialized by a manual reset.
Thetag addressisnot 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 ingtructions or data with the same entry
address can beregistered in the cache. When an entry isregistered, LRU shows which of the four
waysit isrecorded in. Thereare six LRU hits, controlled by hardware. A |east-recently-used
(LRU) algorithm is used to select the way.

Six LRU hitsindicate the way to be replaced, when a cache miss occurs. Table 4.2 shows the
relationship between the LRU bits and the way to be replaced when the cache locking mechanism
isdisabled. (For the relationship when the cache locking mechanism is enabled, refer to section
4.2.2, Cache Control Register 2.) If abit pattern other than those listed in table 4.2 is set in the
LRU hits by software, the cache will not function correctly. When modifying the LRU bits by
software, set one of the patternslisted in table 4.2.

The LRU bits areinitialized to 000000 by a power-on reset, but are not initialized by a manual
reset.
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Table4.2 LRU and Way Replacement (when Cache L ocking Mechanism |Is Disabled)

LRU (Bits 5to 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

4.2 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 Cachecontral regiser 1 (CCR1)
e Cache contral regiser 2 (CCR2)
e Cache contral regiser 3 (CCR3)

RENESAS
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421 Cache Control Register 1 (CCR1)

The cacheis enabled or disabled using the CE hit in CCR1. CCR1 dso hasa CF bit (which
invalidates all cache entries), and WT and CB bits (which select either write-through mode or
write-back mode). Programs that change the contents of the CCRL1 register should be placed in
address space that isnot cached.

Bit Initial
Bit Name Value R/W Description
3lto 4 — 0 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 wWT 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

0 CE 0 R/W Cache Enable
Indicates whether the cache function is used.
0: The cache function is not used.
1: The cache function is used.
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422 Cache Control Register 2 (CCR2)

The CCR2 regigter contrals the cache locking mechanism in cache lock mode only. The CPU
enters the cache lock mode when 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 bit = 0).

When a prefetch instruction (PREF@Rn) isissued in cachelock 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 bits 9
and 8 (W3LOAD, W3LOCK) and hits1 and 0 (W2LOAD, W2LOCK in CCR2).

Table 4.3 shows the relationshi p 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 ingtruction, new data is not loaded into the
cache and the valid entry isheld. For example, a prefetch instruction isissued while bits
W3LOAD and W3LOCK are set to 1 and theline of datato which Rn pointsis aready in way 0,
the cacheishit 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 ingtruction are issued. Table 4.4 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 Initial
Name Value

R/W

Description

31lto 17

Reserved

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

16

LE 0

R/W

Lock Enable (LE)

Controls cache lock mode.

0: Does not enter cache lock mode.
1: Enters cache lock mode.

15to0 10

Reserved

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

W3LOAD O
W3LOCK 0

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

Reserved

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

W2LOAD O
W2LOCK 0

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.
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Table4.3 Way Replacement when a PREF Instruction Missesthe Cache

DSP Bit W3LOAD W3LOCK W2LOAD W2LOCK  Way to be Replaced

* * * * Determined by LRU (table 4.2)

*

* Determined by LRU (table 4.2)

*

Determined by LRU (table 4.5)

Determined by LRU (table 4.6)

0
0 0
1
1

Determined by LRU (table 4.7)

*

*
R|lr|o|lr| o

Way 2

*

0
1
1
1
1
1
1

Rl O|lO| O
ol k| O

1 Way 3

Notes: * Don't care
W3LOAD and W2LOAD should not be set to 1 at the same time.

Table44 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 4.2)

* *

Determined by LRU (table 4.2)

Determined by LRU (table 4.5)

* *

Determined by LRU (table 4.6)

0

1 0 0
1 * 0 * 1
1 1 0
1 * 1 * 1

Determined by LRU (table 4.7)

Notes: * Don't care
W3LOAD and W2LOAD should not be set to 1 at the same time.

Table45 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

Table4.6 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
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Table4.7 LRU and Way Replacement (when W2LOCK =1and W3LOCK =1)

LRU (Bits 5to 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

4.2.3 Cache Control Register 3 (CCR3)

The CCR3 register controlsthe cache size to be used. The cache size must be specified according
tothe LSl to be selected. If the specified cache size exceeds the size of cache incorporated in the
LS, correct operation cannot be guaranteed. Note that programsthat change the contents of the
CCRS3 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 ismodified.

Bit Initial
Bit Name Value R/W Description
3lto24 — 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
23to 16 CSIZE7to HO01 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.

15t0 0 — 0 R Reserved

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

431 Sear ching the Cache

If the cacheis enabled (the CE bit in CCR1 = 1), whenever ingructions or datain spaces PO, P1,
P3, and UO are accessed the cache will be searched to seeif the desired ingtruction or dataisin the
cache. Figure 4.2 illustrates the method by which the cache is searched. The cache is a physical
cache and holds physical addresses in its address section. The following will be described for the
32-kbyte mode as an example.

Entries are sdlected using bits 12 to 4 of the address (virtual) of the access to memory and the tag
address of that entry isread. Thevirtual 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 al 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 a match or the selected entry isnot valid (V
= 0), acache miss occurs. Figure 4.2 shows a hit on way 1.

Virtual address
31 13 12 4 3210

P e—

Entry selection

| Longword (LW) selection

Ways 0 to 3 Ways 0 to 3
I — —
1
MMU 0 | V| U|Tag address LWO | LW1 LW2 | LW3

511 — —

Physical address ; { ; *

[CMPO|CMP1(CMP2|CMP3 1

Hit signal 1

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

Figure 4.2 Cache Search Scheme
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432 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 externa bus cycle starts and the entry is updated. The way to be replaced is shown
in table 4.3. Entries are updated in 16-byte units. When the desired instruction or data that caused
the missisloaded from externa memory to the cache, the instruction or dataistransferred to the
CPU in parallel with being loaded to the cache. When it isloaded to the cache, the U bit is cleared
to0andthe 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 isto be replaced by entry updating in write-back modeis 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.

433 Prefetch Operation

Prefetch Hit: The LRU is updated to indicate that the hit way is the most recently hit way. The
other contents of the cache are not changed. Instructions and dataare 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 bereplaced isshown in table 4.2. The other operations are the same as those for aread miss.

434 Write Access

Write Hit: In awrite access in write-back mode, the datais written to the cache and no externa
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 is the most recently hit way. In write-through mode,
the data iswritten to the cache and an external memory write cycle isissued. The U bit of the
entry that has been written to isnot 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 a write miss occurs, and the
entry is updated. The way to be replaced is shown in table 4.3. When the U bit of the entry which
isto bereplaced by entry updating is 1, the cache-update cycle starts after the entry has been
transferred to the write-back buffer. Dataiswritten to the cache and the U bit and the V bit are set
to 1. The LRU is updated 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 writeis only to the external memory.
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435 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 oneline of cache data (16 bytes) and its physical

address. Figure 4.3 shows the configuration of the write-back buffer.

|PA (31to 4) | 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

Figure4.3 Write-Back Buffer Configuration

4.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LS| and another deviceis placed in an address space to which caching applies, use
the memory-mapped cache to make the datainvaid and written back, asrequired. Memory that is
shared by thisLSI's CPU and DMAC should also be handled in this way.
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4.4 Memory-M apped Cache

To alow 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 virtua 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 dataarray, and ingtruction fetches cannot be performed.

441 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array, the
32-hit address field (for read/write accesses) and 32-hit 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 bits to 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 indicatesway 1, 10 indicates way 2, and 11 indicates way 3).

In the datafield, specify the tag address, LRU bits, U bit, and V bit. Figure 4.4 shows the address
and data formats in 32-kbyte mode. The following three operations are avail able in the address
array.

Address-Array Read: Read the tag address, LRU bhits, 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 isnot performed, regardliess of whether the associative bit (A
bit) specified in the addressis 1 or 0.

Address-Array Write (non-Associative Oper ation): Write the tag address, LRU bits, U hit, and
V bit, specified by the datafield 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 addressfield is set to 0. When writing to a cache line for which the U
bit = 1 and the V hit =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 write instruction. Always
clear the uppermost 3 bits (bits 31 to 29) of the tag address to 0. When 0 is written to the V bit, 0
must also be written to the U bit for that entry.

Address-Array Write (Associative Oper ation): 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 ingruction are compared with the tag address that is specified by the datafield of the write
instruction. If the MMU isenabled in this case, alogica address specified by datais transated
into a physical address viathe TLB before comparison. Writethe U bit and the V bit specified by
the data field of the write instruction to the entry of the way that has a hit. However, the tag
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address and LRU hits remain unchanged. When there isno way that receives a hit, nothing is
written and there is no operation. This operation is used to invalidate the address specification for
acache. When the U hit of the entry that has recelved 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.

442 Data Array

The dataarray is mapped onto H'F1000000 to H'F1FFFFFF. To access a data array, the 32-bit
address fidd (for read/write accesses) and 32-bit data field (for write accesses) must be specified.
The address fidd specifiesinformation for selecting the entry to be accessed; the data field
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 is fixed at longword, bits 1 and O of the address field should be
set to 00.

Figure 4.4 shows the address and data formats in 32-kbyte mode. For other cache size modes,
change the entry address and w as shown in table 4.8.

The following two operations on the data array are available. The information in the address array
isnot 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 correspondsto 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 15 14 13 12 4 3 2 0
| 11110000 | teex | w | Entry address o] = o o |

Write access
31 24 23 15 14 13 12 4 3 2 0

[ 11110000 | Ao | w |  Entryaddress |[A| * o0 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 15 14 13 12 4 3 2 1 0
| 11110001 | e | 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

Figure 4.4 Specifying Addressand Data for Memory-M apped Cache Access
(32-kbyte Mode)

Table4.8 AddressFormat Based on Size of Cache to be Assigned to Memory

Cache Size Entry Address Bits W Bit
16 kbytes 11to 4 13to 12
32 kbytes 12t0 4 14to0 13
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4.4.3 Usage Examples

Invalidating a Specific Entry: A specific cache entry can be invalidated by accessing the
allocated memory cache and writing a0 to the entry’s U and V bits. The A hitiscleared to 0, and
an addressis specified for the entry address and the way. If the U bit of the way of the entry in
question was set to 1, the entry is written back and the VV and U hbits specified by the write dataare
written to.

In the following example, the write datais specified in RO and the address is specified in R1 (32-
kbyte mode).

8

H 0000 0000 LRU = HO000, U=0, V=0

; R H FOOO 2080; Way = 1, Entry = B' 000001000, A =0

MOV.L RO, @1
Toinvalidate dl entries and ways, write 0 to the following addresses.

32-kbyte mode (2,048 writes)
Addresses

FO00 0000
FO00 0010
FO00 0020

FOOO 7FFO

16-kbyte mode (1,024 writes)
Addresses

FO00 0000
FO00 0010
FO00 0020

FO00 3FFO

The above operation should be performed using a non-cacheable area.
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Invalidating an Addr ess Specification: An address specification can be invalidated by accessing
the memory allocation cache and writing a 0 to the entry’s V bit. When the A bitis 1, thetag
address specified by the write datais compared to the tag address within the cache selected by the
entry address. If the tag addresses match, and if the U bit of theentry isset to 1, theentry is
written back and datais written to the specified the V and U bhits. If no match is found, no
operation is carried out.

In the following example, the write datais specified in RO and the address is specified in R1 (32-
kbyte mode).

; RO=H 01100010; Tag address=B' 0000 0001 0001 0000 0000 00, U=0, V=0
; Rl=H FO000088; address array access, entry=B 00001000, A=1

MOV. L RO, @1
In the following example, an address (32-bit) to be purged is specified in RO.

MOV. L #H 00001FF0, R1 ; 32-kbyte node, H 00000FFO0 in the 16-kbyte node.

AND RO, R1 ; The entry address is fetched.

MOV. L #H 00000008, R2 ;

OR Rl, R2 : The start is set to HFO and the A bit to 1.
MOV. L #H 1FFFFCO0, RS ;

AND RO, R3 ; The tag address is fetched. U=V = 0.
MOV.L R3, @2 ; Associ ative purge.

The above operation should be performed using a non-cacheable area.

Reading the Data of a Specific Entry: To read the data field of a specific entry is enabled by the
memory-mapped cache access. The longword indicated in the data field of the dataarray in figure
4.4 isread into theregister. In the example shown below, RO specifies the address and R1 shows
what is read (32-kbyte mode).

; RO=H F100 004C; data array access, entry=B 00000100
; Wy = 0, longword address = 3

MOV.L @R0,RL ; Longword 3 is read.

4.5 Usage Note

Do note execute the PREF instruction for the area that cannot be accessed using the cache (P2 and
P4 areas).
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Section 5 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, a function to control processing requested
by LSl on-chip modules or an LS| external modul e 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 thereset vector after
register initialization. Thisreset operation can also be regarded as an exception handling. This
section describes an overview of the exception handling operation. Here, generd exceptions and
interrupts arereferred 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 6, Interrupt Controller (INTC).

51 Register Descriptions

Thereare 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 theseregisters.

*  TRAPA exception register (TRA)

» Exception event register (EXPEVT)
* Interrupt event register (INTEVT)

* Interrupt event register 2 (INTEVT2)
» Exception addressregister (TEA)
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Figure 5.1 shows the hit configuration of each register.

31 109 210

| 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

Figure5.1 Register Bit Configuration

511 TRAPA Exception Register (TRA)

TRA isassigned to address H'FFFFFFDO and congsts of the 8-bit immediate data (imm) of the
TRAPA instruction. TRA isautomatically 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
31to10 O O R Reserved

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

9to 2 TRA a R/W 8-bit Immediate Data

1,0 a 0 R Reserved

These bits are always read as 0. The write value
should always be 0.
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5.1.2 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 arethose for resets and general exceptions. These exception
codes are automati cally specified the hardware when an exception occurs. Only bits 11 to O of
EXPEVT can bere-written using the software.

Bit Bit Name Initial Value R/W Description

31to12 O 0 R Reserved

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

11to 0 EXPEVT * R/W 12-bit Exception Code

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

5.1.3 Interrupt Event Register (INTEVT)

INTEVT isassigned to address H'FFFFFFD8 and consists of a 12-hit exception code. Exception
codes to be specified in INTEVT arethose for interrupt requests. These exception codes are
automatically specified by the hardware when an exception occurs. Only bits 11to O of INTEVT
can be re-written using the software.

Bit Bit Name Initial Value R/W Description

31to12 O 0 R Reserved

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

11to 0 INTEVT ad R/W 12-bit Exception Code
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5.1.4 Interrupt Event Register 2 (INTEVT2)

INTEVT2 isassigned to address H'A4000000 and consists of a 12-bit exception code. Exception
codes to be specified in INTEVT2 are those for interrupt requests. These exception codes are
automatically specified by the hardware when an exception occurs. INTEVT2 cannot be modified
using the software.

Bit Bit Name Initial Value R/W Description

31to12 O 0 R Reserved

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

11to 0 INTEVT2 d R 12-bit Exception Code

5.15 Exception Address Register (TEA)

TEA isassigned to address H'FFFFFFFC and stores the logical address for an exception
occurrence 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 d R/W Logical address for exception occurrence
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5.2 Exception Handling Function

521 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 isinvoked from avector address. The return from exception handler (RTE)
instruction isissued by the exception handler routine on completion of the routine, restoring the
contents of PC and SR to return 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 accepts it, operations 1 to 8 are executed.

