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Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.
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April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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12.

Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corp. puts the maximum effort into making semiconductor products
better and more reliable, but there is always the possibility that trouble may occur with them.
Trouble with semiconductors may lead to personal injury, fire or property damage.
Remember to give due consideration to safety when making your circuit designs, with
appropriate measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of
nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

1

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

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

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss
rising from these inaccuracies or errors.

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

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

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

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

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

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

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

Rev. 5.0, 09/03, page iv of xlvi
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

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

2. Treatment of Unused Input Pins

Note:

Fix al unused input pinsto high or low level.

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

3. Processing before Initialization

Note:

When power isfirst supplied, the product’s state is undefined.

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

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

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

Rev. 5.0, 09/03, page v of xlvi
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

*  On-Chip Peripheral Modules

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

i) Feature

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

v) Usage Note

o gk wbdhrE

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

7. List of Registers

8. Electrica Characteristics

9. Appendix

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

Thelist of revisionsis a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index

Rev. 5.0, 09/03, page vi of xlvi
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Preface

The SH7729R isa microprocessor that integrates peripheral functions necessary for system
configuration with a 32-bit internal architecture SH2-DSP CPU asits core.

The SH7729R's on-chip peripheral functions include a cache memory, internal X/Y memory, an
interrupt controller, timers, three serial communication interfaces, areal time clock (RTC),
memory management unit (MMU), a user break controller (UBC), a bus state controller (BSC),
and 1/0 ports, making it ideal for use as a microcomputer in electronic devices that require high
speed together with low power consumption.

Intended Readership: This manual is intended for users undertaking the design of an application
system using the SH7729R. Readers using this manual require abasic
knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual isto give users an understanding of the hardware
functions and electrical characteristics of the SH7729R. Details of execution
instructions can be found in the SH-3, SH-3E, SH3-DSP Programming
Manual, which should be read in conjunction with the present manual .

Using this Manual:

e For an overall understanding of the SH7729R's functions
Follow the Table of Contents. This manual is broadly divided into sections on the CPU, system
control functions, peripheral functions, and electrical characteristics.

» For adetailed understanding of CPU functions
Refer to the separate publication SH-3, SH-3E, SH3-DSP Programming Manual .

Note on bit notation: Bits are shown in high-to-low order from left to right.

Related Material: The latest information is available at our Web Site. Please make sure that you
have the most up-to-date information available.
(http://www.renesas.com/eng/)

Rev. 5.0, 09/03, page vii of xlvi
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User's Manuals on the SH7729R:

Manual Title ADE No.
SH7729R Hardware Manual This manual
SH-3, SH-3E, SH-3DSP Programming Manual ADE-602-096
Users manuals for development tools:

Manual Title ADE No.
C/C++ Compiler, Assembler, Optimized Linkage Editor User's Manual ADE-702-246
Simulator Debugger User's Manual ADE-702-186
Embedded Workshop User's Manual ADE-702-201

Rev. 5.0, 09/03, page viii of xlvi
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List of Items Revised or Added for ThisVersion

Section Page  Description
1.2 Block Diagram 7 ASERAM deleted from figure
Figure 1.1 Block
Diagram
ubl (K
N
INTC K
CPGWDT [
External bus
interface
ASERAM deleted from legend
5.4 Memory-Mapped 151, Replaced
Cache 152

5.4.1 Address Array

RENESAS
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Section

Page

Description

5.4.2 Data Array

152

Description amended

The address array is mapped to H'F1000000 to H'F1FFFFFF. To
access an element of the data array, the 32-bit address field (for
read/write access) and 32-bit data field (for write access) must be
specified. The address field specifies the information that selects
the entry to be accessed; the data field specifies the longword
data to be written to the data array.

In the address field, specify the entry's address in bits 11-4, L in
bits 3-2 to indicate the longword's position within a line (which
consists of 16 bytes), W in bits 13-12 to select the way, and H'F1
in bits 31-24 to indicate access to the data array. The L bits (3-2)
specification is in the following form: 00 is longword 0, 01 is
longword 1, 10 is longword 2, and 11 is longword 3. Settings for
the W bits (13-12) are as follows: 00 is way 0, 01 is way 1, 10 is
way 2, and 11 is way 3. Since access is not allowed crossing
longword boundaries, always set 00 in bits 1-0 of the address
field.

The following two operations on the data array are possible. Note
that these operations will not change the information in the
address array.

(1) Data Array Read

Reads the data at the position selected by the L bits (3-2) of the
address field from the entry that corresponds to the entry address
and way that were specified in the address field.

(2) Data Array Write

Writes the longword data set in the data field into the entry that
corresponds to the entry address and way that were specified in
the address field. The longword data will be written to the entry at
the position selected by the L bits (3-2) of the address field.

Rev. 5.0, 09/03, page x of xlvi
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Section Page

Description

5.5.1 Invalidating a 154
Specific Entry

Description amended

A specific cache entry can be invalidated by accessing the allocated
memory cache and writing a 0 to the entry’s U and V bits. The A bitis
cleared to 0, and an address is specified for the entry address and the
way. If the U bit of the way of the entry in question was set to 1, the
entry is written back and the V and U bits specified by the write dataare
written to.

In the following example, the write dataiis specified in RO and the
address is specified in R1.

; RO H 0000 0000 LRU = H 000, U=0, V=
Rl = H FOOO 1080, Way = 1, Entry = H 08,

0
A=0
MOV.L RO, @1

To invalidate all entries and ways, write 0 to the following addresses.

Addresses
FO00 0000
FO00 0010
FO00 0020

FO00 3FFO

Thisinvolves atotal of 1,024 writes.
The above operation should be performed using a non-cacheable area.

5.5.2 Invalidating a 155
Specific Address

Newly added

5.5.3 Reading the
Data of a Specific Entry

Description amended

; R1=H'F100 004C; data array access, entry=H'04, Way = 0,
; longword address = 3

MOV.L @RO,R1 ; Longword 3 is read.

7.2.6 Interrupt 171
Exception Handling and
Priority

Table 7.4 Interrupt
Exception Handling

Sources and Priority
(IRQ Mode)

IPR (bit numbers) for SCI amended
(Before)IPRB(3-0) — (After)IPRB(7-4)

7.3.6 Interrupt 182
Request Register 0
(IRRO)

Description amended

When clearing an IRQ5R-IRQOR bit to 0, read the bit while bit set
to 1, and then write 0. In this case, 0 should be written only to the
bits to be cleared and 1 to the other bits. The contents of the bits
to which 1 is written do not change.

9.2.1 Standby Control 230
Register (STBCR)

Description added
Bit 1—Module Standby 1 (MSTP1)

Before switching the RTC to module standby, access at least one
among the registers RTC, SCI, and TMU.

Rev. 5.0, 09/03, page xi of xlvi
RENESAS



Section Page Description

9.3.1 Transition to 233 Description added
Sleep Mode In sleep mode, the STATUSL pin is set high and the STATUSO
pin low.

DMAC transfers should not be performed in the sleep mode
under conditions other than when the clock ratio of 10 (on-chip
clock) to BO (bus clock) is 1:1.

9.5.1 Transition to 237 Note *3 added to bit table

Module Standby Note: 3. Before putting the RTC into module standby status, first

Function
access one or more of the RTC, SCI, and TMU
registers. The RTC may then be put into module standby
status.
10.2.1 CPG Block 250 Figure amended
Diagram
. Clock pulse generator
Figure 10.1 Block
Diagram of Clock Pulse cart [X , Divider 1
Generator PLL circuit 1 PER N
> (x1,2,3,4, x 1/2 -»] Internal
6) x 1/3 i clock (1)
CKIO X}—L% » «1/41» | Cycle=lcyc
Cycle = Bcyc x 1/6 [
car2 X ‘ Divider 2
Crystal x1 b )
XTAL [X] osdillator PLL circuit 2| x1/2}»| | Peripheral
(x1,4) x 1/3 |»—» clock (Pd)
EXTAL X— x 1/4 > Cycle = Pcyc
x 1/6 [

Rev. 5.0, 09/03, page xii of xlvi
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Section Page Description
10.3 Clock Operating 256 Cautions 4 to 6 deleted
Modes
Table 10.4 Available
Combinations of Clock
Mode and FRQCR
Values
10.5.3 Notes on 259 Newly added
Changing the
Frequency
10.8.2 Changing the 265 Description added
Frequency 5.The counter stops at a value of H'00 or H'01. The stop value
depends on the clock ratio.
If the following three conditions are all met, FRQCR should not be
changed when a transfer using the DMAC is in progress.
* Bits IFC2 to IFCO are changed.
* Bits STC2 to STCO are not changed.
* The clock ratio is other than I¢:Bep= 1:1.
11.1.1 Features O Refresh function description deleted
11.2.5 Individual 292 Description added
l;ﬂgg?;gc(tlagtg;l Bit 7—Synchronous DRAM Bank Active (RASD): Specifies
whether synchronous DRAM is used in bank active mode or auto-
precharge mode. Set auto-precharge mode when areas 2 and 3
are both designated as synchronous DRAM space.
The bank active mode should not be used unless the bus width
for all areas is 32 bits.
293 Bit table amended

Bits 6 to 3—Address Multiplex (AMX3, AMX2, AMX1, AMX0)
Bit6: Bit5: Bit 4: Bit 3:
AMX3 _AMX2 AMX1 _AMXO Description
0 1 0 0 The row address begins with
A9 (The A9 value is output at
Al when the row address is
output. 1M x 16-bit x 4-bank
products)
1 The row address begins with
A10 (The A10 value is output at
Al when the row address is
output. 2M x 8-bit x 4-bank
products ,2M X 16-bit x 4-bank
products)
1 1 The row address begins with
A9 (The A9 value is output at
Al when the row address is
output. 512k x 32-bit x 4-bank
products)




Section Page

Description

11.2.13 MCSO0 Control 304
Register (MCSCRO)

Description added

Bit 6—CS2/CS0 Select (CS2/0)
Note that the CS2/0 bit in MCSCR should always be cleared to 0
(area O selected).

11.3.4 Synchronous 334
DRAM Interface

Bank Active description added

... .In bank active mode, too, all banks become inactive after a
refresh cycle or after the bus is released as the result of bus
arbitration.

The bank active mode should not be used unless the bus width
for all areas is 32 hits.

11.3.7 Waits between 363
Access Cycles

Figure 11.40 Waits
between Access Cycles

Figure amended

T, T | Twait | Ty | T, | Twait | Ty | T |

11.3.10 MCSI0] to 366
MCSJ7] Pin Control

Description amended

This enables 32-, 64-, 128-, or 256-Mbit memory to be connected
to area O or area 2. However, only CS2/0 = 0 (area 0) should be
used for MCSCRO. Table 11.15 shows MCSCR0O-MCSCR7
settings and MCS[0]-MCS[7] assertion conditions.

12.6 Usage Notes 431,
432

Description added

13. DMAC transfers should not be performed in the sleep mode
under conditions other than when the clock ratio of lg (on-
chip clock) to Bg (bus clock) is 1:1.

14. When the following three conditions are all met, the
frequency control register (FRQCR) should not be changed
while a DMAC transfer is in progress.

* Bits IFC2 to IFCO are changed.
e STC2to STCO in FRQCR are not changed.

» The clock ratio of Ig (on-chip clock) to Bg (bus clock) after
the change is other than 1:1.

15. If the following three conditions are all met, big-endian
access is used when the DMAC is used to transfer data from
XY memory, even in the little-endian mode.

e The source address for the transfer is in XY memory.
* The indirect address mode is used.

e The byte size data is transferred.

* The data format is little-endian.

14.4.3 Precautions 470
when Using RTC
Module Standby

Newly added

Rev. 5.0, 09/03, page xiv of xlvi
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Section Page

Description

17.4 SCIF Interrupts 594

Table 17.10 SCIF
Interrupt Sources

Description amended

When the TDFE flag in the serial status register (SCSSR) is set to
1, a TXI interrupt request is generated. The DMAC can be
activated and data transfer performed when this interrupt is
generated. When data exceeding the transmit trigger number is
written to the transmit data register (SCFTDR) by the DMAC, 1 is
read from the TDFE flag, after which O is written to it to clear it.

When the RDF flag in SCSSR is set to 1, an RXI interrupt request
is generated. The DMAC can be activated and data transfer
performed when the RDF flag in SCSSR is set to 1. When
receive data less than the receive trigger number is read from the
receive data register (SCFRDR) by the DMAC, 1 is read from the
RDF flag, after which 0 is written to it to clear it.

Table amended
(Before)Priority on Reset Release - (After)Priority

17.5 Usage Notes 595

Description amended

1. SCFTDR Writing and TDFE Flag:

However, if the number of data bytes written to SCFTDR is equal
to or less than the transmit trigger number, the TDFE flag will be
set to 1 again even after having been cleared to 0. TDFE clearing
should therefore be carried out after data exceeding the specified
transmit trigger number has been written to SCFTDR.

20.13.2 SC Port Data 654
Register (SCPDR)

Title amended

Rev. 5.0, 09/03, page xv of xlvi
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Section Page Description
21.3 Bus Master 665 Figure amended
Interface
. Upper byte read
Figure 21.2 A/D Data
Reglster Access ; CPU Bus Module internal data bus
Operation (Reading receives H interface ﬁ
H'AA40) data H'AA
TEMP
[H'40]
ADDRn H ADDRn L _
[HAA] [H40] n=AtoD
Lower byte read
CPU Bus Module internal data bus
receives H interface ﬁ
data H'40 t
TEMP
[H'40]
ADDRn H ADDRn L _
’ [HAA] [H40] n=AtoD
24.1 Absolute 701 Caution amended
Maximum Ratings 2.Until voltage is applied to all power supplies, a low level is input
Table 24.1 Absolute at the RESETP pin, and CKIO has operated for a maximum of 4
Maximum Ratings clock cycles, internal circuits remain unsettled, and so pin states
are also undefined. The system design must ensure that these
undefined states do not cause erroneous system operation.
Note that the RESETP pin cannot receive a low level signal while
a low level signal is being input to the CA pin.
242 DC 703,  Test conditions for in sleep mode amended
Characteristics 705 Item Symbol Min Typ Max Unit Test Conditions
Table 24.2 DC e
Characteristics In sleg? Icc — 15 30 No external bus
mode cycles
except refresh
cycles
Vec=19V
VeecQ =33V
Bo= 33 MHz

Note * added
* If the IRL and IRLS interrupts are used, the minimum is 1.9 V.

Rev. 5.0, 09/03, page xvi of xlvi
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Section Page Description
24.3.6 Synchronous 733 Tnop cycle deleted from figure
DRAM Tlmlng Tet | T2 |Te3mdi|Te4/Tdz| Td3 | Td4
Figure 24.31
CKIO + %% 11
Synchronous DRAM .
Burst Read Bus Cycle wsromes Y Rowsbie —
(RAS Down, Same Row e
AddI'ESS, CAS LatenCy A120r A0 §1‘ Read command ‘;1(7
=2) wsoro | c‘,wcgcm i ——
tesps tcsps
[ 7%,( L
“:wn l:wu
rowR | ¥ X
.‘:um
ms [
tcasoz teast
.
toamo toamp
DQMxx ‘4( ;(
trosz| tromz trosz| tronz
BS gN ;Z
CKE (High)
- j{ nnn .ﬁ‘

24.3.8 Peripheral
Module Signal Timing

Figure 24.52 1/O Port
Timing

751

(Before) PORT 7 to O (read) (B:P clock ratio =1:2) —
(After) PORT 7 to 0 (read) (B:P clock ratio =2:1)
(Before) PORT 7 to O (read) (B:P clock ratio =1:4) —
(After) PORT 7 to 0 (read) (B:P clock ratio =4:1)

A.2 Pin Specifications 767
Table A.2 Pin

Function information amended for Vcc—RTC, Vcc—PLL1, Vec—

PLLZ, and Vce

Specifications Pin  PinNo. Pin No. 110 Function
(FP-208C, (BP-
FP-208E)  240A)
Vee— 3 E2 Power RTC oscillator power
RTC supply supply
(2.0/1.9/1.8/1.7 V)
Vce— 145 F16, Power PLL power supply
PLL1 150 E17 supply (2.0/1.9/1.8/1.7 V)
Vee—
PLL2
Vee 29, 81, L3, L4, Power Internal power supply
134, 154, U111, T11, supply (2.0/1.9/1.8/1.7 V)
175 J17, J16,
E18, C19,
C12, D12
Rev. 5.0, 09/03, page xvii of xlvi
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Section Page Description
A3 Trea'tment of 768 "When RTC is not used" and "When PLL2 is not used" amended
Unused Pins (Before) (1.9/1.8V) _ (After) (2:0/1.9/1.8[17V)

"When PLL1 is not used" deleted

"When hardware standby mode is not used" added

* When hardware standby mode is not used

CA: Pullup (3.3 V)

A.4 Pin States in 770to Note 2 amended
Access to Each 782

Address Space

Table A.3 Pin States
(Ordinary Memory/Little
Endian)

Table A.4 Pin States
(Ordinary Memory/Big
Endian)

Table A.5 Pin States
(Burst ROM/Little
Endian)

Table A.6 Pin States
(Burst ROM/Big
Endian)

Table A.9 Pin States
(PCMCIA/Little Endian)

Table A.10 Pin States
(PCMCIA/Big Endian)

Note: 2.Unused data pins should be switched to the port
function, or pulled up.
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Section1l Overview

1.1 Features

The SH7729R isa single-chip RISC microprocessor that integrates a 32-bit RISC-type SuperH
RISC engine architecture CPU with a digital signal processing (DSP) extension asits core,
together with cache memory, an on-chip X/Y memory, and a memory management unit (MMU),
as well as peripheral functions required for system configuration such as atimer, a realtime clock,
an interrupt controller, and a serial communication interface. The SH7729R includes data
protection, virtual memory, and other functions provided by incorporating an MMU, into a
SuperH Series microprocessor (SH-1 or SH-2). The provision of on-chip DSP functions enables
applications that previously required the use of two chips—a microprocessor and a DSP—to be
implemented with a single chip.

