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Cautions

Keep safety first in your circuit designs!

1

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

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

Notes regarding these materials

1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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




Preface

The SH-4 (SH7751 Series (SH7751, SH7751R)) microprocessor incorporates the 32-bit SH-4
CPU and is also equipped with peripheral functions necessary for configuring a user system.

The SH7751 Series is built in with a variety of peripheral functions such as cache memory,
memory management unit (MMU), interrupt controller, floating-point unit (FPU), timers, two
serial communication interfaces (SCI, SCIF), real-time clock (RTC), user break controller (UBC)
bus state controller (BSC) and PCI controller (PCIC). This series can be used in a wide range o
multimedia equipment. The bus controller is compatible with ROM, SRAM, DRAM, synchronous
DRAM and PCMCIA.

Target Readers:This manual is designed for use by people who design application systems usir
the SH7751 or SH7751R.

To use this manual, basic knowledge of electric circuits, logic circuits and microcomputers is
required.

This hardware manual contains revisions related to the addition of R-mask functionality. Be sure
to check the text for the updated content.

Purpose: This manual provides the information of the hardware functions and electrical
characteristics of the SH7751 and SH7751R.

The SH-4 Programming Manual contains detailed information of executable instructions. Please
read the Programming Manual together with this manual.

How to Use the Book:
» To understand general functions

- Read the manual from the beginning.

The manual explains the CPU, system control functions, peripheral functions and electric
characteristics in that order.

e To understanding CPU functions
- Refer to the separate SH-4 Programming Manual.

Explanatory Note: Bit sequence: upper bit at left, and lower bit at right

List of Related Documents:The latest documents are available on our Web site. Please make
sure that you have the latest version.
(http://www. hitachisemiconductor.com/)
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e User manuals for SH7751 and SH7751R

Name of Document

Document No.

SH7751 Series Hardware Manual

This manual

SH-4 Programming Manual

ADE-602-156

» User manuals for development tools

Name of Document

Document No.

C/C++ Compiler, Assembler, Optimizing Linkage Editor User's Manual ADE-702-246
Simulator/Debugger User’'s Manual ADE-702-186
Hitachi Embedded Workshop User’'s Manual ADE-702-201
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Section 1 Overview

1.1 SH7751 Series Features

The SH7751 Series microprocessor, featuring a built-in PCI bus controller compatible with PCs
and multimedia devices. The SupérHRISC engine is a Hitachi-original 32-bit RISC (Reduced
Instruction Set Computer) microcomputer. The SupefRISC engine employs a fixed-length 16-
bit instruction set, allowing an approximately 50% reduction in program size over a 32-bit
instruction set.

The SH7751 Series feature the SH-4 CPU, which at the object code level is upwardly compatibl
with the SH-1, SH-2, and SH-3 microcomputers. The SH7751 Series have an instruction cache,
operand cache that can be switched between copy-back and write-through modes, a 4-entry full
associative instruction TLB (table look aside buffer), and MMU (memory management unit) with
64-entry full-associative shared TLB.

The SH7751 Series also feature a bus state controller (BSC) that can be directly coupled to
DRAM (page/EDO) and synchronous DRAM without external circuitry. Also, because of its built:
in functions, such as PCI bus controller, timers, and serial communications functions, required f
multimedia and OA equipment, use of the SH7751 Series enable a dramatic reduction in systen
costs.

The features of the SH7751 Series are summarized in table 1.1.

Note: * SuperH is a trademark of Hitachi, Ltd.
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Table 1.1 SH7751 Series Features

Item Features

LSI .

.

Operating frequency: 240 MHz*"/200 MHz*'/167 MHz*’/133 MHz*
Performance:

a
a
a
a

430 MIPS (240 MHz), 360 MIPS (200 MHz)

300 MIPS (167 MHz), 240 MIPS (133 MHz)

1.2 GFLOPS (167 MHz), 0.93 GFLOPS (133 MHz)
1.7 GFLOPS (240 MHz), 1.4 GFLOPS (200 MHz)

Superscalar architecture: Parallel execution of two instructions
Packages: 256-pin QFP, 256-pin BGA

External buses (SH buses)

a
a

Separate 26-bit address and 32-bit data buses

External bus frequency of 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times internal
bus frequency

External bus (PCI bus):

a
a

32-bit address/data multiplexing

Selection of internal clock or external PCl-dedicated clock

Rev. 3.0, 04/02, page 2 of 1064

RENESAS



Table 1.1 SH7751 Series Features (cont)

Item Features

CPU » Original Hitachi SuperH architecture
e 32-bit internal data bus
¢ General register file:
O Sixteen 32-bit general registers (and eight 32-bit shadow registers)
O Seven 32-bit control registers
O Four 32-bit system registers
¢ RISC-type instruction set (upward-compatible with SuperH Series)
Fixed 16-bit instruction length for improved code efficiency
Load-store architecture
Delayed branch instructions

Conditional execution

O 0O oo o

C-based instruction set

e Superscalar architecture (providing simultaneous execution of two
instructions) including FPU

* Instruction execution time: Maximum 2 instructions/cycle

» Virtual address space: 4 Gbytes (448-Mbyte external memory space)
» Space identifier ASIDs: 8 bits, 256 virtual address spaces

e On-chip multiplier

» Five-stage pipeline
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Table 1.1 SH7751 Series Features (cont)

Item Features

FPU .

.

On-chip floating-point coprocessor

Supports single-precision (32 bits) and double-precision (64 bits)
Supports IEEE754-compliant data types and exceptions

Two rounding modes: Round to Nearest and Round to Zero

Handling of denormalized numbers: Truncation to zero or interrupt
generation for compliance with IEEE754

Floating-point registers: 32 bits x 16 words x 2 banks
(single-precision x 16 words or double-precision x 8 words) x 2 banks

32-bit CPU-FPU floating-point communication register (FPUL)
Supports FMAC (multiply-and-accumulate) instruction
Supports FDIV (divide) and FSQRT (square root) instructions
Supports FLDIO/FLDI1 (load constant 0/1) instructions
Instruction execution times

O Latency (FMAC/FADD/FSUB/FMUL): 3 cycles (single-precision), 8
cycles (double-precision)

O Pitch (FMAC/FADD/FSUB/FMUL): 1 cycle (single-precision), 6 cycles
(double-precision)

Note: FMAC is supported for single-precision only.

3-D graphics instructions (single-precision only):

O 4-dimensional vector conversion and matrix operations (FTRV): 4
cycles (pitch), 7 cycles (latency)

O 4-dimensional vector inner product (FIPR): 1 cycle (pitch), 4 cycles
(latency)

Five-stage pipeline
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Table 1.1 SH7751 Series Features (cont)

Item Features
Clock pulse ¢ Choice of main clock
generator (CPG) 0 SH7751:1/2,1, 3, or 6 times EXTAL
0 SH7751R: 1, 6, or 12 times EXTAL
¢ Clock modes: (Maximum frequency: Varies with models)
O CPU frequency: 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock
O Bus frequency: 1, 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock
O Peripheral frequency: 1/2, 1/3, 1/4, 1/6, or 1/8 times main clock
¢ Power-down modes
O Sleep mode
O Deep sleep mode
O Pin sleep mode
O Standby mode
O Hardware standby mode
O Module standby function
¢ Single-channel watchdog timer
Memory ¢ 4-Gbyte address space, 256 address space identifiers (8-bit ASIDs)
LTnailtn(al\g/Jlﬁ/lTsm ¢ Single virtual mode and multiple virtual memory mode

Supports multiple page sizes: 1 kbyte, 4 kbytes, 64 kbytes, 1 Mbyte
4-entry fully-associative TLB for instructions
64-entry fully-associative TLB for instructions and operands

Supports software-controlled replacement and random-counter
replacement algorithm

TLB contents can be accessed directly by address mapping
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Table 1.1 SH7751 Series Features (cont)

Item Features
Cache memory * Instruction cache (IC)
[SH7751] O 8 kbytes, direct mapping

a
a
a

256 entries, 32-byte block length
Normal mode (8-kbyte cache)

Index mode

¢ Operand cache (OC)

O 0Ooo0ooo0god

16 kbytes, direct mapping

512 entries, 32-byte block length

Normal mode (16-kbyte cache)

Index mode

RAM mode (8-kbyte cache + 8-kbyte RAM)

Choice of write method (copy-back or write-through)

¢ Single-stage copy-back buffer, single-stage write-through buffer

¢ Cache memory contents can be accessed directly by address mapping
(usable as on-chip memory)

¢ Store queue (32 bytes x 2 entries)

Cache memory * Instruction cache (IC)

[SH7751R] .

O O oo

16 kbytes, 2-way set associative

256 entries/way, 32-byte block length
Cache-double-mode (16-kbyte cache)

Index mode

SH7751-compatible mode (8 kbytes, direct mapping)

¢ Operand cache (OC)

O Ooo0ooogoogoao

32 kbytes, 2-way set associative

512 entries/way, 32-byte block length
Cache-double-mode (32-kbyte cache)

Index mode

RAM mode (16-kbyte cache + 16-kbyte RAM)

Choice of write method (copy-back or write-through)
SH7751-compatible mode (16 kbytes, direct mapping)

¢ Single-stage copy-back buffer, single-stage write-through buffer

¢ Cache memory contents can be accessed directly by address mapping
(usable as on-chip memory)

¢ Store queue (32 bytes x 2 entries)
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Table 1.1 SH7751 Series Features (cont)

Item

Features

Interrupt controller
(INTC)

.

.

.

Five independent external interrupts (NMI, IRL3 to IRLO)

15-level signed external interrupts: IRL3 to IRLO

On-chip peripheral module interrupts: Priority level can be set for each
module

User break
controller (UBC)

Supports debugging by means of user break interrupts

Two break channels

Address, data value, access type, and data size can all be set as break
conditions

Supports sequential break function

Bus state
controller (BSC)

Supports external memory access

g

32/16/8-bit external data bus

External memory space divided into seven areas, each of up to 64
Mbytes, with the following parameters settable for each area:

a
a
a

a
a
a

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

Direct connection of DRAM, synchronous DRAM, and burst ROM
possible by setting space type

Supports fast page mode and DRAM EDO
Supports PCMCIA interface

Chip select signals (CSO to CS6) output for relevant areas

DRAM/synchronous DRAM refresh functions

a
a

Programmable refresh interval
Supports CAS-before-RAS refresh mode and self-refresh mode

DRAM/synchronous DRAM burst access function

Big endian or little endian mode can be set
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Table 1.1

Item

SH7751 Series Features (cont)

Features

Direct memory
access controller
(DMAC)

.

Physical address DMA controller

O SH7751: 4-channel

O SH7751R: 8-channel

Transfer data size: 8, 16, 32, or 64 bits, or 32 bytes

Address modes:

O 1-bus-cycle single address mode

O 2-bus-cycle dual address mode

Transfer requests: External, on-chip peripheral module, or auto-requests
Bus modes: Cycle-steal or burst mode

Supports on-demand data transfer mode (external bus 32 bit)

Timer unit (TMU)

5-channel auto-reload 32-bit timer
Input-capture function on one channel

Selection from 7 counter input clocks in 3 of 5 channels and from 5
counter input clocks on remaining 2 of 5 channels

Realtime clock
(RTC)

On-chip clock and calendar functions

Built-in 32 kHz crystal oscillator with maximum 1/256 second resolution
(cycle interrupts)

Serial
communication
interface

(SClI, SCIF)

Two full-duplex communication channels (SCI, SCIF)

Channel 1 (SCI):

O Choice of asynchronous mode or synchronous mode

O Supports smart card interface

Channel 2 (SCIF):

O Supports asynchronous mode

O Separate 16-byte FIFOs provided for transmitter and receiver
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Table 1.1 SH7751 Series Features (cont)

Item Features
PCl bus controller « PCI bus controller (Rev.2.1-compatible)*®
(PCIC) O 32-bit bus
0 33 MHz/66 MHz support
¢ PCI master/slave support
¢ PCI host function support
O Built-in bus arbiter
¢ 4 built-in PCl-dedicated DMAC (direct memory access controller)
channels
O Each channel equipped with 64-byte FIFO
« Selection of built-in clock or external PCI-dedicated clock
¢ Interrupt requests can be sent to CPU
Product lineup Operating
Abbreviation  Voltage Frequency Model No. Package
SH7751 1.8V 167 MHz HD6417751BP167 256-pin BGA

HD6417751F167 256-pin QFP
15V 133 MHz HD6417751VF133
SH7751R 15V 240 MHz HD6417751RBP240 256-pin BGA
HD6417751RF240 256-pin QFP
200 MHz HD6417751RBP200 256-pin BGA
HD6417751RF200 256-pin QFP

Note: *1 SH7751R only
*2 SH7751 only
*3 Some items are not compatible with PCI 2.1.
For more information, see section 22.1.1, Features.
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1.2

Block Diagram

Figure 1.1 shows an internal block diagram of the SH7751 Series.
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interface SCI:  Serial communication interface
SCIF:  Serial communication interface with FIFO
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PCI SH bus SH bus UBC: User break controller
address/ address data PCIC: PCI bus controller
data

Figure 1.1 Block Diagram of SH7751 Series Functions
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1.3 Pin Arrangement

XTAI 193 SERR
EXTAL2 194 PCIREQT/GNTIN
VDD-RTC 195 PCIGNT1/REQOUT
VSS-RTC 196 PCICLK
cA 197 PCIRST
ESET 198 NTA
TRST [ 199 DSEL
MRESET [ 200 PCIREQ2/MD9
201
202
BREQ/BSACK E 203 PCIREQ3/MD10
MD6/I0IS16 204 PCIREQ4
RDY [] 205
TXD 206
207
208
209
210
MD2/RXD2 [ 211 WEB/ICIOWR
RXD 212 WE2/ICIORD
TCLK 213 QFP256 A25
MD8/RTS2 214 A24
SCK 215
MDL/TXD2 [ 216
MDO/SCK2 [] 217 A23
MD7/CTS2 218 : A22
Rogswie H 3is (Top view) poi
AUDCK 220 A20
221 AL9
222 Al8
AUDATAOQ 223
AUDATAL 224
225 D31
226 D30
AUDATA2 227
AUDATA3 [ 228
Reserved 229 D29
MD3/CE2A 230 D28
MD4/CE2B 231 D27
M 232 D26
233 W o0 ntema) D25
234 D24
DACKO 235 D23
DACK1 236 H s (internal) D22
DRAKO 237 D21
DRAKL 238 D20
239 M vooo (o)
240
STATUSO 241
STATUSL 242 O vssoqo)
D19
DREQ1 D18
ASEBRK/BRKACK  [] D17
TDO D16
CAS3/DQM3
CAS2/DQM2

2% E‘m‘ﬁ‘ﬁ‘ﬁ‘%&?oﬁg 0883886838 ZN2I2SSEoT T
z0 HBBIBBE ’%‘g a DDDDDOOJsxi 22
I 89565 s
S g g
o S=r & gu
(21}
: 2z g
olo <
Q
(D
s

Note: Power must be supplied to the on-chip PLL power supply pins (VDD-PLL1, VDD-PLL2, VSS-PLL1,
VSS-PLL2, VDD-CPG, VSS-CPG, VDD-RTC, and VSS-RTC) regardless of whether or not the PLL
circuits, crystal resonator, and RTC are used.