The address of the ingtruction to be returned to after exception handling is saved to SPC.
The contents of SR is saved in SSR.

Theblock (BL) bit in SRisset to 1, masking any subsequent exceptions.

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

Theregister bank (RB) bit in SRisset to 1.

An exception code identifying the exception event iswritten to bits 11 to 0 of the exception

event (EXPEVT) or interrupt event (INTEVT or INTEVT?2) register.

7. 1f aTRAPA indruction 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 iswritten to TEA.**

8. Ingtruction execution jumpsto the designated exception vector address to invoke the handler

routine

o gk~ wDdhpRE

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 genera 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 ingtruction. 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.*?
3. Contral is passed to the address stored in the SPC.
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The above operations from 1 to 3 are executed in sequence. During these operations, no other
exceptions may be accepted. By changing the SPT 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 regisersare also modified if an MMU exception occurs.

2. For details on the CPU processing mode in which RTE delay dot ingructions are
executed, pleaserefer to section 5.4, Usage Notes.

522 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 interrupts is H'00000600. The vector base addressis |oaded into
the vector baseregister (VBR) using the software. The vector base address should reside in the P1
or P2 fixed physical address space.

523 Exception Codes

The exception codes are written to bits 11 to 0 of the EXPEVT register (for reset or genera
exceptions) or the INTEVT2 register (for interrupt requests) to identify each specific exception
event. See section 6, Interrupt Controller (INTC), for details of the exception codes for interrupt
requests. Table 5.1 lists exception codes for resets and general exceptions.

5.24 Exception Request and BL Bit (M ultiple Exception Prevention)

TheBL bit in SRis set to 1 when areset or exception is accepted. Whilethe BL bitissetto 1,
acceptance of general exceptionsisrestricted as described bel ow, making it possible to effectively
prevent multiple exceptions from being accepted.

If the BL bit isset to 1, an interrupt request isnot accepted and is retained. The interrupt request is
accepted when the BL bit iscleared 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 isnot accepted and isretained if the BL bit isset to 1 and accepted when the BL bit
iscleared to 0. User break requests generated whilethe BL bit is set are ignored and are not
retained. Accordingly, user breaks are not accepted even if the BL hit iscleared to O.

If a general exception other than a DMA address error or user break occurs while the BL bit isset
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 anormal reset, modules
other than the CPU are not initialized, the contents of EXPEVT, SPC, and SSR are undefined, and
this satusis not detected by an external device.
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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. Beforerestoring the SPC and SSR, the BL bit must be set to 1.

525 Exception Sour ce Acceptance Timing and Priority

Exception Request of Instruction Synchronous Type and | nstruction Asynchronous Type:
Resets and interrupts are requested asynchronously regardless of the program flow. In general
exceptions, a DMA address error and a user break under the specific condition are also requested
asynchronously. The user cannot expect on which instruction an exception isreguested. 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. are-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-compl etion type exception, the current instruction executed when the exception is
accepted is completed, the next ingruction address is saved to the SPC, and then the exception
processing is executed.

During adeayed branch instruction and delay dot, the following operations are executed. A re-
execution type exception detected in a delay slot is accepted before executing the delayed branch
instruction. A processing-completion type exception detected in a delayed branch instruction or a
delay dlot 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 ingtruction. In the above description, adeay slot indicates an instruction following an
unconditiona delayed branch ingtruction or an instruction following a conditional delayed branch
instruction whose branch condition is satisfied. If a branch does not occur in a conditional delayed
branch, thenormal processing is executed.

Acceptance Priority and Test Priority: Acceptance priorities are determined for all exception
requests. The priority of resets, generd exceptions, and interrupts are determined in this order: a
reset isaways accepted regardless of the CPU status. Interrupts are accepted only when resets or
general exceptions are not requested.

If multiple general exceptions occur smultaneously in the sameinstruction, 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 ingruction fetch (CPU address error and MMU related exceptions:
re-execution type)
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4. An exception caused by an ingtruction decode (General illegal instruction exceptions and slot
illegal instruction exceptions: re-execution type, unconditional trap: processing-compl etion
type)

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

6. Unconditiona trap (processing-compl etion type)

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

8. DMA address error (processing-completion type)

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

Only one exception is accepted at atime. Accepting multiple exceptions sequentialy resultsin dl
exception requests being processed.

Table5.1 Exception Event Vectors

Exception Current Exception Process Vector Vector
Type Instruction Exception Event Priori'[y*l Order at BL=1 Code Offset
Reset Aborted Power-on reset 1 1 Reset H'A00 —
Manual reset 1 2 Reset H'020 —
General  Re-executed User break(before instruction 2 0 Ignored H1EO H'00000100
exception execution)
events - : \ \
CPU address error (instruction 2 1 Reset H'OEO  H'00000100
access)
TLB miss ** 2 1-1 Reset H'040  H'00000400
(instruction access)
TLB invalid ** (instruction 2 1-2 Reset H'040  H'00000100
access)
TLB protection violation *4 2 1-3 Reset H'0AO  H'00000100
(instruction access)
lllegal general instruction 2 2 Reset H'180 H'00000100
exception
lllegal slot 2 2 Reset H'1A0 H'00000100
instruction exception
CPU address error 2 3 Reset H'OEO/ H'00000100
(data access) H'100
TLB miss ** 2 3-1 Reset H'040/ H'00000400
(data access) H'060
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Exception Current Exception Process Vector Vector
Type Instruction Exception Event Priori'[y*l Order at BL=1 Code Offset
General  Re-executed TLB invalid ** (data access) 2 3-2 Reset H'040/ H'00000100
exception H'060
events TLB protection violation ** 2 3-3 Reset H'0AO/ H'00000100
(data access) H'0CO
Initial page write *4 2 3-4 Reset H'080  H'00000100
(data access)
Completed  Unconditional trap (TRAPA 2 4 Reset H'160 H'00000100
instruction)
User breakpoint (After 2 5 Ignored H'1IEO0  H'00000100
instruction execution, address)
General Completed User breakpoint 2 5 Ignored H'1IEO0  H'00000100
interrupt (Data break, 1-BUS break)
requests DMA address error 2 6 Retained H'5CO  H'00000100
Interrupt  Completed Interrupt requests 3 —*2 Retained —** H'00000600
requests
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.

For details on priorities in multiple interrupt sources, refer to section 6, Interrupt

Controller (INTC).

If an interrupt is accepted, the exception event register (EXPEVT) is not changed. The
interrupt source code is specified in interrupt source register 2 (EXPEVT2). For details,

refer to section 6, Interrupt Controller (INTC).

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

This section describes the conditions for specific exception handling and the processor operations
for resets and generd exceptions. For interrupts, refer to section 6, Interrupt Controller (INTC).

531 Resets
Power-On Reset:

« Conditions
Power-on reset isrequest

e 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.

M anual Reset:

+ Conditions
Manual reset isrequest

e 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.

532 General Exceptions
CPU AddressError:

+ Conditions
O Ingruction isfetched from odd address (4n + 1, 4n + 3)
0 Word datais accessed from addresses other than word boundaries (4n + 1, 4n + 3)

O Longword is accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
an + 3)

0 Thearearanging from H'80000000 to H'FFFFFFFF in logical spaceisaccessed in user
mode

* Types
Ingtruction synchronous, re-execution type
+ Saveaddress
Ingruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an indruction isassigned to adelay dot)
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» Exception code
An exception occurred during read: H'OEO
An exception occurred during write: H'1EQ
*  Remarks
Thelogical address (32 bits) that caused the exception isset in TEA.

Illegal General Instruction Exception:

+ Conditions
0 When undefined code not in adelay dot is decoded
Delayed branch ingructions; IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S

Note. For details on undefined code, refer to section 2.6.2, Operation Code Map. When an
undefined code other than H'FO00 to H'FFFF is decoded, operation cannot be guaranteed.

0 When aprivileged ingruction not in adelay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, instructionsthat access GBR
with LDC/STC arenot privileged instructions.

* Types
Ingtruction synchronous, re-execution type
+ Saveaddress
An instruction address where an exception occurs
» Exception code
H'180
*  Remarks
None

Illegal Sot Instruction:

« Conditions
0 When undefined codein adelay dot is decoded
Delayed branch ingructions; IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
0 When aprivileged ingruction in adelay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, instructions that access GBR
with LDC/STC arenot privileged instructions.

0 When an instruction that rewrites PC in a delay dot is decoded

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

* Types
Ingtruction synchronous, re-execution type
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Save address

A déelayed branch ingtruction address
Exception code

H'1A0

Remarks

None

Unconditional Trap:

Conditions

TRAPA instruction executed

Types

Ingtruction synchronous, processing-compl etion 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 ingtruction 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 (a delayed branch
instruction address if an instruction is assigned to a delay dot)

Processing-compl etion type: An address of the ingruction following the instruction where a
break occurs (a delayed branch instruction address if an ingruction is assigned to adelay dot)

Exception code
H'1EO
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* Remarks
For details on user break controller, refer to section 22, User Break Controller (UBC).

DMA AddressError:

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

3)
* Types
I ngtruction asynchronous, processing-completion type
+ Saveaddress

An address of the ingtruction following the instruction where a break occurs (adelayed branch
instruction destination address if an instruction is assigned to adelay dot)

» Exception code
H'5CO0

*  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 ingtruction operation, an exception is aso requested
asynchronously with theinstruction execution. For details on DMAC, refer to section 8, Direct
Memory Access Controller (DMAC).

533 General Exceptions (MM U Exceptions)

When the address trandation 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: TLP error exception, TLPinvalid exception, TLB protection exception,
and initial page write exception. These exceptions are checked in this order.

A vector offset for aTLB error exception is defined as H'00000400 to simplify exception source
determination. For details on MMU exception operations, refer to section 3, Memory Management
Unit (MMU).

TLB Miss Exception:

« Conditions

Comparison of TLB addresses shows no address match.
* Types

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

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an ingruction is assigned to adelay dot)

Exception code

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

Thelogical address (32 bits) that caused the exception isset in TEA and the MMU registers
are updated. The vector address of the TLB miss exception is 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 V = 0.

Types

Ingtruction synchronous, re-execution type

Save address

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

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an indruction isassigned to adelay dot)

Exception code

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

Thelogical address (32 bits) that caused the exception isset in TEA and the MMU registers
are updated.

TLB Protection Exception:

Conditions

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

Types

Ingtruction synchronous, re-execution type

Save address

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

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an indruction isassigned to adelay dot)
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Exception code

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

Thelogical address (32 bits) that caused the exception isset in TEA and the MMU registers
are updated.

Initial Page Write Exception:

Conditions

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

Types

Ingtruction synchronous, re-execution type

Save address

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

Data access: An instruction address where an exception occurs (a delayed branch instruction
address if an ingruction isassigned to adelay dot)

Exception code
H'080
Remarks

Thelogical address (32 bits) that caused the exception isset in TEA and the MMU registers
are updated.

Rev. 2.00, 09/03, page 123 of 690
RENESAS



5.4 Usage Notes

1. Aninstruction assigned at adelay slot of the RTE ingtruction is executed after the contents of
the SSR isrestored into the SR. An acceptance of an exception related to ingtruction accessis
determined according to the SR before restore. An acceptance of other exceptionsis
determined by the SR after restore, processing mode, and BL bit value. A processing-
completion type exception is accepted before an ingruction 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 a a delay dot of the RTE instruction, a user break cannot be
accepted.

3. If theMD and BL bhits 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 before 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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Section 6 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.

6.1 Features

» 16 levelsof 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 canceller function

An NMI input-leve bit indicates the NMI pin state. By reading this bit in the interrupt
exception service routing, the pin state can be checked, enabling it to be used asanoise
canceller.

* |IRQ interrupts can be set
Detection of low level, high leve, rising edge, or falling edge
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Figure 6.1 shows a block diagram of the INTC.

NMI ——=] i
IRQ5-IRQO | Input/output ;
16 control - '
PINT15-PINTO —T» H
; E Interrupt
DMAC I(Interrupt request) - Com- request
SCIF — - parator|
ADC — - Priority ! SR
usB : »| identifier E m
TMU —; Lo ,
TPU — - ' CPU
WDT — > !
uDI — - '
REF — > :
RTC " - !
1 ICR 1
| L_IrRrR | LR |
5 PINTER
1 1 >
' H o
H < Bus T §
, interface : 5
L T : S
Legend: INTC
DMAC : Direct memory access controller WDT  : Watchdog timer

SCIF  : Serial communication interface (with FIFO) UDI

ADC  :A/D converter

USB  : USB interface

TMU  : Timer pulse unit

TPU : 16-bit timer pulse unit

RTC
REF
ICR
IPR
IRR
PINTER:
SR

: User debugging interface

: Realtime clock

: Refresh request in bus state controller
. Interrupt control register

: Interrupt priority level setting register

: Interrupt request register

PINT interrupt enable register

: Status register

Figure6.1 Block Diagram of INTC
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6.2

Input/Output Pins

Table 6.1 shows the INTC pin configuration.

Table6.1 Pin Configuration

Name Abbreviation 1/O Description
Nonmaskable interrupt input pin NMI Input  Input of interrupt request signal, not
maskable by the interrupt mask bits
in SR
Interrupt input pins IRQ5to IRQO, Input Input of interrupt request signals
IRL3 to IRLO
Port interrupt input pins PINT15 to Input  Input of port interrupt signals
PINTO

Note: IRL3 to IRLO are multiplexed with IRQ3 to IRQO; they cannot be used together with IRQ3 to

6.3

IRQO at the same time.

Register Descriptions

The INTC hasthe following registers. For details on register addresses and register states during
each processing, refer to section 24, List of Registers.

Interrupt control register 0 (ICRO)

Interrupt control register 1 (ICR1)

Interrupt control register 2 (ICR2)

PINT interrupt enableregister (PINTER)
Interrupt priority level setting register A (IPRA)
Interrupt priority level setting register B (IPRB)
Interrupt priority level setting register C (IPRC)
Interrupt priority level setting register D (IPRD)
Interrupt priority level setting register E (IPRE)
Interrupt priority level setting register F (IPRF)
Interrupt priority level setting register G (IPRG)
Interrupt priority level setting register H (IPRH)
Interrupt request register 0 (IRR0O)

Interrupt request register 1 (IRR1)

Interrupt request register 2 (IRR2)

RENESAS
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6.31 Interrupt Priority Level Setting Registers A toH (IPRA to IPRH)

IPRA to IPRH are 16-hit readable/writable registersin which priority levels from 0 to 15 are set
for on-chip peripheral module, and IRQ and PINT interrupts.

Bit Bit Name Initial Value  R/W Description
15t0 0 IPR15to 0 R/W These bits set the priority level for each interrupt
IPRO source in 4-bit units. For details, see table 6.2.

Table6.2 Interrupt Sourcesand IPRA toIPRH

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to 0
IPRA TMUO T™U1 T™U2 RTC
IPRB WDT REF Reserved® Reserved®
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTOto PINT7  PINT8to PINT15 IRQ5 IRQ4
IPRE DMAC SCIF0 SCIF2 ADC
IPRF Reserved® Reserved® USB Reserved®
IPRG TPUO TPU1 Reserved® Reserved®
IPRH TPU2 TPU3 Reserved® Reserved®

Note: * Always read as 0. The write value should always be 0.