The SH7729R chip has the same peripheral modules as the SH7729. High-speed data transfers can
be formed by an on-chip direct memory access controller (DMAC), and an external memory
access support function enables direct connection to different kinds of memory. The SH7729R
microprocessor also supports an infrared communication function, an A/D converter, and a D/A
converter.

A powerful built-in power management function keeps power consumption low, even during high-
speed operation. The SH7729R can run at six times the system bus operating speed, making it also
ideal for devices such as PDAs that require both high speed and low power consumption.

The features of the SH7729R are listed in table 1.1.
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Tablel.l SH7729R Features

Item Features

CPU » Original Renesas Technology SuperH architecture
e Compatible with SH-1, SH-2, and SH-3 series at object code level
e 32-bitinternal data bus
« General-registers
0 Sixteen 32-bit general registers (eight 32-bit shadow registers)
0 Eight 32-bit control registers
O Four 32-bit system registers
e RISC-type instruction set
O Instruction length: 16-bit fixed length for improved code efficiency
O Load/store architecture
O Delayed branch instructions
O Instruction set based on C language
» Instruction execution time: one instruction/cycle for basic instructions
« Logical address space: 4 Gbhytes
» Space identifier ASID: 8 bits, 256 logical address spaces
» Five-stage pipeline

DSP e Mixture of 16-bit and 32-bit instructions
« Multiplier, ALU, barrel shifter, and DSP register
e 16-bit x 16-bit — 32-bit one cycle multiplier
e Large DSP data registers
0 Six 32-bit data registers
O Two 40-bit data registers
« Extended Harvard Architecture for DSP data bus
O Two data buses
O One instruction bus
e Max. four parallel operations: ALU, multiply, and two load or store
« Two addressing units to generate addresses for two memory access

« DSP data addressing modes: increment, indexing (with or without modulo
addressing)

» Zero-overhead repeat loop control
e Conditional execution instructions
e User DSP mode and privileged DSP mode
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Item

Features

Clock pulse
generator (CPG)

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

Three types of clocks generated:

O CPU clock: 1-24 times the input clock, maximum 200 MHz

O Bus clock: 1-4 times the input clock, maximum 66.67 MHz

O Peripheral clock: 1/4-4 times the input clock, maximum 33.34 MHz
Power-down modes:

O Sleep mode

0 Standby mode

0 Module standby mode

One-channel watchdog timer

Memory
management
unit (MMU)

4 Gbhytes of address space, 256 address spaces (8-bit ASID)
Page unit sharing

Supports multiple page sizes: 1 kbyte or 4 kbytes

128-entry, 4-way set associative TLB

Supports software selection of replacement method and random-replacement
algorithms

Cache memory

16-kbyte cache, mixed instruction/data

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

Maximum 2 ways of the cache can be locked

X/Y memory

User-selectable mapping mechanism

0 Fixed mapping for realtime applications (privileged DSP mode)
O Automatic mapping through TLB (user DSP mode)

Three independent read/write ports

0 8-/16-/32-bit access from the CPU

0 Maximum two 16-bit accesses from the DSP

0 8-/16-/32-bit and 16-byte access from the DMAC

8-kbyte RAM each for X and Y memory

Interrupt
controller (INTC)

7 external interrupt pins (NMI, IRQ5-IRQO)

Level interrupt pins: 15 levels

16 port interrupt pins (PINT15—-PINTO)

On-chip peripheral interrupts: Priority level set for each module
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Item Features

User break * Two break channels

controller (UBC) Addresses, data values, type of access, and data size can all be set as break

conditions
e Supports a sequential break function

Bus state » Physical address space divided into six areas (area 0, areas 2 to 6), each a
controller (BSC) maximum of 64 Mbytes, with the following features settable for each area:

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

O Specifying the memory to be connected to each area enables direct
connection to SRAM, DRAM, synchronous DRAM, and burst ROM

O Supports PCMCIA interface (2 channels)

O Outputs chip select signal (CS0, CS2-CS6) for corresponding area
e Synchronous DRAM refresh function

0 Programmable refresh interval

O Supports self-refresh mode
* Synchronous DRAM burst access function
« Big or little endian can be set

User debugging  E10A emulator support
Interface (UDI) e JTAG-compliant
* Realtime branch trace

« 1-kbyte on-chip RAM for fast emulation program execution

Timer (TMU) e 3-channel auto-reload-type 32-hit timer
* Input capture function
« Selection of six counter input clocks
e Maximum resolution: 2 MHz

Realtime clock » Built-in clock, calendar functions, and alarm functions

(RTC) e On-chip 32-kHz crystal oscillator circuit with a maximum resolution (cycle

interrupt) of 1/256 second

Serial communi- < Asynchronous mode or clock synchronous mode can be selected
cation interface 0

Full-duplex communication
(SCI0) P

e Supports smart card interface

Serial communi- « 16-byte FIFO for transmission/reception
cation interface 1

DMA transfer capabilit:
(SCI1) pabilty

* IrDA: interface based on 1.0
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Item

Features

Serial communi-
cation interface 2
(SCI2)

16-byte FIFO for transmission/reception

DMA transfer capability
Hardware flow control

Direct memory
access controller
(DMAC)

Four channels

Burst mode and cycle-steal mode
Data transfer size: 8-/16-/32-bit and 16-byte

1/0 port

Twelve 8-hit ports

A/D converter
(ADC)

10 bits + 4 LSB, 8 channels

Conversion time: 10 s

Input range: 0—AVcc (max. 3.6 V)

D/A converter
(DAC)

8 bits + 4 LSB, 2 channels
Conversion time: 16 us

Output range: 0—AVcc (max. 3.6 V)

Product lineup

Power Supply Voltage

Operating
Abbr. 1/0 Internal Frequency Model Name Package
SH7729R 3.3+0.3V 2.0+0.15V* 200 MHz  HD6417729RHF200B 208-pin plastic
HQFP (FP-208E)
1.9+0.15V 167 MHz HD6417729RF167B 208-pin plastic
LQFP (FP-208C)
HD6417729RBP167B 240-pin CSP
(BP-240A)
1.8+0.25V 133 MHz HD6417729RF133B 208-pin plastic
1.8-0.15V LQFP (FP-208C)
HD6417729RBP133B 240-pin CSP
(BP-240A)
1.7+0.25V 100 MHz HD6417729RF100B 208-pin plastic
1.7-0.15V LQFP (FP-208C)

HD6417729RBP100B 240-pin CSP
(BP-240A)

Note: * 2.0 +0.15V, —0.1 V when using IRL and IRLS interrupts.

RENESAS
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Tablel.2 Characteristics

Item Characteristics

Power supply voltage o 1/0:3.3%0.3V, Internal: 2.0 £0.15 V (200 MHz)",
1.9 +0.15 V (167 MHz models), 1.8 +0.15 V, —0.15 V (133 MHz),
1.7 +0.25 V, —0.25 V (100MHz)

Operating frequency ¢ Internal frequency: 200 MHz (200 MHz models),
167 MHz (167 MHz models), 133.34 MHz (133 MHz models),
100 MHz (100 MHz models)

e External frequency: maximum 66.67 MHz

Process ¢ 0.25-uym CMOS/5-layer metal

Note: * 2.0 +0.15 V, —-0.1 V when using IRL and IRLS interrupts.
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12

Block Diagram
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: Clock pulse generator/watchdog timer

Central processing unit

D/A converter

Direct memory access controller
Digital signal processor

User debugging interface
Interrupt controller

MMU:  Memory management unit

RTC: Realtime clock

SClI: Serial communication interface (with smart card interface)
SCIF:  Serial communication interface (with FIFO)

TLB: Translation look-aside buffer
TMU: Timer unit
UBC: User break controller

XYCNT: X/Y memory controller

XYMEM: X/Y memory

Figurel1l.1 Block Diagram
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13 Pin Description

131 Pin Assignment

Figure 1.2 shows the pin arrangement of the SH7729R.
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Figure 1.2 Pin Assignment (FP-208C, FP-208E)
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ABCDEFGHJKLMNPRTUVW

19:0000000000000000000 19
18:0000000000000000000 ;|18
17:0000000000000000000 i|17
16|:0000000000000000000 ;|16
1510 O QQ -y . 0000 i|15
140000 : 0000 |14
13[:0000': : 0000 i|13
12[:0000' : 000012
1[i000O0: SH7729R : 0000 i1
100000 BP-240A : 0000 |10
9!0000: (Top View) : 0000 |9
810000 1 0000 |8
70000 00007
6:0000: 0000i|8
5110 Q00 temmmmmmmmmmmmmmmmenneene 0000i|5
41:0000000000000000000 |4
3i0000000000000000000 |3
2i0000000000000000000 2
10000000000 000000000 1

ABCDEFGHJKLMNPRTUVW

Note: The area within dotted lines shows a cutaway view of the pins.

Figure 1.3 Pin Assignment (BP-240A)
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1.3.2 Pin Function

Table 1.3 shows the pin functions.

Table1.3 SH7729R Pin Functions
Pin No.

FP-208C,

FP-208E BP-240A Pin Name 1/0 Description

1 D2 MD1 | Clock mode setting

2 Cc2 MD2 | Clock mode setting

3 E2 Vce-RTC* — RTC power supply V*?

4 D1 XTAL2 (@) On-chip RTC crystal oscillator pin

5 D3 EXTAL2 I On-chip RTC crystal oscillator
pin*G

6 E1l Vss-RTC** — RTC power supply (0 V)

C3 NMI | Nonmaskable interrupt request

8 E3 IRQO/IRLO/PTHIO] | External interrupt request/input
port H

9 E4 IRQL/IRL1/PTHI[1] | External interrupt request/input
port H

10 F1 IRQ2/IRL2/PTHI[2] | External interrupt request/input
port H

11 F2 IRQ3/IRL3/PTHI3] | External interrupt request/input
port H

12 F3 IRQ4/PTHI[4] | External interrupt request/input
port H

13 F4 D31/PTBJ[7] 110 Data bus / 1/0 port B

14 G1 D30/PTBI[6] 110 Data bus / 1/0O port B

15 G2 D29/PTBJ[5] 110 Data bus / 1/0 port B

16 G3 D28/PTB[4] 110 Data bus / 1/0O port B

17 G4 D27/PTBJ3] 110 Data bus / 1/0 port B

18 H1 D26/PTBJ[2] 110 Data bus / 1/0O port B

19 H2 VssQ — Input/output power supply (0 V)

20 H3 D25/PTBJ[1] 110 Data bus / 1/0O port B

21 H4 VeeQ — Input/output power supply (3.3 V)

22 J1 D24/PTBJ0] 1/0 Data bus / 1/0O port B

23 J2 D23/PTA[7] 1/0 Data bus / 1/0O port A

Rev. 5.0, 09/03, page 10 of 806

RENESAS



Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

24 J4 D22/PTA[6] 1/0 Data bus / I/O port A

25 J3 D21/PTA[5] 1/0 Data bus / I/O port A

26 K2 D20/PTA[4] 1/0 Data bus / 1/0O port A

27 K3 Vss — Power supply (0 V)

— K4 Vss — Power supply (0 V)

28 K1 D19/PTA[3] 110 Data bus / I/O port A

29 L3 vee — Power supply **

— L4 Vce — Power supply **

30 L2 D18/PTA[2] 1/0 Data bus / 1/0O port A

31 L1 D17/PTA[1] 110 Data bus / I/O port A

32 M4 D16/PTA[O] 110 Data bus / 1/0O port A

33 M3 VssQ — Input/output power supply (0 V)
34 M2 D15 110 Data bus

35 M1 VeeQ — Input/output power supply (3.3 V)
36 N4 D14 110 Data bus

37 N3 D13 /0 Data bus

38 N2 D12 110 Data bus

39 N1 D11 /0 Data bus

40 P4 D10 110 Data bus

41 P3 D9 1/0 Data bus

42 P2 D8 110 Data bus

43 P1 D7 1/0 Data bus

44 R4 D6 110 Data bus

45 R3 VssQ — Input/output power supply (0 V)
46 T4 D5 /0 Data bus

47 R1 VeeQ — Input/output power supply (3.3 V)
48 T3 D4 /0 Data bus

49 T1 D3 110 Data bus

50 R2 D2 1/0 Data bus

51 uz2 D1 110 Data bus

52 T2 DO /0 Data bus

53 V4 AO (0] Address bus
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

54 V3 Al (@) Address bus

55 V5 A2 (0] Address bus

56 w4 A3 0] Address bus

57 u4 VssQ — Input/output power supply (0 V)
58 w5 Ad 0] Address bus

59 U3 VeeQ — Input/output power supply (3.3 V)
60 us A5 0] Address bus

61 T5 A6 (@) Address bus

62 w6 A7 0] Address bus

63 V6 A8 (0] Address bus

64 u6 A9 0] Address bus

65 T6 A10 0] Address bus

66 w7 All (@) Address bus

67 V7 Al12 0] Address bus

68 u7 Al13 (@) Address bus

69 T7 VssQ — Input/output power supply (0 V)
70 w8 Al4 (@) Address bus

71 V8 VeeQ — Input/output power supply (3.3 V)
72 us Al15 (@) Address bus

73 T8 Al16 0] Address bus

74 W9 Al7 (@) Address bus

75 V9 A18 0] Address bus

76 T9 Al19 (@) Address bus

77 U9 A20 (@) Address bus

78 V10 A21 0] Address bus

79 u10 Vss — Power supply (0 V)

— T10 Vss — Power supply (0 V)

80 W10 A22 @) Address bus

81 u11 vee — Power supply **

— T11 Vee — Power supply **

82 V11 A23 0] Address bus
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

83 w11 VssQ — Input/output power supply (0 V)

84 T12 A24 @) Address bus

85 ui2 VeeQ — Input/output power supply (3.3 V)

86 V12 A25 (@) Address bus

87 w12 BS/IPTK[4] /10 Bus cycle start signal / /0 port K

88 T13 RD 0 Read strobe

89 ui13 WEO/DQMLL (@) D7-DO0 select signal / DQM
(SDRAM)

90 V13 WE1/DQMLU/WE 0 D15-D8 select signal / DQM
(SDRAM)

91 w13 WE2/DQMUL/ICIORD/ O/ 1/0 D23-D16 select signal / DQM

PTK[6] (SDRAM) / PCMCIA I/O read /

I/O port K

92 T14 WE3/DQMUU/ICIOWR/ O/ 1/0 D31-D24 select signal / DQM

PTK[7] (SDRAM) / PCMCIA 1/O write /

I/0O port K

93 u1l4 RD/WR o) Read/write

94 V14 AUDSYNC/PTE[7] O/10 AUD synchronous / 1/0O port E

95 w14 VssQ — Input/output power supply (0 V)

96 T15 CS0/MCS[0] (@) Chip select 0/mask ROM chip
select 0

97 uis VeeQ — Input/output power supply (3.3 V)