Figure 1.2 Pin Arrangement (256-Pin QFP)
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O VSSQ(i0) @ VDD-PLL1/2 O VSS-CPG/RTC

@ VDD (internal) © VSS-PLL12

I NC

Note: Power must be supplied to the on-chip PLL power supply pins (VDD-PLL1, VDD-PLL2,
VSS-PLL1, VSS-PLL2, VDD-CPG, VSS-CPG, VDD-RTC, and VSS-RTC) regardless of
whether or not the PLL circuits, crystal resonator, and RTC are used.

* May be connected to VggQ.

Figure 1.3 Pin Arrangement (256-Pin BGA)
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1.4

Pin Functions

1.4.1 Pin Functions (256-Pin QFP)
Table 1.2 Pin Functions
Memory Interface

No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA  MPX
1 TMS | Mode

(H-UDI)
2 TCK | Clock

(H-UDI)
3 VDDQ Power 10 VDD
4 VSSQ Power 10 GND
5 TDI | Data in

(H-UDI)
6 CSO 0 Chip select 0 CSo CSo
7 CS1 0 Chip select 1 CSs1 CSs1
8 CS4 0 Chip select 4 CS4 CS4
9 CS5 0 Chip select 5 CS5 CE1A CS5
10 CS6 0 Chip select 6 CS6 CE1B CS6
1 BS 0 Bus start BS) BS) BS) BS) BS)
12 WEO/REG O D7-DO WEO REG

select signal
13 WET o D15-D8 WET WET

select signal
14 DO /0 Data A0
15 VDDQ Power 10 VDD
16 VSSQ Power 10 GND
17 vDD Power Internal VDD
18 VSS Power Internal GND
19 D1 /0 Data Al
20 D2 /0 Data A2
21 D3 /0 Data A3
22 D4 /0 Data A4
23 D5 /0 Data A5
24 D6 /0 Data A6
25 D7 /0 Data A7

RENESAS
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Table 1.2 Pin Functions (cont)
Memory Interface

No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA  MPX
26 D8 110 Data A8
27 D9 110 Data A9
28 D10 110 Data A10
29 VvDDQ Power 10 VDD
30 VSSQ Power 10 GND
31 D11 /0 Data All
32 D12 110 Data Al12
33 D13 110 Data A13
34 D14 /0 Data Al4a
35 D15 110 Data Al5
36 CASO/ o] D7-DO CASO DQMO

DQMO select signal
37 CAS1/ o] D15-D8 CAST DQM1

DQM1 select signal
38 RDWR o Read/write RD/WR RD/WR RD/WR
39 CKIO (0] Clock output CKIO
40 Reserved Do not connect
41 VvDDQ Power 10 VDD
42 VSSQ Power 10 GND
43  Reserved Do not connect
44 RDICASS/ © Read/CAS/ OE CAS OE FRAME

FRAME FRAME
45 CKE (0] Clock output CKE

enable

46 RAS o RAS RAS RAS
47 VDD Power Internal VDD
48 VSS Power Internal GND
49 CS2 0 Chip select 2 CSs2 (CS2) CSs2 CSs2
50 CS3 0 Chip select 3 CS3 (CS3) CS3 CS3
51 A0 O Address
52 Al o Address
53 A2 o Address
54 A3 O Address
55 VDDQ Power 10 VDD
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Table 1.2

Pin Functions (cont)

Memory Interface

No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA  MPX
56 VSSQ Power 10 GND
57 A4 O Address
58 A5 O Address
59 A6 ) Address
60 A7 O Address
61 A8 ) Address
62 A9 O Address
63 Al0 o) Address
64 All o Address
65 Al2 o Address
66 Al3 o) Address
67 VDDQ Power 10 VDD
68 VSSQ Power 10 GND
69 Al4 o Address
70 Al5 o Address
71 Alé o Address
72 A7 o Address
73 CAS2/ o] D23-D16 CAS2 DQM2
DQM2 select signal
74 CAS3/ o] D31-D24 CAS3 DQM3
DQM3 select signal
75 D16 110 Data Al16
76 D17 /0 Data Al7
77 D18 /0 Data Al18
78 D19 110 Data A19
79 VDDQ Power 10 VDD
80 VSSQ Power 10 GND
81 VDD Power Internal VDD
82 VSS Power Internal GND
83 D20 110 Data A20
84 D21 110 Data A21
85 D22 110 Data A22
86 D23 110 Data A23

RENESAS
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Table 1.2

Pin Functions (cont)

Memory Interface

No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA  MPX
87 D24 110 Data A24
88 D25 110 Data A25
89 D26 110 Data
90 D27 110 Data
91 D28 110 Data
92 D29 110 Data ACCSIZEO
93 VDDQ Power 10 VDD
94  VSSQ Power 10 GND
95 D30 110 Data ACCSIZE1
96 D31 110 Data ACCSIZE2
97 VDD Power Internal VDD
98 VSS Power Internal GND
99 Al8 ) Address
100 A19 O Address
101 A20 O Address
102 A21 O Address
103 A22 O Address
104 A23 O Address
105 VDDQ Power 10 VDD
106 VSSQ Power 10 GND
107 A24 O Address
108 A25 O Address
109 WE2/ o D23-D16 WE2 ICIORD
ICIORD select signal
110 WE3/ o D31-D24 WE3 ICIOWR
ICIOWR select signal
111 VDD Power Internal VDD
112 VSS Power Internal GND
113 SLEEP I Sleep
114 PCIGNT4 O Bus grant
(host function)
115 PCIGNT3 O Bus grant

(host function)

Rev. 3.0, 04/02, page 16 of 1064

RENESAS



Table 1.2  Pin Functions (cont)
Memory Interface
No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA  MPX
116 PCIGNT2 O Bus grant
(host function)
117 PCIREQ4 I* Bus request
(host function)
118 PCIREQ3/ I* Bus request MD10
MD10 (host
function)/
mode
119 VvVDDQ Power 10 VDD
120 VSSQ Power 10 GND
121 PCIREQ2/ I* Bus request MD9
MD9 (host
function)/
mode
122 IDSEL | Configuration
device select
123 INTA (0] Interrupt
(async)
124 PCIRST (0] Reset output
125 PCICLK | PCl input
clock
126 PCIGNT1/ O Bus grant (host
REQOUT function)/
bus request
127 PCIREQ1/ | Bus request
GNTIN (host function)
/bus grant
128 SERR /0 System error
129 AD31 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
130 AD30 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port
131 VvVDDQ Power 10 VDD
132 VSSQ Power 10 GND
133 AD29 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port
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Table 1.2

Pin Functions (cont)

Memory Interface

No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

134 AD28 /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

135 AD27 /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

136 AD26 /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

137 AD25 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

138 AD24 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

139 C/BE3 /0 Command/byte
enable

140 AD23 /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

141 AD22 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

142 AD21 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

143 VDDQ Power 10 VDD

144 VSSQ Power 10 GND

145 VDD Power Internal VDD

146 VSS Power Internal GND

147 AD20 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

148 AD19 /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

149 AD18 /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

150 AD17 /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

151 AD16 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

152 C/BE2 /0 Command/
byte enable

153 PCIFRAME /O Bus cycle

154 |IRDY /0 Initiator ready

155 TRDY /0 Target read
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Table 1.2  Pin Functions (cont)

Memory Interface

No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA  MPX

156 DEVSEL 110 Device select

157 VvVDDQ Power 10 VDD

158 VSSQ Power 10 GND

159 PCISTOP 1/0 Transaction
stop

160 PCILOCK 1/O0 Exclusive
access

161 PERR /0 Parity error

162 PAR 110 Parity

163 C/BE1 110 Command/
byte enable

164 AD15 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

165 AD14 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

166 AD13 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

167 AD12 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

168 AD11 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

169 VDDQ Power 10 VDD

170 VSSQ Power 10 GND

171 AD10 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

172 AD9 /0 PCIl address/ (Port) (Port) (Port) (Port) (Port)
data/port

173 AD8 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

174 C/BEO 110 Command/
byte enable

175 VDD Power Internal VDD

176 VSS Power Internal GND

177 AD7 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

178 AD6 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
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Table 1.2

Pin Functions (cont)

Memory Interface

No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

179 AD5S /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

180 AD4 /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

181 AD3 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

182 AD2 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

183 VDDQ Power 1/0 VDD

184 VSSQ Power 1/0 GND

185 AD1 /0 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

186 ADO /10 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

187 IRLO | Interrupt O

188 IRL1 | Interrupt 1

189 IRL2 | Interrupt 2

190 IRL3 | Interrupt 3

191 VSSQ Power 1/0 GND

192 VDDQ Power /O VDD

193 XTAL2 o RTC crystal
resonator pin

194 EXTAL2 | RTC crystal
resonator pin

195 VDD-RTC Power RTC VDD

196 VSS-RTC Power RTC GND

197 CA | Hardware
standby

198 RESET | Reset RESET

199 TRST | Reset
(H-UDI)

200 MRESET | Manual reset

201 NMI | Nonmaskable

interrupt
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Table 1.2  Pin Functions (cont)
Memory Interface
No. PinName I/O Function Reset SRAM DRAM SDRAM PCMCIA MPX
202 BACK/ o Bus
BSREQ acknowledge/
bus request
203 BREQ/ | Bus
BSACK request/bus
acknowledge
204 MD6/ I Mode/IOIS16 MD6 I0IS16
101S16 (PCMCIA)
205 RDY | Bus ready RDY RDY RDY
206 TXD (0] SCl data
output
207 VvDDQ Power 10 VDD
208 VSSQ Power 10 GND
209 VDD Power Internal VDD
210 VSS Power Internal GND
211 MD2/RXD2 | Mode/SCIF MD2 RXD2 RXD2 RXD2 RXD2 RXD2
data input
212 RXD | SCl data input
213 TCLK /0 RTC/TMU
clock
214 MDS8/RTS2 1/0 Mode/SCIF MD8 RTS2 RTS2 RTS2 RTS2 RTS2
data control
(RTS)
215 SCK /10 SCIF clock
216 MD1/TXD2 1/O Mode/SCIF MD1 TXD2 TXD2 TXD2 TXD2 TXD2
data output
217 MDO/SCK2 1/0 Mode/SCIF MDO SCK2 SCK2 SCK2 SCK2 SCK2
clock
218 MD7/CTS2 1/0 Mode/SCIF MD7 CTS2 CTS2 CTS2 CTS2 CTS2
data control
(CTS)
219 AUDSYNC AUD sync
220 AUDCK AUD clock
221 VDDQ Power 10 VDD
222 VSSQ Power 10 GND
223 AUDATAO AUD data
224 AUDATA1l AUD data

RENESAS
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Table 1.2  Pin Functions (cont)

Memory Interface

No. PinName 1/O Function Reset SRAM DRAM SDRAM PCMCIA MPX

225 VDD Power Internal VDD

226 VSS Power Internal GND

227 AUDATA2 AUD data

228 AUDATA3 AUD data

229 Reserved Do not connect

230 MD3/CE2A /0 Mode/ MD3 CE2A
PCMCIA-CE

231 MD4/CE2B 1/0 Mode/ MD4 CE2B
PCMCIA-CE

232 MD5 | Mode MD5

233 VDDQ Power 10 VDD

234 VSSQ Power 10 GND

235 DACKO O DMACO bus
acknowledge

236 DACK1 (0] DMACL1 bus
acknowledge

237 DRAKO (0] DMACO
request
acknowledge

238 DRAK1 (0] DMAC1
request
acknowledge

239 VDD Power Internal VDD

240 VSS Power Internal GND

241 STATUSO O Status

242 STATUS1 O Status

243 DREQO | Request from
DMACO

244 DREQ1 | Request from
DMAC1

245 ASEBRK/ 1/0 Pin break/

BRKACK acknowledge

(H-UDI)

246 TDO (0] Data out
(H-UDI)
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Table 1.2

No.

Pin Name 1/O

Pin Functions (cont)

Memory Interface

Function Reset SRAM DRAM

SDRAM PCMCIA MPX

247

VDDQ Power

10 VDD

248

VSSQ Power

10 GND

249

VDD-PLL2 Power

PLL2 VDD

250

VSS-PLL2 Power

PLL2 GND

251

VDD-PLL1 Power

PLL1 VDD

252

VSS-PLL1 Power

PLL1 GND

253

VDD-CPG Power

CPG VDD

254

VSS-CPG Power

CPG GND

255

XTAL o

Crystal
resonator

256

EXTAL |

External input
clock/crystal
resonator

1/0:

Input
Output
Input/output

Power: Power supply

Notes:

Except in hardware standby mode, supply power to all power pins. In hardware standby
mode, supply power to RTC as a minimum.

Power must be supplied to VDD-PLL1/2 and VSS-PLL1/2 regardless of whether or not
the on-chip PLL circuits are used.

Power must be supplied to VDD-CPG and VSS-CPG regardless of whether or not the
on-chip crystal resonator is used.

Power must be supplied to VDD-RTC and VSS-RTC regardless of whether or not the
on-chip RTC is used.

For the handling of the PCI bus pins in PCl-disabled mode, see table D.4 in appendix
D.