As shown in table 6.2, on-chip peripheral module, or IRQ or PINT interrupts are assigned to four
4-hit groupsin each register. These 4-bit groups (bits 15to 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 isrequested); H'F means priority level 15 (the highest level).
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6.3.2 Interrupt Control Register 0 (ICRO0)

ICRO isaregigter that setsthe input signal detection mode of external interrupt input pin NMI, and
indicates theinput signd level at the NMI pin.

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: NMl input level is high

14t09 O 0 R Reserved

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

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 input

1: Interrupt request is detected on rising edge of
NMI input

7to0 a 0 R Reserved

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

Note: * When NMI input is high, 0 when NMI input is low.
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6.3.3 Interrupt Control Register 1 (ICR1)

ICR1 isa 16-hit register that specifies the detection mode for external interrupt input pins IRQO to
IRQ5 individually: rising edge, falling edge, high level, or low level.

Bit Bit Name Initial Value

R/W

Description

15 MAI 0

R/W

Mask All Interrupts

When set to 1, masks all interrupt requests when
a low level is being input to the NMI pin. Masks
NMI interrupts in standby mode.

0: All interrupt requests are not masked when a
low level is being input to the NMI pin

1: All interrupt requests are masked when a low
level is being input to the NMI pin

14 IRQLVL 1

R/W

Interrupt Request Level Detect

Selects whether the IRQ3 to IRQO pins are
enabled or disabled to be used as four
independent interrupt pins. This bit does not
affect the IRQ4 and IRQ5 pins.

0: Used as four independent interrupt request
pins IRQ3 to IRQO

1: Used as encoded 15-level interrupt pins as
IRL3 to IRLO

13 BLMSK 0

R/W

BL Bit Mask

Specifies whether NMI interrupts are masked
when the BL bit of the SR register is 1.

0: NMI interrupts are masked when the BL bit is 1

1: NMl interrupts are accepted regardless of the
BL bit setting

12 ad 0

Reserved

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

Rev. 2.00, 09/03, page 130 of 690

RENESAS



Bit Bit Name Initial Value R/W Description

11to 0 IRQ51Sto 0 R/W IRQnN Sense Select
IRQO0S

Select whether the interrupt signals to the IRQ5
to IRQO pins are detected at the falling edge, at
the rising edge, at low level, or at high level.

Bit 2n+1 Bit 2n
IRQN1S IRQNOS

0 0 An interrupt request is
detected at IRQn input
falling edge

0 1 An interrupt request is
detected at IRQn input
rising edge

1 0 An interrupt request is
detected at IRQn input
low level

1 1 An interrupt request is
detected at IRQn input
high level

[Legend]n=0to 5

Rev. 2.00, 09/03, page 131 of 690
RENESAS



6.3.4 Interrupt Control Register 2 (ICR2)

ICR2 isa 16-hit register that specifies the detection mode for external interrupt input pins PINT15
to PINTO.

Bit Bit Name Initial Value R/W Description
15t0 0 PINT15Sto O R/W PINT15 to PINTO Sense Select
PINTOS

Select whether interrupt request signals to
PINT15 to PINTO are detected at low levels or
high levels.

PINTnS

0: Interrupt requests are detected at low level
input to the PINT pins

1: Interrupt requests are detected at high level
input to the PINT pins

[Legend]n=0to 15

6.3.5 PINT Interrupt Enable Register (PINTER)

PINTER isa 16-bit register that enables interrupt requests input to external interrupt input pins
PINTO to PINT15.

When all or some of these pins, PINTO to PINT15 arenot used as an interrupt input, a bit
corresponding to a pin unused as an interrupt request should be cleared to 0.

Bit Bit Name Initial Value R/W Description
15to 0 PINT15Eto O R/W PINT15 to PINTO Interrupt Enable
PINTOE

Select whether the interrupt requests input to the
PINT15 to PINTO pins is enabled.

PINTnE

0: Disables PINT input interrupt requests
1: Enables PINT input interrupt requests
[Legend]n=0to 15
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6.3.6 Interrupt Request Register 0 (IRRO)

IRRO is an 8-hit register that indicates interrupt requests from external input pins IRQO to IRQ5

and PINTO to PINT15.

Bit Bit Name

Initial Value

R/W

Description

7 PINTOR

0

R

PINTO to PINT7 Interrupt Request

Indicates whether interrupt requests are input to
PINTO to PINT7 pins.

0: Interrupt requests are not input to PINTO to
PINT7 pins

1: Interrupt requests are input to PINTO to PINT7
pins

6 PINT1R

PINT8 to PINT15 Interrupt Request

Indicates whether interrupt requests are input to
PINT8 to PINT15 pins.

0: Interrupt requests are not input to PINT8 to
PINT15 pins

1: Interrupt requests are input to PINTS8 to
PINT15 pins

5t00 IRQ5R to
IRQOR

R/W

IRQn Interrupt Request

Indicates whether there is interrupt request input
to the IRQn pin. When edge-detection mode is
set for IRQn, an interrupt request is cleared by
writing O to the IRQNR bit after reading IRQNR =
1.

When level-detection mode is set for IRQn, these
bits indicate whether an interrupt request is input.
The interrupt request is set/cleared by only 1/0
input to the IRQnN pin.

IRQNR

0: No interrupt request input to IRQn pin
1: Interrupt request input to IRQnN pin
[Legend]n=0to 5
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6.3.7 Interrupt Request Register 1 (IRR1)

IRRL1 is an 8-bit register that indicates whether DMAC or SCIFO interrupt requests are generated.

Bit
Bit Name

Description

7 TXIOR

TXIO Interrupt Request

Indicates whether a TXIO (SCIFO) interrupt request is generated.
0: A TXIO interrupt request is not generated

1: A TXIO interrupt request is generated

Reserved
This bit is always read as O.

5 RXIOR

RXIO Interrupt Request

Indicates whether an RXI0 (SCIFO0) interrupt request is
generated.

0: An RXIO interrupt request is not generated
1: An RXIO interrupt request is generated

4 ERIOR

ERIO Interrupt Request

Indicates whether an ERIO (SCIFO0) interrupt request is
generated.

0: An ERIO interrupt request is not generated
1: An ERIO interrupt request is generated

3 DEI3R

DEI3 Interrupt Request

Indicates whether a DEI3 (DMAC) interrupt request is generated.
0: A DEI3 interrupt request is not generated

1: A DEI3 interrupt request is generated

2 DEI2R

DEI2 Interrupt Request

Indicates whether a DEI2 (DMAC) interrupt request is generated.
0: A DEI2 interrupt request is not generated

1: A DEI2 interrupt request is generated

1 DEI1R

DEI1 Interrupt Request

Indicates whether a DEI1 (DMAC) interrupt request is generated.
0: A DEI1 interrupt request is not generated

1: A DEI1 interrupt request is generated
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Bit Initial
Bit Name Value R/W Description
0 DEIOR O R DEIO Interrupt Request
Indicates whether a DEIO (DMAC) interrupt request is generated.

0: A DEIO interrupt request is not generated
1: A DEIO interrupt request is generated

6.3.8 Interrupt Request Register 2 (IRR2)

IRR2 is an 8-hit register that indicates whether SCIF2 or ADC interrupt requests are generated.

Bit Initial
Bit Name Value R/W Description
7to5 O 0 R Reserved
These bits are always read as 0.
4 ADIR 0 R ADI Interrupt Request

Indicates whether an ADI (ADC) interrupt request is generated.
0: An ADI interrupt request is not generated
1: An ADI interrupt request is generated
3 TXI2R 0 R TXI2 Interrupt Request
Indicates whether a TXI2 (SCIF2) interrupt request is generated.

0: A TXI2 interrupt request is not generated
1: A TXI2 interrupt request is generated

2 O 0 R Reserved
This bit is always read as O.

1 RXI2ZR O R RXI2 Interrupt Request
Indicates whether an RXI2 (SCIF2) interrupt request is
generated.

0: An RXI2 interrupt request is not generated
1: An RXI2 interrupt request is generated
0 ERI2ZR O R ERI2 Interrupt Request

Indicates whether an ERI2 (SCIF2) interrupt request is
generated.

0: An ERI2 interrupt request is not generated
1: An ERI2 interrupt request is generated
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6.4 Interrupt Sources

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, 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.

6.4.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BLMSK bhit in the interrupt
control register 1 (ICR1) is1 or the BL hit in the statusregister (SR) isO, NMI interrupt is
accepted. NMI interrupt is edge-detected. In sleep or standby mode, the interrupt is accepted
regardless of the BL setting. The NMI edge select bit (NMIE) in the interrupt control register O
(ICRO) isused to select either rising or falling edge detection.

When using edge-input detection for NMI interrupt, a pulse width of at least two P cycles
(peripheral clock) isnecessary. NMI interrupt exception handling does not affect the interrupt
mask level bits (1310 10) in the statusregister (SR). When the MALI bitin ICR1is 1, NMI interrupt
isnot accepted.

It is possible to wake the chip up from sleep mode or standby mode with an NMI interrupt.

6.4.2 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 softwareread 1
from the corresponding bit in IRRO, then write O to the bit.

When ICRL1 isrewritten, IRQ interrupts may be mistakenly detected, depending on the IRQ pin
states. To prevent this, rewrite the register while interrupts are masked, then rel ease the mask after
clearing theillegal interrupt by writing O to interrupt request register 0 (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
samplesthe pins. Therefore, the interrupt source must be cleared by the interrupt handler.

Theinterrupt mask bits (I3 to 10) in the statusregister (SR) are not affected by IRQ interrupt
handling. IRQ interrupts can wake the chip up from the sandby state when therelevant interrupt
leve ishigher than 13to 10 in SR (but only when the RTC is used, the clock for the RTC isused to
wake the chip up from the sandby state).
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6.4.3 IRL Interrupts

IRL interrupts areinput by level at pins IRL3 to IRLO. The priority level isthe higher of those
indicated by pinsIRL3 to IRLO. An IRL3 to IRLO value of 0 (0000) indicates the highest-level
interrupt request (interrupt priority level 15). A value of 15 (1111) indicates no interrupt regquest
(interrupt priority level 0). Figure 6.2 shows an examples of an IRL interrupt connection. Table
6.3 shows IRL pin and interrupt levels.

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

The priority level of the IRL interrupt must not be lowered unlessthe interrupt is accepted and the
interrupt processing starts. However, the priority level can be changed to ahigher one.

The interrupt mask bits (13 to 10) in the status register (SR) are not affected by IRL interrupt
processing.

This LSI
B — e
o 4
B
Interrupt  ———————m=|  Priority / »| RL3 to IRLO
request ——————pmm]| encoder __
) TRL3 to IRLO

Figure6.2 Exampleof IRL Interrupt Connection
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Table6.3 IRL3toIRLO Pinsand Interrupt Levels

IRL3 IRL2 IRL1 IRLO Interrupt Priority Level Interrupt Request

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

6.4.4 PINT Interrupt

PINT interrupts areinput from pins PINTO to PINT15 with alevel. The priority level can be set by
the interrupt priority level setting register D (IPRD) in arange from levels 0 to 15, in the unit of
PINTOto PINT7 or PINT8 to PINT15. The PINT interrupt level should be held until the interrupt
is accepted and interrupt handling is started.

Theinterrupt mask bits (13 to 10) in the statusregister (SR) arenot affected by PINT interrupt
processing. PINT interrupts can wake the chip up from the standby state when the relevant
interrupt level ishigher than 13 to 10 in SR (but only when the RTC is used, the clock for the RTC
is used to wake the chip up from the standby state).

6.4.5 On-Chip Peripheral Module Interrupts
On-chip peripheral moduleinterrupts are generated by the following 10 modules:

» Direct memory access controller (DMAC)
e Serial communication interfaces (SCIFO and SCIF2)
» A/D converter (ADC)
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» USB interface (USB)

e Timer unit (TMU)

e 16-hit timer pulse unit (TPU)

» Watchdog timer (WDT)

» Busstate contraller (BSC)

» User-debugging interface (UDI)
» Redtimeclock (RTC)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected in the
interrupt event registers (INTEVT and INTEVT2). It iseasy to identify sources by using the value
of INTEVT or INTEVT2 asa branch offset.

A priority level (from 0 to 15) can be set for each module except UDI by writing to the interrupt
priority level setting registers A to H (IPRA to IPRH). The priority level of the UDI interrupt is 15
(fixed).

Theinterrupt mask bits (13 to 10) in the statusregister are not affected by on-chip periphera
module interrupt handling.

6.4.6 Interrupt Exception Handling and Priority

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, and on-chip peripheral modules.
The priority of each interrupt source is set within priority levels 0 to 16; level 16 isthe highest and
leve 1isthelowest. When the priority is set to level 0, that interrupt is masked and the interrupt
request isignored.

Tables 6.4 and 6.5 list the codes for the interrupt source and the interrupt event registers (INTEVT
and INTEVT2) and the order of interrupt priority.

Each interrupt source is assigned a unique code by INTEVT and INTEVT2. The start address of
the interrupt service routine is common for each interrupt source. Thisiswhy, for instance, the
value of INTEVT2isused asan offset at the start of the interrupt service routine and branched to
in order to identify the interrupt source.

IRQ and PINT interrupts, and on-chip peripheral module interrupt priorities can be set freely
between 0 and 15 for each module by setting the interrupt priority level setting registers. A reset
assigns priority level 0to IRQ, PINT, and on-chip peripheral module interrupts.

If the same priority level isassigned to two or more interrupt sources and interrupts from those
sources occur simultaneoudly, their priority order isthe default priority order indicated at the right
in tables 6.4 and 6.5.
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Table6.4 Interrupt Exception Handling Sources and Priority (IRQ Mode)

Interrupt Priority
Priority IPR within IPR  Default

Interrupt Source Interrupt Code** (Initial Value) (Bit Numbers) Setting Unit Priority
NMI H'1C0*? 16 O O High
uDI H'5EQ™2 15 0 0 1
IRQ IRQO H'600*3 0 to 15 (0) IPRC (3to0) O

IRQ1 H'620*3 0 to 15 (0) IPRC (7to4) O

IRQ2 H'640*3 0 to 15 (0) IPRC (11t08) O

IRQ3 H'660*3 0 to 15 (0) IPRC (15t0 12) O

IRQ4 H'680** 0 to 15 (0) IPRD (3t00) O

IRQ5 H'6A0*® 0 to 15 (0) IPRD (7to4) O
PINT PINTOto  H700*® 0 to 15 (0) IPRD (15t0 12) O

PINT7

PINTSto  H'720*3 0 to 15 (0) IPRD (11t0 8) O

PINT15
DMAC DEIO H'800*3 0 to 15 (0) IPRE (15 to 12) High

DEI1 H'820*3

DEI2 H'840*3

DEI3 H'860*3 Low
SCIF0O  ERIO H'8g0*3 0 to 15 (0) IPRE (11t0 8) High

RXIO H'8A0*3

TXIO H'8E0*® Low
SCIF2  ERI2 H'900*3 0 to 15 (0) IPRE (7to4) High

RXI2 H'920*3 f

TXI2 H'960*3 Low
ADC ADI H'980*3 0 to 15 (0) IPRE (3t00) —
USB uslIo H'A20*3 0 to 15 (0) IPRF (7to4)  High

usli1 H'A40*3 Low
TPUO  TPIO H'Co0*® 0 to 15 (0) IPRG (15 to 12) —
TPUL  TPI1 H'C20*3 0 to 15 (0) IPRG (11t08) —
TPU2  TPI2 H'Cc80*® 0 to 15 (0) IPRH (15 to 12) —
TPU3  TPI3 H'CAO0*® 0 to 15 (0) IPRH (11t0 8) — Low
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Interrupt Priority

Priority IPR within IPR  Default

Interrupt Source Interrupt Code** (Initial Value) (Bit Numbers) Setting Unit Priority
TMUO  TUNIO H'400*? 0 to 15 (0) IPRA (15t0 12) — High
TMU1  TUNI1 H'420*2 0 to 15 (0) IPRA (11t08) — 4
TMU2  TUNI2 H'440*? 0 to 15 (0) IPRA (7to4)  High

TICPI2 H'460** Low
RTC ATI H'480*2 0 to 15 (0) IPRA (3t00)  High

PRI H'4A0*? I

cul H'4C0*? Low
WDT  ITI H'560*? 0 to 15 (0) IPRB (15 to 12) —
REF RCMI H'580*2 0 to 15 (0) IPRB (11t08) — Low

Notes: 1. The INTEVT2 code.
2. The same code as INTEVT2 is set in INTEVT.