98 T16 CS2/PTK|0] O/10 Chip select 2/ 1/0O port K

99 w15 CS3/PTKI1] o/l/o Chip select 3/ 1/0 port K

100 ul6 CS4/PTK[2] O/10 Chip select 4/ 1/0O port K

101 W16 CS5/CE1A/PTK[3] o/l/o Chip select 5/CE1 (area 5
PCMCIA) / 110 port K

102 V15 CS6/CE1B (@) Chip select 6/CE1 (area 6
PCMCIA)

103 V17 CE2A/PTE[4] o/10 CE2 (area5 PCMCIA) / I/O port E

104 V16 CE2B/PTE[5] o/l/o CE2 (area6 PCMCIA) / I/O port E

105 T18 CKE/PTK[5] o/l/o CK enable (SDRAM) / 1/O port K
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

106 uis RAS3L/PTJ[0] O/1/I0  Lower 32/64 MB address
(SDRAM) RAS / I/0 port J

107 u19 PTJI[1] 110 /0 port J*°

108 R18 CASL/PTI[2] O/1/0  Lower 32/64 MB address
(SDRAM) CAS / I/0 port J

109 T19 VssQ — Input/output power supply (0 V)

110 T17 CASU/PTJ[3] O/1/0  Upper 32 MB address (SDRAM)
CAS /1/0O port J

111 R19 VeeQ — Input/output power supply (3.3 V)

112 u17 PTJ[4] 110 1/O port J

113 R17 PTJ[5] 110 1/O port J

114 R16 DACKO/PTD[5] Oo/1o DMA acknowledge 0/ 1/O port D

115 P19 DACK1/PTD[7] /10 DMA acknowledge 1/ 1/0 port D

116 P18 PTE[6] 110 /O port E

117 P17 PTE[3] 110 /O port E

118 P16 RAS3U/PTE[?2] O/1/0  Upper 32 MB address (SDRAM)
RAS / 1/O port E

119 N19 PTE[1] 110 I/O port E

120 N18 TDO/PTE[O] O/1o Test data output / 1/0 port E

121 N17 BACK o Bus acknowledge

122 N16 BREQ I Bus request

123 M19 WAIT I Hardware wait request

124 Mm18 RESETM I Manual reset request

125 M17 ADTRG/PTHI[5] I Analog trigger / input port H

126 M16 IOIS16/PTG[7] I IO1S6 (PCMCIA) / input port G

127 L19 ASEMDO/PTGI6] I ASE mode** / input port G

128 L18 ASEBRKAK/PTGI5] o/l ASE break acknowledge / input
port G

129 L16 PTG[4]/CKIO2 o/l Input port G / clock output

130 L17 AUDATA[3]/PTG[3] I/O/O  AUD data/ input port G

131 K18 AUDATA[2/PTG[2] I/O/O  AUD data/input port G
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

132 K17 Vss — Power supply (0 V)

— K16 Vss — Power supply (0 V)

133 K19 AUDATA[1]/PTG[1] o/l AUD data / input port G

134 J17 Vee — Power supply **

— J16 vee — Power supply **

135 Ji8 AUDATA[QO]/PTGIO] o/l AUD data / input port G

136 J19 TRST/PTF[7]/PINT[15] | Test reset / input port F / port
interrupt

137 H16 TMS/PTF[6]/PINT[14] I Test mode switch / input port F /
port interrupt

138 H17 TDI/PTF[5])/PINT[13] I Test data input / input port F / port
interrupt

139 H18 TCK/PTF[4])/PINT[12] | Test clock / input port F / port
interrupt

140 H19 IRLS3/PTF[3)/ | External interrupt request / input

PINT[11] port F / port interrupt
141 G16 IRLS2/PTF[2])/ | External interrupt request / input
PINT[10] port F / port interrupt

142 G17 IRLS1/PTF[1)/PINT[9] | External interrupt request / input
port F / port interrupt

143 G18 IRLSO/PTF[O)/PINT[8] | External interrupt request / input
port F / port interrupt

144 G19 MDO | Clock mode setting

145 F16 Vee-PLLL*? — PLL1 power supply*®

146 F17 CAP1 — PLL1 external capacitance pin

147 F18 Vss-PLL1*? — PLL1 power supply (0 V)

148 F19 Vss-PLL2*? — PLL2 power supply (0 V)

149 E16 CAP2 — PLL2 external capacitance pin

150 E17 Vee-PLL2*? — PLL2 power supply”*®

151 D16 AUDCK/PTHI6] | AUD clock / input port H

152 E19 Vss — Power supply (0 V)

153 D17 Vss — Power supply (0 V)

— D19 Vss — Power supply (0 V)

RENESAS
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

154 E18 Vee — Power supply™®

— c19 Vee — Power supply™®

155 C18 XTAL (@) Clock oscillator pin

156 D18 EXTAL I External clock / crystal oscillator
pin

157 B16 STATUSO/PTJ[6] /10 Processor status / /0 port J

158 B17 STATUS1/PTI[7] O/1o Processor status / /0 port J

159 B15 TCLK/PTHI7] I/O TMU or RTC clock input/output /
I/O portH

160 Al16 IRQOUT 0 Interrupt request notification

161 C16 VssQ — Input/output power supply (0 V)

162 Al15 CKIO I/O System clock input/output

163 C17 VeeQ — Input/output power supply (3.3 V)

164 C15 TxDO/SCPTI[O0] (@) Transmit data 0 / SCI output port

165 D15 SCKO/SCPT[1] 110 Serial clock 0/ SCI I/O port

166 Al4 TxD1/SCPT[2] (@) Transmit data 1 / SCI output port

167 B14 SCK1/SCPTI[3] 110 Serial clock 1 / SCI I/O port

168 Cl4 TxD2/SCPT[4] (@) Transmit data 2 / SCI output port

169 D14 SCK2/SCPTI[5] 110 Serial clock 2 / SCI I/O port

170 A13 RTS2/SCPTI[6] O/1/0  Transmit request 2 / SCI I/O port

171 B13 RxDO/SCPT[0] | Transmit data 0 / SCI input port

172 C13 RxD1/SCPT[2] | Transmit data 1 / SCI input port

173 D13 Vss — Power supply (0 V)

— Al12 Vss — Power supply (0 V)

174 B12 RxD2/SCPT[4] | Transmit data 2 / SCI input port

175 c12 vce — Power supply **

— D12 Vee — Power supply **

176 All CTS2/IRQ5/SCPTI[7] Transmit clear 2 / external interrupt
request / SCI input port

177 B11 MCS[7)/PTC[7]/PINT[7] O/1/O/1 Mask ROM chip select /

I/O port C / port interrupt
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Pin No.

FP-208C,
FP-208E BP-240A Pin Name 110 Description
178 D11 MCSI[6]/PTC[6]/PINT[6] O/1/O/1 Mask ROM chip select/
I/O port C / port interrupt
179 Cl1 MCSI[5])/PTC[5]/PINT[5] O/I/O/1 Mask ROM chip select/
I/0O port C / port interrupt
180 B10 MCS[4]/PTC[4]/PINT[4] O/1/O/1 Mask ROM chip select/
I/O port C / port interrupt
181 C10 VssQ — Input/output power supply (0 V)
182 D10 WAKEUP/PTDI3] o/llo Standby mode interrupt request
notification / I/O port D
183 A10 VeeQ — Input/output power supply (3.3 V)
184 Cc9 RESETOUT/PTD[2] o/l/o Reset output / I/O port D
185 D9 MCS[3)/PTC[3]/PINT[3] O/I/O/1 Mask ROM chip select/
I/0O port C / port interrupt
186 B9 MCS[2/PTC[2]/PINT[2] O/1/O/1 Mask ROM chip select/
I/O port C / port interrupt
187 A9 MCS[1]/PTC[1]/PINT[1] O/1/O/1 Mask ROM chip select/
I/O port C / port interrupt
188 D8 MCSI[O0)/PTC[O]/PINT[0] O/I/O/1 Mask ROM chip select/
I/O port C / port interrupt
189 Cc8 DRAKO/PTD[1] Oo/10 DMA request acceptance /
I/O port D
190 B8 DRAK1/PTD[0] O/10 DMA request acceptance /
I/O port D
191 A8 DREQO/PTDI[4] | DMA request / input port D
192 D7 DREQ1/PTD[6] | DMA request / input port D
193 C7 RESETP | Power-on reset request
194 B7 CA | Chip activate (hardware standby
request signal)
195 A7 MD3 | Area 0 bus width setting
196 D6 MD4 | Area 0 bus width setting
197 C6 MD5 | Endian setting
198 B6 AVss — Analog power supply (0 V)
199 A6 ANJ[0])/PTL[O] I A/D converter input / input port L
200 D5 AN[1])/PTL[1] I A/D converter input / input port L

RENESAS
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Pin No.

FP-208C,

FP-208E BP-240A Pin Name 110 Description

201 C5 AN[2])/PTL[2] I A/D converter input / input port L
202 D4 ANJ[3]/PTL[3] I A/D converter input / input port L
203 A5 AN[4]/PTL[4] I A/D converter input / input port L
204 C4 ANI[5]/PTLI[5] I A/D converter input / input port L
205 A4 AVcc — Analog power supply (3.3 V)
206 B5 ANI[6]/DA[1]/PTL[6] I A/D converter input / input port L
207 B3 ANJ[7]/DA[O]/PTL[7] I A/D converter input / input port L
208 B4 AVss — Analog power supply (0 V)

Notes: 1. Must be connected to the power supply even when the RTC is not used.

2. Except in hardware standby mode, all power supply pins must be connected to the
system power supply. (Supply power constantly.) In hardware standby mode, power
must be supplied at least to Vcc—RTC and Vss—RTC. If power is not supplied to power
supply pins other than Vcc—RTC and Vss—RTC, hold the CA pin low.

3. 2.0V in 200 MHz models, 1.9 V in 167 MHz models, 1.8 V in 133 MHz models, 1.7 V in
100 MHz models.

4. Drive high when using the user system alone, and not using an emulator or the UDI.
When this pin is low or open, RESETP may be masked (see section 23 User
Debugging Interface (UDI)).

5. B2,B1, C1, U1, V1, W1, V2, W2, W3, W17, W18, W19, V18, V19, B19, A19, B18, Al8,
Al7, A3, A2, and Al are NC pins. No connection should be made to these pins.

6. If EXTAL2 is not used, pull this pin up to the Vcc-RTC level.
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Section2 CPU

21 Registers

The SH7729R has the same registers as the SH-3. In addition, the SH7729R al so supports the
same DSP-related registers asin the SH2-DSP. The basic software-accessible registers are divided
into four distinct groups:

» General registers
e Control registers
e Systemregisters
» DSPregisters

With the exception of a number of DSP registers, all of these registers are 32-bit width. The
general registers are accessible from user mode, with RO—R7 banked to provide each processor
mode access to a separate set of RO-R7 registers (i.e. RO-R7_BANKO, and RO-R7_BANK1). In
privileged mode, the register bank bit (RB) in the status register (SR) defines which set of banked
registers (RO-R7_BANKO or RO-R7_BANKZ1) are accessed as general registers, and which are
accessed only by LDC/STC instructions.

The control registers can be accessed by LDC/STC instructions. The GBR, RS, RE, and MOD
registers can also be accessed in user mode. Control registers are:

e SR: Statusregister

e SSR: Saved status register

» SPC: Saved program counter

e GBR: Global base register

e VBR: Vector base register

e RS: Repeat start register (DSP mode only)
* RE: Repeat end register (DSP mode only)
e MOD: Modulo register (DSP mode only)

The system registers are accessed by the LDS/STS instructions (the PC is software-accessible, but
isincluded here because its contents are saved in, and restored from, SPC in exception handling).
The system registers are;

e MACH: Multiply and accumulate high register
*  MACL: Multiply and accumulate low register
e PR: Procedure register

¢ PC: Program counter
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This section explains the usage of these registers in different modes.
Figures 2.1 and 2.2 show the register configuration in each processing mode.

Switching between user mode and privileged mode is carried out by means of the operation mode
bit (MD) in the status register.

The DSP mode is switched by means of the DSP bit in the status register (see figure 2.5).
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31 31 31
RO_BANKO*1 *2 RO_BANK1*1*3 RO_BANKO*1 *4
R1_BANK0™2 R1_BANK1™ R1_BANKO™
R2_BANK0*™2 R2_BANK1™ R2_BANKO™
R3_BANK0™2 R3_BANK1™ R3_BANKO™
R4_BANKO™2 R4_BANK1™ R4_BANKO™
R5_BANK0™2 R5 BANK1™3 R5_BANKO™
R6_BANK0*™2 R6_BANK1™ R6_BANKO™
R7_BANK0™2 R7_BANK1™3 R7_BANKO™
R8 R8 R8
R9 R9 R9
R10 R10 R10
R R R
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
SR SR SR

SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
PC PC PC
SPC SPC
RO_BANKO*1 *4 RO_BANK1*1*3
R1_BANKO™ R1_BANK1™3
R2_BANKO™ R2_BANK1™3
R3_BANKO™ R3_BANK1™
R4_BANKO™ R4_BANK1™
R5_BANKO™ R5_BANK1™3
R6_BANK0™ R6_BANK1™3
R7_BANK0* R7_BANK1™3

(a) User mode register

configuration

Notes: 1.

2.
3.

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

configuration (RB = 0)

The RO register is used as an index register in indexed register indirect addressing mode
and indexed GBR indirect addressing mode.
Bank register
Bank register
Accessed as a general register when the RB bit is set to 1 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is cleared to 0.
Bank register
Accessed as a general register when the RB bit is cleared to 0 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is set to 1.

Figure2.1 Register Configuration in Each Processing Mode (1)
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39 32 31 0
AOG AO
A1G A1
MO
M1
X0
X1
YO
Y1

DSR

RS
RE
MOD

(d) DSP mode register configuration (DSP = 1)

Figure2.2 Register Configuration in Each Processing Mode (2)
Register values after areset are shown intable 2.1.

Table2.1 Initial Register Values

Type Registers Initial Value®
General registers RO to R15 Undefined
Control registers SR MD bit=1, RBbit=1, BL bit=1, I3

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

GBR, SSR, SPC Undefined
VBR H'00000000
RS, RE Undefined
MOD Undefined
System registers MACH, MACL, PR Undefined
PC H'A0000000
DSP registers A0, AOG, Al, A1G, MO, M1, Undefined
X0, X1, YO, Y1
DSR H'00000000

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

There are sixteen 32-bit general registers (Rn), designated RO to R15. The general registers are
used for data processing and address cal culation.

With SuperH microcomputer type instructions, RO is used as an index register. With a number of
instructions, RO isthe only register that can be used. R15 is used as the stack pointer (SP). In
exception handling, R15 is used to reference the stack when saving and restoring the status register
(SR) and program counter (PC).

With DSP type instructions, eight of the sixteen general registers are used for addressing of X and
Y data memory and datamemory (single data) that uses the L-bus.

To access X memory, R4 and R5 are used as the X address register [Ax] and R8 is used as the X
index register [1x]. To access Y memory, R6 and R7 are used asthe Y address register [Ay] and
RO isused asthe Y index register [ly]. To access single data that uses the L-bus, R2, R3, R4, and
R5 are used as the single data address register [As] and R8 is used as the single data index register

[19].

Figure 2.3 shows the general registers, which are identical to those of the SH3, when DSP
extension is disabled.

31 0
RO "2 General Registers (when not in DSP mode)
R1"2
R2*2 Notes: 1. RO functions as an index register in the
R3*2 indexed register-indirect addressing mode
R4 and indexed GBR-indirect addressing mode.
_ In some instructions, only RO can be used as
R5™ the source register or destination register.
R6*2 2. RO-R7 are banked registers. In user mode,
R7*2 BANKO is used. In privileged mode, SR.RB
RS specifies BANK.
R9 SR.RB = 0; BANKO is used
SR.RB = 1; BANK1 is used
R10
R11
R12
R13
R14
R15

Figure2.3 General Purpose Registers (Not in DSP Mode)
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On the other hand, registers R2—R9 are also used for DSP data address cal culation when DSP
extension is enabled (see figure 2.4). Other symbolsthat represent the purpose of the registersin

DSP typeinstructionsis shown in| ].

31

RO

R1

R2 [As]

R3 [As]

R4 [As, AX]

R5 [As, AX]

R6 [Ay]

R7 [AY]

R8 [Ix, Is]

R9[ly]

R10

R11

R12

R13

R14

R15

General Registers (DSP mode enabled)

X orY data transfer operation
R4, 5 [Ax]: Address register set for X data memory.
R8 [x]: Index register for address register set Ax.

R6, 7 [Ay]: Address register set for Y data memory.
R9 [ly]: Index register for address register set Ay.

Single data transfer operation
R2-5 [As]: Address register set for memory.
R8 [Is]: Index register for address register set As.