1/0 attribute is I/O when used as a port.
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1.4.2

Pin Functions (256-Pin BGA)

Table 1.3  Pin Functions

Memory Interface

Pin

No.  Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX
1 B3 T™MS | Mode

(H-UDI)
2 C4 TCK Clock

(H-UDI)
3 G3 VDDQ Power 10 VDD
4 F2 VSSQ Power 10 GND
5 D4 TDI | Data in

(H-UDI)
6 B1 CSo o Chip select 0 CSo CSo
7 c2 Ccs1 o Chip select 1 Ccs1 Ccs1
8 c1 CS4 o Chip select 4 CS4 CS4
9 D3 CS5 o Chip select 5 CS5 CE1A CS5
10 D2 CS6 o Chip select 6 CS6 CE1B CS6
1 D1 BS o Bus start (BS) (BS) (BS) (BS) (BS)
12 E4 WEO/ o D7-DO WEO REG

REG select signal

13 E3 WET o D15-D8 WET WET

select signal
14 E2 DO /0 Data A0
15 G2 VDDQ Power 10 VDD
16 L4 VSSQ Power 10 GND
17 G4 VDD Power  Internal VDD
18 F4 VSS Power  Internal GND
19 E1l D1 /0 Data Al
20 F3 D2 /10 Data A2
21 F1 D3 /10 Data A3
22 Gl D4 /0 Data A4
23 H4 D5 110 Data A5
24 H3 D6 110 Data A6
25 H2 D7 110 Data A7
26 H1 D8 110 Data A8
27 J4 D9 /0 Data A9
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Table 1.3  Pin Functions (cont)

Memory Interface

Pin

No. Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX
28 J3 D10 /10 Data A10
29 K3 VDDQ Power 10 VDD
30 L3 VSSQ Power 10 GND
31 J2 D11 /10 Data All
32 J1 D12 /10 Data A12
33 K4 D13 /10 Data A13
34 K2 D14 /10 Data Al4
35 K1 D15 /10 Data A15
36 L2 CAS0/ o] D7-DO CASO DQMO

DQMO select signal
37 M4 CAS1/ o] D15-D8 CAST DQM1

DQM1 select signal
38 M3 RD/WR o Read/write RD/WR  RD/WR RD/WR
39 M1 CKIO O Clock output CKIO
40 M2 NC Do not connect
41 P3 VDDQ Power 10 VDD
42 L1 VSSQ Power 10 GND
43 N3 NC Do not connect
4 Pl RD/ o Read/CAS/ OE CAS OE FRAME

CASS/ FRAME

FRAME
45 N2 CKE (6] Clock output CKE

enable

46 N1 RAS o RAS RAS RAS
47 P4 VDD Power  Internal VDD
48 R4 VSS Power  Internal GND
49 N4 CSs2 0 Chip select 2 CSs2 (CS2) CSs2 CSs2
50 R3 CS3 0 Chip select 3 CS3 (CS3) CS3 CS3
51 R1 A0 o Address
52 T4 Al o Address
53 T3 A2 o Address
54 T2 A3 o Address
55 P2 VDDQ Power 10 VDD
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Table 1.3  Pin Functions (cont)

Memory Interface

Pin
No.  Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX
56 R2 VSSQ Power 10 GND
57 T1 A4 o Address
58 U4 A5 o Address
59 us A6 o Address
60 u2 A7 o Address
61 Ul A8 o Address
62 V2 A9 (0] Address
63 \%h Al0 (0] Address
64 w1 All o Address
65 Y1l Al12 o Address
66 Y2 Al13 o Address
67 V7 VDDQ Power 10 VDD
68 V3 VSSQ Power 10 GND
69 W3 Al4 o Address
70 Y3 Al15 o Address
71 V4 Al6 o Address
72 w4 Al7 o Address
73 Y4 CAS2/ 0 D23-D16 select CAS2 DQM2
DQM2 signal
74 us CAS3/ 0 D31-D24 select CAS3 DQM3
DQM3 signal
75 V5 D16 /10 Data Al16
76 W5 D17 /10 Data Al7
77 Y5 D18 /10 Data A18
78 V6 D19 /10 Data A19
79 w7 VDDQ Power 10 VDD
80 W2 VSSQ Power 10 GND
81 u7 VDD Power Internal VDD
82 U6 VSS Power  Internal GND
83 Y6 D20 110 Data A20
84 Y7 D21 /10 Data A21
85 us D22 110 Data A22
86 V8 D23 110 Data A23
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Table 1.3

Pin Functions (cont)

Memory Interface

Pin

No. Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX

87 w8 D24 110 Data A24

88 Y8 D25 110 Data A25

89 u9 D26 110 Data

90 V9 D27 110 Data

91 W9 D28 110 Data

92 Y9 D29 110 Data ACCSIZEO

93 V10 VDDQ Power 10 VDD

94 W6 VSSQ Power 10 GND

95 W10 D30 110 Data ACCSIZE1

96 Y10 D31 110 Data ACCSIZE2

97 u1o VDD Power Internal VDD

98 U1l VSS Power  Internal GND

99 Vil Al18 Address

100 Y11 A19 o Address

101 U12 A20 o Address

102 V12 A21 o Address

103 w12 A22 o Address

104 Y12 A23 Address

105 V14 VDDQ Power 10 VDD

106 Wil VSSQ Power 10 GND

107 U13 A24 o Address

108 Vi3 A25 o Address

109 W13 WE2/ e} D23-D16 select WE2 ICIORD
ICIORD signal

110 Y13 WE3/ o D31-D24 select WE3 ICIOWR
ICIOWR signal

111 U14 VDD Power Internal VDD

112 U15 VSS Power Internal GND

113 Y14 SLEEP I Sleep

114 Vi5 PCIGNT4 O Bus grant (host

function)
115 Y15 PCIGNT3 O Bus grant (host

function)

RENESAS
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Table 1.3  Pin Functions (cont)
Memory Interface
Pin
No.  Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX
116 Ul6 PCIGNT2 O Bus grant
(host function)
117 Vie PCIREQ4 I Bus request
(host function)
118 W16 PCIREQ3/ I** Bus request MD10
MD10 (host function)/
mode
119 Wwi4 VDDQ Power 10 VDD
120 W15 VSSQ Power 10 GND
121 Y16 PCIREQ2/ I** Bus request MD9
MD9 (host function)/
mode
122 U17 IDSEL Configuration
device select
123 V17 INTA o Interrupt (async)
124 W17 PCIRST o Reset output
125 Y17 PCICLK | PCl input
clock
126 W18 PCIGNT1/ O Bus grant (host
REQOUT function)/
bus request
127 Y18 PCIREQ1/ | Bus request
GNTIN (host function)/
bus grant
128 Y19 SERR /10 System error
129 Y20 AD31 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
130 w20 AD30 lfe} PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
131 P18 VDDQ Power 10 VDD
132 V18 VSSQ Power 10 GND
133 V19 AD29 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
134 V20 AD28 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port
135 U18 AD27 lfe} PCl address/ (Port) (Port) (Port) (Port) (Port)

data/port

Rev. 3.0, 04/02, page 28 of 1064

RENESAS



Table 1.3  Pin Functions (cont)

Memory Interface

Pin

No. Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX

136 U20 AD26 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

137  T17 AD25 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

138 T18 AD24 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

139 U19 C/BE3 110 PCl address/
data/port

140 T20 AD23 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

141 R18 AD22 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

142 T19 AD21 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

143 N19 VDDQ Power 10 VDD

144 W19 VSSQ Power 10 GND

145 P17 VDD Power Internal VDD

146 R17 VSS Power  Internal GND

147  R20 AD20 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

148 P20 AD19 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

149 P19 AD18 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

150 N20 AD17 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

151 N17 AD16 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

152 N18 C/BE2 110 Command/
byte enable

153 M20 PCIFRAME 1/0 Bus cycle

154 M19 IRDY lfe} Initiator ready

155 M18 TRDY lfe} Target read

156  M17 DEVSEL 110 Device select

157 L18 VDDQ Power 10 VDD
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Table 1.3

Pin Functions (cont)

Memory Interface

Pin

No.  Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX

158 R19 VSSQ Power 10 GND

159 L20 PCISTOP 1/O Transaction stop

160 L19 PCILOCK 110 Exclusive access

161 L17 PERR /10 Parity error

162 K20 PAR 110 Parity

163 K18 C/BET 110 Command/
byte enable

164 J20 AD15 l[e} PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

165 J19 AD14 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

166 J18 AD13 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

167 J17 AD12 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

168 H20 AD11 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

169 G18 VDDQ Power 10 VDD

170 K17 VSSQ Power 10 GND

171 H19 AD10 lfe} PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

172 G20 AD9 lfe} PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

173 H18 AD8 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

174 H17 C/BEO 110 Command/
byte enable

175 G17 VDD Power  Internal VDD

176  F17 VSS Power  Internal GND

177 F18 AD7 /10 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

178 F20 ADG6 lfe} PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

179 E20 AD5 /0 PCI address/ (Port) (Port) (Port) (Port) (Port)

data/port
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Table 1.3  Pin Functions (cont)

Memory Interface

Pin

No. Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX

180 EI19 AD4 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

181 EI18 AD3 110 PCI address/ (Port) (Port) (Port) (Port) (Port)
data/port

182 D20 AD2 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

183 G19 VDDQ Power 1/0 VDD

184 K19 VSSQ Power 1/0 GND

185 D19 AD1 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

186 D18 ADO 110 PCl address/ (Port) (Port) (Port) (Port) (Port)
data/port

187 E17 IRLO | Interrupt O

188 C20 IRL1 | Interrupt 1

189 C19 IRL2 | Interrupt 2

190 B20 IRL3 | Interrupt 3

191 B18 NC Do not connect **

192 D17 VDDQ Power 1/O VDD

193 A20 XTAL2 O RTC crystal
resonator pin

194 A19 EXTAL2 RTC crystal

resonator pin

195 A18 VDD-RTC Power RTC VDD

196 B19 VSS-RTC  Power RTC GND

197 B17 CA | Hardware standby
198 Al17 RESET | Reset RESET
199 C16 TRST | Reset (H-UDI)
200 B16 MRESET | Manual reset
201 D16 NMI | Nonmaskable
interrupt

202 A16 BACK/ O Bus acknowledge/

BSREQ bus request
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Table 1.3  Pin Functions (cont)

Memory Interface

Pin
No. Number Pin Name I/O Function R eset SRAM DRAM SDRAM PCMCIA MPX
203 B15 BREQ/ | Bus
BSACK request/bus
acknowledge
204 Ci15 MD6/ Mode/lOIS16 MD6 101S16
101S16 (PCMCIA)
205 A15 RDY | Bus ready RDY RDY RDY
206 Al4 TXD O SCI data output
207 B14 VDDQ Power 10 VDD
208 F19 VSSQ Power 10 GND
209 D14 VDD Power Internal VDD
210 D15 VSS Power Internal GND
211 D13 MD2/ | Mode/SCIF MD2 RXD2 RXD2 RXD2 RXD2 RXD2
RXD2 data input
212 C13 RXD | SCI data input
213 B13 TCLK lfe} RTC/TMU clock
214 A13 MD8/ 110 Mode/SCIF MD8 RTS2 RTS2 RTS2 RTS2 RTS2
RTS2 data control
(RTS)
215 D12 SCK lfe} SCIF clock
216 B11 MD1/ 110 Mode/SCIF MD1 TXD2 TXD2 TXD2 TXD2 TXD2
TXD2 data output
217 C12 MDO/ 110 Mode/SCIF MDO SCK2 SCK2 SCK2 SCK2 SCK2
SCK2 clock
218 Al12 MD7/ 110 Mode/SCIF MD7 CTS2 CTS2 CTS2 CTS2 CTS2
CTS2 data control
(CTS)
219 B12 AUDSYNC AUD sync
220 A1l AUDCK AUD clock
221 C14 VDDQ Power 10 VDD
222 Ci18 VSSQ Power 10 GND
223 C10 AUDATAO AUD data
224  A10 AUDATAL AUD data
225 D11 VDD Power Internal VDD
226 D10 VSS Power  Internal GND
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Table 1.3  Pin Functions (cont)

Memory Interface

Pin

No. Number Pin Name I/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX

227 B9 AUDATA2 AUD data

228 D9 AUDATA3 AUD data

229 C9 NC Do not connect

230 A9 MD3/CE2A 1/O Mode/ MD3 CE2A
PCMCIA-CE

231 D8 MD4/CE2B 1/0 Mode/ MD4 CE2B
PCMCIA-CE

232 C8 MD5 | Mode MD5

233 Ci11 VDDQ Power 10 VDD

234 C17 VSSQ Power 10 GND

235 B8 DACKO (¢} DMACO bus
acknowledge

236 A8 DACK1 o DMACL1 bus
acknowledge

237 B7 DRAKO O DMACO request
acknowledge

238 A7 DRAK1 O DMAC1 request
acknowledge

239 D7 VDD Power Internal VDD

240 D6 VSS Power  Internal GND

241 C6 STATUSO O Status

242 B6 STATUS1T O Status

243 A6 DREQO | Request from
DMACO

244 C5 DREQ1 Request from
DMAC1

245 D5 ASEBRK/  1/0 Pin break/

BRKACK acknowledge

(H-UDI)

246 B4 TDO o Data out
(H-UDI)

247 C7 VDDQ Power 10 VDD

248 B10 VSSQ Power 10 GND

249 A5 VDD-PLL2 Power PLL2 VDD

RENESAS
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Table 1.3  Pin Functions (cont)

Memory Interface

Pin

No.  Number Pin Name 1/O Function R eset SRAM DRAM SDRAM  PCMCIA MPX

250 B5 VSS-PLL2 Power PLL2 GND

251 A4 VDD-PLL1 Power PLL1VDD

252 C3 VSS-PLL1 Power PLL1GND

253 A3 VDD-CPG Power CPG VDD

254 B2 VSS-CPG Power CPG GND

255 A2 XTAL O Crystal resonator

256 Al EXTAL | External input
clock/crystal
resonator

I: Input

O: Output

1/0: Input/output
Power: Power supply

Notes: 1. Except in hardware standby mode, supply power to all power pins. In hardware standby

mode, supply power to RTC as a minimum.

2. Power must be supplied to VDD-PLL1/2 and VSS-PLL1/2 regardless of whether or not
the on-chip PLL circuits are used.

3. Power must be supplied to VDD-CPG and VSS-CPG regardless of whether or not the
on-chip crystal resonator is used.

4. Power must be supplied to VDD-RTC and VSS-RTC regardless of whether or not the
on-chip RTC is used.

5. For the handling of the PCI bus pins in PCI-disabled mode, see table D.4 in appendix
D.

*1 1/O attribute is /0 when used as a port.

*2 May be connected to V Q.
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Section 2 Programming Model

2.1 Data Formats

The data formats handled by the SH7751 Series are shown in figure 2.1.

7 0
Byte (8 bits)
15 0
Word (16 bits)
31 0
Longword (32 bits)
3130 22 0
Single-precision floating-point (32 bits) s| exp fraction
63 62 51 0
Double-precision floating-point (64 bits) s| exp fraction

Figure 2.1 Data Formats
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2.2 Register Configuration

2.2.1 Privileged Mode and Banks

Processor ModesThe SH7751 Series has two processor modes, user mode and privileged mode
The SH7751 Series normally operates in user mode, and switches to privileged mode when an
exception occurs or an interrupt is accepted. There are four kinds of registers—general registers,
system registers, control registers, and floating-point registers—and the registers that can be
accessed differ in the two processor modes.

General RegistersThere are 16 general registers, designated RO to R15. General registers RO tc
R7 are banked registers which are switched by a processor mode change.

In privileged mode, the register bank bit (RB) in the status register (SR) defines which banked
register set is accessed as general registers, and which set is accessed only through the load co
register (LDC) and store control register (STC) instructions.