3. The code indicating an interrupt level (H'200 to H'3CO shown in table 6.6) is set in
INTEVT.
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Table6.5 Interrupt Exception Handling Sourcesand Priority (IRL Mode)

Interrupt Priority
Priority IPR (Bit within IPR  Default
Interrupt Source Interrupt Code** (Initial Value) Numbers)  Setting Unit Priority
NMI H'1C0*? 16 — — High
uDI H'5E0*2 15 — — 4
IRL TRL(3:0) = 0000 H'200** 15 — —
TRL(3:0) = 0001 H'220*3 14 — —
TRL(3:0) = 0010 H'240*3 13 — —
IRL(3:0) = 0011 H260** 12 — —
IRL(3:0) = 0100 H280** 11 — —
IRL(3:0) = 0101 H?2A0** 10 — —
IRL(3:0) = 0110 H2cC0*® 9 — —
IRL(3:0) = 0111 H2E0*® 8 — —
IRL(3:0) = 1000 H'300** 7 — —
IRL(3:0) = 1001 H'320** 6 — —
IRL(3:0) = 1010 H'340** 5 — —
IRL(3:0) = 1011 H'360** 4 — —
IRL(3:0) = 1100 H'380** 3 — —
IRL(3:0) = 1101 H'3A0*® 2 — —
IRL(3:0) = 1110 H'3C0*® 1 — —
IRQ  IRQ4 H'680*° 0to15(0) IPRD(3to0) —
IRQ5 H'6A0*? 0to15(0) IPRD(7to4) —
PINT PINTOto PINT 7 H'700*° 0to15(0) IPRD(15t0 —
12)
PINT8 to PINT 15H720*3 0to15(0) IPRD(11to —
8)
DMAC DEIO H'800*° 0to15(0) IPRE (15to High
12)
DEI1 H'820*°
DEI2 H'840*°
DEI3 H'860*° Low
SCIFO ERIO H'880*° 0to15(0) IPRE (11 to 8)High
RXIO H'8A0*?
TXIO H'8E0*? Low Low
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Interrupt Priority
Priority IPR (Bit within IPR  Default

*1

Interrupt Source Interrupt Code (Initial Value) Numbers)  Setting Unit Priority
SCIF2 ERI2 H'900** 0to15(0) IPRE (7to4) High High
RXI2 H'920*° I 4
TXI2 H'960*° Low
ADC  ADI H'980** 0to15(0) IPRE (3to0) —
USB  USIO H'A20*2 0to15(0) IPRF (7to4) High
usl1 H'A40*3 Low
TPUO TPIO H'Co0*? 0to15(0) IPRG (15t0 —
12)
TPUL TPI1 H'C20*° 0to15(0) IPRG (11to —
8)
TPU2 TPI2 H'C80*? 0to15(0) IPRH(15t0 —
12)
TPU3 TPI3 H'CA0*? 0t015(0) IPRH(1lto —
8)
TMUO TUNIO H'400*? 0to15(0) IPRA(15t0 —
12)
TMUL TUNI1 H'420*? 0to15(0) IPRA (11to 8)—
TMU2 TUNI2 H'440*? 0to15(0) IPRA(7to4) High
TICPI2 H'460** Low
RTC  ATI H'480*? 0to15(0) IPRA(3to0) High
PRI H'4A0*2
cul H'4C0*? Low
WDT [Tl H'560*? 0to15(0) IPRB(15t0 —
12)
REF  RCMI H'580*2 0to15(0) IPRB (11to 8)— Low

Notes: 1. The INTEVT2 code.
2. The same code as INTEVT2 is set in INTEVT.

3. The code indicating an interrupt level (H'200 to H'3CO shown in table 6.6) is set in
INTEVT.
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Table6.6 Interrupt Level and INTEVT Code

Interrupt level INTEVT Code
15 H'200
14 H'220
13 H'240
12 H'260
11 H'280
10 H'2A0
9 H'2C0
8 H'2EQ
7 H'300
6 H'320
5 H'340
4 H'360
3 H'380
2 H'3A0
1 H'3C0

6.5 Operation

6.5.1 Interrupt Sequence

The sequence of interrupt operationsis described below. Figure 6.3 isaflowchart of the
operations.

1
2.

Theinterrupt request sources send interrupt request signalsto theinterrupt controller.

Theinterrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in the interrupt priority level setting registers A toH (IPRA to
IPRH). Lower priority interrupts are held pending. If two of these interrupts have the same
priority leve or if multiple interrupts occur within a single module, the interrupt with the
highest priority is selected, according to tables 6.4 and 6.5.

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (I3 to 10) in the status register (SR) of the CPU. If therequest priority level
ishigher than theleve 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 peripheral clock (Pg). The CPU receives an interrupt at abreak in
instructions.
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The interrupt source code is set in the interrupt event registers (INTEVT and INTEVT2).

The statusregister (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 jumpsto the start address of the interrupt handler (the sum of the value set in the
vector base regiser (VBR) and H'00000600). This jump isnot a delayed branch. The interrupt
handler may branch with INTEVT or INTEVT2 value asits offset in order to identify the

interrupt source. This enablesit to branch to the handling routine for theindividua interrupt
source.

© N o O

Notes. 1. Theinterrupt mask bits (13 to 10) in the statusregister (SR) are not changed by
acceptance of an interrupt in thisLSl.
2. Theinterrupt source flag should be cleared in the interrupt handler. To ensurethat 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 execute an RTE ingtruction.
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Figure 6.3 Interrupt Operation Flowchart
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6.5.2 Multiple Interrupts

When handling multiple interrupts, an interrupt handler should include the following procedures:

1

© 0k~ wDd

Branch to a specific 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 ingruction.

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

6.6 Usage Note

Theinterrupt accept timing in this LS| is not acknowledged externally. Thus, keep the following
note in mind when designing the system.

Level interrupt

Thelevel interrupt request should be held until the CPU acceptsiit. The level interrupt request
needs to be cleared (rel eased) within the specific interrupt handler. If the level interrupt request
isnot held, the operation may branch to the interrupt handling routine when the valuein
INTEVT/2 becomes H'000.

When the standby state is cancelled, if the level interrupt request is not held, the operation will
go back to the standby state again in the middle of WDT counting. When canceling the
standby state again in such a condition by asserting the level interrupt request, the settling time
for the PLL or crystal oscillator is not secured enough and the operation may not recover from
the standby state correctly.

Interrupt flag update

When an interrupt is acceptable and the generation of an interrupt request is enabled, updating
or clearing the interrupt flag may branch the operation to the interrupt handling routine when
the value in INTEVT2 becomes H'000.
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7.1

Section 7 Bus State Controller (BSC)

Overview

The bus state controller (BSC) outputs control signals for various types of memory that is
connected to the external address space and external devices. BSC functions enablethisLS| to
connect directly with SRAM, SDRAM, and other memory storage devices, and external devices.

711

Features

The BSC has the following features:

» Physical address spaceis divided into eight areas

ad

ad

O o0Ooo

A maximum 32 or 64 Mbytes for each of the eight areas, CS0, CS2 to C34, CS5A, CSEB,
CS6A and CS6B, totally 384 Mbytes.

Can specify the normal spaceinterface, byte-selection SRAM interface, burst ROM,
address/data multiplex 1/0 (MPX), or SDRAM for each address space.

Can sdlect the data bus width (8, 16, or 32 bits) for each address space.
Controls theinsertion of the wait state for each address space.
Controlsthe insertion of the wait state for each read access and write access.

Can set the independent idling cycle in the continuous access for five cases. read-write (in
same space/different space), read-read (in same space/different space), thefirst cycleisa
write access.

* Normal spaceinterface

ad

Supportsthe interface that can directly connect to the SRAM.

* Burst ROM interface

d

High-speed access to the ROM, such as flash memory, that has the page mode function.

e Address/data multiplex 1/0 (MPX) interface

d

Can directly connect to a peripheral LS| that needs an address/data multiplexing.

 SDRAM interface

ad

g
g
g
g

Can set the SDRAM upto 2 areas.

Multiplex output for row address/column address.
Efficient access by single read/single write.
High-speed access by the bank-active mode.
Supports an auto-refresh and self-refresh.
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e Busarbitration

0 Sharesall of theresources with other CPU and outputs the bus enable after receiving the
bus request from external devices.

7.1.2 Block Diagram

BSC functional block diagram isshown in figure 7.1.

Internal Internal
BSC address bus data bus

Output
signal drive -CMNCR ¢

controller |~ |

Wait between

access cycles [¢ iCSnBCR* I'

controller

H

2, CS3, CS4, Area MR
CS5A, CS5B, CS6A, CS6B controller

T

WAIT Wait CSNWCR*
controller

v

BS, RD, RD/WR, WES3 to WEO, Memor
RASU, RASL, CASU, CASL, 4 [ SocR |
A < controller
AH, CKE, DQMUU, DQMUL,

DQMLU, DQMLL

t1

Refresh
controller
A251t0 0 « Address/data [
D3110 0 < controller >

Note: * CSnBCR, CSN\WCR : n =0, 2, 3, 4, 5A, 5B, 6A, 6B

Legend:
CSnBCR : Area n bus control register
CSnWCR : Area n wait control register
SDCR . SDRAM control register
RTCSR . Refresh timer control/status register
RTCNT :  Refresh timer counter
RTCOR . Refresh timer constant register

Figure 7.1 BSC Functional Block Diagram
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7.2 Pin Configuration

Table7.1 Pin Configuration

Name I/0 Function

A25 to AO (0] Address bus

D31 to DO I/O Data bus

BS o] Bus cycle start
Asserted when a normal space, byte-selection SRAM, burst ROM, or
address/data multiplex I/O is accessed. Asserted by the same timing
as CAS in SDRAM access.

CS0,CS2to CS4, O Chip select

CS5A, CS5B, CS6A,

CS6B

RD/WR o Read/write
Connects to WE pins when SDRAM or byte-selection SRAM is
connected.

RD ¢} Read

WES3, o Indicates that D31 to D24 are being written to when a normal space

DOMUU is set.
Selects D31 to D24 when a byte-selection SRAM space is set.
Selects D31 to D24 when an SDRAM space is set.

WEZ2, (0] Indicates that D23 to D16 are being written to when a normal space

DQMUL is set.
Selects D23 to D16 when a byte-selection SRAM space is set.
Selects D23 to D16 when an SDRAM space is set.

WE1, o Indicates that D15 to D8 are being written to when a normal space

DOMLU and address/data multiplex I/0O space are set.
Selects D15 to D8 when a byte-selection SRAM space is set.
Selects D15 to D8 when an SDRAM space is set.

WEQ, (0] Indicates that D7 to DO are being written to when a normal space

DOMLL and address/data multiplex I/0O space are set.
Selects D7 to DO when a byte-selection SRAM space is set.
Selects D7 to DO when an SDRAM space is set.

RASU (0] Connects to RAS pin when SDRAM is connected.

RASL

CASU (0] Connects to CAS pin when SDRAM is connected.

CASL
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Name 110 Function

CKE (0] Connects to CKE pin when SDRAM is connected.

AH (0] Holds the address in address/data multiplex 1/0 mode.
WAIT I External wait input

BREQ I Bus request input

BACK 0 Bus acknowledge output

MD3, MD4 I Area 0 bus width (8/16/32 bits)

MD5 I Specifies endian

0: Big endian
1: Little endian

7.3 Area Overview

In the architecture of thisLSl, both logica spaces and physical spaces have 32-bit address spaces.
The cache access method is shown by the upper 3 bits. For details see section 4, Cache. The
remaining 29 bits are used for division of the space into eight areas. The BSC performs control for
this 29-bit space.

Aslisted in table 7.2, 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. CSO is
asserted during area 0 access; CS5B isasserted during area 5B access. When an SDRAM s
connected to area 2 or area 3, RASU, RASL, CASU, CASL, DQMUU, DOMUL, DQMLU, and
DOMLL are asserted.

731 AddressMap

The externa address space has a capacity of 384 Mbytes and is used by dividing 8 partial spaces.
The kind of memory to be connected and the data bus width are specified in each partial space.
The address map for the externa address spaceis listed below.

Table7.2 Physical Address Space Map

Memory to be Access
Area Connected Physical Address Capacity Size
Area 0 Normal memory*l, H'00000000 to H'O3FFFFFF 64 MbyteS 8, 16, 32*2
Burst ROM H00000000 to HO3FFFFFF  Shadow  (n: 110 6)

+H'20000000xn  +H'20000000%n
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Memory to be Access
Area Connected Physical Address Capacity Size
Area 1 Internal 1/O register*7 H'04000000 to H'O7FFFFFF
H'04000000 to H'O7FFFFFF (n:1to 6)
+H'20000000%n  +H'20000000%n
Area 2 Normal memory*ll H'08000000 to HOBFFFFFF 64 MbyteS 8, 16, 32*3'*5
Synchronous DRAM 195500000 to HOBFFFFFF _Shadow  (n:Lto 6)
+H'20000000%n  +H'20000000xn
Area 3 Normal memory*ll H'0C000000 to HOFFFFFFF 64 Mbytes 8, 16, 32*3'*5
Synchronous DRAM 165000000 to HOFFFFFFE  Shadow  (n: 110 6)
+H'20000000%n  +H'20000000%n
Area 4 Normal memory*ll H'20000000 to H'13FFFFFF 64 Mbytes 8, 16, 32*3
Burst ROM
! H'10000000 to H'13FFFFFF  Shadow (n: 1to 6)
Byte-selection SRAM ,1150000000xn ~ +H'20000000%n
Area 5A Normal memory*l H'14000000 to H'15FFFFFF 32 MbyteS 8, 16, 32*3
H'14000000 to H'15FFFFFF  Shadow (n: 1to 6)
+H'20000000%n  +H'20000000%n
Area 5B Normal memory*ll H'16000000 to H'17FFFFFF 32 MbyteS 8, 16*3'*4
ﬁgdr,\eASFf)’(datBa ;“”'“p'ex H'16000000 to H17FFFFFF  Shadow  (n: Lto 6)
( . ), Byte- +H'20000000%n  +H'20000000xn
selection SRAM
Area 6A Normal memory*l H'18000000 to H'19FFFFFF 32 Mbytes 8, 16*3
H'18000000 to H'19FFFFFF  Shadow (n: 1to 6)
+H'20000000%n  +H'20000000xn
Area 6B Normal memory*l H'2A000000 to H'1BFFFFFF 32 Mbytes 8, 16*3
H'2A000000 to H'1BFFFFFF Shadow (n: 1to 6)
+H'20000000%n  +H'20000000%n
Area 7*% Reserved area H'1C000000 to H'1IFFFFFFF (n:0to7)
+H'20000000%n  +H'20000000xn
Notes: 1. Memory that has an interface such as SRAM or ROM.
2. Memory bus width is specified by an external pin.
3. Memory bus width is specified by a register.
4. With the address/data multiplex /0 (MPX) interface, the bus width must be 16 bits.
5. With the SDRAM, the bus width must be 16 bits or 32 bits.
6. Do not access the reserved area. If the reserved area is accessed, the operation cannot
be guaranteed.
7. When the addresses of the on-chip module control registers (internal I/O registers) in

area 1 are not translated by the MMU, set the top three bits of the logical addresses to
101 to allocate in the P2 space.
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H00000000 Area 0 (CS0) | H'00000000

Internal 1/O H'04000000

H'20000000 | Area2(CS2) | H'08000000
| ___Area 3 (CS3) _ | H'0C000000
H'40000000 _Area4 (CS4) | H'10000000
_Area 5A (CS5A)_| F14900000
HB0000000 i _AeaSB(CSB) |
SRS TN A/ Area 6A (CS6A) | ..
i it -AEARRAYORR -1 H'1A000000
H'80000000 e Area 6B (CS6B)
P1 r H'1BFFFFFF
O f /A Reserved area
H'A0000000 I
P2 / / Physical address space
H'C0000000
P3

"
H'E0000000
P4

Logical address space

Note: For logical address spaces PO and P3, when the memory management unit (MMU) is on, it can
optionally generate a physical address for the logical address. This figure can be applied when
MMU is off and when the MMU is on and each physical address for the logical address is equal
except for higher three bits. When translating a logical address to a physical address, refer to
table 7.2.