Figure2.4 General Purpose Registers (DSP Mode)

DSP type instructions can access X and Y data memory simultaneously. To specify addresses for
X and Y data memory, two address pointer sets are provided. These are:

R8[1x], R4,5[Ax] for X memory access, and RI[ly], R6,7[Ay] for Y memory access.

The symbols R2—R9 are used by the assembler, but users can use the register name (alias) to
indicate the purpose of the register in the DSP instruction. The coding in assembler is as follows.

Ix: .REG (R8)
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The name Ix isthe alias for R8. Other aliases are as follows.

Ax0: .REG (R4)
Axl: .REG (R5)
I x: .REG (R8)
Ay0: .REG (R6)
Ayl: .REG (R7)
ly: .REG (R9)
AsO: .REG (R4) ; Thisisoptiona, if another aliasisrequired for single datatransfer.
Asl: .REG (R5) ; Thisisoptional, if another aliasisrequired for single datatransfer.
As2: .REG (R2)
As3: .REG (R3)
I's: .REG (R8) ; Thisisoptional, if another aliasisrequired for single data transfer.

21.2 Control Registers

The SH7729R has 8 control registers: SR, SSR, SPC, GBR, VBR, RS, RE, and MOD (figure 2.5).
SSR, SPC, GBR and VBR are the same as the SH-3 registers.

In SR, there are six additional control bits: RC[11:0], RFO, RF1, DMX, DMY and DSP. Bits
DMX, DMY, RC[11:0], and RF[1:0] can be modified in privileged mode, privileged DSP mode,
and use DSP mode. DM X and DMY are used for modulo addressing control. If DMX is1, the
modulo addressing mode is effective for the X memory address pointer, Ax (R4 or R5). If DMY is
1, the modulo addressing mode is effective for the Y memory address pointer, Ay (R6 or R7).
However, both X and Y address pointers cannot be operated in modulo addressing mode even
though both DMX and DMY bits are set. The case where DMX = DMY = lisreserved for future
expansion. Modulo addressing is available for X and Y data transfer operations (MOV X and
MOVY), but not for asingle data transfer operation (MOVS).

RF1 and RFO hold information on the number of repeat steps, and are set when a SETRC
instruction is executed. When RF[1:0] = 00, the current repeat module consists of oneinstruction
step. RF[1:0] = 01 means two instruction steps, RF[1:0] = 11 means three instruction steps, and
RF[1:0] = 10 means the current repeat module consists of four or more instructions.

Although RC[11:0] and RF[1:0] can be changed by a store/load to SR, use of the dedicated
manipulation instruction SETRC is recommended.
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SR aso has a 12-bit repeat counter, RC, which is used for efficient loop control. The repeat start
register (RS) and repeat end register (RE) are also provided for loop control. They hold the start
and end addresses of aloop (the contents of the RS and RE registers are dightly different from the
actual loop start and end addresses). The modulo register, MOD, is provided to implement modulo
addressing for circular data buffering. MOD holds the modulo start address (MS) and modulo end
address (ME).

In order to access RS, RE, and MOD, load/store (control register) instructions for these registers
are provided. An example for RSisasfollows:

LDC Rm RS; Rm - RS
LDC.L @m, RS, (R1M) - RS, Rm4 - Rm
STC RS, Rn; RS - Rn

STC.L RS, @Rn; Rn-4 - Rn, RS - (Rn)
Address set instructions for RS and RE are also provided.

LDRS @disp,PC); disp x 2 + PC - RS
LDRE @disp,PC); disp x 2 + PC - RE
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31

OMD RB BL! RC

2827 1615 1312 11 10 9 8 7 6 5 4 3 2 1 0

0-0 'DSPDMYDMX'M Q 13 12 11 10RFIRFO'S T| SR (Status register)

MD bit:

RB bit:

BL bit:

RC [11:0]:
DSP bit:

DMY bit:
DMX bit:
Q, M bit:
1 [3:0]:
RF [1:0]:
S bit:

T bit:

Processing mode bit
MD = 1: Privileged mode
MD = 0: User mode

Register bank bit; used to define the general registers in privileged mode.

RB =1: RO_BANK1 to R7_BANK1 are used as general registers.
RO_BANKO to R7_BANKO accessed by LDC/STC instructions.

RB =0: RO_BANKO to R7_BANKO are used as general registers.
RO_BANK1 to R7_BANK1 accessed by LDC/STC instructions.

Block bit; used to mask exception in privileged mode.
BL = 1: Interrupts are masked (not accepted)
BL = 0: Interrupts are accepted

12-bit repeat counter

DSP operation mode
DSP = 1: DSP instructions (LDS Rm, DSR/A0/X0/X1/Y0/Y1,
LDS.L @Rm+, DSR/A0/X0/X1/Y0/Y1,
STS DSR/A0/X0/X1/Y0/Y1, Rn,
STS.L DSR/A0/X0/X1/Y0/Y1, @-Rn,
LDC Rm, RS/RE/MOD,
LDC.L @Rm+, RS/RE/MOD,
STC RS/RE/MOD,Rn,
STC.L RS/RE/MOD, @-Rn,
LDRS, LDRE, SETRC, MOVS, MOVX, MOVY,
Pxxx) are enabled.
DSP = 0: All DSP instructions are treated as illegal instructions; only SH3 instructions are
supported.

Modulo addressing enable for Y side

Modulo addressing enable for X side

Used by DIVOU/S and DIV1 instructions.

4-bit field indicating the interrupt request mask level.
Used for repeat control

Used by the MAC instructions and DSP data.

The MOVT, CMP/cond, TAS.TST, BT, BF, SETT, CLRT and DT instructions use the T bit to
indicate true (logic one) or false (logic zero). The ADDV/C, SUBV/C, DIVOU/S, DIV1,
NEGC, SHAR/L, SHLR/L, ROTR/L and ROTCRI/L instructions also use the T bit to indicate
a carry, borrow, overflow, or underflow.

Reserved bits [bit31, bits15 to 13]: Always read as 0, and should always be written with 0.

e

Used in DSP mode.

Figure2.5 Control Registers
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31 0

| SSR | Saved status register
31 0
| SPC | Saved program counter
31 0
| GBR | Global base register
31 0
| VBR | Vector base register
31 0
| RS | Repeat start register
31 0
| RE | Repeat end register
31 16 15 0

MOD | ME(Modulo end address) MS(Modulo start address) | Modulo register

Saved status register (SSR)
Stores current SR value at time of exception and returns value to SR when returning to instruction
stream from exception or interrupt handler.

Saved program counter (SPC)
Stores current PC value at time of exception to indicate return address on completion of exception
handling.

Global base register (GBR)
Stores base address of GBR-indirect addressing mode. The GBR-indirect addressing mode is used for
data transfer and logical operations on the on-chip peripheral module register area.

Vector base register (VBR)
Stores base address of exception vector area.

Repeat start register (RS)
Used in DSP mode only. Indicates start address of repeat loop.

Repeat end register (RE)

Used in DSP mode only. Indicates end address of repeat loop.

Modulo register(MOD)

Used in DSP mode only.

MD[31:16] [ME]: Modulo end address, MD[15:0][MS]: Modulo start address.

In X/Y operand address generation, the CPU compares the address with ME, and if it is the same,
loads MS in either the X or Y operand address register (depending on bits DMX and DMY in the SR
register).

Figure2.5 Control Registers (cont)
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Details of the status register (SR) when STC/LDC instructions are used are shown bel ow.

1. Whenthe DSP is not operating, operation is the same as for the SH-3.
2. Inprivileged DSP mode, operation is the same asin privileged mode.
3. Inuser DSP mode, SR can be read with an STC instruction.
4

In user DSP mode, an LDC instruction can be issued for SR, but in this case DSP-related bits
are not write-protected.

Table2.2 Operation of SR Bitsin Each SH-3 DSP Mode

Privileged Privileged  User DSP gg??e-sRseltgted
Mode User Mode DSP Mode Mode P
Bit with
MD=1& MD=0& MD=1& MD=0& Dedicated Initial Value after
Field DSP =0 DSP =0 DSP=1 DSP=1 Instruction Reset
MD S:OK, L: OK S, L: Invalid S:OK,L: OK  S:OK, L: NG 1
instruction
RB S:OK, L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG 1
instruction
BL S:OK, L: OK S, L: Invalid S: OK,L: OK S:OK, L: NG 1
instruction
RC S:OK, L: OK S, L: Invalid S:OK,L:OK S:O0K,L:OK SETRC 000000000000
[11:0] instruction instruction
DSP S:OK, L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG 0
instruction
DMX S:OK,L: OK S, L: Invalid S: OK,L: OK S:OK, L: OK 0
instruction
DMY S:OK, L: OK S, L: Invalid S: OK,L: OK S:OK, L: OK 0
instruction
Q S:OK, L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG X
instruction
M S:OK, L: OK S, L: Invalid S:OK,L: OK  S: OK, L: NG X
instruction
1[3:0] S:OK, L: OK S, L: Invalid S:OK,L: OK S:OK, L: NG 1111
instruction
RF[1:0] S:OK, L: OK S, L: Invalid S:OK,L:OK S: 0K, L:OK SETRC X
instruction instruction
S S:OK, L: OK S, L: Invalid S:OK,L: OK S: OK, L: NG X
instruction
T S:OK, L: OK S, L: Invalid S: OK,L: OK S:OK, L: NG X
instruction

Legend

S (STC): Store SR to Rn,SR->Rn

L (LDC): Load Rn to Sr,Rn->SR

OK: STC/LDC operation is enabled.

Invalid instruction: Exception occurs when an invalid instruction is executed.
NG: Previous value is retained. No change.
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213 System Registers

The SH7729R has four system registers, MACL, MACH, PR, and PC (figure 2.6).

31 0
Multiply and accumulate high and low registers
MACH (MACHIL)
MACL Store the results of multiplicationand accumulation
operations.
31 0
| | Procedure register (PR)
PR Stores the subroutine procedure return address.
31 0
Program counter (PC)
| PC |

Indicates the start address of the current instruction.

Figure2.6 System Registers

The DSR, A0, X0, X1, YO, and Y 1 registers are also treated as system registers. Therefore,
instructions for data transfer between general registers and system registers are supported for these
registers.

214 DSP Registers

The SH7729R has eight data registers and one status register as DSP registers (figure 2.7). The
data registers are 32-bit width with the exception of registers AO and A1. Registers A0 and Al
include 8 guard bits (fields AOG and A1G), giving them atotal width of 40 hits.

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

The second kind of operationisan X or Y datatransfer operation, “MOVX.W MOVY.W”. This
operation accesses the X and Y memories through the 16-bit X and Y data buses (figure 2.8). The
register to be loaded or stored by this operation always comprises the upper 16 bits (bits 31-16).
X0 or X1 can be the destination of an X memory load and YO or Y 1 can be the destination of a'Y
memory load, but no other register can be the destination register in this operation. When datais
read into the upper 16 bits of aregister (bits 31-16), the lower 16 bits of the register (bits 15-0)
are automatically cleared.

A0 and Al can be stored inthe X or Y memory using the X or Y datatransfer instructions
MOV X.W and MOVY .W, but no other registers can be stored.
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Thethird kind of operation is a single-data transfer instruction, “MOVS.W” or “MOVS.L". These
instructions access any memory location through the LDB (figure 2.8). All DSP registers connect
to the LDB and can be the source or destination register of the data transfer. These instructions
have word and longword access modes. In word mode, registers to be loaded or stored by this
instruction comprise the upper 16 bits (bits 31-16) for DSP registers except AOG and A1G. When
dataisloaded into aregister other than AOG and A1G in word mode, the lower half of the register
iscleared. When AO or Al isused, the datais sign-extended to bits 39-32 and the lower half is
cleared. When AOG or A1G isthe destination register in word mode, datais loaded into an 8-bit
register, but AO or Alisnot cleared. In longword mode, when the destination register isAO or A1,
it is sign-extended to bits 39-32.

Tables 2.3 and 2.4 show the data type of registers used in DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitations. For

example, PMULS can use A1 as the source register, but cannot use AO. These tablesignore details
of register selectability.

Table2.3 Destination Register in DSP I nstructions

) ] Guard Bits Register Bits
Registers Instructions
39 32|31 16|15 0
A0, Al DSP Fixed-point, PSHA, Sign-extended 40-bit result
PMULS
Integer, PDMSB Sign-extended 24-bitresult  |Cleared
Logical, PSHL Cleared 16-bitresult  |Cleared
Data MOVS.W Sign-extended |16-bit data Cleared
transfer MOVS.L Sign-extended |32-bit data
AOG, A1G |Data MOVS.W Data No update
transfer  fyovs.L Data No update
X0, X1 DSP Fixed-point, PSHA, 32-bit result
Y0, Y1 PMULS
MO, M1 Integer, logical, 16-bit result Cleared
PDMSB, PSHL
Data MOVX/Y.W, MOVS.W 16-bit result Cleared
transfer  movs.L 32-bit data
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Table2.4  SourceRegister in DSP Operations

. . Guard Bits Register Bits
Registers Instructions
39 32|31 16|15
A0, Al DSP Fixed-point, PDMSB, 40-bit data
PSHA
Integer 24-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVX/Y.W, MOVS.W 16-bit data
transfer  yoys.L 32-bit data
AOG, A1G |Data MOVS.W Data
transfer  fyoys.L Data
X0, X1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO0, Y1 PSHA
MO, M1 Integer Sign* 16-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVS.W 16-bit data
transfer  movs.L 32-bit data
Note: * The data is sign-extended and input to the ALU.
39 3231 0
AOG A0
A1G A1
MO
M1
X0
X1
YO
Y1
(a) DSP Data Registers
31 8,7,6,5,4,3 2 1,0
---------------------------- GT|z|N|V|cs[20] D

(b) DSP Status Register (DSR)

Reset status
DSR: All zeros
Others: Undefined

Figure2.7 DSP Registers
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Table2.5

DSR Register Bits

Bits Name (Abbreviation) Function
31-8 Reserved bits 0: Always read as 0; always use 0 as the write value
7 Signed Greater Than bit  Indicates that the operation result is positive (except
(GT) 0), or that operand 1 is greater than operand 2
1: Operation result is positive, or operand 1 is greater
than operand 2
6 Zero bit (2) Indicates that the operation result is zero (0), or that
operand 1 is equal to operand 2
1: Operation result is zero (0), or operand 1 is equal
to operand 2
5 Negative bit (N) Indicates that the operation result is negative, or that
operand 1 is smaller than operand 2
1: Operation result is negative, or operand 1 is
smaller than operand 2
4 Overflow bit (V) Indicates that the operation result has overflowed
1: Operation result has overflowed
3-1 Condition Select bits (CS) Designate the mode for selecting the operation result
status to be set in the DC bit
Do not set these bits to 110 or 111
000: Carry/borrow mode
001: Negative value mode
010: Zero mode
011: Overflow mode
100: Signed greater mode
101: Signed greater than or equal to mode
0 DSP Condition bit (DC)  Sets the status of the operation result in the mode

designated by the CS bits
0: Designated mode status has not occurred (false)
1: Designated mode status has occurred
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LDB
XDB
YDB

16 bit
16 bit

A

8 bit 32 bit
MOVS.W, MOVXW MOVJW MOVS.W,
MOVS.L 31 16 MOVS.L
39 | 32 — 0
AOG AO

A1G Al
MO
DSR Ve
X0
X1
Y0
vi

RAR

Figure2.8 Connections of DSP Registersand Buses

The DSP unit has one DSP status register (DSR). DSR holds the status of DSP data operation
results (zero, negative, and so on) and has a DC bit which is similar to the T bit in the CPU. The
DC hit indicates one of the status flags. A DSP data processing instruction controlsits execution
based on the DC bit. This control affects only the operations in the DSP unit; it controls the update
of DSP registers only. It cannot control operations in the CPU, such as address register updating
and load/store operations. Control bits CS[2:0] specify the condition to be reflected in the DC bit.

Unconditional DSP type data operations, except PMULS, MOV X, MOVY and MOV S, update the
condition flags and DC hit, but no CPU instructions, including MAC instructions, update the DC
bit. Conditional DSP type instructions do not update DSR either.

DSRisassigned as a system register and the following load/store instructions are provided:

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

When DSR isread by an STSinstruction, the upper bits (bits 31 to 8) are all 0.
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2.2 Data Formats

221 Register Data Format (Non-DSP Type)

Register operands are always longwords (32 hits) (figure 2.9). When the memory operand is only
abyte (8 hits) or aword (16 hits), it is sign-extended into a longword when loaded into aregister.