When the RB bit is 1 (that is, when bank 1 is selected), the 16 registers comprising bank 1 gener
registers RO_BANK1 to R7_BANK1 and non-banked general registers R8 to R15 can be access¢
as general registers RO to R15. In this case, the eight registers comprising bank 0 general registe
RO_BANKO to R7_BANKO are accessed by the LDC/STC instructions. When the RB bit is O (that
is, when bank 0 is selected), the 16 registers comprising bank 0 general registers RO_BANKO to
R7_BANKO and non-banked general registers R8 to R15 can be accessed as general registers F
to R15. In this case, the eight registers comprising bank 1 general registers RO_BANK1 to
R7_BANK1 are accessed by the LDC/STC instructions.

In user mode, the 16 registers comprising bank 0 general registers RO_BANKO to R7_BANKO an
non-banked general registers R8 to R15 can be accessed as general registers RO to R15. The ei
registers comprising bank 1 general registers RO_BANK1 to R7_BANK1 cannot be accessed.

Control Registers: Control registers comprise the global base register (GBR) and status register
(SR), which can be accessed in both processor modes, and the saved status register (SSR), sav
program counter (SPC), vector base register (VBR), saved general register 15 (SGR), and debu
base register (DBR), which can only be accessed in privileged mode. Some bits of the status
register (such as the RB bit) can only be accessed in privileged mode.

System RegistersSystem registers comprise the multiply-and-accumulate registers
(MACH/MACL), the procedure register (PR), the program counter (PC), the floating-point
status/control registeFPSCR), and the floating-point communication register (FPUL). Access to
these registers does not depend on the processor mode.

Rev. 3.0, 04/02, page 36 of 1064
RENESAS



Floating-Point Registers:There are thirty-two floating-point registers, FRO—FR15 and XFO—
XF15. FRO-FR15 and XFO—XF15 can be assigned to either of two banks (FPRO_BANKO-
FPR15_BANKO or FPRO_BANK1-FPR15 BANK1).

FRO-FR15 can be used as the eight registers DR0/2/4/6/8/10/12/14 (double-precision floating-
point registers, or pair registers) or the four registers FV0/4/8/12 (register vectors), while XFO—
XF15 can be used as the eight registers XD0/2/4/6/8/10/12/14 (register pairs) or register matrix
XMTRX.

Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers Initial Value*

General registers  RO_BANKO-R7_BANKO, Undefined
RO_BANK1-R7_BANK1,

R8-R15
Control registers SR MD bit =1, RB bit = 1, BL bit = 1, FD bit =0,
13-10 = 1111 (H'F), reserved bits = 0, others
undefined
GBR, SSR, SPC, SGR, Undefined
DBR
VBR H'00000000
System registers MACH, MACL, PR, FPUL Undefined
PC H'A0000000
FPSCR H'00040001
Floating-point FRO-FR15, XFO-XF15 Undefined

registers

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

The register configuration in each processor mode is shown in figure 2.2.

Switching between user mode and privileged mode is controlled by the processor mode bit (MD
in the status register.
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31 31 0 31 0
RO_BANKQ*1*2 RO_BANK1*1.%3 RO_BANKQ*1*4
R1_BANKOQ*? R1_BANK1*3 R1_BANKO**
R2_BANKOQ*2 R2_BANK1*3 R2_BANKO**
R3_BANKO0*? R3_BANK1*3 R3_BANKO0**
R4_BANKQ*2 R4_BANK1*3 R4_BANKOQ**
R5_BANKO0*? R5_BANK1*3 R5_BANKO**
R6_BANKOQ*? R6_BANK1*3 R6_BANKO**
R7_BANKQ*2 R7_BANK1*3 R7_BANKO**
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
SR SR SR

SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
PC PC PC
SPC SPC
SGR SGR
DBR DBR
RO_BANKQ*1.*4 RO_BANK1*1#3
R1_BANKO* R1_BANK1*3
R2_BANKO** R2_BANK1*3
R3_BANKO** R3_BANK1*3
R4_BANKO** R4_BANK1*3
R5_BANKOQ** R5_BANK1*3
R6_BANKO* R6_BANK1*3
R7_BANKO** R7_BANK1*3

(a) Register configuration
in user mode

(b) Register configuration in
privileged mode (RB = 1)

(c) Register configuration in
privileged mode (RB = 0)

Notes: *1 The RO register is used as the index register in indexed register-indirect addressing mode and
indexed GBR indirect addressing mode.

*2 Banked registers
*3 Banked registers

Accessed as general registers 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.

*4 Banked registers

Accessed as general registers 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 2.2 CPU Register Configuration in Each Processor Mode
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2.2.2 General Registers

Figure 2.3 shows the relationship between the processor modes and general registers. The SH’
Series has twenty-four 32-bit general registers (RO_BANKO-R7_BANKO, RO_BANK1-
R7_BANK1, and R8-R15). However, only 16 of these can be accessed as general registers RO
R15 in one processor mode. The SH7751 Series has two processor modes, user mode and
privileged mode, in which RO—R7 are assigned as shown below.

* RO_BANKO-R7_BANKO
In user mode (SR.MD = 0), RO-R7 are always assigned to RO_BANKO0-R7_BANKaO.

In privileged mode (SR.MD = 1), RO—R7 are assigned to RO_BANKO-R7_BANKO only when
SR.RB =0.

* RO_BANK1-R7_BANK1
In user mode, RO_ BANK1-R7_BANK1 cannot be accessed.
In privileged mode, RO—R7 are assigned to RO_BANK1-R7_BANK1 only when SR.RB = 1.
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SR.MD =0 or
(SR.MD =1, SR.RB =0) (SR.MD =1, SR.RB=1)
RO RO_BANKO RO_BANKO
R1 R1_BANKO R1_BANKO
R2 R2_BANKO R2_BANKO
R3 R3_BANKO R3_BANKO
R4 R4_BANKO R4_BANKO
R5 R5_BANKO R5_BANKO
R6 R6_BANKO R6_BANKO
R7 R7_BANKO R7_BANKO
RO_BANK1 RO_BANK1 RO
R1_BANK1 R1 BANK1 R1
R2_BANK1 R2_BANK1 R2
R3_BANK1 R3_BANK1 R3
R4 BANK1 R4_BANK1 R4
R5_BANK1 R5_BANK1 R5
R6_BANK1 R6_BANK1 R6
R7_BANK1 R7_BANK1 R7
RS R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15

Figure 2.3 General Registers

Programming Note: As the user's RO—R7 are assigned to RO_BANKO-R7_BANKO, and after an
exception or interrupt RO—R7 are assigned to RO_BANK1-R7_BANK1, it is not necessary for the
interrupt handler to save and restore the user's RO—R7 (RO_BANKO-R7_BANKO).

After a reset, the values of RO BANKO—-R7_BANKO, RO_BANK1-R7 BANK1, and R8-R15 are
undefined.
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2.2.3 Floating-Point Registers

Figure 2.4 shows the floating-point registers. There are thirty-two 32-bit floating-point registers,
divided into two banks (FPRO_BANKO-FPR15_BANKO and FPRO_BANK1-FPR15 BANK1).
These 32 registers are referenced as FRO—FR15, DR0/2/4/6/8/10/12/14, F\V0/4/8/12, XFO—XF1~
XDO0/2/4/6/8/10/12/14, or XMTRX. The correspondence between FPRn_BANKIi and the referenc
name is determined by the FR bit in FPSCR (see figure 2.4).

» Floating-point registers, FPRn_BANKIi (32 registers)
FPRO_BANKO, FPR1_BANKO, FPR2_BANKO, FPR3_BANKO, FPR4 BANKO,
FPR5 BANKO, FPR6_BANKO, FPR7_BANKO, FPR8 BANKO, FPR9 BANKO,
FPR10_BANKO, FPR11 BANKO, FPR12_ BANKO, FPR13 BANKO, FPR14 BANKO,
FPR15 BANKO

FPRO_BANK1, FPR1_BANK1, FPR2_BANK1, FPR3_BANK1, FPR4_BANK1,
FPR5_BANK1, FPR6_BANK1, FPR7_BANK1, FPR8_BANK1, FPR9_BANK1,
FPR10_BANK1, FPR11_BANK1, FPR12_BANK1, FPR13_BANK1, FPR14_BANK1,
FPR15_BANK1

» Single-precision floating-point registers, FRi (16 registers)
When FPSCR.FR = 0, FRO-FR15 are assigned to FPRO_BANKO-FPR15_BANKO.
When FPSCR.FR = 1, FRO-FR15 are assigned to FPRO_BANK1-FPR15 BANKI.

» Double-precision floating-point registers or single-precision floating-point register pairs, DRi
(8 registers): A DR register comprises two FR registers.
DRO = {FRO, FR1}, DR2 = {FR2, FR3}, DR4 = {FR4, FR5}, DR6 = {FR6, FR7},
DR8 = {FR8, FR9}, DR10 = {FR10, FR11}, DR12 = {FR12, FR13}, DR14 = {FR14, FR15}

» Single-precision floating-point vector registers, FVi (4 registers): An FV register comprises
four FR registers
FVO0 = {FRO, FR1, FR2, FR3}, FV4 = {FR4, FR5, FR6, FR7},
FV8 = {FR8, FR9, FR10, FR11}, Fv12 = {FR12, FR13, FR14, FR15}

» Single-precision floating-point extended registers, XFi (16 registers)
When FPSCR.FR = 0, XFO-XF15 are assigned to FPRO_BANK1-FPR15_BANK1.
When FPSCR.FR = 1, XFO-XF15 are assigned to FPRO_BANKO-FPR15_BANKO.

» Single-precision floating-point extended register pairs, XDi (8 registers): An XD register
comprises two XF registers
XDO0 = {XF0, XF1}, XD2 = {XF2, XF3}, XD4 = {XF4, XF5}, XD6 = {XF6, XF7},
XD8 = {XF8, XF9}, XD10 = {XF10, XF11}, XD12 = {XF12, XF13}, XD14 = {XF14, XF15}
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» Single-precision floating-point extended register matrix, XMTRX: XMTRX comprises all 16
XF registers

XMTRX = | XFO XF4 XF8 XF12
XF1 XF5 XF9 XF13
XF2 XF6 XF10 XF14
XF3 XF7 XF11  XF15

FPSCR.FR=0 FPSCR.FR=1
FVO DRO FRO FPRO_BANKO XFO XD0 XMTRX
FR1 FPR1_BANKO XF1
DR2 FR2 FPR2_BANKO XF2 XD2
FR3 FPR3_BANKO XF3

FV4 DR4 FR4 FPR4_BANKO XF4  XD4
FR5 FPR5_BANKO XF5
DR6 FR6 FPR6_BANKO XF6 XD6
FR7 FPR7_BANKO XF7
FV8 DR8 FRS8 FPR8_BANKO XF8 XD8
FR9 FPR9_BANKO XF9
DR10 FR10 FPR10_BANKO XF10 XD10
FR11 FPR11_BANKO XF11
FV12 DR12 FR12 FPR12_BANKO XF12 XD12
FR13 FPR13_BANKO XF13
DR14 FR14 FPR14_BANKO XF14 XD14
FR15 FPR15_BANKO XF15
XMTRX XDO XFO FPRO_BANK1 FRO DRO FVO
XF1 FPR1_BANK1 FR1
XD2 XF2 FPR2_BANK1 FR2 DR2
XF3 FPR3_BANK1 FR3
XD4 XF4 FPR4_BANK1 FR4 DR4 FV4
XF5 FPR5_BANK1 FR5
XD6 XF6 FPR6_BANK1 FR6 DR6
XF7 FPR7_BANK1 FR7
XD8 XF8 FPR8_BANK1 FR8 DR8 FV8
XE9 FPR9_BANK1 FR9
XD10 XF10 FPR10_BANK1 FR10 DRI10
XF11 FPR11_BANK1 FR11
XD12 XF12 FPR12_BANK1 FR12 DR12 FVi12
XF13 FPR13_BANK1 FR13
XD14 XF14 FPR14 BANK1 FR14 DR14
XF15 FPR15_BANK1 FR15

Figure 2.4 Floating-Point Registers
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Programming Note: After a reset, the values of FPRO_BANKO-FPR15 BANKO and
FPRO_BANK1-FPR15 BANK1 are undefined.

224 Control Registers

Status register, SR (32 bits, privilege protection, initial value = 0111 0000 0000 0000 0000
00XX 1111 00XX (X = undefined))

31 30 29 28 27 16 15 14 10 9 8 7 4 3 2 1 0
| [wo[re e | — |Fo| — [vlo| wasc | — [s]7]|
Note: —: Reserved. These bits are always read as 0, and should only be written with 0.

* MD: Processor mode

MD = 0: User mode (some instructions cannot be executed, and some resources cannot be
accessed)
MD = 1: Privileged mode

* RB: General register specification bit in privileged mode (set to 1 by a reset, exception, or
interrupt)
RB = 0: RO_BANKO-R7_BANKO are accessed as general registers RO—R7. (RO_BANK1-
R7_BANK1 can be accessed using LDC/STC instructions.)

RB = 1: RO_BANK1-R7_BANK1 are accessed as general registers RO—R7. (RO_BANKO-
R7_BANKO can be accessed using LDC/STC instructions.)

» BL: Exception/interrupt block bit (set to 1 by a reset, exception, or interrupt)

BL = 1: Interrupt requests are masked. If a general exception other than a user break occurs
while BL = 1, the processor switches to the reset state.

» FD: FPU disable bit (cleared to 0 by a reset)

FD = 1: An FPU instruction causes a general FPU disable exception, and if the FPU instructi
is in a delay slot, a slot FPU disable exception is generated. (FPU instructions: H'F***
instructions, LDC(.L)/STS(.L) instructions for FPUL/FPSCR)

* M, Q: Used by the DIVOS, DIVOU, and DIV1 instructions.

* IMASK: Interrupt mask level

Interrupts of a lower level than IMASK are masked. IMASK does not change when an
interrupt is generated.

S: Specifies a saturation operation for a MAC instruction.

T: True/false condition or carry/borrow bit
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Saved status register, SSR (32 bits, privilege protection, initial value undefinedhe current
contents of SR are saved to SSR in the event of an exception or interrupt.

Saved program counter, SPC (32 bits, privilege protection, initial value undefined}he
address of an instruction at which an interrupt or exception occurs is saved to SPC.

Global base register, GBR (32 bits, initial value undefined)GBR is referenced as the base
address in a GBR-referencing MOV instruction.

Vector base register, VBR (32 bits, privilege protection, initial value = H'0000 0000¥BR is
referenced as the branch destination base address in the event of an exception or interrupt. For
details, see section 5, Exceptions.

Saved general register 15, SGR (32 hits, privilege protection, initial value undefined)he
contents of R15 are saved to SGR in the event of an exception or interrupt.

Debug base register, DBR (32 bits, privilege protection, initial value undefinedyvhen the
user break debug function is enabled (BRCR.UBDE = 1), DBR is referenced as the user break
handler branch destination address instead of VBR.

2.25 System Registers

Multiply-and-accumulate register high, MACH (32 bits, initial value undefined)
Multiply-and-accumulate register low, MACL (32 bits, initial value undefined)

MACH/MACL is used for the added value in a MAC instruction, and to store a MAC instruction
or MUL instruction operation result.