Figure 7.2 Address Space

7.32 Memory Bus Width

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 hits), word (16 bits), or longword (32 bits) on power-on reset. The correspondence
between the external pins (MD3, MD4) and memory sizeislisted in the table bel ow.

Table7.3 Correspondence between External Pins(MD3 and M D4) and Memory Size

MD4 MD3 Memory Size

0 0 Setting prohibited
1 8 bits

1 0 16 bits
1 32 hits

For areas other than area 0, byte, word, and longword may be chosen for the bus width using
CSnBCR that can be set in each area. The bus width that can be set differs according to a
connected interface. For more details, see the CSn Bus Control Register.
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When port A or B isused, set the bus width of all areasto 8-bit or 16-bit.

For details see section 7.4.2, CSn Space Bus Control Register (CSnBCR).

7.3.3 Shadow Space

Areas0, 210 4, 5A, 5B, 6A, and 6B are decoded by physical addresses A28 to A26, which
correspond to areas 000 to 110. Address bits 31 to 29 are ignored. This meansthat the range of
area 0 addresses, for example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space
is the address space obtained by adding to it H'20000000 x n (n = 1 to 6) in areas P1 to P3.

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 = 0to 7) corresponding to thearea 7
shadow space isreserved, so do not useit.

Area P4 (H'EO000000 to H'EFFFFFFF) isthe 1/0O areawhere on-chip registersare alocated. This
area has no shadow space.

7.4 Register Descriptions

The BSC hasthe following registers. Refer to section 24, List of Registers for the details of the
addresses of these registers and the state of registersin each operating mode.

Do not access spaces other than CS0 until the termination of the setting the memory interface.

e Common control register (CMNCR)

» Buscontrol register for CS0 space (CSOBCR)

» Buscontrol register for CS2 space (CS2BCR)

» Buscontrol register for CS3 space (CS3BCR)

» Buscontrol register for C$4 space (CS4BCR)

» Buscontrol register for CS5A space (CS5ABCR)

» Buscontrol register for CS5B space (CS5BBCR)

» Buscontrol register for CS6A space (CS6ABCR)

» Buscontrol register for CS6B space (CS6BBCR)

» Wait control register for CS0 space (CSOWCR)

» Wait control register for CS2 space (CS2WCR)

» Wait control register for CS3 space (CS3WCR)

»  Wait control register for C$4 space (CSAWCR)

» Wait control register for CS5A space (CS5AWCR)
» Wait control register for CS5B space (CSEBWCR)
» Wait control register for CS6A space (CS6AWCR)
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* Wait control register for CS6B space (CS6BWCR)
» SDRAM control register (SDCR)

« Refresh timer control/statusregister (RTCSR)**

+ Refresh timer counter (RTCNT)*!

« Refresh time constant register (RTCOR)**

« SDRAM mode register for CS2 space (SDMR2)*?
«  SDRAM mode register for CS3 space (SDMR3)*?

Notes. 1. Thisregister only accepts 32-hit writing to prevent incorrect writing. In this case, the
upper 16 bits of the data must be H'A55A, otherwise writing cannot be performed.
When reading, the upper 16 bits are read as H'0000.

2. The contents of thisregister are stored in SDRAM. When thisregister spaceis
accessed, the corresponding register in SDRAM iswritten to. For details, refer to
section 7.8.10, Power-On Sequence.

7.4.1 Common Control Register (CMNCR)

CMNCR isa 32-hit register that controls the common items for each area. Do not access external
memory other than area 0 until the CMNCR register initialization is compl ete.

Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
DMAIW1 0O R/W Wait states between access cycles when DMA single address
DMAIWO 0 R/W transfer is performed.

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.

00: No idle cycle inserted
01: 1 idle cycle inserted

10: 2 idle cycles inserted
11: 4 idle cycled inserted
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Bit

Bit Initial
Name Value R/W

Description

5

DMAIWA 0 R/W

Method of inserting wait states between access cycles when
DMA single address transfer is performed.

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. Setting this bit will make this LSI insert the idle
cycles even when the continuous accesses to an external
device with DACK are performed.

Reserved

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

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 LSl is being operated as big
endian.

1: The external pin for specifying endian (MD5) was high level
on power-on reset. This LSl is being operated as little
endian.

Reserved

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

1

HIZMEM O R/W

High-Z Memory Control

Specifies the pin state in software standby mode for A25 to
A0, BS, CS, RD/WR, WE, and RD.

0: High impedance in software standby mode.
1: Driven in software standby mode

0

HIZCNT O R/W

High-Z Control

Specifies the state in software standby mode and bus
released for RASU, RASL, CASU, and CASL.

0: High impedance in software standby mode and bus
released for RASU, RASL, CASU, and CASL.

1: Driven in standby mode and bus released for RASU,
RASL, CASU, and CASL.

Note:

*

The external pin for specifying endian (MD5) 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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7.4.2

CSn SpaceBus Control Register (CSNBCR) (n=0, 2, 3, 4, 5A, 5B, 6A, 6B)

CSnBCR isa 32-hit readable/writable register that specifies the function of each area, the number
of idle cycles between bus cycles, and the bus-width.

Do not access external memory other than area O until CSnBCR register initidization is

completed.
Bit Initial

Bit Name Value R/W Description

31,30 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

29 IWw1 R/W Idle Cycles between Write-read Cycles and Write-write Cycles

28 IWWO0 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.
00: No idle cycle inserted
01: 1 idle cycle inserted
10: 2 idle cycles inserted
11: 4 idle cycles inserted

27 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

26 IWRWDL1 1 R/W Idle Cycles for Another Space Read-write

25 IWRWD2 1 R/W 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.

00: Setting prohibited

01: 2 idle cycles inserted
10: 3 idle cycles inserted
11: 5idle cycles inserted
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Bit Initial

Bit Name Value R/W Description

24 d 0 R Reserved
This bit is always read as 0. The write value should always be
0.

23 IWRWS1 1 R/W Idle Cycles for Read-write in the Same Space

22 IWRWSO 1 R/W 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.
00: Setting prohibited.
01: 2 idle cycles inserted
10: 3 idle cycles inserted
11: 5idle cycles inserted

21 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

20 IWRRD1 1 R/W Idle Cycles for Read-read in Another Space

19 IWRRDO 1 R/W 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-read cycle of which continuous
accesses switch between different space.
00: 1 idle cycle inserted
01: 2 idle cycles inserted
10: 3 idle cycles inserted
11: 5idle cycles inserted

18 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

17 IWRRS1 1 R/W Idle Cycles for Read-read in the Same Space

16 IWRRSO 1 R/W 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-read cycle of which continuous
accesses are for the same space.

00: No idle cycle inserted
01: 1 idle cycle inserted

10: 2 idle cycles inserted
11: 4 idle cycles inserted
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Bit Initial
Bit Name Value R/W Description
15 d 0 R Reserved
This bit is always read as 0. The write value should always be
0.
14 TYPE2 O R/W Memory Type
13 TYPE1 R/W Specify the type of memory connected to a space.
12 TYPEO R/W 000: Normal space
001: Burst ROM
010: Address/data multiplex 1/0 (MPX)
011: Byte-selection SRAM
100: SDRAM
101: Setting prohibited
110: Setting prohibited
111: Setting prohibited
Note: SDRAM can be specified only in area 2 and area 3. If
SDRAM is connected to only one area, SDRAM
should be specified for area 3. In this case area 2
should be specified as normal space. Burst ROM can
be specified only in area 0 and area 4. Address/data
multiplex 1/0 (MPX) can be specified only in area 5B.
Byte-selection SRAM can be specified only in area 4
and area 5B.
11 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.
10 BSz1 1 R/W Data Bus Size
9 BSZ0 1 R/W Specify the data bus sizes of spaces.

The data bus sizes of areas 2, 3, 4 and 5A are shown below.
00: Setting prohibited.

01: 8-hit size

10: 16-hit size

11: 32-hit size

The data bus sizes of areas 5B, 6A, and 6B are shown below.
00: Setting prohibited.

01: 8-hit size

10: 16-hit size

11: Setting Prohibited
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Bit Initial
Bit Name Value R/W Description

8to0 O 0 R Reserved

These bits are always read as 0. The write value should
always be 0.
Notes: 1. When the CS5B space is specified as address/data multiplex 1/0 (MPX), specify the
bus size to 16 bits.

2. The data bus size of the CSO0 space is specified by an external input pin. The value of
BSZ[1:0] bits in CSOBCR are invalid.

3. When both the CS2 and CS3 spaces are specified as the SDRAM space, specify the
same bus size for the CS2 and CS3 spaces.

4. When the CS2 or CS3 space is specified as the SDRAM space, specify the bus width to
16 bits or 32 bits.

5. The SDRAM bank active mode can only be used for the CS3 space. (Refer to the
explanation of the BACTV bit in the SDRAM control register.)

6. The initial values of the bus size assignment for areas 5B, 6A, and 6B after power-on
reset is specified to prohibited setting. Therefore, specify the 8- or 16-bit size before
accessing these areas.

7. When port A or B is used, specify the bus size of all areas to 8 bits or 16 bits.

When the memory type is specified to an area other than the areas that can be specified, the
operation of thisLS| isnot guaranteed.

743  CSn Space Wait Control Register (CS'WCR) (n=0, 2, 3, 4, 5A, 5B, 6A, 6B)

CSnWCR isa 32-hit readabl e/writabl e register that specifies various wait cycles for memory
accesses. The bit configuration of thisregister varies as shown below according to the memory
type (TYPE 2, TYPE 1, or TYPE 0) specified by the CSn space bus control register (CSNBCR).
Specify the CShWCR register before accessing the target area. Specify CSnBCR register first,
then specify the CSh\WCR register.
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1. Normal Space, Byte-Selection SRAM, Address/Data Multiplex 1/0 (MPX)

CSOWCR, CS6AWCR, CS6BWCR

Initial
Bit Bit Name Value R/W Description
31t013 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
12 Swi R/W Number of Delay Cycles from Address, CSn Assertion to RD,
11 SWO RIW WEn.Assertion L
Specify the number of delay cycles from address and CSn
assertion to RD and WEn assertion.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
10 WR3 1 R/W Number of Access Wait Cycles
WR2 0 R/W Specify the number of cycles that are necessary for read/write
WR1 1 RIW access.
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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
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Initial
Bit Bit Name Value R/W Description

6 WM 0 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

5tc2 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
HW1 0 R/W Delay Cycles from RD, WEnN negation to Address, CSn
HWO 0 R/W negation

Specify the number of delay cycles from RD and WEN
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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CS2WCR, CS3WCR

Bit Initial
Bit Name Value R/W Description
3lto11 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
10 WR3 1 R/W Number of Access Wait Cycles
WR2 0 R/W Specify the number of cycles that are necessary for read/write
WR1 1 RIW access.
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: Setting prohibited

1110: Setting prohibited

1111: Setting prohibited
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
5to0 0O 0 R Reserved

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

Bit

Bit
Name

Initial
Value

R/W

Description

31to19 0

0

Reserved

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

18
17
16

WWwW2
ww1i
WWwWO0

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 cycles
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t0 13 0O

Reserved

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

12
11

Sw1
SWO0

R/W
R/W

Number of Delay Cycles from Address, CSn Assertion to RD,
WEn Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit Initial
Bit Name Value R/W Description

10 WR3 1 R/W Number of Access Wait Cycles
9 WR2 0 R/W Specify the number of cycles that are necessary for read/write
8 WR1 1 R/W 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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

6 WM 0 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

5tc2 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
1 HW1 0 R/W Delay Cycles from RD, WEnN negation to Address, CSn
0 HWO 0 Rw  hegation

Specify the number of delay cycles from RD and WEnN
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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CS5BWCR

Bit

Bit
Name

Initial
Value

R/W

Description

3lto21 0

Reserved

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

20

MPXW

R/W

MPX Interface Address Wait

Specifies the wait to be inserted between address cycles for
address/data multiplex I/O. This specification is valid only
when area 5B is specified to address/data multiplex I/O.

0: No wait
1: 1 cycle wait inserted

19

Reserved

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

18
17
16

WWwW2
ww1
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 cycles
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t0 13 O

Reserved

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

12
11

Sw1
SWO0

R/W
R/W

Number of Delay Cycles from Address, CSn Assertion to RD,
WEn Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit Initial
Bit Name Value R/W Description

10 WR3 1 R/W Number of Access Wait Cycles
9 WR2 0 R/W Specify the number of cycles that are necessary for read/write
8 WR1 1 R/W 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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

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

5tc2 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
1 HW1 0 R/W Delay Cycles from RD, WEnN negation to Address, CSn
0 HWO 0 Rw  hegation

Specify the number of delay cycles from RD and WEnN
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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2. Burst ROM

CSOWCR
Bit Initial

Bit Name Value R/W Description

31t018 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

17 BW1 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

15t011 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

10 w3 1 R/W Number of Access Wait Cycles

9 w2 0 R/W Specify the number of wait cycles to be inserted in the first

W1 1 R/W read/write access cycle.

7 W0 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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
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Bit Initial

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

5tc0 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

CHAWCR

Bit Initial

Bit Name Value R/W Description

31t018 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

17 BwW1 R/W Number of Burst Wait Cycles

16 BWO 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

15t013 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

12 Swi R/W Number of Delay Cycles from Address, CSn Assertion to RD,

11 SWO R/W WEn Assertion

Specify the number of delay cycles from address and CSn
assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles

Rev. 2.00, 09/03, page 170 of 690

RENESAS



Bit Initial
Bit Name Value R/W Description

10 w3 1 R/W Number of Access Wait Cycles

9 w2 0 R/W Specify the number of wait cycles to be inserted in the first
8 Wi 1 RIW read/write access cycle.