31 0
| Longword

Figure2.9 Longword Operand

222 DSP-Type Data For mats

The SH7729R has several different dataformats that depend on the instruction. This section
explains the data formats for DSP type instructions.

Figure 2.10 shows three DSP-type data formats with different binary point positions. A CPU-type
data format with the binary point to the right of bit 0 is aso shown for reference.

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

39 31 30 0
With guard bits  |s| | | | 2810428 273"
A
31 30 0
Without guard bits |S| | ~1to+1-2731
A
39 31 30 16 15 0
Multiplier input | ls| | 11041275
A
DSP type integer
39 3231 16 15 0
With guard bits |5 | | 22210 +228 1
A
31 16 15 0
Without guard bits s | 25t0+215 -1
A
Shift amount for 31 2216 15 0
arithmetic shift (PSHA) | ls] | 32t0+32
A
Shift amount for 31 2116 15 0
logical shift (PSHL) | ls] | ~16t0+16
A
39 31 16 15 0
DSP type logical | |
CPU type integer
P 9 31 0
Longword |S| —231t0 +231 _1
S: Sign bit A : Binary point I:I : Does not affect the operations

Figure2.10 Data Formats

The shift amount for the arithmetic shift (PSHA) instruction has a 7-bit field that can represent
values from —64 to +63, but —32 to +32 are valid numbers for the instruction. Also the shift
amount for alogical shift operation has a 6-bit field, but —16 to +16 are valid numbers for the
instruction.
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2.2.3 Memory Data Formats

Memory data formats are classified into byte, word, and longword. Byte data can be accessed from
any address, but an address error will occur if word data starting from an address other than 2n or
longword data starting from an address other than 4n is accessed. In such cases, the data accessed
cannot be guaranteed (figure 2.11).

Address A + 1 Address A+3 Address A + 11 Address A+ 9
Address A Address A + 2 Address A + 10 Address A + 8
31 $ 23 15 l 7 0 31 23¢ 15 7 i 0
Address A —»| Byte 0 | Byte1 | Byte2 | Byte3 Byte3 | Byte2 | Byte1 | Byte0 |«— AddressA+8
Address A + 4 —p Word 0 Word 1 Word 1 Word 0 <«— Address A + 4
Address A + 8 —p Longword Longword -«— Address A
Big-endian mode Little-endian mode

Figure2.11 Byte, Word, and Longword Alignment

Either big-endian or little-endian byte order can be selected for the data format, according to the
MD?5 pin at reset. When MD5 islow at reset, this LS| operatesin big-endian mode. When MD5 is
high at reset, this LS| operatesin little-endian mode.

2.3 Features of CPU CoreInstructions
The CPU core instructions are RI SC-type instructions with the following features:

Fixed 16-Bit Length: All instructions have a fixed length of 16 bits. Thisimproves program code
efficiency.

Onelnstruction per State: Pipelining is used, and basic instructions can be executed in one state.

Data Size: The basic data size for operationsislongword. Byte, word, or longword can be
selected as the memory access size. Memory byte or word datais sign-extended and operated on
as longword data. Immediate data is sign-extended to longword size for arithmetic operations or
zero-extended to longword size for logical operations.
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Table2.6 Word Data Sign Extension

SH7729R CPU Description Example of Other CPU
MOV.W  @(disp,PC),R1 R1 sign-extended to 32 hits, ADD.W  #H'1234,R0
ADD R1,RO becomes H'00001234, and is