Procedure register, PR (32 bits, initial value undefined)The return address is stored in PR in a
subroutine call using a BSR, BSRF, or JSR instruction, and PR is referenced by the subroutine
return instruction (RTS).

Program counter, PC (32 bits, initial value = H'A000 0000)PC indicates the executing
instruction address.
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Floating-point status/control register, FPSCR (32 bits, initial value = H'0004 0001)

31 22 21 20 19 18 17 12 11 7 6 2 1 0
— |FR |SZ |PR |DN | Cause | Enable Flag | RM |
Note: —: Reserved. These bits are always read as 0, and should only be written with 0.

* FR: Floating-point register bank

FR = 0: FPRO_BANKO-FPR15_BANKO are assigned to FRO—FR15; FPRO_BANK1-
FPR15_ BANK1 are assigned to XFO—XF15.

FR = 1: FPRO_BANKO-FPR15_BANKO are assigned to XFO—XF15; FPRO_BANK1-
FPR15 BANK1 are assigned to FRO—FR15.

e SZ: Transfer size mode
SZ = 0: The data size of the FMOV instruction is 32 bits.
SZ = 1: The data size of the FMOV instruction is a 32-bit register pair (64 bits).

* PR: Precision mode
PR = 0: Floating-point instructions are executed as single-precision operations.

PR = 1: Floating-point instructions are executed as double-precision operations (the result of
instructions for which double-precision is not supported is undefined).

Do not set SZ and PR to 1 simultaneously; this setting is reserved.
[SZ, PR = 11]: Reserved (FPU operation instruction is undefined.)

* DN: Denormalization mode
DN = 0: A denormalized number is treated as such.
DN = 1: A denormalized number is treated as zero.

» Cause: FPU exception cause field
» Enable: FPU exception enable field
* Flag: FPU exception flag field

FPU Invalid Division Overflow Underflow Inexact
Error (E) Operation (V) by Zero (Z) (O) V) )
Cause FPU exception  Bit 17 Bit 16 Bit 15 Bit 14 Bit 13 Bit 12
cause field
Enable  FPU exception None Bit 11 Bit 10 Bit 9 Bit 8 Bit 7
enable field
Flag FPU exception  None Bit 6 Bit 5 Bit 4 Bit 3 Bit 2
flag field
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When an FPU operation instruction is executed, the FPU exception cause field is cleared to
zero first. When the next FPU exception is occured, the corresponding bits in the FPU
exception cause field and FPU exception flag field are set to 1. The FPU exception flag field
holds the status of the exception generated after the field was last cleared.

* RM: Rounding mode
RM = 00: Round to Nearest
RM = 01: Round to Zero
RM = 10: Reserved
RM = 11: Reserved

* Bits 22 to 31: Reserved

Floating-point communication register, FPUL (32 bits, initial value undefined)Data transfer
between FPU registers and CPU registers is carried out via the FPUL register.

Programming Note: When SZ = 1 and big endian mode is selected, FMOV can be used for
double-precision floating-point data load or store operations. In little endian mode, two 32-bit date
size moves must be executed, with SZ = 0, to load or store a double-precision floating-point data

2.3 Memory-Mapped Registers

Appendix A shows the control registers mapped to memory. The control registers are double-
mapped to the following two memory areas. All registers have two addresses.

H'1C00 0000-H'1FFF FFFF
H'FC00 0000-H'FFFF FFFF

These two areas are used as follows.

» H'1C00 0000-H'1FFF FFFF

This area must be accessed using the address translation function of the MMU. Setting the
page number of this area to the corresponding filed of the TLB enables access to a memory-
mapped register. Accessing this area without using the address translation function of the
MMU is not guaranteed.

+ H'FCO00 0000-H'FFFF FFFF

Access to area H'FC00 0000FHFF FFFF in user mode will cause an address error. Memory-
mapped registers can be referenced in user mode by means of access that involves address
translation.

Note: Do not access undefined locations in either area The operation of an access to an
undefined location is undefined. Also, memory-mapped registers must be accessed using
fixed data size. The operation of an access using an invalid data size is undefined.
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2.4 Data Format in Registers

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

31 0
| Longword

2.5 Data Formats in Memory

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

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

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

The data format in memory is shown in figure 2.5.

A A+1 A+2 A+3 A+11 A+10 A+9 A+8
31 23 15 7 0 31 23 15 7 0
7 of7 0|7 0|7 0 7 0|7 0|7 0[7 0
Address A | Byte 0 | Byte 1 | Byte 2 | Byte 3 Byte 3|Byte 2| Byte 1 | Byte 0| Address A +8
15 0(15 o] 15 0[15 0
Address A + 4 Word 0 Word 1 Word 1 Word 0 Address A + 4
31 0 31 0
Address A +8 Longword Longword Address A
Big endian Little endian

Figure 2.5 Data Formats In Memory
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Note: The SH7751 Series does not support endian conversion for the 64-bit data format.
Therefore, if double-precision floating-point format (64-bit) access is performed in little
endian mode, the upper and lower 32 bits will be reversed.

2.6 Processor States

The SH7751 Series has five processor states: the reset state, exception-handling state, bus-rele:
state, program execution state, and power-down state.

Reset Stateln this state the CPU is reset. The power-on reset state is entered wRESHTe
pin goes low. The CPU enters the manual reset stateRBBET pin is high and th¢MRESET
pin is low. For more information on resets, see section 5, Exceptions.

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

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

In the case of a reset, the CPU branches to address H'A000 0000 and starts executing the user-
coded exception handling program.

In the case of a general exception or interrupt, the program counter (PC) contents are saved in tt
saved program counter (SPC), the status register (SR) contents are saved in the saved status
register (SSR), and the R15 contents are saved in saved general register 15 (SGR). The CPU
branches to the start address of the user-coded exception service routine found from the sum of
contents of the vector base address and the vector offset. See section 5, Exceptions, for more
information on resets, general exceptions, and interrupts.

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

Power-Down State:In the power-down state, CPU operation halts and power consumption is
reduced. The power-down state is entered by executing a SLEEP instruction. There are three
modes in the power-down state: sleep mode, deep sleep mode, and standby mode. For details, ¢
section 9, Power-Down Modes.

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

Transitions between the states are shown in figure 2.6.
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From any state when

From any state when

RESET =0 RESET =1 and MRESET =0
, \ 4
E Power-on reset state Manual reset state '
1 Reset state ,
RESET =1 RESET =1,
MRESET =1
Exception-handling state
Bus request
q Bus request
clearance
Interrupt Interrupt
Exception End of exception
Bus-released state _ interrupt transition
s processing
Bus request
clearance
request
y

Bus request
clearance

Bus request Program execution state

SLEEP instruction
with STBY bit
cleared

SLEEP instruction
with STBY bit set

i Sleep mode Standby mode '

Power-down state
Figure 2.6 Processor State Transitions

2.7 Processor Modes

There are two processor modes: user mode and privileged mode. The processor mode is
determined by the processor mode bit (MD) in the status register (SR). User mode is selected
when the MD bit is cleared to 0, and privileged mode when the MD bit is set to 1. When the rese
state or exception state is entered, the MD bit is set to 1. There are certain registers and bits wh
can only be accessed in privileged mode.
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Section 3 Memory Management Unit (MMU)

3.1 Overview

3.11 Features

The SH7751 Series can handle 29-bit external memory space from an 8-bit address space
identifier and 32-bit logical (virtual) address space. Address translation from virtual address to
physical address is performed using the memory management unit (MMU) built into the SH775!
Series. The MMU performs high-speed address translation by caching user-created address
translation table information in an address translation buffer (translation lookaside buffer: TLB).
The SH7751 Series has four instruction TLB (ITLB) entries and 64 unified TLB (UTLB) entries.
UTLB copies are stored in the ITLB by hardware. A paging system is used for address translatic
with support for four page sizes (1, 4, and 64 kbytes, and 1 Mbyte). It is possible to set the virtu:
address space access right and implement storage protection independently for privileged mode
and user mode.

3.1.2 Role of the MMU

The MMU was conceived as a means of making efficient use of physical memory. As shown in
figure 3.1, when a process is smaller in size than the physical memory, the entire process can b
mapped onto physical memory, but if the process increases in size to the point where it does nc
into physical memory, it becomes necessary to divide the process into smaller parts, and map tl
parts requiring execution onto physical memory on an ad hoc basis ((1)). Having this mapping
onto physical memory executed consciously by the process itself imposes a heavy burden on th
process. The virtual memory system was devised as a means of handling all physical memory
mapping to reduce this burden ((2)). With a virtual memory system, the size of the available
virtual memory is much larger than the actual physical memory, and processes are mapped ont
this virtual memory. Thus processes only have to consider their operation in virtual memory, ant
mapping from virtual memory to physical memory is handled by the MMU. The MMU is
normally managed by the OS, and physical memory switching is carried out so as to enable the
virtual memory required by a task to be mapped smoothly onto physical memory. Physical
memory switching is performed via secondary storage, etc.

The virtual memory system that came into being in this way works to best effect in a time sharin
system (TSS) that allows a number of processes to run simultaneously ((3)). Running a number
processes in a TSS did not increase efficiency since each process had to take account of physi
memory mapping. Efficiency is improved and the load on each process reduced by the use of a
virtual memory system ((4)). In this system, virtual memory is allocated to each process. The ta:
of the MMU is to map a number of virtual memory areas onto physical memory in an efficient
manner. It is also provided with memory protection functions to prevent a process from
inadvertently accessing another process’s physical memory.
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When address translation from virtual memory to physical memory is performed using the MMU,
it may happen that the translation information has not been recorded in the MMU, or the virtual
memory of a different process is accessed by mistake. In such cases, the MMU will generate an
exception, change the physical memory mapping, and record the new address translation
information.

Although the functions of the MMU could be implemented by software alone, having address
translation performed by software each time a process accessed physical memory would be very
inefficient. For this reason, a buffer for address translation (the translation lookaside buffer: TLB)
is provided in hardware, and frequently used address translation information is placed here. The
TLB can be described as a cache for address translation information. However, unlike a cache, if
address translation fails—that is, if an exception occurs—switching of the address translation
information is normally performed by software. Thus memory management can be performed in ¢
flexible manner by software.

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

In the following descriptions, the address space in virtual memory in the SH7751 Series is referre
to as virtual address space, and the address space in physical memory as physical address spac
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Figure 3.1 Role of the MMU
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3.1.3 Register Configuration
The MMU registers are shown in table 3.1.

Table 3.1 MMU Registers

Abbrevia- Initial P4 Area 7 Access
Name tion R/W  Value** Address*?  Address*?  Size
Page table entry high PTEH R/W  Undefined H'FFO0 0000 H'1F00 0000 32
register
Page table entry low PTEL R/W  Undefined H'FFO0 0004 H'1F00 0004 32
register
Page table entry PTEA R/W  Undefined H'FFO0 0034 H'1F00 0034 32
assistance register
Translation table base  TTB R/W  Undefined H'FFO0 0008 H'1F00 0008 32
register
TLB exception address TEA R/W  Undefined H'FFO0 000C H'1F00 000C 32
register

MMU control register MMUCR R/W  H'0000 0000 H'FFO0 0010 H'1FO0 0010 32

Notes: *1 The initial value is the value after a power-on reset or manual reset.
*2 P4 address is the address when using the virtual/physical address space P4 area. The
area 7 address is the address used when making an access from physical address
space area 7 using the TLB.

3.14 Caution

Operation is not guaranteed if an area designated as a reserved area in this manual is accessed
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3.2 Register Descriptions

There are six MMU-related registers.

1. PTEH

31 10 9 8 7 0

VPN —|— ASID

2. PTEL

31 30 29 28 10 9 8 7 6 5 4 3 2 1 0

—|—|— PPN —|V|SZ| PR [SZ|C|D |SHWT
3. PTEA

31 4 3 2 0

TC SA

4. TTB

31 0

TTB

5. TEA

31 0

Virtual address at which MMU exception or address error occurred

6. MMUCR

31 26 25 24 23 18 17 16 15 10 9 8 7 6 5 4 3 2 1 0

LRUI —|— URB —|— URC SV|—|—|—|—|—|TI|—|AT
|
SQMD

— indicates a reserved bit: the write value must be 0, and a read will return 0.

Figure 3.2 MMU-Related Registers
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1. Page table entry high register (PTEH)Longword access to PTEH can be performed from
H'FFO00 0000 in the P4 area and H'1F00 0000 in area 7. PTEH consists of the virtual page numbe
(VPN) and address space identifier (ASID). When an MMU exception or address error exception
occurs, the VPN of the virtual address at which the exception occurred is set in the VPN field by
hardware. VPN varies according to the page size, but the VPN set by hardware when an excepti
occurs consists of the upper 22 bits of the virtual address which caused the exception. VPN settil
can also be carried out by software. The number of the currently executing process is set in the
ASID field by software. ASID is not updated by hardware. VPN and ASID are recorded in the
UTLB by means of the LDLTB instruction. A branch to the PO, P3, or VO area which uses the
updated ASID after the ASID field in PTEH is rewritten should be made at least 6 instructions
after the PTEH update instruction.

2. Page table entry low register (PTEL)Longword access to PTEL can be performed from
H'FFO00 0004 in the P4 area and H'1F00 0004 in area 7. PTEL is used to hold the physical page
number and page management information to be recorded in the UTLB by means of the LDTLB
instruction. The contents of this register are not changed unless a software directive is issued.

3. Page table entry assistance register (PTEA)ongword access to PTEA can be performed

from H'FFOO0 0034 in the P4 area and H'1F00 0034 in area 7. PTEA is used to store assistance b
for PCMCIA access to the UTLB by means of the LDTLB instruction. When performing

PCMCIA access with the MMU off, access is always performed using the values of the SA and
TC bits in this register. Access to a PCMCIA interface area by the DMAC is always performed
using the DMAC’s CHCRn.SSAn, CHCRn.DSAn, CHCRn.STC, and CHCRn.DTC values. The
contents of this register are not changed unless a software directive is issued.

4. Translation table base register (TTB)Longword access to TTB can be performed from
H'FFO00 0008 in the P4 area and H'1F00 0008 in area 7. TTB is used, for example, to hold the ba
address of the currently used page table. The contents of TTB are not changed unless a software
directive is issued. This register can be freely used by software.

5. TLB exception address register (TEA)Longword access to TEA can be performed from
H'FF00 000C in the P4 area and H'1F00 000C in area 7. After an MMU exception or address errc
exception occurs, the virtual address at which the exception occurred is set in TEA by hardware.
The contents of this register can be changed by software.