7 W0 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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

6 WM 0 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

5tc2 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
1 HW1 0 R/W  Delay Cycles from RD, WEN negation to Address, CSn
0 HWO 0 Rw  hegation

Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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3. SDRAM*

CS2WCR
Bit Initial

Bit Name Value R/W Description

3lto11 0 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

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

9 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

8 A2CL1 1 R/W CAS Latency for Area 2

7 A2CLO O R/W Specify the CAS latency for area 2.
00: Setting prohibited.
01: 2 cycles
10: 3 cycles
11: Setting prohibited

6to0 O 0 R Reserved

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

Rev. 2.00, 09/03, page 172 of 690

RENESAS



CS3WCR

Bit Initial

Bit Name Value R/W Description

3lto150 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

14 TRP1 0 R/W Number of Cycles from Auto-precharge/PRE Command to

13 TRPO 0 R/W ACTV Command
Specify the number of minimum cycles from the start of auto-
precharge or issuing of PRE command to the issuing of ACTV
command for the same bank. The setting for areas 2 and 3 is
common.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles

12 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

11 TRCD1 O R/W Number of Cycles from ACTV Command to

10 TRCDO 1 RIW READ(A)/WRIT(A) Command
Specify the number of minimum cycles from issuing ACTV
command to issuing READ(A)/WRIT(A) command. The
setting for areas 2 and 3 is common.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles

9 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.

8 A3CL1 1 R/W CAS Latency for Area 3

7 A3CLO O R/W Specify the CAS latency for area 3.

00: Setting prohibited.
01: 2 cycles
10: 3 cycles
11: Setting prohibited
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Bit Initial
Bit Name Value R/W Description

6,5 a 0 R Reserved
These bits are always read as 0. The write value should
always be 0.
4 TRWL1 O R/W Number of Cycles from WRITA/WRIT Command to Auto-
3 TRWLO 0O RIW precharge/PRE Command

Specifies the number of cycles from issuing WRITA/WRIT
command to the start of auto-precharge or to issuing PRE
command. The setting for areas 2 and 3 is common.

00: 0 cycle

01: 1 cycle

10: 2 cycles

11: Setting prohibited

2 a 0 R Reserved

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

1 TRC1 0 R/W Number of Cycles from REF Command/Self-refresh Release
0 TRCO 0 R/W to ACTV Command

Specify the number of cycles from issuing the REF command
or releasing self-refresh to issuing the ACTV command. The
setting for areas 2 and 3 is common.

00: 3 cycles
01: 4 cycles
10: 6 cycles
11: 9 cycles

Note: * Specify area 3 as SDRAM when only one area is connected with SDRAM. In this case,
specify area 2 as normal space.

7.4.4 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMsto be
connected.

The bits other than RFSH and RMODE should be written in the initialization after a power-on
reset and should not be modified after the initialization. When modifying these bits RFSH and
RMODE, do not change the values of other bits and write the previous values. Do not access area
2 or 3 until the SDCR register setting is complete when using synchronous DRAM.
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Bit Initial
Bit Name Value

R/W

Description

3lto21 00 0

R

Reserved

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

20 A2ROW1 0
19 A2ROWO0 0

R/W
R/W

Number of Bits of Row Address for Area 2

Specifies the number of bits of row address for area 2.
00: 11 bits

01: 12 bits

10: 13 bits

11: Setting prohibited

18 O 0

Reserved

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

17 A2COL1 O
16 A2COLO O

R/W
R/W

Number of Bits of Column Address for Area 2

Specifies the number of bits of column address for area 2.
00: 8 hits

01: 9 bits

10: 10 bits

11: Setting prohibited

15t0 13 O 0

Reserved

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

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. 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.
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Bit Initial
Bit Name Value R/W

Description

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 O 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 registers RTCSR, RTCNT, and RTCOR.

0: Auto-refresh is performed
1: Self-refresh is performed

Reserved

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

8 BACTV O 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 when either the
upper or lower bits of the CS3 space are used. When
both the CS2 and CS3 spaces are set to SDRAM,
specify the auto-precharge mode.

7t05 O 0 R

Reserved

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

4 A3ROW1 0 R/W
3 A3ROWO 0 R/W

Number of Bits of Row Address for Area 3

Specifies the number of bits of the row address for area 3.
00: 11 bits

01: 12 bits

10: 13 bits

11: Setting prohibited
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Bit Initial
Bit Name Value R/W Description
2 O 0 R Reserved
This bit is always read as 0. The write value should always be
0.
1 A3COL1 O R/W Number of Bits of Column Address for Area 3
A3COLO 0 R/W Specifies the number of bits of the column address for area 3.

00: 8 hits

01: 9 bits

10: 10 bits

11: Setting prohibited

7.4.5 Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM.

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. When reading, the upper 16

bits are read as H'0000.
RTCSR
Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved
7 CMF 0 R/W Compare Match Flag
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 CMF Interrupt Enable

0: CMF interrupt request is disabled.
1: CMF interrupt request is enabled.
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Bit Initial
Bit Name Value R/W Description
5 CKS2 0 R/W Clock Select
CKS1 0 R/W Select the clock input to count-up the refresh timer counter
CKSO 0 riw  (RTCNT).
000: Stop the counting-up
001: B@/4
010: B¢/16
011: B@/64
100: B@/256
101: B@¢/1024
110: B@l2048
111: B@/4096
2 RRC2 0 R/W Refresh Count
1 RRC1 0 R/W Specify the number of continuous refresh cycles, when the
0 RRCO 0 RIW 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: Setting prohibited.
110: Setting prohibited.
111: Setting prohibited.
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7.4.6 Refresh Timer Counter (RTCNT)

RTCNT isan 8-bit counter that counts up using the clock selected by bits CKS2 to CKS0in
RTCSR.

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. When reading, the upper 16
bits are read as H'0000.

When RTCNT matches RTCOR, RTCNT iscleared to 0. The valuein RTCNT returnsto O after
counting up to 255.

Bit Initial
Bit Name Value R/W Description
31to8 0O 0 R Reserved
7t0o0 O 0 R/W 8-Bit Counter

7.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-hit register. When RTCOR matches RTCNT, the CMF bit in RTCSRissetto 1
and RTCNT iscleared to O.

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. When reading, the upper 16
bits are read as H'0000.

When the RFSH bit in SDCR is 1, amemory refresh request isissued by this matching signal.
Thisrequest ismaintained until the refresh operation is performed. If the request is not processed
when the next matching occurs, the previous request isignored.

When the CMIE bit in RTCSR is 1, an interrupt request isissued by this matching signal. This
request signal is output until the CMF bit in RTCSR is cleared. Clearing the CMF bit only affects
the interrupt and does not affect the refresh request. Accordingly, the refresh requests and interval
timer interrupts can be used together. For example, the number of refresh regquests can be counted
by using interrupts while the refresh is performed.

Rev. 2.00, 09/03, page 179 of 690
RENESAS



Bit Initial
Bit Name Value R/W Description

31to8 O 0 R Reserved
These bits are always read as 0. The write value should
always be 0.

7t00 O 0 R/W Maximum Counter Value (eight bits)

748  Reset Wait Counter (RWTCNT)

RWTCNT isa16-hit register. The lower seven bits of thisregister (bits6to 0) arevalid asa
counter and the upper nine bits (bits 15 to 7) arereserved. This counter starts to count-up by
synchronizing the CKIO after a power-on reset isreleased. This counter stops when the value
reaches to H'007F. The access to an external bus hasto wait when the counter is operating. This
counter is provided to minimize the time from releasing areset for flash memory to the first
access. This counter cannot be read or written into.

7.5 Endian/Access Size and Data Alignment

This LSl supports big endian, in which the 0 address isthe most significant byte (MSByte) in the
byte dataand little endian, in which the 0 address is the least significant byte (LSByte) in the byte
data. Endian is specified on power-on reset by the externa 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 are available for
normal memory (byte, word, and longword). Word and longword are available for SDRAM. Data
bus width for address/data multiplex 1/0 (MPX) should be 16 bits. Data alignment is performed in
accordance with the data bus width of the device and endian. This aso means that when longword
dataisread from a byte-width device, the read operation must be done four times. In thisLSl, data
alignment and conversion of data length is performed automatically between the respective
interfaces.

Tables 7.4 to 7.9 show the relationship between endian, device data width, and access unit.
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Table7.4 32-Bit External Device/Big Endian Access and Data Alignment

Data Bus

Strobe Signals

D31to D23 to D15to D7 to DO WES,

WE2, WET, WEQ,

Operation D24 D16 D8 DQMUU DQMUL DQMLU DQMLL
Byte access Data 7to 0 0 g Assert g O g

at0 Data O

Byte access U Data7to [ U a Assert a O

atl Data 0

Byte access [ O Data 7 to O O Assert g

at 2 Data O

Byte access U U t Data 7 to U U a Assert
at3 Data 0

Word access Data 15to Data 7 to O O Assert Assert O O

at0 Data 8 Data 0

Word access 0 Data 15 Data 7 to U 0 Assert Assert

at 2 to Data 8 Data 0

Longword Data 31 to Data 23 to Data 15 Data 7 to Assert

accessat0 Data24 Datal6é to Data8DataO

Assert Assert Assert

RENESAS
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Table75 16-Bit

External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
D31toD23toD15to D7 to DO WES, WE2, WET, WEQ,
Operation D24 D16 D8 DOMUU DOMUL DQMLU DQMLL
Byte access at 0 O O Data 7 to [ O O Assert O
Data O
Byte access at 1 t U t Data 7 to U U a Assert
Data 0
Byte access at 2 O O Data 7 to [ O O Assert O
Data O
Byte access at 3 a U t Data 7 to U U a Assert
Data 0
Word access at0 O O Data 15 Data 7 to [ O Assert Assert
to Data 8 Data 0
Word access at2 [ 0 Data 15 Data 7to 0 Assert Assert
to Data 8 Data 0
Longword 1st o O Data 31 Data23 0O O Assert Assert
access time at 0 to Data to Data
at0 24 16
2nd a 0 Data 15 Data7to 0 Assert Assert
time at 2 to Data 8 Data 0
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Table7.6 8-Bit External Device/Big Endian Accessand Data Alignment

Data Bus Strobe Signals
D31 toD23 to D15 to D7 to DO WES, WE2, WET, WEQ,
Operation D24 D16 D8 DOMUU DOMUL DQMLU DQMLL
Byte access at 0 O O O Data7to O O O Assert
Data O
Byte access at 1 t U t Data7to [ U a Assert
Data O
Byte access at 2 O O O Data7to O O O Assert
Data 0
Byte access at 3 a g t Data7to O U a Assert
Data 0
Word 1st time O 0 a Datal5 0O 0 a Assert
accessat0 atO to Data 8
2nd time O 0 a Data 7to O 0 a Assert
atl Data 0
Word 1sttime O 0 a Datal5 0O 0 a Assert
accessat2 at?2 to Data 8
2nd time O 0 a Data7to O 0 a Assert
at3 Data O
Longword 1sttime O 0O O Data31 O g O Assert
accessat0 atO to Data
24
2nd time O 0 a Data23 0O 0 a Assert
atl to Data
16
3rd time O 0 a Datal5 0O 0 a Assert
at 2 to Data 8
4th time O 0 a Data7to O 0 a Assert
at3 Data 0
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Table7.7 32-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals

D31 to D23 to D15to D7 to DO WES3, WE2, WET1, WEQ,
Operation D24 D16 D8 DQMUU DQMUL DQMLU DQMLL
Byte access [ O g Data 7 to U O g Assert
at0 Data O
Byte access U U Data 7 to [ U t Assert O
atl Data O
Byte access [ Data7to U O g Assert g O
at 2 Data O
Byte access Data 7to U O g Assert g O g
at3 Data O
Word access [ U Data 15 Data 7 to U U Assert Assert
at0 to Data 8 Data O
Word accessData 15 to Data 7to [ O Assert Assert O O
at 2 Data 8 Data O

Longword Data 31 to Data 23 to Data 15 Data 7 to Assert Assert Assert Assert
access at0 Data24 Datal6 to Data8DataO
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Table7.8 16-Bit

External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
D31toD23toD15to D7 to DO WES, WE2, WET, WEQ,
Operation D24 D16 D8 DOMUU DOMUL DQMLU DQMLL
Byte access at 0 O O O Data 7 to O O O Assert
Data 0
Byte access at 1 t U Data 7 to [ U t Assert a
Data O
Byte access at 2 O O O Data 7 to O O O Assert
Data 0
Byte access at 3 a g Data7 to [ U a Assert a
Data 0
Word access at0 O O Data 15 Data 7 to O Assert Assert
to Data 8 Data O
Word accessat2 [ 0 Data 15 Data 7to 0 Assert Assert
to Data 8 Data 0
Longword 1st g O Data 15 Data 7to U O Assert Assert
access time at 0 to Data 8 Data 0
ato 2nd a 0 Data31 Data23 0O 0 Assert Assert
timeat 1 to Data to Data
24 16
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Table7.9

8-Bit External Device/Little Endian Accessand Data Alignment

Data Bus Strobe Signals
D31 toD23to D15toD7to DO WES, WEQ,
Operation D24 DOMUU DOMUL DQMLU DQMLL
Byte access at 0 O O O Data7to O O O Assert
Data O
Byte access at 1 t U t Data7to O U a Assert
Data 0
Byte access at 2 O O O Data7to O O O Assert
Data 0
Byte access at 3 a g t Data7to O U a Assert
Data 0
Word 1st time O 0 a Data7to 0O 0 a Assert
accessat0 atO Data 0
2nd time O 0 a Data15to 0O 0 a Assert
atl Data 8
Word 1st time O 0 a Data7to 0O 0 a Assert
accessat?2 at?2 Data 0
2nd time O 0 a Datal5to 0O 0 a Assert
at3 Data 8
Longword 1sttime O 0O O Data7to O g O Assert
accessat0 atO Data 0
2nd time O 0 a Datal5to 0O 0 a Assert
atl Data 8
3rd time O 0 a Data23to 0O 0 a Assert
at 2 Data 16
4th time O 0 a Data31to 0O 0 a Assert
at3 Data 24
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7.6 Normal Space Interface

7.6.1 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 7.10, Byte-Sdlection SRAM Interface. Figures 7.3 and 7.4 show the basic timings of
normal space accesses. A no-wait normal access is completed in two cycles. The BS signal is
asserted for one cycle to indicate the start of a bus cycle.

Thereis no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there isno access size specification, 32 bits are always
read in case of a 32-bit device, and 16 bitsin case of a 16-hit device. When writing, only the WEn

signal for the byte to be written is asserted.

Read/write for cachefill or writeback follows the selected bus width and transfers atotal of 16
bytes continuously. The busis not released during thistransfer. For cache misses that occur during
byte or word operand accesses or branching to odd word boundaries, thefill is aways performed
by longword accesses on the chip-external interface. Write-through-area write access and non-
cacheable read/write access are based on the actual address size.

It is necessary to output the read out data by using RD when a buffer is established in the data bus.
The RD/WR signal isin aread state (high output) when an access is not performed. Therefore,
care must be taken about the collision of output in controlling the externa data buffer.