then operated on by the ADD
~~~~~~~~ instruction.

.DATAW H'1234
Note: Immediate data is referenced by @(disp,PC).

L oad/Store Architecture: Basic operations are executed between registers. In operations
involving memory, dataisfirst loaded into aregister (load/store architecture). However, bit
mani pulation instructions such as AND are executed directly on memory.

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

With a delayed branch, the actual branch operation occurs after execution of the slot instruction.
However, instruction execution for register updating, etc., excluding the branch operation, is
performed in delayed branch instruction — delay ot instruction order. For example, even though
the contents of the register holding the branch destination address are changed in the delay slot,
the branch destination address remains as the register contents prior to the change.

Table2.7 Delayed Branch Instructions

SH7729R CPU Description Example of Other CPU
BRA TRGET ADD is executed before branch to ADD.W R1,R0O
ADD R1,RO TRGET. BRA  TRGET

M ultiply/M ultiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operationis
executed in 1 to 3 states, and a 16 x 16 + 64 — 64 multiply-and-accumulate operationin 2 to 3
states. A 32 x 32 - 64 multiply operation and a32 x 32 + 64 - 64 multiply-and-accumulate
operation are each executed in 2 to 5 states.
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T Bit: The result of acomparison isindicated by the T bit in the status register (SR), and a
conditional branch is performed according to whether the result is True or False.

Table2.8 T Bit

SH7729R CPU Description Example of Other CPU
CMP/GE R1,RO If RO = R1, the T bit is set. CMP.W R1,RO

BT TRGETO A branch is made to TRGETO BGE TRGETO

BE TRGET1 if RO 2 R1, or to TRGETL1 if RO < R1. BLT TRGET1

ADD #-1,R0 The T bit is not set by ADD. SUB.W #1,R0
CMP/EQ #0,R0 If RO =0, the T bit is set. BEQ TRGET

BT TRGET A branch is made if RO = 0.

Immediate Data: Byte immediate data is placed inside the instruction code. Word and longword
immediate data is not placed inside the instruction code, but in atable in memory. The tablein
memory is referenced with an immediate data transfer instruction (MOV) using PC-relative
addressing mode with displacement.

Table2.9 Immediate Data Referencing

Type SH7729R CPU Example of Other CPU
8-bit immediate MOV #H'12,R0O MOV.B #H'12,R0
16-bit immediate MOV.W  @(disp,PC),R0 MOV.W #H'1234,R0

.DATA.W H'1234
32-bit immediate MOV.L  @(disp,PC),R0 MOV.L #H'12345678,R0

.DATA.L H'12345678
Note: Immediate data is referenced by @(disp,PC).
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Absolute Addresses: When datais referenced by absolute address, the absolute address value is
placed in atable in memory beforehand. Using the method whereby immediate data is loaded
when an instruction is executed, this value istransferred to aregister and the datais referenced
using register indirect addressing mode.

Table2.10 Absolute Address Referencing

Type SH7729R CPU Example of Other CPU
Absolute address MOV.L  @(disp,PC),R1 MOV.B @H'12345678,R0
MOV.B @R1,R0O

.DATA.L H'12345678

16-Bit/32-Bit Displacement: When datais referenced with a 16- or 32-bit displacement, the
displacement value is placed in atable in memory beforehand. Using the method whereby
immediate data is |oaded when an instruction is executed, this value istransferred to aregister and
the datais referenced using indexed register indirect addressing mode.

Table2.11 Displacement Referencing

Type SH7729R CPU Example of Other CPU
16-bit displacement MOV.W @(disp,PC),R0 MOV.W @(H'1234,R1),R2
MOV.W @(RO,R1),R2

.DATA.W H'1234
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24 Instruction For mats

241 CPU Instruction Addressing M odes

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

Table2.12 Addressing Modes and Effective Addressesfor CPU Instructions

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —
direct (Operand is register Rn contents.)
Register @Rn Effective address is register Rn contents. Rn
indirect
Register @Rn+ Effective address is register Rn contents. A Rn
mduept with constar]t is added to Rn after instruction After instruction
post-increment execution: 1 for a byte operand, 2 for a word exacution
operand, 4 for a longword operand.
Byte:Rn+1 - Rn
M “ Word: Rn+2 - Rn
° Longword: Rn + 4
- Rn
1/2/4
Register @-Rn Effective address is register Rn contents, Byte:Rn—1 - Rn
indirect with decremented by a constant beforehand: 1 for a

pre-decrement

byte operand, 2 for a word operand, 4 for a
longword operand.

Rn - 1/2/4

Word: Rn—2 - Rn

Longword: Rn —4
- Rn

(Instruction
executed with Rn
after calculation)

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

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

operand size. Longword: Rn +

disp x 4
- Rn
disp ,

(zero-extended) + disp x 1/2/4
Indexed @(RO, Rn) Effective address is sum of register Rnand RO Rn + RO
register indirect contents.

©

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

displacement

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

disp
(zero-extended)

GBR
+ disp x 1/2/4

Word: GBR + disp
x 2

Longword: GBR +
dispx 4
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Addressing Instruction Calculation

Mode Format Effective Address Calculation Method Formula
Indexed GBR @(RO, Effective address is sum of register GBR and GBR + RO
indirect GBR) RO contents.

PC-relative with @(disp:8, Effective address is PC with 8-bit displacement  Word: PC + disp
displacement  PC) disp added. After disp is zero-extended, it is x 2
multiplied by 2 (word) or 4 (longword), according Longword:
to the operand size. With a longword operand, PC&H'EFFEEFEC
the lower 2 bits of PC are masked.

+ disp x 4

HFFFFFFFC PC +disp x 2
or
: PC&H'FFFFFFFC
disp + disp x 4
(zero-extended)

+. With longword operand
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Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
PC-relative disp:8 Effective address is PC with 8-bit displacement PC + disp x 2

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

disp
(sign-extended)

PC + disp x 2

disp:12 Effective address is PC with 12-bit displacement PC + disp x 2
disp added after being sign-extended and
multiplied by 2
disp PC + disp x 2
(sign-extended)
Rn Effective address is sum of PC and Rn. PC + Rn
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA instruction —

is zero-extended and multiplied by 4.
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24.2 DSP Data Addressing

Two different memory accesses are made with DSP instructions. The two kinds of instructions are
X and Y datatransfer instructions (MOVX.W, MOVY .W) and single data transfer instructions
(MOVS.W, MOVSL). The data addressing is different for these two kinds of instruction. An

overview of the datatransfer instructionsis given in table 2.13.

Table2.13 Overview of Data Transfer Instructions

X/Y Data Transfer Processing
(MOVX.W, MOVY.W)

Single Data Transfer Processing
(MOVS.W, MOVS.L)

Address register

Ax: R4, R5, Ay: R6, R7

As: R2, R3, R4, R5

Index register

IX: R8, ly: R9

Is: R8

Addressing

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

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

Dec (-2, —4): pre-decrement

Modulo addressing Possible Not possible

Data bus XDB, YDB LDB

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

Bus contention No Yes

Memory X/Y data memory Entire memory space

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

AOG, A1G

Destination register

Dx: X0/X1, Dy: YO/Y1

Ds: AO/A1, MO/M1, X0/X1, YO/Y1,
AOG, A1G

X/Y Data Addressing: With DSP instructions, the X and Y data memory can be accessed
simultaneoudly using the MOV X.W and MOVY .W instructions. Two address pointers are
provided for DSP instructions to enable simultaneous accessto X and Y data memory. Only
pointer addressing can be used with DSP instructions; immediate addressing is not available.
Addressregisters are divided into two, with register R4 or R5 functioning as the X memory
addressregister (Ax), and register R6 or R7 asthe Y memory address register (Ay). The following
three kinds of addressing can be used with X and Y data transfer instructions.

1. Non-update address register addressing:
The Ax and Ay registers are address pointers. They are not updated.
2. Addition index register addressing:
The Ax and Ay registers are address pointers. After a data transfer, the value of the Ix or Iy
register is added to each (post-increment).

RENESAS
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3. Increment address register addressing:

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

Thereisan index register for each address pointer. The R8 register isthe index register (1x) for the
X memory address register (Ax), and the R register is the index register (ly) for the Y memory
addressregister (Ay).

The X and Y datatransfer instructions perform word-length processing, and use 16-bit accessto
the X/Y data memory. A value of 2 is therefore added to the address register in the increment
processing. To perform decrementing, —2 is set in the index register and addition index register
addressing is specified. In X/Y data addressing, only bits 1 to 15 of the address pointer are valid.
When using X/Y data addressing, 0 must always be written to bit 0 of the address pointer and
index register.

X/Y datatransfer addressing is shown in figure 2.12. When accessing X and Y memory using the
X and Y buses, the upper word of Ax (R4 or R5) and Ay (R6 or R7) isignored. The result of
@AY + or @Ay+ly isstored in the lower word of Ay, while the upper word retainsits original
value.

| R8[x] R4[AX] | Romy] R6[AY]
+2 (INC) ————— R5[AX] +2 (INC) ———— R7[Ay]
+0 (no update) — +0 (no update) —
ALU AU
— | —

AU: Adder provided
Note: Three address processing methods: for DSIg addressing
1. Increment
2. Index register addition (Ix/ly)

3. No increment

Post-updating is used in all cases.
The address pointer can be decremented by setting —2/—4 in the index register.

Figure2.12 X and Y Data Transfer Addressing

Single Data Addressing: DSP instructions include two single data transfer instructions
(MOVS.W, MOVS.L) that load datainto, or store data from, a DSP register. With these
instructions, one of registers R2 to R5 is used as the single data transfer address register (As).

The following four kinds of addressing can be used with single data transfer instructions.
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1. Non-update address register addressing:
The Asregister is an address pointer. It is not updated.

2. Addition index register addressing:
The Asregister is an address pointer. After adata transfer, the value of the Isregister is added
to the Asregister (post-increment).

3. Increment address register addressing:

The Asregister is an address pointer. After adata transfer, the Asregister isincremented by 2
or 4 (post-increment).

4. Decrement address register addressing:

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

The R8 register isthe index register (Is) for the address pointer (As). Single data transfer
addressing is shown in figure 2.13.

31 0
R2[As]
31 0 R3[As]
R8[ls] R4[As]
—2/-4 (DEC)———— R5[As]
+2/+4 (INC)
+0 (no update) ——
ALU
T 32

= | AB

Note: Four address processing methods:
1. No update

2. Index register addition (Is) r
3 Increment } Post-increment
4

. Decrement Pre-decrement

Figure2.13 Single Data Transfer Addressing

Modulo Addressing: Like other DSPs, the SH7729R has a modulo addressing mode. Address
registers are updated in the same way in this mode. When the address pointer value reaches the
preset modulo end address, the address pointer value becomes the modulo start address.

Modulo addressing isonly available for the X and Y data transfer instructions (MOVX.W,
MOVY.W). Modulo addressing mode is specified for the X address register by setting the DM X
bit in the SR register, and for the Y address register by setting the DMY bit. Modulo addressing is
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valid for either the X or the Y address register, only; it cannot be set for both at the sametime.
Therefore, DMX and DMY cannot both be set simultaneously.

The MOD register is provided to set the start and end addresses of the modulo address area. The
MOD register contains MS (Modulo Start) and ME (Modulo End). An example of the use of the
MOD register (MS and ME fields) is shown below.

MOV. L MbdAddr, Rn; Rn=ModEnd, ModStart

LDC Rn, MOD; ME=MbdEnd, MS=ModSt art
MbdAddr: . DATA. W MdEnd

. DATA. W MdStart

ModSt art: . DATA

ModEnd: . DATA

The start and end addresses are specified in MS and ME, then the DMX or DMY bitissetto 1.
The address register contents are compared with ME, and if they match, start address M Siis stored
in the address register. The lower 16 bits of the address register are compared with ME.

The maximum modulo sizeis 64 kbytes. Thisis sufficient to accessthe X and Y data memory. A
block diagram of modulo addressing is shown in figure 2.14.

Instruction (MOVX/MOVY)
31 1615 0 DMX | DMY 31 1615 0

31 0 R4[AX] R6[AY] 31 0
[ R8[x] | R5[AX] CONT R7[Ay] [ ROlly]
u ) pfconm] | Rt _
i NI [0
—
MS
ALU AU
CMP
v 15 1 v
XAB YAB

Figure2.14 Modulo Addressing
An example of modulo addressing is given below.
M5 = H 7008; MeE=H 700C, R4=H A5007008;

DVWX = 1, DM = 0: (Modulo addressing setting for addressregister Ax (R4, R5))
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Asaresult of the above settings, the R4 register changes as follows.

R4:
I nc. R4:
I nc. R4:
I nc. R4:

H A5007008
H A500700A
H A500700C

H A5007008 (Reaches modulo end address, so becomes modulo start address)

Place the data so that the upper 16 bits of the modulo start and end addresses are the same. Thisis
because the modulo start address overwrites only the lower 15 bits of the address register,

excluding bit 0.

Note: When addition indexing is used for DSP data addressing, the address pointer may exceed
the ME value without actually reaching it. In this case, the address pointer will not return
to the modulo start address. Not only with modulo addressing, but when X and Y data
addressing is used, bit O isignored. 0 must always be written to bit O of the address
pointer, index register, MS, and ME.

243 CPU Instruction For mats

Table 2.14 shows the instruction formats, and the meaning of the source and destination operands,
for instructions executed by the CPU core. The meaning of the operands depends on the

instruction code. The following symbols are used in the table.

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

RENESAS
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Table2.14 CPU Instruction Formats

Instruction Format

Source
Operand

Destination
Operand

Sample Instruction

0 type — — NOP
15 0
| XXXX  XXXX XXXX  XXXX |
n type — nnnn: register MOV T Rn
15 0 direct
| xxxx| nnnn | XXXX  XXXX | Control register or nnnn: register STS MACH,Rn
system register direct
Control register or nnnn: pre- STC.L SR,@-Rn
system register decrement register
indirect
m type nmm register Control register or LDC Rm,SR
15 o direct system register
| XXXX |mmmm| XXXX  XXXX nmmm post- Control register or LDC.L @Rm+,SR
increment register  system register
indirect
nmmm register — JMP @Rm
indirect
PC-relative using — BRAF Rm

Rm
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Instruction Format

Source
Operand

Destination
Operand

Sample Instruction

nm type
15

nmm register
direct

nnnn: register
direct

ADD Rm,Rn

| XXXX | nnnn |mmmm| XXXX |

nmmm register
indirect

nnnn: register
indirect

MOV.L Rm,@Rn

mmm post-

MACH, MACL

increment register
indirect (multiply-
and-accumulate
operation)

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

operation)

MAC.W @Rm+,@Rn+

mmm post-

increment register

indirect

nnnn: register
direct

MOV.L @Rm+,Rn

nmmm register
direct

nnnn: pre-

decrement register

indirect

MOV.L Rm,@-Rn

nmm register
direct

nnnn: indexed
register indirect

MOV.L Rm,@(RO,Rn)

nmmmdddd:
register indirect

with displacement

RO (register direct)

MOV.B @(disp,Rm),R0O

RO (register direct)

nnnndddd:
register indirect

with displacement

MOV.B RO,@(disp,Rn)

md type
15 0
| XXXX  XXXX |mmmm| dddd |
nd4 type
15 0
| XXXX  XXXX | nnnn | dddd |
nmd type
15 0

| XXXX | nnnn|mmmm| dddd |

nmm register
direct

nnnndddd:
register indirect

with displacement

MOV.L Rm,@(disp,Rn)

nmmmdddd:
register indirect

with displacement

nnnn: register
direct

MOV.L @(disp,Rm),Rn

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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Source Destination
Instruction Format Operand Operand Sample Instruction
d type dddddddd: GBR RO (register direct) MOV.L @(disp,GBR),R0
15 0 indirect with
XXXX  Xxxx | dddd dddd | displacement
RO (register direct) dddddddd: GBR  MOV.L
indirect with @RO,@(disp,GBR)
displacement
dddddddd: RO (register direct) MOVA @(disp,PC),R0
PC-relative with
displacement
dddddddd: — BF label
PC-relative
d12 type dddddddddddd: — BRA label
15 o PC-relative (label=disp+PC)
| x0o | dddd  dddd  dddd |
nd8 type dddddddd: PC- nnnn: register MOV.L @(disp,PC),Rn
15 0 relative with direct
| XXXX | nnnn | dddd dddd | displacement
i type piiiiiii: Indexed GBR AND.B #imm,@(R0,GBR)
15 o immediate indirect
| XXXX  XXXX | Piii i | piiiiiii: RO (register direct) AND  #imm,R0
immediate
pidiiiiii: — TRAPA #imm
immediate
ni type piiiiiii: nnnn: register ADD  #imm,Rn
15 o immediate direct

| XXXX | nnnn| iiii
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244 DSP Instruction For mats

The SH7729R includes new instructions for digital signal processing. The new instructions are of