6. MMU control register (MMUCR): MMUCR contains the following bits:
LRUI: Least recently used ITLB

URB: UTLB replace boundary

URC: UTLB replace counter

SQMD: Store queue mode bit

SV: Single virtual mode bit

TI: TLB invalidate

AT: Address translation bit
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Longword access to MMUCR can be performed from H'FF00 0010 in the P4 area and H'1F00
0010 in area 7. The individual bits perform MMU settings as shown below. Therefore, MMUCR
rewriting should be performed by a program in the P1 or P2 area. After MMUCR is updated, an
instruction that performs data access to the PO, P3, UO, or store queue area should be located ¢
least four instructions after thdMUCR update instruction. Also, a branch instruction to the PO,
P3, or U0 area should be located at least eight instructions after the MMUCR update instruction
MMUCR contents can be changed by software. The LRUI bits and URC bits may also be updat
by hardware.

* LRUI: LRU bits that indicate the ITLB entry for which replacement is to be performed. The
LRU (least recently used) method is used to decide the ITLB entry to be replaced in the ever
of an ITLB miss. The entry to be purged from the ITLB can be confirmed using the LRUI bits
LRUI is updated by means of the algorithm shown below. A dash in this table means that
updating is not performed.

LRUI
[5] (4] (3] (2] (1] [0]
When ITLB entry 0 is used 0 0 0 — — —
When ITLB entry 1 is used 1 — — 0 0 —
When ITLB entry 2 is used — 1 — 1 — 0
When ITLB entry 3 is used — — 1 — 1

Other than the above — — — - — _

When the LRUI bit settings are as shown below, the corresponding ITLB entry is updated by
an ITLB miss. An asterisk in this table means “Don’t care”.

LRUI
[5] (4] (3] (2] (1] [0]
ITLB entry 0 is updated 1 1 1 * * *
ITLB entry 1 is updated 0 * * 1 1 *
ITLB entry 2 is updated * 0 * 0 * 1
ITLB entry 3 is updated * * 0 * 0 0
Other than the above Setting prohibited

Ensure that values for which “Setting prohibited” is indicated in the above table are not set a
the discretion of software. After a power-on or manual reset the LRUI bits are initialized to 0,
and therefore a prohibited setting is never made by a hardware update.

* URB: Bits that indicate the UTLB entry boundary at which replacement is to be performed.
Valid only when URB > 0.
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* URC: Random counter for indicating the UTLB entry for which replacement is to be
performed with an LDTLB instruction. URC is incremented each time the UTLB is accessed.
When URB > 0, URC is reset to 0 when the condition URC = URB occurs. Also note that, if a
value is written to URC by software which results in the condition URC > URB, incrementing
is first performed in excess of URB until URC = H'3F. URC is not incremented by an LDTLB
instruction.

» SQMD: Store queue mode bit. Specifies the right of access to the store queues.
0: User/privileged access possible
1: Privileged access possible (address error exception in case of user access)

» SV: Bit that switches between single virtual memory mode and multiple virtual memory mode.
0: Multiple virtual memory mode
1: Single virtual memory mode
When this bit is changed, ensure that 1 is also written to the Tl bit.

« TI: TLB invalidation bit. Writing 1 to this bit invalidates (clears to 0) all valid UTLB/ITLB
bits. This bit always returns 0 when read.

» AT: Address translation enable bit. Specifies MMU enabling or disabling.
0: MMU disabled
1: MMU enabled

MMU exceptions are not generated when the AT bit is 0. In the case of software that does not
use the MMU, therefore, the AT bit should be cleared to O.

3.3 Address Space

3.3.1 Physical Address Space

The SH7751 Series supports a 32-bit physical address space, and can access a 4-Gbyte addres
space. When the MMUCR.AT bit is cleared to 0 and the MMU is disabled, the address space is
this physical address space. The physical address space is divided into a number of areas, as
shown in figure 3.3. The physical address space is permanently mapped onto 29-bit external
memory space; this correspondence can be implemented by ignoring the upper 3 bits of the
physical address space addresses. In privileged mode, the 4-Gbyte space from the PO area to th
P4 area can be accessed. In user mode, a 2-Gbyte space in the U0 area can be accessed. Acce
the P1 to P4 areas (except the store queue area) in user mode will cause an address error.
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External
memory space
H'0000 0000 T aAreao | H'0000 0000
Area 1
Area 2
Area 3
PO area Area 4 U0 area
Cacheable Area 5 Cacheable
Area 6
Area 7
H'8000 0000 H'8000 0000
P1 area :
Cacheable
H'A000 0000 P2 area
Non-cacheable | ' "
. ! Address error
H'C000 0000 P3 area ;
Cacheable H
H'E000 0000 H'EO00 0000
P4 aLea " Store queue area H'EA00 0000
H'EFFE FEEF Non-cacheable Address error H'EFEE FEEF
Privileged mode User mode

Figure 3.3 Physical Address Space (MMUCR.AT = 0)

When performing access from the CPU to a PCMCIA interface area in the SH7751 Series, acce
is always performed using the values of the SA and TC bits set in the PTEA register. Access to
PCMCIA interface area by the DMAC is always performed using the DMAC’s CHCRn.SSAn,
CHCRN.DSAN, CHCRn.STC, and CHCRn.DTC values. For details, see section 14, Direct
Memory Access Controller.

PO, P1, P3, UO AreasThe PO, P1, P3, and UO areas can be accessed using the cache. Whether
not the cache is used is determined by the cache control register (CCR). When the cache is use
with the exception of the P1 area, switching between the copy-back method and the write-throu
method for write accesses is specified by the CCR.WT bit. For the P1 area, switching is specifie
by the CCR.CB bit. Zeroizing the upper 3 bits of an address in these areas gives the corresponc
external memory space address. However, since area 7 in the external memory space is a rese
area, a reserved area also appears in these areas.

P2 Area: The P2 area cannot be accessed using the cache. In the P2 area, zeroizing the upper
bits of an address gives the corresponding external memory space address. However, since are
in the external memory space is a reserved area, a reserved area also appears in this area.

P4 Area: The P4 area is mapped onto SH7751 Series on-chip 1/0O channels. This area cannot b
accessed using the cache. The P4 area is shown in detail in figure 3.4.
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H'EO00 0000
Store queue

H'E400 0000

Reserved area
H'F000 0000 Instruction cache address array
H'F100 0000 Instruction cache data array
H'F200 0000 Instruction TLB address array
H'F300 0000 Instruction TLB data arrays 1 and 2
H'F400 0000 Operand cache address array
H'F500 0000 Operand cache data array
H'F600 0000 Unified TLB address array
H'F700 0000 Unified TLB data arrays 1 and 2
H'F800 0000

Reserved area
H'FCO00 0000

Control register area

H'FFFF FFFF

Figure 3.4 P4 Area

The area from H'EO0O 0000 to H'E3FF FFFF comprises addresses for accessing the store queue
(SQs). When the MMU is disabled (MMUCR.AT = 0), the SQ access right is specified by the
MMUCR.SQMD bit. For detils, see section 4.7, Store Queues.

The area from H'FO00 0000 to H'FOFF FFFF is used for direct access to the instruction cache
address array. For details, see section 4.5.1, IC Address Array.

The area from H'F100 0000 to H'F1FF FFFF is used for direct access to the instruction cache da
array. For details, see section 4.5.2, IC Data Array.

The area from H'F200 0000 to H'F2FF FFFF is used for direct access to the instruction TLB
address array. For details, see section 3.7.1, ITLB Address Array.

The area from H'F300 0000 to H'F3FF FFFF is used for direct access to instruction TLB data
arrays 1 and 2. For details, see sections 3.7.2, ITLB Data Array 1, and 3.7.3, ITLB Data Array 2.
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The area from H'F400 0000 to H'FAFF FFFF is used for direct access to the operand cache add
array. For details, see section 4.5.3, OC Address Array.

The area from H'F500 0000 to H'F5FF FFFF is used for direct access to the operand cache dat:
array. For details, see section 4.5.4, OC Data Array.

The area from H'F600 0000 to H'F6FF FFFF is used for direct access to the unified TLB addres
array. For details, see section 3.7.4, UTLB Address Array.

The area from H'F700 0000 to HF7FF FFFF is used for direct access to unified TLB data arrays
and 2. For details, see sections 3.7.5, UTLB Data Array 1, and 3.7.6, UTLB Data Array 2.

The area from H'FC00 0000 to H'FFFF FFFF is the on-chip peripheral module control register
area. For details, see appendix A, Address List.

3.3.2 External Memory Space

The SH7751 Series supports a 29-bit external memory space. The external memory space is
divided into eight areas as shown in figure 3.5. Areas 0 to 6 relate to memory, such as SRAM,
synchronous DRAM, DRAM, and PCMCIA. Area 7 is a reserved area. For details, see section 1
Bus State Controller (BSC).

H'0000 0000 Area 0
H'0400 0000 Area 1
H'0800 0000 Area 2
H'0C00 0000 Area 3
H'1000 0000 Area 4
H'1400 0000 Area 5
H'1800 0000 Area 6
:1;82 2'2?:?: Area 7 (reserved area)

Figure 3.5 External Memory Space
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3.33 Virtual Address Space

Setting the MMUCR.AT bit to 1 enables the PO, P3, and UO areas of the physical address space
the SH7751 Series to be mapped onto any external memory space in 1-, 4-, or 64-kbyte, or 1-
Mbyte, page units. By using an 8-bit address space identifier, the PO, U0, P3, and store queue
areas can be increased to a maximum of 256. This is called the virtual address space. Mapping
from virtual address space to 29-bit external memory space is carried out using the TLB. Only
when area 7 in external memory space is accessed using virtual address space, addresses H'1C
0000 to H'1FFF FFFF of area 7 are not designated as a reserved area, but are equivalent to the

area control register area in the physical address space. Virtual address space is illustrated in
figure 3.6.

256 L R External 256 o
ﬁ *._ memory space [.{
Area 0
Area 1
Area 2
PO area Area 3 U0 area
Cacheable Area 4
Address translation possible Cacheaple .
Area 5 Address translation possible
Area 6
Area 7
P1 area ,’/,/
Cacheable Iy
Address translation not possible / ’.’
P2 area s
Non-cacheable h
Address translation not possible iR Address error
P3 area ()
Cacheable i
Address translation possible
___________ Pdarea . ._________t Store queue area
Non-cacheable
Address translation not possible Address error
Privileged mode User mode

Figure 3.6 Virtual Address Space (MMUCR.AT = 1)

In the state of cache enabling, when the areas of PO, P3, and UO are mapped onto the area of th
PCMCIA interface by means of the TLB, it is necessary either to specify 1 for the WT bit or to

specify 0 for the C bit on that page. At that time, the regions are accessed by the values of SA a
TC set in page units of the TLB.
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Here, access to an area of the PCMCIA interface by accessing an area of P1, P2, or P4 from th
CPU is disabled. In addition, the PCMCIA interface is always accessed by the DMAC with the
values of CHCRn, SSAn, CHCRn.DsAn, CHCRn.STC and CHCRn.DTC in the DMAC. For
details, see Section 14, Direct Memory Access ContrdllstAC).

PO, P3, U0 AreasThe PO area (excluding addresses H'7C00 0000 to H'7FFF FFFF), P3 area, al
U0 area (excluding addresses H'7C00 0000 to H'7FFF FFFF) allow access using the cache anc
address translation using the TLB. These areas can be mapped onto any external memory spac
1-, 4-, or 64-kbyte, or 1-Mbyte, page units. When CCR is in the cache-enabled state and the
cacheability bit (C bit) in the TLB is 1, accesses can be performed using the cache. In write
accesses to the cache, switching between the copy-back method and the write-through method
indicated by the TLB write-through bit (WT bit), and is specified in page units.

Only when the PO, P3, and UO areas are mapped onto external memory space by means of the
TLB, addresses H'1C00 0000 to H'1FFF FFFF of area 7 in external memory space are allocatec
the control register area. This enables control registers to be accessed from the UO area in user
mode. In this case, the C bit for the corresponding page must be cleared to 0.

P1, P2, P4 AreasAddress translation using the TLB cannot be performed for the P1, P2, or P4
area (except for the store queue area). Accesses to these areas are the same as for physical ac
space. The store queue area can be mapped onto any external memory space by the MMU.
However, operation in the case of an exception differs from that for normal PO, U0, and P3 spac
For details, see section 4.7, Store Queues.

3.34 On-Chip RAM Space

In the SH7751 Series, half of the operand cache can be used as on-chip RAM. This can be don
changing the CCR settings.

When the operand cache is used as on-chip RAM (CCR.ORA = 1), PO, U0 area addresses H'7(
0000 to H'7FFF FFFF are an on-chip RAM area. Data accesses (byte/word/longword/quadword
can be used in this area. This area can only be used in RAM mode.

3.35 Address Translation

When the MMU is used, the virtual address space is divided into units called pages, and
translation to physical addresses is carried out in these page units. The address translation tabl.
external memory contains the physical addresses corresponding to virtual addresses and additi
information such as memory protection codes. Fast address translation is achieved by caching 1
contents of the address translation table located in external memory into the TLB. In the SH775
Series, basically, the ITLB is used for instruction accesses and the UTLB for data accesses. In t
event of an access to an area other than the P4 area, the accessed virtual address is translatec
physical address. If the virtual address belongs to the P1 or P2 area, the physical address is
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uniquely determined without accessing the TLB. If the virtual address belongs to the PO, UO, or P
area, the TLB is searched using the virtual address, and if the virtual address is recorded in the
TLB, a TLB hit is made and the corresponding physical address is read from the TLB. If the
accessed virtual address is not recorded in the TLB, a TLB miss exception is generated and
processing switches to the TLB miss exception handling routine. In the TLB miss exception
handling routine, the address translation table in external memory is searched, and the
corresponding physical address and page management information are recorded in the TLB. Afte
the return from the exception handling routine, the instruction which caused the TLB miss
exception is re-executed.

3.3.6 Single Virtual Memory Mode and Multiple Virtual Memory Mode

There are two virtual memory systems, single virtual memory and multiple virtual memory, either
of which can be selected with the MMUCR.SV bit. In the single virtual memory system, a number
of processes run simultaneously, using virtual address space on an exclusive basis, and the
physical address corresponding to a particular virtual address is uniquely determined. In the
multiple virtual memory system, a number of processes run while sharing the virtual address
space, and a particular virtual address may be translated into different physical addresses
depending on the process. The only difference between the single virtual memory and multiple
virtual memory systems in terms of operation is in the TLB address comparison method (see
section 3.4.3, Address Translation Method).

3.3.7 Address Space Identifier (ASID)

In multiple virtual memory mode, the 8-bit address space identifier (ASID) is used to distinguish
between processes running simultaneously while sharing the virtual address space. Software cal
set the ASID of the currently executing process in PTEH in the MMU. The TLB does not have to
be purged when processes are switched by means of ASID.

In single virtual memory mode, ASID is used to provide memory protection for processes running
simultaneously while using the virtual memory space on an exclusive basis.