When the WM hbit in CSh"WCR is cleared to 0, a Tnop cycleis inserted to evaluate an external
wait. When the WM bitin CSnWCR is set to 1, an externa wait isignored and no Tnop cycleis
inserted.
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CKIO

:1,

Figure 7.3 Continuous Accessfor Normal Space (No Wait, WM Bit in CSh\WCR

16-Bit Bus Width, Longword Access, No Wait State between Cycles)
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CKIO

A25 to AO
RD

Read
Data
WEnR

Write
Data

DACKn

Figure 7.4 Continuous Accessfor Normal Space
(No Wait, One Wait State between Cycles)

RENESAS
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Figures 7.5 to 7.7 show examples of connection to 32-bit, 16-bit, and 8-bit data-width SRAM,
respectively.

128k x 8-bit
This LSI SRAM
A18 - — A16
A2 : — A0
CSn cs
RD OE
D31 - 1107
D24 - 17100
WE3 WE
D23
D16 . A16
WE2
D15 - A0
: : CS
D8 OE
WE1 1107
D7 HE
: ; /00
DO WE
WEO
A16
A0
cs
OE
1107
1/00
WE
A16
AQ
cs
OE
/07
100
WE

Figure 7.5 Example of 32-Bit Data-Width SRAM Connection
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128k x 8-bit

This LSI SRAM
A7 a6
N i N
csn cs
RD OE
D15 . o7
D8 - 1/00
WET WE
o7
DO - A16
WEO c ]
A
cs
OE
o7
1/00
WE

Figure 7.6 Example of 16-Bit Data-Width SRAM Connection

128k x 8-bit
This LSI SRAM
A16 A16
A0 A0
CSn CS
RD OE
D7 1107
DO 1/100
WEO WE

Figure 7.7 Example of 8-Bit Data-Width SRAM Connection
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7.6.2 Access Wait Control

Wait cycleinsertion on anormal space access can be controlled by the settings of bits WR3 to
WRO0 in CSn"WCR. Itis 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 cyclesina
normal space access shown in figure 7.8.

lalikal

j

i

i

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

Figure 7.8 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM bit in CShWCR is cleared to O, the external wait input WAIT signal isalso
sampled. WAIT pin sampling is shown in figure 7.9. A 2-cycle wait is specified as a software
wait. The WAIT signd is sampled on the falling edge of CKI10O at the transition from the T, or Tw
cycletotheT; cycle.

Wait states inserted
by WAIT signal

Ty Tw Tw Twx To

CKIO

A25 to AO

T T T T T ;X:
Read i i : E i E i E i E i i
e ————————— —
Write e i : E i E i E i E i i
Data —+ —
CI T T
BS P!

wa TATTTTTETTTT

|

! |

| ! |

DACKn* N,
|

| |

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

-+---1-O -

Figure 7.9 Wait State Timing for Normal Space Access
(Wait State Insertion by WAIT Signal)
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7.6.3 CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits
SW1 and SWO0 in CShWCR. The number of cycles from RD, WEn negation to CSn negation can
be specified by setting bits HW1 and HWO. Therefore, aflexible interface to an externa device
can be obtained. Figure 7.10 shows an example. A Th cycleand a Tf cycle are added before and
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful
for devices with slow writing operations.

CKIO

A25 to AO

RD
Read
Data

WEnR
Write { : | ! |
Data —|-( )_

DACKn* _:\

S

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

Figure7.10 CSn Assert Period Expansion

Rev. 2.00, 09/03, page 194 of 690
RENESAS




1.7 Address/Data M ultiplex 1/0O Interface

The address/data multiplex (MPX) 1/0 interface can be selected by setting bits TYPE2 to TY PEO
to 010 in CS5BBCR. Do not set this value to the bitsin CSnBCR other than those in area 5B,
otherwise the operation of the LSI isnot guaranteed. Access timing for the MPX space is shown
below. In the MPX space, CS5B, AH, RD, and WEn signals control the accessing. The basic
access for the MPX space consists of 2 cycles of address output followed by an access to a normal
space.

The address output is performed from cycle Ta2 to cycle Ta3. Because cycle Tal hasa high-
impedance state, collisions of addresses and data can be avoided without inserting idle cycles,
even in continuous accesses. Address output isincreased to 3 cycles by setting the MPXW hit to 1
in CS5BWCR. The RD/WR signal is output at the same time asthe CSn signal; it ishigh in the
read cycle and low in the write cycle.

The data cycle is the same as that in anormal space access.

Timing chartsare shown in figures 7.11, 7.12, and 7.13.

CKIO

] ] ] ] |
A25 to A16 X X

I

P 1

RD |

Read |
D15t0D0  —+———ro Address

|

|

|

I

|

|

\

/

| |

WEn ' '

| |

Write | |
D15t0D0  —+—— Address X Data Y—

|

L

|

|

|

.

B T\ ' ./

|

! i
N

DACKn* N
]

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

Figure7.11 Access Timing for MPX Space
(Address Cycle No Wait, Data Cycle No Wait)
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| | | | | | | | | | | | |
CKIO
T I S S A S RS N
A25 to A16 ><
T | T | T | T | T | T | ?C
ossB o\, v, vty
| : | : | : | ' | ' | ' |
RD/WR X ><
| 1 | | | | | | | | |
1/ 1 T\ | | |
AH | | | | | | . | . | . |
T N S A
RD | | ! | ! | ! | '\_1_:/—:_
Read | | ! L ! | ! | : | |
D15 to DO —v—( Address

| | ; T ; T ) { . | | |
WEn T T | T | T | T A | |
| | | | | |
Write | | ! ] ! ] ! | ! ! J
D15toD0  ———— Address X Data —
| | | | I | I | | | I | I
_ | | , | T | T | T | T |
BS
NS
| | | | | I
DACKn* :\ | ' | ' | : | ' | ' | '/
T T 1 1 1 1
1 1 1 1 1 1 1

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

Figure 7.12 Access Timing for MPX Space
(Address Cycle Wait 1, Data Cycle No Wait)
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CKIO ‘ /

A25 to A16 :X ‘ ‘ X:

| T | T | T | T | T | T | T | |
[ [ [ [ [ [ [ [
CSssB A\ 1 [ 1 [ 1 [ ! [ ! [ ! [ ! [ ! |/
[ [ [ [ [ [ [ [ [
| | ! | | | | |
RD/WR X X
| ‘ ‘ ‘ | ‘ | ‘ | ‘ | ‘ | ‘ |
e [ ! [ [ [ ! [ ! [ ! [ ! [ ! [
AH I | ! I I ! !
[ [ T T T T T T
‘ [ ‘ [ | ‘ | ‘ | | [ | [ | [
RD [ : [ : [ : [ : [ :\ [ ! [ ! [ oo
Read I | I ! ! | | [ | [ | I I
D15t0 DO ————( Address Y Data_}—
[ ! T T | [ [ [ [
[ [ | | | | [ \
‘ ‘ [ [ [
WEn [ : [ : [ : [ : [ :\ | ! | ! | /o
Write I | I X | . | | | i | i | X |
D15 to DO —‘—y—( Address X Data )—

WATT \\1\\\\\\\}\\\\\\\}\\\\\\\\1\\\\\\\}\\\&\\\\1\\ | ™\ |
S AN T B e B B B
packe 0\ ! 0 LU

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

Figure 7.13 Access Timing for MPX Space
(Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)
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7.8 SDRAM Interface

7.8.1 SDRAM Direct Connection

Since synchronous DRAM can be selected by the CS signdl, physical space areas 2 and 3 can be
connected using RAS and other control signalsin common. If the TYPE[2:0] bitsin CSnBCR (n =
2 or 3) are st to 100, the synchronous DRAM interface can be selected. Do not set thisvalueto
CSnBCR unlessn =2 or 3, otherwise the operation of thisLS! is not guaranteed.

The SDRAM that can be connected to thisL S| isa product that has 11/12/13 hits of row address,
8/9/10 bits of column address, 4 or less banks, and uses the A10 pin for setting precharge mode in
read and write command cycles. The control signds for direct connection of SDRAM areRASU,
RASL, CASU, CASL, 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. SDRAM 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 hits.

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 RASU, RASL, CASU, CASL, RD/WR, and specific
address signals. These commands are shown below.

« NOP

* Auto-refresh (REF)

o Sdf-refresh (SELF)

» All banks pre-charge (PALL)

» Specified bank pre-charge (PRE)
e Bank active (ACTV)

* Read (READ)

» Read with pre-charge (READA)
e Write (WRIT)

»  Writewith pre-charge (WRITA)
*  Writemoderegister (MRS)

The byte to be accessed is specified by DQMUU, DQMUL, DQMLU, and DQMLL. For the
relationship between DQMxx and the byte to be accessed, refer to section 7.5, Endian/Access Size
and Data Alignment.

Figures 7.14 and 7.15 show examples of the connection of SDRAM with the LSI.
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64M synchronous DRAM

This LSI (1M x 16-bit x 4-bank)
A15 A13
A14 A12
A13 - A11

A2 A0
CKIO CLK
CKE CKE
CSn Cs
RASX RAS
CASx CAS
RD/WR WE
D3:| - - |?Q15
D16 DQO
DQMUU DQMU
DQMUL DQML
D1§
Do L[ a13
DQMLU A12
DQMLL A11
A0
CLK
CKE
CcsS
RAS
CAS
WE
DQ15
DQO
DQMU
DQML

Note: xis UorL

Figure 7.14 Example of 64-MBit Synchronous DRAM Connection (32-Bit Data Bus)
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64M synchronous DRAM

This LSI (1M x 16-bit x 4-bank)
A14 A13
A13 A12
A12 A11

A1 A0
CKIO CLK
CKE CKE
CSn CcS
RASX RAS
CASx CAS
RD/WR WE
D15 |— —{ pats
DO DQO
DQMLU DQMU
DQMLL DQML

Note: xisUorL

Figure7.15 Example of 64-MBit Synchronous DRAM (16-Bit Data Bus)

7.8.2 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, AXROW/[1:0] and
AXCOL[1:0] in SDCR. Tables 7.10 to 7.15 show the relationship between the settings of bits
BSZ[1:0], AXROW[1:0], and AXxCOL[1:0] and the bits output at the address pins. Do not specify
those bits in the manner other than thistable, otherwise the operation of this LS| isnot 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] = 10), A0 of SDRAM specifies aword address.
Therefore, connect this AO pin of SDRAM to the A1 pin of the LSI; the AL pin of SDRAM to the
A2 pin of the LSI, and so on. When the data bus width is 32 bits (BSZ[1:0] = 11), the A0 pin of
SDRAM specifies alongword address. Therefore, connect this AO 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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Table7.10 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (1)-1

Setting

A2/3BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]

11 (32 bits) 00 (11 bits) 00 (8 bits)

Output Pin of Row Address  Column Address Synchronous DRAM

This LSI Output Cycle  Output Cycle Pin Function

Al7 A25 Al7 Unused

Al6 A24 Al6

Al5 A23 Al5

Al4 A22*? A22*? Al2 (BAL) Specifies bank

Al3 A21*? A21*? Al1 (BAO)

Al2 A20 L/H* A10/AP Specifies
address/precharge

All A19 All A9 Address

A10 A18 A10 A8

A9 Al7 A9 A7

A8 Al6 A8 A6

A7 Al5 A7 A5

A6 Al4 A6 A4

A5 A13 A5 A3

A4 Al12 A4 A2

A3 All A3 Al

A2 A10 A2 A0

Al A9 Al Unused

A0 A8 A0

Example of connected memory
64-Mbit product (512 kwords x 32 bits x 4 banks, column 8 bits product): 1 device
16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.10 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (1)-2

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
11 (32 bits) 01 (12 bits) 00 (8 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A25 Al7 Unused
Al6 A24 Al6
Al5 A23*? A23*? A13 (BA1L) Specifies bank
Al4 A22*? A22*? Al2 (BAO)
Al3 A21 Al3 All Address
Al2 A20 L/H* A10/AP Specifies

address/precharge

All Al9 All A9 Address
Al0 Al8 Al10 A8
A9 Al7 A9 A7
A8 Al6 A8 A6
A7 AlS5 A7 A5
A6 Al4 A6 A4
A5 Al3 A5 A3
A4 Al2 A4 A2
A3 All A3 Al
A2 A10 A2 AO
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 device
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.11 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (2)-1

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
11 (32 bits) 01 (12 bits) 01 (9 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A26 Al7 Unused
Al6 A25 Al6
Al5 A24*? A24*? Al3 (BA1L) Specifies bank
Al4 A23*? A23*? Al2 (BAO)
Al3 A22 Al3 All Address
Al2 A21 L/H* A10/AP Specifies

address/precharge

All A20 All A9 Address
Al0 Al9 Al0 A8
A9 Al8 A9 A7
A8 Al7 A8 A6
A7 Al6 A7 A5
A6 Al5 A6 A4
A5 Al4 A5 A3
A4 Al3 A4 A2
A3 Al12 A3 Al
A2 All A2 AO
Al Al0 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 device
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.11 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (2)-2

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
11 (32 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A27 Al7 Unused
Al6 A26 Al6
Al5 A25*? A25*2*3 A13 (BA1L) Specifies bank
Al4 A24*? A24*? Al2 (BAO)
Al3 A23 Al3 All Address
Al2 A22 L/H* A10/AP Specifies

address/precharge

All A21 All A9 Address
Al0 A20 Al10 A8
A9 Al9 A9 A7
A8 Al8 A8 A6
A7 Al7 A7 A5
A6 Al6 A6 A4
A5 Al5 A5 A3
A4 Al4 A4 A2
A3 A13 A3 Al
A2 Al12 A2 AO
Al All Al Unused
AO Al10 AO

Example of connected memory
512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10 bits product): 1 device
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.
2. Bank address specification
3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.
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Table7.12 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex

Output (3)
Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
11 (32 bits) 10 (13 bits) 01 (9 bits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A26 Al7 Unused
Al6 A25*2*3 A25*2*3 Al4 (BAL) Specifies bank
Al5 A24*? A24*? A13 (BAO)
Al4 A23 Al4 Al2 Address
Al3 A22 Al3 All
Al2 A21 L/H* A10/AP Specifies
address/precharge
All A20 All A9 Address
Al0 Al9 Al0 A8
A9 Al8 A9 A7
A8 Al7 A8 A6
A7 Al6 A7 A5
A6 Al5 A6 A4
A5 Al4 A5 A3
A4 Al3 A4 A2
A3 Al12 A3 Al
A2 All A2 AO
Al Al0 Al Unused
AO A9 AO

Example of connected memory
512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9 bits product): 1 device
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification

3. Only the RASL pin is asserted because the A25 pin specified the bank address.
RASU is not asserted.
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Table7.13 Relationship between A2/3BSZ[1:0], A2/3ROW/[1:0], and Address M ultiplex
Output (4)-1

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
10 (16 bits) 00 (11 bits) 00 (8 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A25 Al7 Unused
Al6 A24 Al6
AlS5 A23 AlS5
Al4 A22 Al4
Al3 A21*? A21*? Al2 (BA1L) Specifies bank
Al2 A20*? A20*? Al1l (BAO)
All Al19 L/H* A10/AP Specifies
address/precharge
Al0 Al8 Al10 A9 Address
A9 Al7 A9 A8
A8 Al6 A8 A7
A7 AlS5 A7 A6
A6 Al4 A6 A5
A5 Al3 A5 A4
A4 Al2 A4 A3
A3 All A3 A2
A2 A10 A2 Al
Al A9 Al A0
A0 A8 A0 Unused