the following two kinds.

1. Memory and DSP register double and single data transfer instructions (16-bit length)
2. Pardlel processing instructions processed by the DSP unit (32-bit length)

The instruction formats are shown in figure 2.15.

CPU core instructions

Double data transfer
instructions

Single data transfer
instructions

Parallel processing
instructions

15 0
0000
1110
15 109 0
111100 A field
15 10 9 0
111101 A field
31 26 25 16 15 0
111110 A field B field

Figure2.15 DSP Instruction Formats
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Double and Single Data Transfer Instructions: The format of double data transfer instructions

isshown in table 2.15, and that of single data transfer instructionsin table 2.16.

Table2.15 Double Data Transfer Instruction Formats

Type

Mnemonic

15\14\13\12\11\10

X memory
data
transfer

NOPX

MOVX.W @Ax,Dx
MOVX.W @Ax+,Dx
MOVX.W @Ax+Ix,Dx

MOVX.W Da,@Ax
MOVX.W Da,@Ax+
MOVX.W Da,@Ax+Ix

1 1 1 1 0 O

O‘O &)

P P Ok P OO W

O KRk O FLP|IO|N

Y memory
data
transfer

NOPY

MOVY.W @Ay,Dy
MOVY.W @Ay+,Dy
MOVY.W @Ay+ly,Dy

MOVY.W Da, @Ay
MOVY.W Da, @Ay+
MOVY.W Da,@Ay+ly

R P O|lFRr B O|O

R O FP|Fkr O FL|O

Note: Ax:
Ay:

Dx:
Dy:
Da:

0=R4,1=R5
0=R6,1=R7
0=X0,1=X1
0=Y0,1=Y1
0=A0,1=A1
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Table2.16 Single Data Transfer Instruction Formats

Type Mnemonic 15\14\13\12\11\10 9‘8 7‘6‘5‘4 3\2
Single MOVS.W @-As,Ds 1 1 1 1 0 1 As Ds 0:(*) 0O 0|0
?rgtnasfer MOVS.W @As,Ds O:R4 1:(%) 0 1

MOVS.W @As+,Ds 1:R5 2:(*) 10
MOVS.W @As+ls,Ds 2:R2 3:(%) 11
MOVS.W Ds,@-As 3:R3 4:(%) 0 0/ 01
MOVS.W Ds,@As 5:A1 0 1
MOVS.W Ds,@As+ 6:(*) 10
MOVS.W Ds,@As+Is 7:A0 1 1
MOVS.L @-As,Ds 8:X0 0 0/1/0
MOVS.L @As,Ds 9:x1 0 1
MOVS.L @As+,Ds A:YO 10
MOVS.L @As+ls,Ds B:Y1 11
MOVS.L Ds,@-As C:MO 0 0/11
MOVS.L Ds,@As D:AIG |0 1
MOVS.L Ds,@As+ E:M1 10
MOVS.L Ds,@As+ls FAG |1 1

Note: * Codes reserved for system use.

Parallel Processing Instructions: Parallel processing instructions are provided for efficient
execution of digital signal processing using the DSP unit. They are 32 bitslong and allow four
simultaneous processes, an ALU operation, multiplication, and two data transfers.

Parallel processing instructions are divided into an A field and aB field. The A field defines data
transfer instructions and the B field an ALU operation instruction and multiply instruction. These
instructions can be defined independently, and the processing is executed in parallel,
independently and simultaneously. A-field parallel data transfer instructions are shown in table
2.17, and B-field ALU operation instructions and multiply instructionsin table 2.18.
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lV=1'0v=0 eq
LA=1'0A=0 *Aq
IX=1'0X=0 xa
[d=1'94=0 Ay
GY=1‘v¥=0 XV 910N

Table2.17 A-Field Parallel Data Transfer |nstructions

[ Al+Av®@ ‘e M"AAOW
0l +Av@ ‘e M\ AANOIN
L 0 L ed Av® ‘ed M'AAOW
pIoy g Lol Bl AQ ‘AI+Av® M AAOIN
01l AQ ‘+Av®@ M AAON Jaysuely
L 0 o |Aa| |Av AQ ‘“Av®@ M AAOWN ejep
00 o [ol (o] [0 v b b Loy AJON | Asowsw A
Lol XI+Xy® 8Q M XAOW
01l +XV® ‘ed M"XAOW
) L] |ea Xv® ‘ed M XAOW
R R XQ X+XV® M XAON
pioy g , .
01 XQ +Xv® M'XAOW |  Jeysuen
L ol |o] [xa| |xv XQ ‘XY@ M XAOW ejep
ool (o] [o] [o]Jo b v 1 11 XdON | Aiowsw X
o[v]zle|v]s|o]]8]6]or]sr|z]er|vi|si]or|2|81]61|02] 12|22 |c2| v2 52 |92] 22| 82 62] 0 16 a1uowau adAL
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‘asn wajsAs 10} pBAIBSal SBP0) 4 BJON

Table2.18 B-Field ALU Operation Instructionsand M ultiply Instructions

(o) -
LN
(:)a Lo
ON:D L 1|0 O paAIssay
LAG Lo zQ ‘A aNdd
OAY 0 I zg ‘A sgvd
1X'6 L 0 zQ ‘xS ANYd
0X:8 01|00 ZQ 'xs savd
Mudv\M 1 1 PaAIBSDY
«):
VG 0ol PaAIBSDY
A*vnv 1 0 PaAIBSBY
(x):€ L 0j0 0O AS XS dINOd
(+):Z [ zQ ‘As 'xs Daavd
(+):1 0 I zQg ‘AS xS 0dNSd
(+):0 ) suononsul
zQ 0 0|0 0|0 0[O0 1 penlesey | pueledo-g
ba ‘s 'es SN
L L Lo nag ‘As 'xs aavd
IViE | LVIE | LINE | LVIE | LV'E | LV'E ba ‘s ‘oS SN
OV:Z | OV:Z | ON:Z| OV:Z | OX:Z |0AZ|0 L L O nq ‘As ‘xs dnsd
OATL | LINEL | LATL | IXEL | LATL | LXEL
0X:0 | 00 | OAT0 | 0X:0 | OA'0 | OX:0| L O L O panIasay | suononisul
6 £ XS IS o 19|esed
na d s 001 0 Ba s '9S SN | pueltado-9
L oo
1 000 pIRY v paniasey
Ze+=>wwl=>z¢- |0|L|0 0 O zQ ‘wWwi# YHSd
zQ 9l+=>wwl=>9L-|0|0|0 0 O 0L L L L1 ZQ ‘WWi# THSd | BIYs “wiwy
o[v]ze|v][s|o]]8]6]or/1i]zr/et|vr|si|oL|21[s1 61|02 12]22|c2| v 52| 92| 2] 82 62[ 08 V6 auowaup adAL
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(uononsul [euopipuodun) suou 1o (8sjed 1q Od) 404 ‘(eniL 1 0a) 10a o 4] Z

‘9SN Wa)SAS 10) POAISSAI SBPOD | :SSION
[T T T A panIasay
« 0
00 pantesey (Zx)
Lo TOVIN ‘za SATd [09 4]
0l HOVIN 2a Sdd [09 4]
) zQ “TOVIN SLSd [09 4]
(L L|0 O zd ‘HOVIN S1Sd [09 4]
00 PaAIaSDY
Lo zg ‘AS AdOOd [0 41]
0l zq ‘AS 93Nd [0 4]
] zq XS Ad0Od [02 41
0 L|0O O} L zQ ‘XS 93Nd [0 4]
) Lo zg ‘AS dsinad [09 4]
AH_W,_V..M__ 01 paAlesay
(Ls):a L0 2Q 'xs gSNAd [09 4]
0D 40Q (1L L|0 O zQ Y10d [99 1]
LA'g bl [ zq ‘AS ONId [0 4]
OAY 01 zq ‘As D3ad [09 4]
X6 ) zQ ‘XS ONId [09 4]
0x-8 1oajo Lo o 2@ ‘xS 03dd [22 4]
%umm 01 Ll 24 kS xS Od [09 4]
VS 0 1 2@ 'AS 'XS HOXd [00J1]
(L% | e | LYE | uonsp L 0 2@ ‘AS xS ANVd [99 4]
(L)€ | op:z| ovig [ueoun| b 0] 0 0 panIasay
Uz x| M0 Lo 2@ ‘As 'xs @avd [00 4]
(1)L ) ) 0l play v za “AS xS gnsd 09 1 | suononasul
(1+):0 0A:0 | 0X0 ) za kS XS YHSd [02 1] | puessado-¢
zq A | XS | 2040 0]0 O 0 L L L L L] 2a‘AS ‘XS THSd [00 #1] | jeuonipuo)
o[v]zle|v]s|o]z]8]6]os]sr|zi[es|vt|sT|08]21|81]61]02|12]22]e2|v2| 52| 92 L2] 82 62 0E  LE a1uowauy adA]
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25 Instruction Set

25.1 CPU Instruction Set

The SH-1/SH-2/SH-3 compatibl e instruction set consists of 68 basic instruction types divided into
six functional groups, as shown in table 2.19. Tables 2.20 to 2.25 show the instruction notation,
machine code, execution time, and function.

Table2.19 CPU Instruction Types

Kinds of Number of
Type Instruction Op Code Function Instructions
Data transfer 5 MOV Data transfer 39
instructions Immediate data transfer
Peripheral module data transfer
Structure data transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Upper/lower swap

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

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Signed division initialization

DIVOU Unsigned division initialization

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate, double-

precision multiply-and-accumulate

MUL Double-precision multiplication
(32 x 32 bits)
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Kinds of Number of

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

NEG Sign inversion

NEGC Sign inversion with borrow

SUB Binary subtraction

SUBC Binary subtraction with carry

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

OR Logical OR

TAS Memory test and bit setting

TST Logical AND and T bit setting

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

ROTCL 1-bit left shift with T bit
ROTCR 1-bit right shift with T bit

SHAL Arithmetic 1-bit left shift
SHAR Arithmetic 1-bit right shift
SHLL Logical 1-bit left shift
SHLLn Logical n-bit left shift
SHLR Logical 1-bit right shift
SHLRn Logical n-bit right shift
SHAD Arithmetic dynamic shift
SHLD Logical dynamic shift
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Kinds of Number of

Type Instruction Op Code Function Instructions
Branch 9 BF Conditional branch, delayed conditional 11
instructions branch (T = 0)

BT Conditional branch, delayed conditional

branch (T = 1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRT T bit clear 75
_control ) CLRMAC MAC register clear
instructions

CLRS S bit clear

LDC Load into control register

LDS Load into system register

LDTLB PTEH/PTEL load into TLB

NOP No operation

PREF Data prefetch to cache

RTE Return from exception handling

SETS S bit setting

SETT T bit setting

SLEEP Transition to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling
Total: 68 188
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The instruction code, operation, and number of execution states of the CPU instructions are shown
in the following tables, classified by instruction type, using the format shown below.

Instruction

Instruction Code

Operation

Execution
States T Bit

Indicated by mnemonic.

Explanation of Symbols

OP.Sz SRC, DEST
OP:  Operation code
Sz: Size
SRC: Source
DEST: Destination

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

disp: Displacement

Indicated in MSB -
LSB order.

Explanation of Symbols
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
iiii: Immediate data

dddd: Displacement™?

Indicates summary of
operation.

Explanation of Symbols

-, «: Transfer direction

(xx):

Memory operand

M/QIT: Flag bits in SR

&:
|:

A

<n:

>>n:

Logical AND of each bit
Logical OR of each bit

Exclusive logical OR of
each bit

Logical NOT of each bit
n-bit left shift
n-bit right shift

Value when Value of T bit
no wait after

states are instruction is
inserted** executed

Explanation
of Symbols
—: No
change

Notes: 1. The table shows the minimum number of execution states. In practice, the number of
instruction execution states will be increased in cases such as the following:

(1) When there is contention between an instruction fetch and a data access

(2) When the destination register of a load instruction (memory - register) is also
used by the following instruction

2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
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Data Transfer Instructions

Table2.20 Data Transfer Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

MoV #i mm Rn imm - Sign extension 1110nnnnidiiiiiii — 1 —
- Rn

MOV. W @disp, PO, Rn (disp x2+PC) - Sign 1001nnnndddddddd — 1 —
extension —» Rn

MOV.L @disp,PC),Rn (dispx4+PC) - Rn 1101nnnndddddddd — 1 —

MoV Rm Rn Rm - Rn 0110nnnnmmm0011 — 1 —

MOV.B  Rm @un Rm - (Rn) 0010nnnnmMMmMmMO000  — 1 —

MOV. W Rm @un Rm - (Rn) 0010nnnnmmm0001  — 1 —

MOV.L Rm @un Rm - (Rn) 0010nnnnmMMmMmMO010 — 1 —

MOV.B  @m Rn (Rm) - Sign extension 0110nnnnmMmmMm®O000  — 1 —
- Rn

MOV. W  @Rm Rn (Rm) - Sign extension 0110nnnnmMmmMm®O001  — 1 —
- Rn

MOV.L @m Rn (Rm) - Rn 0110nnnnmmm0010 — 1 —

MOV. B Rm @Rn Rn-1 - Rn,Rm - (Rn)  0010nnnnmmm®0100 — 1 —

MOV. W Rm @Rn Rn-2 -~ Rn, Rm - (Rn)  0010nnnnnmmm?0101 — 1 —

MOV.L Rm @Rn Rn-4 - Rn,Rm - (Rn)  0010nnnnmmm®0110 — 1 —

MOV. B @mt, Rn (Rm) - Sign extension 0110nnnnmmm0100 — 1 —
- Rn,Rm+1 - Rm

MOV. W @mt+, Rn (Rm) - Sign extension 0110nnnnmMmmMm®O101 — 1 —
- Rn,Rm+2 -~ Rm

MOV.L  @mt, Rn (Rm) - Rn,Rm+4 -~ Rm 0110nnnnnmmmm0110 — 1 —

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

MOV. W RO, @di sp, Rn) RO - (disp x2 + Rn) 10000001nnnndddd  — 1 —

MOV.L Rm @di sp, Rn) Rm - (disp x4 + Rn) 0001nnnnmmmdddd — 1 —

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

MOV. W @disp, R), R0 (disp x2+Rm) - Sign 10000101mmmdddd — 1 —
extension - RO

MOV.L @disp,RM,Rn  (dispx4+Rm) - Rn 0101nnnnmmmdddd  — 1 —

MOV. B Rm @ RO, Rn) Rm - (RO + Rn) 0000NnnNNMmMO100 — 1 —
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Privileged

Instruction Operation Code Mode Cycles T Bit

MOV. W Rm @ RO, Rn) Rm - (RO + Rn) 0000NnnnnmMmMO101 — 1 —

MOV.L Rm @RO, Rn) Rm - (RO + Rn) 0000nnnnmMmmMMO110 — 1 —

MOV.B @RO0, RM, Rn (RO + Rm) - Sign 0000nnnnMMML100 — 1 —
extension - Rn

MOV. W @RO, RmM, Rn (RO + Rm) - Sign 0000nnnnmMmMML101 — 1 —
extension - Rn

MOV.L @RO,RM,Rn (RO +Rm) - Rn 0000nnnnmMMML110 — 1 —

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

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

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

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

MV. W @di sp, GBBR), RO (disp x2 + GBR) - 11000101dddddddd  — 1 —
Sign extension - RO

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

MOVA @disp, PO, R0 dispx4+PC - RO 11000111dddddddd — 1 —

MOVT Rn T > Rn 0000nnnn00101001 — 1 —

SWAP. B Rm Rn Rm - Swap lowest two 0110nnnnmmml000 — 1 —
bytes . REG

SWAP. W Rm Rn Rm - Swap two 0110nnnnmmml001  — 1 —
consecutive words — Rn

XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnmMmmM1101 — 1 —

Rn - Rn
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Arithmetic Operation Instructions

Table2.21 Arithmetic Operation Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 001lnnnnmMmmMm1100 — 1 —
ADD #i nm Rn Rn +imm - Rn Ol1linnnniiiiiiii — 1 —
ADDC Rm Rn Rn+Rm+T - Rn, 001lnnnnmmmill0 — 1 Carry
Carry - T
ADDV Rm Rn Rn+Rm - Rn, 001lnnnnmmmilll — 1 Overflow
Overflow - T
CWP/ EQ #i mm RO IfRO=imm,1 - T 10001000i iiiiiii — 1 Comparison
result
CW/ EQ Rm Rn IfRn=Rm,1 - T 0011nnnnmmm0000 — 1 Comparison
result
CW/HS Rm Rn If Rn = Rm with 001lnnnnmmmO010 — 1 Comparison
unsigned data, 1 - T result
CW/ GE RmRn If Rn = Rm with signed ~ 0011nnnnmmm0011 — 1 Comparison
data,1 - T result
CW/H RmRn If Rn > Rm with 0011nnnnmmm0110 — 1 Comparison
unsigned data, 1 - T result
CWP/ GT Rm Rn If Rn > Rm with signed 001lnnnnmmmmO0111 — 1 Comparison
data,1 - T result
CW/ PZ Rn IfRn=0,1-T 0100nnnn00010001 — 1 Comparison
result
CW/ PL Rn IfRN>0,1-T 0100nnnn00010101 — 1 Comparison
result
CWP/ STR Rm Rn If Rn and Rm have an 0010nnnnmMMmmM1100 — 1 Comparison
equivalent byte, 1 - T result
Dl V1 Rm Rn Single-step division 0011nnnnmmm0100 — 1 Calculation
(Rn/Rm) result
DIVOS RmRn MSB of Rn - Q, MSB 0010nnnnmmm®0111 — 1 Calculation
of Rm - M,M"*"Q - T result
DI VOU 0 - M/IQIT 0000000000011001 — 1 0
DMULS. L Rm Rn Signed operation of 001lnnnnmmml101 — 2(5)*l —
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits
DMULU. L Rm Rn Unsigned operation of 001lnnnnmmm0101 — 2(5)*l

Rn x Rm - MACH,

MACL 32 x 32 — 64 bits

RENESAS
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Instruction

Operation

Code

Privileged
Mode

Cycles

T Bit

DT Rn

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

0100nnnn00010000

1

Comparison
result

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmmi110

EXTS. W Rm Rn

A word in Rm is sign-
extended - Rn

0110nnnnmmmillll

EXTU. B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmmmm1100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnmmmil101

MAC.L @mt, @G+

Signed operation of (Rn)

x (Rm) + MAC - MAC,
Rn+4 - Rn,

Rm+4 -~ Rm,

32 x 32 + 64 - 64 bits

0000nnnnmMMMMIL111

2(5)**

MAC. W @Rmt+, @+

Signed operation of (Rn)

x (Rm) + MAC - MAC,
Rn+2 - Rn,

Rm+2 - Rm,

16 x 16 + 64 - 64 bits

0100nnnnmmm111

2(5)"*

MIL.L RmRn

Rn xRm - MACL,
32 x 32 - 32 bits

0000NnNNNMMMO111

2(5)"*

MJULS. W Rm Rn

Signed operation of Rn
x Rm - MACL,
16 x 16 — 32 bits

0010nnnnmmm111

1(3)*?

MJLU. W Rm Rn

Unsigned operation of
Rn xRm - MACL,
16 x 16 — 32 bits

0010nnnnmmmm1110

1(3)*?

NEG Rm Rn

0-Rm - Rn

0110nnnnmmmil011

NEGC Rm Rn

0-Rm-T - Rn,
Borrow —» T

0110nnnnmmmm1010

Borrow

SuB Rm Rn

Rn-Rm - Rn

0011nnnnmmmi000

SUBC Rm Rn

Rn-Rm-T - Rn,
Borrow - T

0011nnnnmmmi010

Borrow

SUBV Rm Rn

Rn-Rm - Rn,
Underflow - T

0011nnnnmmmi011

Underflow

Notes: 1. The normal minimum number of execution cycles is two, but five cycles are required

when the operation result is read from the MAC register immediately after the
instruction.

2. The normal minimum number of execution cycles is one, but three cycles are required
when the operation result is read from the MAC register immediately after the MUL

instruction.
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L ogic Operation Instructions

Table2.22 Logic Operation Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
AND Rm Rn Rn & Rm - Rn 0010nnnnmmmm1001 — 1 —
AND  #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —
AND. B #i mm @ RO, GBR) (RO + GBR) & imm - 1100110%iiiiiiii — 3 —
(RO + GBR)
NOT Rm Rn ~Rm - Rn 0110nnnnmmm0111 — 1 —
R Rm Rn Rn|Rm - Rn 0010nnnnmMmmMm011 — 1 —
R #i mm RO RO | imm - RO 1100101%iiiiiiii — 1 —
OR B #i nm @ RO, GBR) (RO + GBR) | imm - 1100111%iiiiiiii — 3 —
(RO + GBR)
TAS. B @rn If(Rn)is0,1 - T; 0100nnnn00011011 — 3 Test
1 - MSB of (Rn) result
TST Rm Rn Rn & Rm; if the result 0010nnnnmmM.000 — 1 Test
is0,1-T result
TST #i mm RO RO & imm; if the result 11001000iiiiiiii — 1 Test
is0,1-T result
TST. B #i nm @ RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii — 3 Test
iftheresultis0,1 - T result
XOR Rm Rn Rn~"Rm - Rn 0010nnnnmmm1010 — 1 —
XOR #i mm RO RO~ imm - RO 11001010iiiiiiii — 1 —
XOR B #i nm @ RO, GBR) (RO + GBR) " imm - 11001110iiiiiiii — 3 —

(RO + GBR)
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Shift Instructions

Table2.23 Shift Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit
ROTL Rn T « Rn « MSB 0100nnnn00000100 — 1 MSB
ROTR Rn LSB - Rn - T 0100nnnn00000101 — 1 LSB
ROTCL Rn T-RnN T 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn-T 0100nnnn00100101 — 1 LSB
SHAD Rm Rn Rn=0:Rn<<Rm - Rn 0100nnnnMMM100 — 1 —

Rn<0: Rn>>Rm -

[MSB - Rn]
SHAL Rn T~Rn-0 0100nnnNn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnn00100001 — 1 LSB
SHLD Rm Rn Rn=0: Rn<<Rm - Rn 0100nnnnMMM1101 — 1 —

Rn<0: Rn>>Rm -

[0 - Rn]
SHLL Rn T<Rn<0 0100nnnn00000000 — 1 MSB
SHLR Rn O-Rn-T 0100nnnNn00000001 — 1 LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnNn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLL16 Rn Rn << 16 - Rn 0100nnnn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —
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Branch Instructions

Table2.24 Branch Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

BF | abel IfT=0,dispx2+PC - PC; 10001011dddddddd — 3/1* —
if T =1, nop (where label is
disp + PC)

BF/'S | abel Delayed branch, if T =0, 10001111dddddddd — 2/1* —
dispx2 + PC - PC;
if T=1, nop

BT | abel Delayed branch, if T =1, 10001001dddddddd — 31" —
dispx 2 + PC - PC;
if T=0, nop

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