Notes: (1) In single virtual memory mode of the SH7751 Series, entries with the same virtual
page number (VPN) but different ASIDs cannot be set in the TLB simultaneously.

(2) In single virtual memory mode of the SH7751, if the UTLB contains address
translation information including an ITLB miss address with a different ASID and
unshared state (SH bit is 0), SH7751 may hang up or an instruction TLB multiple hit
exception may occur during hardware ITLB miss handling (see section 3.5.4,
Hardware ITLB Miss Handling). To avoid this, when switching the ASID values
(PTEH and ASID) of the current processing, purge the UTLB, or manage the changes
of the program instruction addresses in user mode so that no instruction is executed in
an address area (including overrun prefetch of instruction) that is registered in the
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UTLB with a different ASID and unshared address translation information. Note that
this restriction does not apply to the SH7751R.

3.4 TLB Functions

3.4.1 Unified TLB (UTLB) Configuration
The unified TLB (UTLB) is so called because of its use for the following two purposes:

1. To translate a virtual address to a physical address in a data access

2. As atable of address translation information to be recorded in the instruction TLB in the evel
of an ITLB miss

Information in the address translation table located in external memory is cached into the UTLB.
The address translation table contains virtual page numbers and address space identifiers, and
corresponding physical page numbers and page management information. Figure 3.7 shows the
overall configuration of the UTLB. The UTLB consists of 64 fully-associative type entries. Figure
3.8 shows the relationship between the address format and page size.

Entry0 |ASID[7:0] |[VPN[31:10] | V| |PPN [28:10]|SZ[1:0] |SH|C|PR[1:0]|D|WT|SA [2:0]|TC
Entry1 |ASID[7:0] | VPN [31:10] | V| |PPN [28:10]|SZ [1:0] |SH|C|PR [1:0]|D|WT|SA [2:0] | TC
Entry2 |ASID[7:0] | VPN [31:10] | V| |PPN [28:10]|SZ[1:0] |SH|C|PR [1:0]|D|WT|SA [2:0]| TC

Entry 63 |ASID[7:O]|V.PN [31:10]|v| |PPN [28:10]|SZ [1:0]|SI-.||C|PR [1:0]|D|WT|SA[2:O]|TC|

Figure 3.7 UTLB Configuration
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e 1-kbyte page

Virtual address Physical address
31 10 9 0 28 10 9 0

VPN Offset — PPN Offset

* 4-kbyte page

Virtual address Physical address
31 12 11 0 28 1211 0

VPN Offset —) PPN Offset

* 64-kbyte page

Virtual address Physical address
31 16 15 0 28 16 15 0

VPN Offset — PPN Offset

¢ 1-Mbyte page
Virtual address Physical address
31 2019 0 28 2019 0

VPN Offset —) PPN Offset

Figure 3.8 Relationship between Page Size and Address Format

* VPN: Virtual page number
For 1-kbyte page: upper 22 bits of virtual address
For 4-kbyte page: upper 20 bits of virtual address
For 64-kbyte page: upper 16 bits of virtual address
For 1-Mbyte page: upper 12 bits of virtual address

» ASID: Address space identifier
Indicates the process that can access a virtual page.

In single virtual memory mode and user mode, or in multiple virtual memory mode, if the SH
bit is 0, this identifier is compared with the ASID in PTEH when address comparison is
performed.

* SH: Share status bit
When 0, pages are not shared by processes.
When 1, pages are shared by processes.

Rev. 3.0, 04/02, page 66 of 1064
RENESAS



SZ: Page size bits
Specify the page size.
00: 1-kbyte page

01: 4-kbyte page

10: 64-kbyte page

11: 1-Mbyte page

V: Validity bit

Indicates whether the entry is valid.
0: Invalid

1: Valid

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

PPN: Physical page number

Upper 22 bits of the physical address.

With a 1-kbyte page, PPN bits [28:10] are valid.
With a 4-kbyte page, PPN bits [28:12] are valid.
With a 64-kbyte page, PPN bits [28:16] are valid.
With a 1-Mbyte page, PPN bits [28:20] are valid.

The synonym problem must be taken into account when setting the PPN (see section 3.5.5,
Avoiding Synonym Problems).

PR: Protection key data

2-bit data expressing the page access right as a code.

00: Can be read only, in privileged mode

01: Can be read and written in privileged mode

10: Can be read only, in privileged or user mode

11: Can be read and written in privileged mode or user mode

C: Cacheability bit

Indicates whether a page is cacheable.

0: Not cacheable

1: Cacheable

When control register space is mapped, this bit must be cleared to 0.

When performing PCMCIA space mapping in the cache enabled state, either clear this bit to
or set the WT bit to 1.
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» D: Dirty bit
Indicates whether a write has been performed to a page.
0: Write has not been performed
1: Write has been performed

e WT: Write-through bit
Specifies the cache write mode.
0: Copy-back mode
1: Write-through mode

When performing PCMCIA space mapping in the cache enabled state, either set this bit to 1 c
clear the C bit to 0.

* SA: Space attribute bits
Valid only when the page is mapped onto PCMCIA connected to area 5 or 6.
000: Undefined
001: Variable-size /0 space (base size accordif@i®16 signal)
010: 8-hit I/O space
011: 16-bit I/O space
100: 8-bit common memory space
101: 16-bit common memory space
110: 8-bit attribute memory space
111: 16-bit attribute memory space

e TC: Timing control bit
Used to select wait control register bits in the bus control unit for areas 5 and 6.

0: WCR2 (A5W2-A5W0) and PCR (A5PCW1-A5PCWO0, ASTED2-A5TEDO, ASTEH2—-
A5TEHO) are used

1: WCR2 (A6W2-A6W0) and PCR (A6PCW1-A6PCWO0, A6GTED2-A6TEDO, A6GTEH2—
A6TEHO) are used
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3.4.2 Instruction TLB (ITLB) Configuration

The ITLB is used to translate a virtual address to a physical address in an instruction access.
Information in the address translation table located in the UTLB is cached into the ITLB. Figure
3.9 shows the overall configuration of the ITLB. The ITLB consists of 4 fully-associative type
entries. The address translation information is almost the same as that in the UTLB, but with the
following differences:

1. D and WT bits are not supported.
2. There is only one PR bit, corresponding to the upper of the PR bits in the UTLB.

Entry O [ASID [7:0] | VPN [31:10]
Entry 1 |ASID [7:0] | VPN [31:10]
Entry 2 |ASID [7:0] | VPN [31:10]
Entry 3 | ASID [7:0] | VPN [31:10]

PPN [28:10] | SZ [1:0] | SH
PPN [28:10] | SZ [1:0] | SH
PPN [28:10] | SZ [1:0] | SH
PPN [28:10] | SZ [1:0] | SH

PR [SA[2:0] | TC
PR [SA[2:0] | TC
PR [SA[2:0]|TC
PR [SA[2:0] | TC

| <| <<
O|l0[0|0

Figure 3.9 ITLB Configuration

3.4.3 Address Translation Method

Figures 3.10 and 3.11 show flowcharts of memory accesses using the UTLB and ITLB.
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Data access to virtual address (VA)

VAis

in P4 area
A
On-chip 1/0O access

VAis
in P2 are

VAis
in P1 area

VA'is in PO, UO,

a or P3 area

A

VPNs match
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( Instruction access to virtual address (VA) )
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Figure 3.11 Flowchart of Memory Access Using ITLB
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3.5 MMU Functions

351 MMU Hardware Management
The SH7751 Series supports the following MMU functions.

1. The MMU decodes the virtual address to be accessed by software, and performs address
translation by controlling the UTLB/ITLB in accordance with the MMUCR settings.

2. The MMU determines the cache access status on the basis of the page management
information read during address translation (C, WT, SA, and TC bits).

3. If address translation cannot be performed normally in a data access or instruction access, th
MMU notifies software by means of an MMU exception.

4. If address translation information is not recorded in the ITLB in an instruction access, the
MMU searches the UTLB, and if the necessary address translation information is recorded in
the UTLB, the MMU copies this information into the ITLB in accordance with
MMUCR.LRUL.

3.5.2 MMU Software Management
Software processing for the MMU consists of the following:

1. Setting of MMU-related registers. Some registers are also partially updated by hardware
automatically.

2. Recording, deletion, and reading of TLB entries. There are two methods of recording UTLB
entries: by using the LDTLB instruction, or by writing directly to the memory-mapped UTLB.
ITLB entries can only be recorded by writing directly to the memory-mapped ITLB. For
deleting or reading UTLB/ITLB entries, it is possible to access the memory-mapped
UTLB/ITLB.

3. MMU exception handling. When an MMU exception occurs, processing is performed based o
information set by hardware.

3.5.3 MMU Instruction (LDTLB)

A TLB load instruction (LDTLB) is provided for recording UTLB entries. When an LDTLB
instruction is issued, the SH7751 Series copies the contents of PTEH, PTEL, and PTEA to the
UTLB entry indicated by MMUCR.URC. ITLB entries are not updated by the LDTLB instruction,
and therefore address translation information purged from the UTLB entry may still remain in the
ITLB entry. As the LDTLB instruction changes address translation information, ensure that it is
issued by a program in the P1 or P2 area. The operation of the LDTLB instruction is shown in
figure 3.12.
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MMUCR

31 26 25 24 23 181716 15 109 8 7 3210
LRUI — URB — URC \S - TI|—|AT]
————\
Entry specification SQMD
PTEL
31 2928 109 8 7 6 543210
— PPN —|V[SZ] PR [SZ|C|D [SHWT]|
PTEH
31 109 8 7 0
VPN — ASID PTEA
31 4 3 2 0
— TC| SA

\ 4 .w

Entry 0 | ASID [7:0] | VPN [31:10] | V PPN [28:10] |SZ [1:0] | SH|C [PR[1:0] | D |WT|SA[2:0] | TC

Entryl |ASID[7:0] | VPN [31:10] | V PPN [28:10] |SZ [1:0] |SH|C [PR[1:0] | D |WT|SA[2:0] | TC

Entry2 | ASID [7:0] | VPN [31:10] | V PPN [28:10] |SZ [1:0] |SH|C [PR[1:0] | D |WT|SA[2:0] | TC

Entry 63 | ASID [7:0] | VPN [31:10] |V PPN [28:10] | SZ[1:0] |SH|C |PR[1:0] | D | WT|SA[2:0] | TC

uTLB
Figure 3.12 Operation of LDTLB Instruction
3.54 Hardware ITLB Miss Handling

In an instruction access, the SH7751 Series searches the ITLB. If it cannot find the necessary
address translation information (i.e. in the event of an ITLB miss), the UTLB is searched by
hardware, and if the necessary address translation information is present, it is recorded in the
ITLB. This procedure is known as hardware ITLB miss handling. If the necessary address
translation information is not found in the UTLB search, an instruction TLB miss exception is

generated and processing passes to software.
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3.55 Avoiding Synonym Problems

When 1- or 4-kbyte pages are recorded in TLB entries, a synonym problem may arise. The
problem is that, when a number of virtual addresses are mapped onto a single physical address,
same physical address data is recorded in a number of cache entries, and it becomes impossible
guarantee data integrity. This problem does not occur with the instruction TLB or instruction
cache. In the SH7751 Series, entry specification is performed using bits [13:5] of the virtual
address in order to achieve fast operand cache operation. However, bits [13:10] of the virtual
address in the case of a 1-kbyte page, and bits [13:12] of the virtual address in the case of a 4-
kbyte page, are subject to address translation. As a result, bits [13:10] of the physical address aft
translation may differ from bits [13:10] of the virtual address.

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

1. When address translation information whereby a number of 1-kbyte page UTLB entries are
translated into the same physical address is recorded in the UTLB, ensure that the VPN [13:1
values are the same.

2. When address translation information whereby a number of 4-kbyte page UTLB entries are
translated into the same physical address is recorded in the UTLB, ensure that the VPN [13:1
values are the same.

3. Do not use 1-kbyte page UTLB entry physical addresses with UTLB entries of a different page
size.

4. Do not use 4-kbyte page UTLB entry physical addresses with UTLB entries of a different page
size.

The above restrictions apply only when performing accesses using the cache. When cache index
mode is used, VPN [25] is used for the entry address instead of VPN [13], and therefore the aboy
restrictions apply to VPN [25].

Note: When multiple items of address translation information use the same physical memory to
provide for future SH Series expansion, ensure that the VPN [20:10] values are the same.
Also, do not use the same physical address for address translation information of differen
page sizes.
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3.6 MMU Exceptions

There are seven MMU exceptions: the instruction TLB multiple hit exception, instruction TLB
miss exception, instruction TLB protection violation exception, data TLB multiple hit exception,
data TLB miss exception, data TLB protection violation exception, and initial page write
exception. Refer to figures 3.10 and 3.11 for the conditions under which each of these exceptior
occurs.

3.6.1 Instruction TLB Multiple Hit Exception

An instruction TLB multiple hit exception occurs when more than one ITLB entry matches the
virtual address to which an instruction access has been made. If multiple hits occur when the
UTLB is searched by hardware in hardware ITLB miss handling, a data TLB multiple hit
exception will result.

When an instruction TLB multiple hit exception occurs a reset is executed, and cache coherenc
not guaranteed.

Hardware Processing:In the event of an instruction TLB multiple hit exception, hardware
carries out the following processing:

1. Sets the virtual address at which the exception occurred in TEA.
2. Sets exception code H'140 in EXPEVT.
3. Branches to the reset handling routine (H'A000 0000).

Software Processing (Reset RoutineT.he ITLB entries which caused the multiple hit exception
are checked in the reset handling routine. This exception is intended for use in program
debugging, and should not normally be generated.

3.6.2 Instruction TLB Miss Exception

An instruction TLB miss exception occurs when address translation information for the virtual
address to which an instruction access is made is not found in the UTLB entries by the hardwar:
ITLB miss handling procedure. The instruction TLB miss exception processing carried out by
hardware and software is shown below. This is the same as the processing for a data TLB miss
exception.
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Hardware Processing:In the event of an instruction TLB miss exception, hardware carries out
the following processing:

Sets the VPN of the virtual address at which the exception occurred in PTEH.
Sets the virtual address at which the exception occurred in TEA.
Sets exception code H'040 in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the instruction TLB miss exception handling routine.

A owbdpR

o

© © N o

Software Processing (Instruction TLB Miss Exception Handling Routine)Software is

responsible for searching the external memory page table and assigning the necessary page tab
entry. Software should carry out the following processing in order to find and assign the necessal
page table entry.

1. Write to PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT bits in the page table
entry recorded in the external memory address translation table. If necessary, the values of th
SA and TC bits should be written to PTEA.