Example of connected memory

16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.13 Relationship between A2/3BSZ[1:0], A2/3ROW/[1:0], and Address M ultiplex
Output (4)-2

Setting

A2/3BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]

10 (16 bits) 01 (12 bits) 00 (8 bits)

Output Pin of Row Address  Column Address Synchronous DRAM

This LSI Output Cycle  Output Cycle Pin Function

Al7 A25 Al7 Unused

Al6 A24 Al6

Al5 A23 Al5

Al4 A22*? A22*? Al3 (BA1) Specifies bank

A13 A21*? A21*? A12 (BAO) Address

Al12 A20 Al12 All

All Al19 L/H** A10/AP Specifies
address/precharge

A10 A18 A10 A9 Address

A9 Al7 A9 A8

A8 Al6 A8 A7

A7 Al5 A7 A6

A6 Al4 A6 A5

A5 A13 A5 A4

A4 Al12 A4 A3

A3 All A3 A2

A2 A10 A2 Al

Al A9 Al A0

A0 A8 AO Unused

Example of connected memory
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.14 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (5)-1

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
10 (16 bits) 01 (12 bits) 01 (9 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A26 Al7 Unused
Al6 A25 Al6
AlS5 A24 AlS5
Al4 A23*? A23*? A13 (BA1) Specifies bank
Al3 A22*? A22*? Al2 (BAO)
Al2 A21 Al2 All Address
All A20 L/H* A10/AP Specifies
address/precharge
Al0 Al19 Al10 A9 Address
A9 Al8 A9 A8
A8 Al7 A8 A7
A7 Al6 A7 A6
A6 Al5 A6 A5
A5 Al4 A5 A4
A4 Al3 A4 A3
A3 Al12 A3 A2
A2 All A2 Al
Al A10 Al A0
A0 A9 A0 Unused

Example of connected memory

128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.14 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (5)-2

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
10 (16 bits) 01 (12 bits) 10 (10 bits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A27 Al7 Unused
Al6 A26 Al6
AlS5 A25 AlS5
Al4 A24*? A24*? Al3 (BA1) Specifies bank
Al3 A23*? A23*? Al2 (BAO)
Al2 A22 Al2 All Address
All A21 L/H** A10/AP Specifies
address/precharge
Al0 A20 Al0 A9 Address
A9 Al9 A9 A8
A8 Al8 A8 A7
A7 Al7 A7 A6
A6 Al6 A6 A5
A5 AlS5 A5 A4
A4 Al4 A4 A3
A3 A13 A3 A2
A2 Al12 A2 Al
Al All Al AO
A0 A10 A0 Unused

Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification

Rev. 2.00, 09/03, page 209 of 690
RENESAS



Table7.15 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex
Output (6)-1

Setting
A2/3 BSZ[1:0] A2/3 ROW[1:0] A2/3 COL[1:0]
10 (16 bits) 10 (13 hits) 01 (9 hits)
Output Pin of Row Address  Column Address Synchronous DRAM
This LSI Output Cycle  Output Cycle Pin Function
Al7 A26 Al7 Unused
Al6 A25 Al6
Al5 A24*? A24*? Al4 (BAL) Specifies bank
Al4 A23*? A23*? A13 (BAO)
Al3 A22 Al3 Al2 Address
Al2 A21 Al2 All
All A20 L/H* A10/AP Specifies
address/precharge
Al0 Al19 Al10 A9 Address
A9 Al8 A9 A8
A8 Al7 A8 A7
A7 Al6 A7 A6
A6 Al5 A6 A5
A5 Al4 A5 A4
A4 Al3 A4 A3
A3 Al12 A3 A2
A2 All A2 Al
Al A10 Al AO
A0 A9 A0 Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table7.15 Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], and Address M ultiplex

Output (6)-2

Setting

A2/3BSZ[1:0] A2/3 ROW[L:0]

A2/3 COL[1:0]

10 (16 bits) 10 (13 bits)

10 (10 bits)

Output Pin of Row Address

Column Address

Synchronous DRAM

This LSI Output Cycle  Output Cycle Pin Function

Al7 A27 Al7 Unused

A16 A26 A16

Al5 A25*2*3 A25*2*3 Al4 (BAL) Specifies bank

Al4 A24*? A24*? A13 (BAO)

A13 A23 A13 Al12 Address

Al12 A22 Al12 All

All A21 L/H** A10/AP Specifies
address/precharge

A10 A20 A10 A9 Address

A9 A19 A9 A8

A8 A18 A8 A7

A7 Al7 A7 A6

A6 A16 A6 A5

A5 A15 A5 A4

A4 Al4 A4 A3

A3 A13 A3 A2

A2 A12 A2 Al

Al All Al A0

A0 Al0 AOQ Unused

Example of connected memory
512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1 device

Notes: 1.

L/H is a bit used in the command specification; it is fixed at L or H according to the

access mode.

Bank address specification
Only the RASL pin is asserted because the A25 pin specified the bank address. RASU

is not asserted.
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7.83 Burst Read
A burst read occursin the following casesin thisLSI.

» 16-bytetransfer in cache miss.
» 16-bytetransfer in DMAC (access to non-cacheable region)
» Accesssizeinreadingislarger than data bus width.

This LSl dways accesses the SDRAM with burst length 1. For example, read access of burst
length 1 is performed consecutively 4 times to read 16-byte continuous data from the SDRAM that
is connected to a 32-hit data bus.

Table 7.16 shows the relationship between the access size and the number of bursts.

Table7.16 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts

16 bits 8 bits

16 bits

32 hits

16 bits

32 bits 8 bits

16 bits

32 bits

ARrlr|rR|o|N|R|R

16 bits
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Figure 7.16 shows a timing chart in burst read. In burgt read, an ACTV command is output in the
Tr cycle, the READ command isissued inthe Tcl, Tc2, and Tc3 cycles, the READA command is
issued in the T4 cycle, and theread dataisreceived at the rising edge of the external clock
(CKIO) inthe Td1 to Td4 cycles. The Tap cycleis used to wait for the completion of an auto-
precharge induced by the READ 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 spaceis enabled. The number of Tap cyclesis specified by the TRP[1:0] hits of
the CSBWCR register.

Tw Td1 Td2 Td3 Td4
Tr Trw Tel Tc2 Tc3 Tc4 Tde Tap

wont O TNy
W
weoc N T T L
e N A i A R N
Rolm'i:::i;::;;;;;;i:u:\g_
0811020 it I I
B T T TN L L T
DACKn*3::E:::::::::::E::/lil:

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.16 Synchronous DRAM Burst Read Wait Specification Timing
(Auto Precharge)
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7.8.4 Single Read

A read access ends in one cycle when data existsin non-cacheable region and the data bus width is
larger than or equal to access size. Asthe burst length is set to 1 in synchronous DRAM burst
read/single write mode, only the required datais output. Consequently, no unnecessary bus cycles
are generated even when a cache-through areais accessed.

Figure 7.17 shows the basic timing chart for singleread.

wo NSNS NS NN\

A25toA0:X X X
A12/A11*1 )(/\

T T
N I WAV B B VI

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL
3. The waveform for DACKn is when active low is specified.

Figure7.17 Basic Timing for Single Read (Auto Prechar ge)
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7.85 Burst Write
A burst write occurs in the following casesin this LSI.

e Copyback of the cache
e 16-bytetransfer in DMAC (access to non-cacheable region)
e Accesssizein writing islarger than data bus width.

This LSl aways accesses SDRAM with burst length 1. For example, write access of burst length 1
is performed continuously 4 timesto write 16-byte continuous data to the SDRAM that is
connected to a 32-hit data bus.

The relationship between the access size and the number of burstsis shown in table 7.16.
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Figure 7.18 shows a timing chart for burst writes. In burst write, an ACTV command is output in
the Tr cycle, the WRIT command isissued in the Tcl, Tc2, and Tc3 cycles, and the WRITA
command isissued to execute an auto-prechargein the Tc4 cycle. In the write cycle, the write
datais output simultaneoudly with the write command. After the write command with the auto-
prechargeis output, the Trwl cycle that waits for the auto-precharge initiation is followed by the
Tap cycle that waits for completion of the auto-precharge induced by the WRITA command in the
SDRAM. Inthe Tap cycle, anew command will not beissued to the same bank. However, access
to another CS space or another bank in the same SDRAM space is enabled. The number of Trwl
cyclesis specified by the TRWL[1:0] bits of the CS3WCR register. The number of Tap cyclesis
specified by the TRP[1:0] bits of the CS3WCR register.

Tr Tel Tc2 Tc3 Tc4 Trwl Tap

CKIO ! I I I h )

A25 to AO :X | .X | X X X X
azatt X0\ ! :\ ' : ' :

~

——

[T

| 1
— |
BS : 1\ I -
L T
DACKn*3 :\ L
—t t

Y

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.18 Basic Timing for Synchronous DRAM Burst Write (Auto Precharge)
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7.8.6 Single Write

A write access ends in one cycle when data is written in non-cacheable region and the data bus
width islarger than or equal to access size. Thisis called single write. Figure 7.19 shows the basic
timing chart for single write.

A12/A11*1
CSn

RASU/L::EEE\::E:
CASUL ; 5 :\: Y

rROWR ] 1 o\ T

DQMxx*2 E\ E : E : E E ; E

B o U NN N
D3teDO——— _ /1 & .

B 1 L
DACKn*3_€-\§ P / Lo

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.19 Basic Timing for Single Write (Auto Precharge)
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7.8.7 Bank Active

The synchronous DRAM bank function is used to support high-speed accesses to the same row
address. When the BACTYV hit in SDCRis 1, accesses are performed using commands (READ,
WRIT) without auto-precharge. This function is called bank-active function. Thisfunction isvalid
only for either the upper or lower bits of area 3. When area 3 is set to bank-active mode, area 2
should be set to normal space or byte-selection SRAM. When areas 2 and 3 are both set to
SDRAM or both the upper and lower bits of area 3 are connected to SDRAM, auto pre-charge
mode must be set. In this case, precharging isnot performed when the access ends. When
accessing the same row addressin the same bank; it is possible to issue the READ or WRIT
command immediately, without issuing an ACTV command. As synchronous DRAM isinternaly
divided into several banks, it is possible to activate one row address in each bank. If the next
access isto a different row address, a PRE command isfirst issued to precharge the relevant bank,
then when precharging is completed, the access is performed by issuing an ACTV command
followed by a READ or WRIT command. If thisisfollowed by an accessto a different row
address, the access time will be longer because of the precharging performed after the access
request isissued.

In awrite, when auto-precharge is performed, a command cannot be issued for a period of Trwl +
Tpc cycles after issuance of the WRITA command. When bank active modeis used, READ or
WRIT commands can be issued successively if the row address isthe same. The number of cycles
can thus be reduced by Trwl + Tpc cycles for each write.

Thereisalimit on tras, thetime for placing each bank in the active state. If thereis no guarantee
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set the
refresh cycle to no more than the maximum value of tgas.

A burst read cycle without auto-prechargeis shown in figure 7.20, aburst read cycle for the same
row addressin figure 7.21, and a burst read cycle for different row addressesin figure 7.22.
Similarly, a burst write cycle without auto-prechargeis shown in figure 7.23, asingle write cycle
for the samerow addressin figure 7.24, and a single write cycle for different row addressesin
figure 7.25.

When bank active mode is set, if only accesses to the respective banksin the area 3 space are
considered, aslong as accesses to the same row address continue, the operation starts with the
cyclein figure 7.20 or 7.23, followed by repetition of the cyclein figure 7.21 or 7.24. An accessto
adifferent area during thistime has no effect. If there is an accessto a different row addressin the
bank active state, after thisis detected the bus cyclein figure 7.22 or 7.25 is executed instead of
that in figure 7.21 or 7.24. In bank active mode, too, all banks become inactive after arefresh
cycle or after the bus isreleased as the result of bus arbitration.
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3. The waveform for DACKn is when active low is specified.

2. xxis UU, UL, LU, or LL.
Figure7.20 Burst Read Timing (No Auto Precharge)

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.




Tw Td1 Td2 Td3 Td4
Tel Tc2 Tc3 Tc4 Tde

A12/A11*1_E\; i : i : i : i : i : i : i/_
o N\ Lttt T
R A s s s
ot T\l Ll L
o T 1
e W B O Y A W
pstt000 —————— W M A =
S R
DACKn*3_:\E:E:E:::E:E:‘:::

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.21 Burst Read Timing (Bank Active, Same Row Address)
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Address pin to be connected to the A10 pin of SDRAM.

Notes: 1.

2. xxis UU, UL, LU, or LL.

3. The waveform for DACKn is when active low is specified.

Figure 7.22 Burst Read Timing (Bank Active, Different Row Addr esses)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.23 Single Write Timing (No Auto Prechar ge)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.24 Single Write Timing (Bank Active, Same Row Addr ess)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.25 SingleWrite Timing (Bank Active, Different Row Addr esses)
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7.8.8 Refreshing

This LSl hasafunction for controlling synchronous DRAM refreshing. Auto-refreshing can be
performed by clearing the RMODE bhit to 0 and setting the RFSH bit to 1 in SDCR. A continuous
refreshing can be performed by setting the RRC[2:0] bitsin RTCSR. If synchronous DRAM is not
accessed for along period, self-refresh mode, in which the power consumption for data retention
islow, can be activated by setting both the RMODE hit and the RFSH bit to 1.

1. Auto-refreshing
Refreshing is performed for the number of times specified by bits RRC[2:0] in RTCSR at
intervals determined by the input clock sdected by bits CKF2:0] in RTCSR, and the value set
in RTCOR. The value of these bits should be set so asto satisfy the refresh interval stipulation
for the synchronous DRAM used. First make the settings for RTCOR, RTCNT, and the
RMODE and RFSH hitsin SDCR, then make bits CKS[2:0] and RRC[2:0] settingsin RTCSR.
When the clock is selected by bits CKF2:0], RTCNT starts counting up from the value at that
time. The RTCNT valueis constantly compared with the RTCOR value, and if the two values
are the same, arefresh request is generated and auto-refresh is performed for the number of
times specified by bits RRC[2:0]. At the sametime, RTCNT is cleared to zero and the count-
up isrestarted. Figure 7.26 shows the auto-refresh cycle timing.

After starting, the auto refreshing, PALL command isissued in the Tp cycle to make all the
banksto pre-charged state from active state when some bank is being pre-charged. Then REF
command isissued in the Trr cycle after inserting idle cycles of which number is specified by
the TRP[1:0] bitsin CShWCR. A new command is not issued for the duration of the number
of cycles specified by the TRC[1:0] bitsin CShWCR after the Trr cycle. The TRC[1:0] bits
must be set so as to satisfy the SDRAM refreshing cycle time stipulation (trc). A NOP cycleis
inserted between the Tp cycle and Trr cycle when the setting value of the TRP[1:0] bitsin
CSnWCR islonger than or equal to 2 cycles.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.
Figure 7.26 Auto-Refresh Timing
2. Sdf-refreshing

Self-refresh mode in which therefresh timing and refresh addresses are generated within the
synchronous DRAM. Self-refreshing is activated by setting both the RMODE bit and th