2. When the entry to be replaced in entry replacement is specified by software, write that value t
URC in the MMUCR register. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

3. Execute the LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the TLB.

4. Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

3.6.3 Instruction TLB Protection Violation Exception

An instruction TLB protection violation exception occurs when, even though an ITLB entry
contains address translation information matching the virtual address to which an instruction
access is made, the actual access type is not permitted by the access right specified by the PR
The instruction TLB protection violation exception processing carried out by hardware and
software is shown below.
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Hardware Processing:In the event of an instruction TLB protection violation exception,
hardware carries out the following processing:

Sets the VPN of the virtual address at which the exception occurred in PTEH.
Sets the virtual address at which the exception occurred in TEA.
Sets exception code H'0AOQ in EXPEVT.

Sets the PC value indicating the address of the instruction at which the exception occurred i
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of th
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR. Set the current R15 value in SGR.
Sets the MD bit in SR to 1, and switches to privileged mode.

Sets the BL bit in SR to 1, and masks subsequent exception requests.

Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the instruction TLB protection violation exception handling routine.

A owbdpR
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Software Processing (Instruction TLB Protection Violation Exception Handling Routine):
Resolve the instruction TLB protection violation, execute the exception handling return instructic
(RTE), terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.

3.6.4 Data TLB Multiple Hit Exception

A data TLB multiple hit exception occurs when more than one UTLB entry matches the virtual
address to which a data access has been made. A data TLB multiple hit exception is also gener
if multiple hits occur when the UTLB is searched in hardware ITLB miss handling.

When a data TLB multiple hit exception occurs a reset is executed, and cache coherency is not
guaranteed. The contents of PPN in the UTLB prior to the exception may also be corrupted.

Hardware Processing:In the event of a data TLB multiple hit exception, hardware carries out the
following processing:

1. Sets the virtual address at which the exception occurred in TEA.
2. Sets exception code H'140 in EXPEVT.
3. Branches to the reset handling routine (H'A000 0000).

Software Processing (Reset Routine-he UTLB entries which caused the multiple hit
exception are checked in the reset handling routine. This exception is intended for use in progra
debugging, and should not normally be generated.
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3.6.5 Data TLB Miss Exception

A data TLB miss exception occurs when address translation information for the virtual address to
which a data access is made is not found in the UTLB entries. The data TLB miss exception
processing carried out by hardware and software is shown below.

Hardware Processing:In the event of a data TLB miss exception, hardware carries out the
following processing:

1.
2.
3.

© © N o

Sets the VPN of the virtual address at which the exception occurred in PTEH.
Sets the virtual address at which the exception occurred in TEA.

Sets exception code H'040 in the case of a read, or H'060 in the case of a write, in EXPEVT
(OCBP, OCBWB: read; OCBI, MOVCA.L: write).

Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

Sets the SR contents at the time of the exception in SSR, and sets the R15 contents at the tir
in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0400 to the contents of VBR, and
starts the data TLB miss exception handling routine.

Software Processing (Data TLB Miss Exception Handling Routine)Software is responsible

for searching the external memory page table and assigning the necessary page table entry.
Software should carry out the following processing in order to find and assign the necessary pag
table entry.

1.

Write to PTEL the values of the PPN, PR, SZ, C, D, SH, V, and WT bits in the page table
entry recorded in the external memory address translation table. If necessary, the values of th
SA and TC bits should be written to PTEA.

When the entry to be replaced in entry replacement is specified by software, write that value t
URC in the MMUCR register. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

Execute the LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the
UTLB.

Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

Rev. 3.0, 04/02, page 78 of 1064

RENESAS



3.6.6 Data TLB Protection Violation Exception

A data TLB protection violation exception occurs when, even though a UTLB entry contains
address translation information matching the virtual address to which a data access is made, the
actual access type is not permitted by the access right specified by the PR bit. The data TLB
protection violation exception processing carried out by hardware and software is shown below.

Hardware Processing:In the event of a data TLB protection violation exception, hardware
carries out the following processing:

1. Setsthe VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.

3. Sets exception code H'0OAOQ in the case of a read, or H'OCO in the case of a write, in EXPEVT
(OCBP, OCBWB: read; OCBI, MOVCA.L: write).

4. Sets the PC value indicating the address of the instruction at which the exception occurred i
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of th
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the data TLB protection violation exception handling routine.

© © N o

Software Processing (Data TLB Protection Violation Exception Handling Routine)Resolve
the data TLB protection violation, execute the exception handling return instruction (RTE),
terminate the exception handling routine, and return control to the normal flow. The RTE
instruction should be issued at least one instruction after the LDTLB instruction.

3.6.7 Initial Page Write Exception

An initial page write exception occurs when the D bit is O even though a UTLB entry contains
address translation information matching the virtual address to which a data access (write) is
made, and the access is permitted. The initial page write exception processing carried out by
hardware and software is shown below.

Hardware Processing:In the event of an initial page write exception, hardware carries out the
following processing:

1. Setsthe VPN of the virtual address at which the exception occurred in PTEH.
2. Sets the virtual address at which the exception occurred in TEA.
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3. Sets exception code H'080 in EXPEVT.

4. Sets the PC value indicating the address of the instruction at which the exception occurred in
SPC. If the exception occurred at a delay slot, sets the PC value indicating the address of the
delayed branch instruction in SPC.

5. Sets the SR contents at the time of the exception in SSR. The R15 contents at this time are
saved in SGR.

Sets the MD bit in SR to 1, and switches to privileged mode.
Sets the BL bit in SR to 1, and masks subsequent exception requests.
Sets the RB bit in SR to 1.

Branches to the address obtained by adding offset H'0000 0100 to the contents of VBR, and
starts the initial page write exception handling routine.

© © N o

Software Processing (Initial Page Write Exception Handling Routine)The following
processing should be carried out as the responsibility of software:

1. Retrieve the necessary page table entry from external memory.
2. Write 1 to the D bit in the external memory page table entry.

3. Write to PTEL the values of the PPN, PR, SZ, C, D, WT, SH, and V bits in the page table
entry recorded in external memory. If necessary, the values of the SA and TC bits should be
written to PTEA.

4. When the entry to be replaced in entry replacement is specified by software, write that value t
URC in the MMUCR register. If URC is greater than URB at this time, the value should be
changed to an appropriate value after issuing an LDTLB instruction.

5. Execute the LDTLB instruction and write the contents of PTEH, PTEL, and PTEA to the
UTLB.

6. Finally, execute the exception handling return instruction (RTE), terminate the exception
handling routine, and return control to the normal flow. The RTE instruction should be issued
at least one instruction after the LDTLB instruction.

3.7 Memory-Mapped TLB Configuration

To enable the ITLB and UTLB to be managed by software, their contents can be read and writter
by a P2 area program with a MOV instruction in privileged mode. Operation is not guaranteed if
access is made from a program in the other area. A branch to an area other than the P2 area sh
be made at least 8 instructions after this MOV instruction. The ITLB and UTLB are allocated to
the P4 area in physical address space. VPN, V, and ASID in the ITLB can be accessed as an
address array, PPN, V, SZ, PR, C, and SH as data array 1, and SA and TC as data array 2. VPN
D, V, and ASID in the UTLB can be accessed as an address array, PPN, V, SZ, PR, C, D, WT, a
SH as data array 1, and SA and TC as data array 2. V and D can be accessed from both the add
array side and the data array side. Only longword access is possible. Instruction fetches cannot |
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performed in these areas. For reserved bits, a write value of 0 should be specified; their read va
is undefined.

3.7.1 ITLB Address Array

The ITLB address array is allocated to addresses H'F200 0000 to HF2FF FFFF in the P4 area.
address array access requires a 32-bit address field specification (when reading or writing) and
32-bit data field specification (when writing). Information for selecting the entry to be accessed i
specified in the address field, and VPN, V, and ASID to be written to the address array are
specified in the data field.

In the address field, bits [31:24] have the value H'F2 indicating the ITLB address array, and the
entry is selected by bits [9:8]. As longword access is used, 0 should be specified for address fiel
bits [1:0].

In the data field, VPN is indicated by bits [31:10], V by bit [8], and ASID by bits [7:0].
The following two kinds of operation can be used on the ITLB address array:

1. ITLB address array read
VPN, V, and ASID are read into the data field from the ITLB entry corresponding to the entry
set in the address field.

2. ITLB address array write
VPN, V, and ASID specified in the data field are written to the ITLB entry corresponding to
the entry set in the address field.

31 2423 109 8 7 0
Address field |1 1[2]2]0]0]1]0] cvrorerrererrememmii E | coveeeieiiins
31 109 8 7 0
Data field VPN - |V ASID
VPN: Virtual page number ASID: Address space identifier
V: Validity bit ... Reserved bits (0 write value, undefined
E: Entry read value)

Figure 3.13 Memory-Mapped ITLB Address Array
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3.7.2 ITLB Data Array 1

ITLB data array 1 is allocated to addresses H'F300 0000 to H'F37F FFFF in the P4 area. A data
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, and SH to be written to the data array are
specified in the data field.

In the address field, bits [31:23] have the value H'F30 indicating ITLB data array 1, and the entry
is selected by bits [9:8].

In the data field, PPN is indicated by bits [28:10], V by bit [8], SZ by bits [7] and [4], PR by bit
[6], C by bit [3], and SH by bit [1].

The following two kinds of operation can be used on ITLB data array 1:

1. ITLB data array 1 read
PPN, V, SZ, PR, C, and SH are read into the data field from the ITLB entry corresponding to
the entry set in the address field.

2. ITLB data array 1 write
PPN, V, SZ, PR, C, and SH specified in the data field are written to the ITLB entry
corresponding to the entry set in the address field.

Address field

Data field

31 2423

1021212l 0]011]1]0] «veeevveveeennns

109876543210

....... PPN

/

Ccl-

PPN: Physical page number PR:
V: Validity bit C:
E: Entry SH:

SZ: Page size bits

N

Protection key data PR SZ

Cacheability bit
Share status bit

read value)

: Reserved bits (0 write value, undefined

SH

Figure 3.14 Memory-Mapped ITLB Data Array 1
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3.7.3 ITLB Data Array 2

ITLB data array 2 is allocated to addresses H'F380 0000 to H'F3FF FFFF in the P4 area. A date
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and SA and TC to be written to data array 2 are specified in the dz
field.

In the address field, bits [31:23] have the value H'F38 indicating ITLB data array 2, and the entn
is selected by bits [9:8].

In the data field, SA is indicated by bits [2:0], and TC by bit [3].
The following two kinds of operation can be used on ITLB data array 2:

1. ITLB data array 2 read

SA and TC are read into the data field from the ITLB entry corresponding to the entry set in
the address field.

2. ITLB data array 2 write

SA and TC specified in the data field are written to the ITLB entry corresponding to the entry
set in the address field.

31 2423 109 87 0
Address field |1 (11121010122 2] «coooeeeererevits E | coevereiiiiiii
31 4320
Data fleld | oo SA
|
I
- . ) . TC
TC: Timing control bit SA: Space attribute bits
E: Entry ----: Reserved bits (0 write value, undefined read
value)

Figure 3.15 Memory-Mapped ITLB Data Array 2

3.74 UTLB Address Array

The UTLB address array is allocated to addresses H'F600 0000 to H'F6FF FFFF in the P4 area
address array access requires a 32-bit address field specification (when reading or writing) and
32-bit data field specification (when writing). Information for selecting the entry to be accessed i
specified in the address field, and VPN, D, V, and ASID to be written to the address array are
specified in the data field.
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In the address field, bits [31:24] have the value H'F6 indicating the UTLB address array, and the
entry is selected by bits [13:8]. The address array bit [7] association bit (A bit) specifies whether
or not address comparison is performed when writing to the UTLB address array.

In the data field, VPN is indicated by bits [31:10], D by bit [9], V by bit [8], and ASID by bits
[7:0].

The following three kinds of operation can be used on the UTLB address array:

1. UTLB address array read

VPN, D, V, and ASID are read into the data field from the UTLB entry corresponding to the
entry set in the address field. In a read, associative operation is not performed regardless of
whether the association bit specified in the address field is 1 or 0.

2. UTLB address array write (non-associative)

VPN, D, V, and ASID specified in the data field are written to the UTLB entry corresponding
to the entry set in the address field. The A bit in the address field should be cleared to 0.

3. UTLB address array write (associative)

When a write is performed with the A bit in the address field set to 1, comparison of all the
UTLB entries is carried out using the VPN specified in the data field and PTEH.ASID. The
usual address comparison rules are followed, but if a UTLB miss occurs, the result is no
operation, and an exception is not generated. If the comparison identifies a UTLB entry
corresponding to the VPN specified in the data field, D and V specified in the data field are
written to that entry. If there is more than one matching entry, a data TLB multiple hit
exception results. This associative operation is simultaneously carried out on the ITLB, and if
a matching entry is found in the ITLB, V is written to that entry. Even if the UTLB

comparison results in no operation, a write to the ITLB side only is performed as long as there
is an ITLB match. If there is a match in both the UTLB and ITLB, the UTLB information is
also written to the ITLB.

31 2423 1413 8 7 210
Addressfield |1[1]21]{2]0]2[1]0] vrereererreremmmeniiienanns E Al e
31302928 109 8 7 0
Data field VPN D|V ASID
VPN: Virtual page number ASID: Address space identifier
V: Validity bit A: Association bit
E: Entry ----: Reserved bits (0 write value, undefined
D: Dirty bit read value)

Figure 3.16 Memory-Mapped UTLB Address Array
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3.75 UTLB Data Array 1

UTLB data array 1 is allocated to addresses H'F700 0000 to H'F77F FFFF in the P4 area. A dat
array access requires a 32-bit address field specification (when reading or writing) and a 32-bit
data field specification (when writing). Information for selecting the entry to be accessed is
specified in the address field, and PPN, V, SZ, PR, C, D, SH, and WT to be written to the data
array are specified in the data field.

In the address field, bits [31:23] have the value H'F70 indicating UTLB data array 1, and the ent
is selected by bits [13:8].

In the data field, PPN is indicated by bits [28:10], V by bit [8], SZ by bits [7] and [4], PR by bits
[6:5], C by bit [3], D by bit [2], SH by bit [1], and WT by bit [0].

The following two kinds of operation can be used on UTLB data array 1:

1. UTLB data array 1 read
PPN, V, SZ, PR, C, D, SH, and WT are read into the data field from the UTLB entry
corresponding to the entry set in the address field.

2. UTLB data array 1 write

PPN, V, SZ, PR, C, D, SH, and WT specified in the data field are written to the UTLB entry
corresponding to the entry set in the address field.

Address field

Data field

31 2423 1413 8 7 0
111212101222 0] corverereemaneeiniaanann. E | e
31302928 109876543210
....... PPN . V PR C D
/ |

PPN: Physical page number PR: Protection key data \/ ‘

V: Validity bit C: Cacheability bit Sz SH wT

E: Entry SH: Share status bit

SZ: Page size bits WT: Write-through bit

D: Dirty bit ..... Reserved bits (0 write value, undefined

read value)

Figure 3.17 Memory-Mapped UTLB Data Array 1
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3.7.6 UTLB Da