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

BRAF Rm Delayed branch, 0000mMmmMMD0100011 — 2 —
Rm+PC - PC

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

BSRF Rm Delayed branch, PC - PR, 0000mMmmMMD0000011 — 2 —
Rm+PC - PC

JMP @Rm Delayed branch, Rm - PC 0100mm®D0101011 — 2 —

JSR @Rm Delayed branch, PC - PR, 0100mMmmMmD0001011 — 2 —
Rm - PC

RTS Delayed branch, PR - PC 0000000000001011 — 2 —

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

Table2.25 System Control Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
CLRVAC 0 - MACH, MACL 0000000000101000 — 1 —
CLRS 0-S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC Rm SR Rm - SR 0100nMmMmM®D0001110 v 5 LSB
LDC Rm GBR Rm - GBR 0100mMmmMm00011110 — 1 —
LDC Rm VBR Rm - VBR 0100mMmmMm®D0101110 v 1 —
LDC Rm SSR Rm - SSR 0100mmM00111110 vV 1 —
LDC Rm SPC Rm - SPC 0100mMmMmD1001110 v 1 —
LDC Rm RO_BANK Rm - RO_BANK 0100mmm 0001110 vV 1 —
LDC Rm R1_BANK Rm - R1_BANK 0100mMmm10011110 v 1 —
LDC Rm R2_BANK Rm - R2_BANK 0100mmm 0101110 vV 1 —
LDC Rm R3_BANK Rm - R3_BANK 0100mmm 0111110 V 1 —
LDC Rm R4_BANK Rm - R4_BANK 0100mMmMm11001110 v 1 —
LDC Rm R5_BANK Rm - R5_BANK 0100mmml 1011110 V 1 —
LDC Rm R6_BANK Rm - R6_BANK 0100mMmMm11101110 v 1 —
LDC Rm R7_BANK Rm - R7_BANK 0100mmml 1111110 V 1 —
LDC. L @mt, SR (Rm) - SR,Rm+4 - Rm 0100nMmMmMDO0000111 v 7 LSB
LDC. L @m+, GBR (Rm) - GBR,Rm +4 - Rm 0100mMmmMm00010111 — 1 —
LDC. L @mt, VBR (Rm) - VBR,Rm +4 - Rm 0100mMmmMm®D0100111 v 1 —
LDC. L @mt, SSR (Rm) -~ SSR,Rm +4 - Rm 0100mmM00110111 vV 1 —
LDC. L @m+, SPC (Rm) - SPC,Rm+4 - Rm 0100mMmmMmD1000111 v 1 —
LDC. L @Rmt, (Rm) - RO_BANK, 0100mmm 0000111 vV 1 —
RO_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) - R1_BANK, 0100mmMM10010111 v 1 —
R1_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) - R2_BANK, 0100mmm 0100111 vV 1 —
R2_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R3_BANK, 0100mmMM10110111 v 1 —
R3_BANK Rm+4 - Rm
LDC. L @R+, (Rm) - R4_BANK, 0100mmMM11000111 vV 1 —
R4_BANK Rm+4 - Rm
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Privileged

Instruction Operation Code Mode Cycles T Bit
LDC. L @Rm+, (Rm) — R5_BANK, 0100mmm11010111 v 1 —
R5_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) - R6_BANK, 0100mmMm11100111 v 1 —
R6_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) - R7_BANK, 0100mmMm11110111 v 1 —
R7_BANK Rm+4 - Rm
LDS Rm MACH Rm - MACH 0100mmD0001010 — 1 —
LDS Rm MACL Rm - MACL 0100mMmMmM®D0011010 — 1 —
LDS Rm PR Rm - PR 0100mm®D0101010 — 1 —
LDS. L @m+, MACH (Rm) - MACH,Rm+4 -~ Rm 0100mmmD0000110 — 1 —
LDS. L @Rm+, MACL (Rm) - MACL,Rm+4 -~ Rm 0100mmm00010110 — 1 —
LDS. L @mt, PR (Rm) - PR,Rm+4 - Rm 0100mMmmMm®D0100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 V 1 —
NOP No operation 0000000000001001 — 1 —
PREF @Rm (Rm) - cache 0000nMM1L0000011 — 1 —
RTE Delayed branch, 0000000000101011 4 —
SSR/SPC - SR/PC
SETS 1-5S 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011  V 4" —
STC SR Rn SR - Rn 0000nnnn00000010 v 1 —
STC GBR Rn GBR - Rn 0000nnNnn00010010 — 1 —
STC VBR, Rn VBR - Rn 0000nnnn00100010 v 1 —
STC  SSR Rn SSR - Rn 0000nNNN00110010 vV 1 —
STC SPC, Rn SPC -~ Rn 0000nnnn01000010 v 1 —
STC  RO_BANK, Rn RO_BANK- Rn 0000nNNN10000010 V 1 —
STC R1_BANK, R R1_BANK- Rn 0000nnnn10010010 v 1 —
STC R2_BANK, Rn R2_BANK- Rn 0000nnnn10100010 v 1 —
STC R3_BANK, Rn R3_BANK- Rn 0000nNNN10110010 vV 1 —
STC R4_BANK, Rn R4_BANK- Rn 0000nnnn11000010 v 1 —
STC  R5_BANK, Rn R5_BANK- Rn 0000nnNNN11010010 V 1 —
STC R6_BANK, Rn R6_BANK- Rn 0000nnnn11100010 v 1 —
STC  R7_BANK, Rn  R7_BANK- Rn 0000nnNNN11110010 V 1 —
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Privileged

Instruction Operation Code Mode Cycles T Bit

STC.L SR @Rn Rn-4 - Rn, SR - (Rn) 0100nnnn00000011 vV 2 —

STC. L GBR, @Rn Rn-4 - Rn, GBR - (Rn) 0100nnnn00010011 — 2 —

STC.L VBR @Rn Rn-4 - Rn, VBR - (Rn) 0100nnnn00100011 v 2 —

STC. L SSR, @Rn Rn-4 - Rn, SSR - (Rn) 0100nnnNn00110011 vV 2 —

STC.L SPC, @Rn Rn-4 - Rn, SPC - (Rn) 0100nnnn01000011 vV 2 —

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TRAPA #i mm PC - SPC, SR - SSR, 1100001%iiiiiiii — 8 —

imm << 2 - TRA,
VBR + H'0100 - PC

Note: * Number of states before the chip enters the sleep state.

The table shows the minimum number of clocks required for execution. In practice, the
number of execution cycles will be increased if there is contention between an instruction
fetch and a data access, or if the destination register of a load instruction (memory -
register) is also used by the following instruction.
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2.6 DSP Extended-Function Instructions

26.1 Introduction
The DSP extended-function instructions are classified into the following three groups:

1. Additiona system control instructions for the CPU unit (section 2.6.2, Added CPU System
Control Instructions)

2. DSP unit memory-register single and double data transfer (section 2.6.3, Single and Double
Data Transfer for DSP Data | nstructions)

3. DSP unit parallel processing (section 2.6.4, DSP Operation Instruction Set)

2.6.2 Added CPU System Control Instructions

Theinstructionsin this class are treated as part of the CPU core functions, and therefore all the
added instructions have a 16-bit code length. All the additional instructions belong to the system
control instruction group. Table 2.26 summarizes the added system instructions.

Control registers—RS, RE, and MOD—have been added to the CPU core to support loop control
and modulo addressing functions, and LDC and ST S instructions have been provided for these
registers.

The DSP engine’'sDSR, A0, X0, X1, YO, and Y1 registers are treated as system registers such as
STSand LDS instructions are supported for these registers. As digital signal processing operations
usually employ a multi-level nested-loop structure, DSP performance can be improved by means
of azero-overhead loop control function. SETRC instructions are provided to set the repeat count
inthe RC field in SR[27:16]. When an immediate operand type SETRC instruction is executed,
the 8-bit immediate operand datais set in SR[23:16], and 0 is set in the remaining bits, SR[27:24].
When aregister operand type SETRC instruction is executed, Rn[11:0] isset in SR[27:16]. The
start address and end address of the repeat loop are set in the RS register and RE register. There
are two ways of setting the addresses: by using an LDC instruction, or by using the LDRS and
LDRE instructions.
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Table2.26 Added CPU System Control Instructions

Execu-
tion
Instruction Instruction Code Operation States T Bit
SETRC #i nm 10000010iiiiiiii imm - RC (of SR) 3 —
SETRC Rn 0100nnnn00010100 Rn[11:0] - R C (of SR) 3 —
LDRS @di sp, PC 10001100dddddddd (disp x2 + PC) - RS 3 —
LDRE @disp, PC)  10001110dddddddd (disp x2 + PC) -~ RE 3 —
STC MOD, Rn 0000nnNnNn01010010 MOD - Rn 1 —
STC RS, Rn 0000nnnn01100010 RS - Rn 1 —
STC RE, Rn 0000nnNnn01110010 RE - Rn 1 —
STS DSR, Rn 0000nnnn01101010 DSR - Rn 1 —
STS A0, Rn 0000nnNnn01111010 AO - Rn 1 —
STS X0, Rn 0000nnnn10001010 X0 - Rn 1 —
STS X1, Rn 0000nnNnNn10011010 X1 - Rn 1 —
STS YO0, Rn 0000nnNnNn10101010 YO - Rn 1 —
STS Y1, Rn 0000nnnn10111010 Y1 - Rn 1 —
STS.L DSR, @Rn 0100nnnn01100010 Rn-4 - Rn, DSR - (Rn) 1 —
STS.L A0, @Rn 0100nnnn01110010 Rn-4 - Rn, A0 - (Rn) 1 —
STS.L X0, @ Rn 0100nnNnn10000010 Rn-4 - Rn, X0 - (Rn) 1 —
STS.L X1, @Rn 0100nnNnNn10010010 Rn-4 - Rn, X1 - (Rn) 1 —
STS.L Y0, @Rn 0100nnNnn10100010 Rn-4 - Rn, YO - (Rn) 1 —
STS.L Y1, @Rn 0100nnnn10110010 Rn-4 - Rn, Y1 - (Rn) 1 —
STC.L MDD, @Rn 0100nnnn01010011 Rn-4 - Rn,MOD - (Rn) 2 —
STC.L RS @Rn 0100nnnn01100011 Rn-4 - Rn, RS - (RN) 2 —
STC.L RE, @Rn 0100nnnn01110011 Rn-4 - Rn, RE - (RN) 2 —
LDS. L @rn+, DSR 0100nnnn01100110 (Rn) - DSR,Rn+4 - Rn 1 —
LDS. L @rn+, A0 0100nnnn01110110 (Rn) - AO,Rn+4 - Rn 1 —
LDS. L @Rn+, X0 0100nnNnn10000110 (Rn) - X0,Rn+4 - Rn 1 —
LDS. L @n+, X1 0100nnnNn10010110 (Rn) - X1,Rn+4 -~ Rn 1 —
LDS. L @Rn+, YO 0100nnNnn10100110 (Rn) - YO,Rn+4 -~ Rn 1 —
LDS. L @n+, Y1 0100nnnNn10110110 (Rn) - Y1,Rn+4 -~ Rn 1 —
LDC. L @Rn+, MOD 0100nnnn01010111 (Rn) - MOD,Rn+4 - Rn 5 —
LDC. L @+, RS 0100nnnn01100111 (Rn) - RS,Rn+4 - Rn 5 —
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Execu-

Instruction Instruction Code Operation tSl?z;]tes T Bit
LDC. L @n+, RE 0100nnnn01110111 (Rn) - RE,Rn+4 - Rn 5 —
LDS Rn, DSR 0100nnnn01101010 Rn - DSR 1 —
LDS Rn, A0 0100nnnn01111010 Rn - AO 1 —
LDS Rn, X0 0100nnNnn10001010 Rn - XO 1 —
LDS Rn, X1 0100nnNnn10011010 Rn - X1 1 —
LDS Rn, YO 0100nnNnn10101010 Rn - YO 1 —
LDS Rn, Y1 0100nnNnn10111010 Rn - Y1 1 —
LDC Rn, MOD 0100nnnNn01011110 Rn - MOD 3 —
LDC Rn, RS 0100nnnn01101110 Rn - RS 3 —
LDC Rn, RE 0100nnnn01111110 Rn - RE 3 —

2.6.3 Single and Double Data Transfer for DSP Data I nstructions

Theinstructionsin this class are provided to reduce the program code size for DSP operations. All
the new instructionsin this class have a 16-bit code length. Instructions in this class are divided
into two groups: single data transfer instructions and double data transfer instructions. The
operand flexibility of the double data transfer instructions is the same as with the A field in
parallél instruction class data transfer instructions described in section 2.6.4, DSP Operation
Instruction Set. However, conditional load instructions cannot be used with these 16-bit
instructions. In single transfer, the Ax pointer and two address pointers (R2 and R3) are used as
the As pointer, but the Ay pointer is not used. Tables 2.27 and 2.28 list the single and double data
transfer instructions.

With double data transfer group instructions, X memory and Y memory can be accessed in
paralel. The Ax pointer can only be used by X memory access instructions, and the Ay pointer
only by Y memory access instructions. Double data transfer instructions can only access the on-
chip X and Y memory areas. Single data transfer instructions use a 16-bit instruction code, and can
access any memory address space.

Rn (n=2to 7) registers are normally used as the Ax, Ay, and As pointers. The pointer names
themsel ves can be changed with the assembler rename function. The following renaming scheme
is recommended.

R2:As2, R3:As3, R4:Ax0 (As0), R5:Ax1 (Asl), R6:Ay0, R7:Ay1, R8:Ix(ls), R9:ly
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Table2.27

Double Data Transfer Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
Xmemory  NOPX 1111000*0*0*00** X memory no 1 —
data operation
transfer * * ()] % *
MOVX. W @x, Dx 111100A*D*0*01 (AxX) - MSW of Dx, 1 —
0 - LSW of Dx
MOVX. W @\x+, Dx 111100A*D*0*10** (AX) - MSW of Dx, 1 —
0 - LSW of Dx,
AXx+2 5 AX
MOVX. W @x+1 x, Dx 111100A*D*0*11** (AX) — MSW of Dx, 1 —
0 - LSW of Dx,
AX +IX » AX
MOVX. W Da, @\x 111100A*D*1*01** MSW of Da - (Ax) 1 —
MOVX. W Da, @\x+ 111100A*D*1*10** MSW of Da - (Ax), 1 —
AX+ 2 - AX
MOVX. W Da, @+l x 111100A*D*1*11** MSW of Da - (Ax), 1 —
AX + IX » AX
Y memory  NOPY 111100*0*0*0**00 Y memory no 1 —
data operation
transfer * Ax * %
MOVY. W @y, Dy 111100*A*D*0**01 (Ay) -— MSW of Dy, 1 —
0 — LSW of Dy
MOVY. W @\ +, Dy 111100*A*D*0**10 (Ay) -» MSW of Dy, 1 —
0 — LSW of Dy,
Ay +2 - Ay
MOVY. W @y+ly, Dy 111100*A*D*0**11 (Ay) - MSW of Dy, 1 —
0 — LSW of Dy,
Ay +ly - Ay
MOVY. W Da, @y 111100*A*D*1**01 MSW of Da - (Ay) 1 —
MOVY. W Da, @y + 111100*A*D*1**10 MSW of Da — (Ay), 1 —
Ay +2 - Ay
MOVY. W Da, @\y+ly 111100*A*D+1**11 MSW of Da - (Ay), 1 —
Ay +ly - Ay
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Table2.28 Single Data Transfer Instructions

Execu-
tion DC
Instruction Instruction Code Operation States
MOVS. W @ As, Ds 111101AADDDDO000 As -2 - As, (As) - 1 —
MSW of Ds, 0 - LSW of Ds
MOVS. W @®s, Ds 111101AADDDD0100 (As) — MSW of Ds, 1 —
0 - LSW of Ds
MOVS. W @As+, Ds 111101AADDDD1000 (As) — MSW of Ds, 1 —
0 - LSWofDs,As+2 - As
MOVS. W @s+l x, Ds  111101AADDDD1100 (Asc) — MSW of Ds, 1 —
0 - LSW of Ds, As + Ix - As
MOVS. W Ds, @ As* 111101AADDDDO001 As-2 - As, 1 —
MSW of Ds - (As)
MOVS. W Ds, @s* 111101AADDDD0101 MSW of Ds - (As) 1 —
MOVS. W Ds, @s+* 111101AADDDD1001 MSW of Ds - (As), 1 —
As+2 - As
MOVS. W Ds, @s+l x* 111101AADDDD1101 MSW of Ds - (As), 1 —
As +Ix - As
MOVS. L @ As, Ds 111101AADDDD0010 As-—4 - As, (As) - Ds 1 —
MOVS. L @®s, Ds 111101AADDDD0110 (As) — Ds 1 —
MOVS. L @s+, Ds 111101AADDDD1010 (As) —» Ds,As+4 - As 1 —
MOVS. L @\s+lx,Ds 111101AADDDD1110 (As) — Ds, As +Ix — As 1 —
MOVS. L Ds, @As 111101AADDDD0011 As-—4 - As,Ds - (As) 1 —
MOVS. L Ds, @s 111101AADDDD0111 Ds - (As) 1 —
MOVS. L Ds, @s+ 111101AADDDD1011 Ds - (As),As+4 - As 1 —
MOVS. L Ds, @s+lx 111101AADDDD1111 Ds - (As),As +Ix - As 1 —
Note: * If guard bit registers AOG and A1G are specified in source operand Ds, the data is output

to the LDBJ7:0] bus and the sign bit is copied into the upper bits, [31:8].
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The correspondence between DSP data transfer operands and registersis shown in table 2.29.

CPU core registers are used as a pointer address that indicates a memory address.

Table2.29 Correspondence between DSP Data Transfer Operands and Registers

Register AX Ix Dx Ay ly Dy | Da | As Is Ds
CPU RO
register R1
R2 (As2) Yes
R3 (As3) Yes
R4 (Ax0, As0) Yes Yes
R5 (Ax1, Asl) Yes Yes
R6 (Ay0) Yes
R7 (Ayl) Yes
R8 (I, Is) Yes Yes
R9 (ly) Yes
DSP A0 Yes Yes
register  [a; Yes Yes
MO Yes
M1 Yes
X0 Yes Yes
X1 Yes Yes
YO Yes Yes
Y1 Yes Yes
AO0G Yes
AlG Yes
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264 DSP Operation Instruction Set

DSP operation instructions are instructions for digital signal processing performed by the DSP
unit. These instructions have a 32-hit instruction code, and multiple instructions can be executed
in parallel. The instruction code is divided into an A field and B field; a double data transfer
instruction is specified in the A field, and a single or double data operation instruction in the B
field. Instructions can be specified independently, and are also executed independently. The
function of the A field—that is, the data transfer instruction field—is basically the same asin the
double data transfer instructions described in section 2.6.3, Single and Double Data Transfer for
DSP Data Instructions, but has a specia functionin load instructions.

B-field data operation instructions are of three kinds: double data operation instructions,
conditional single data operation instructions, and unconditional single data operation instructions.
The formats of the DSP operation instructions are shown in table 2.30. The respective operands
are selected independently from the DSP registers. The correspondence between DSP operation
instruction operands and registersis shownin table 2.31.

Table2.30 DSP Operation Instruction For mats

Type Instruction Formats Instructions
Double data operation instructions ALUop. Sx, Sy, Du PADD PMULS,
(6 operands) M.Top. Se, Sf, Dg PSUB PMILS
Conditional single 3 operands ALUop. Sx, Sy, Dz PADD, PAND, PCR, PSHA,
data operation DCT  ALUop. Sx, Sy, Dz PSHL, PSUB, PXOR
instructions
DCF ALUop. Sx, Sy, Dz
2 operands ALUop. Sx, Dz PCOPY, PDEC, PDMSB,
DCT  ALUop. Sx, Dz PI NC, PLDS, PSTS, PNEG
DCF  ALUop. Sx, Dz
ALUop. Sy, Dz
DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
1 operand ALUop. Dz PCLR
DCT ALUop. Dz
DCF ALUop. Dz
Unconditional single 3 operands ALUop. Sx, Sy, Du PADDC, PSUBC, PMILS
glata op_eration M.Top. Se, Sf, Dg
instructions
2 operands ALUop. Sx, Dz PCVP, PABS, PRND
ALUop. Sy, Dz
ALUop. Sx, Sy
1 operand ALUop. Dz PSHA #i nm PSHL #i nm
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Table2.31 Correspondence between DSP Instruction Operands and Registers

ALU and BPU Operations Multiply Operations
Register  Sx Sy Dz Du Se Sf Dg
A0 Yes Yes Yes Yes
Al Yes Yes Yes Yes Yes Yes
MO Yes Yes Yes
M1 Yes Yes Yes
X0 Yes Yes Yes Yes Yes
X1 Yes Yes Yes
YO Yes Yes Yes Yes Yes
Y1 Yes Yes Yes

When writing parallel instructions, the B-field instruction iswritten first, followed by the A-field
instruction. A sample parallel processing program is shown in figure 2.16.

PADD A0, MO, A0 PMULS X0, YO, MO MOVX.W @R4+, XO MOVY.W @R6+, YO [;]
DCF PINC X1, Al MOVX.W A0, @R5+R8 MOVY.W @R7+, YO [;]
PCMP X1, MO MOVX.W @R4+, XO [NOPY] [;]

Figure2.16 Sample Parallel Instruction Program
Square brackets mean that the contents can be omitted.

The no operation instructions NOPX and NOPY can be omitted. Table 2.32 gives an overview of
the B field in parallel operation instructions.

A semicolon isthe instruction line delimiter, but this can also be omitted. If the semicolon
delimiter is used, the areato the right of the semicolon can be used as a comment field. This has
the same function as with conventional SH tools.

The DSR register condition code bit (DC) is updated on the basis of the result of an unconditional
ALU or shift operation instruction. Conditional instructions do not update the DC bit. Multiply
instructions, also, do not update the DC bit. The DC bit updating conditions are determined by bits
CS0to CS2 inthe DSR register. The DC bit update rules are shown in table 2.33.
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Table2.32 DSP Operation Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
PMULS Se, Sf,Dg 111110********** gGe* Sf _, Dg (signed) 1 —
0100eef f 0000gg00
PADD Sx, Sy, Du 11111Q0********** Sy + Sy - Du 1 *
PMULS Se, Sf, Dg 011leef f xxyygguu S€¢ " Sf ~ Dg (signed)
PSUB Sx, Sy, Du 111110********x** gSx_ Sy -, Du 1 *
PMULS Se, Sf, Dg 0110eef f xxyygguu S€¢ * Sf ~ Dg (signed)
PADD Sx, Sy, Dz 111110********** GSx+ Sy -, Dz 1 *
10110001xxyyzzzz
DCT PADD Sx, Sy, Dz 111110********** |fDC =1, Sx+ Sy - Dz 1 *
10110010xxyyzzzz If DC =0, nop
DCF PADD Sx, Sy, Dz 111110********** |fDC =0, Sx+ Sy - Dz 1 *
10110011xxyyzzzz If DC =1, nop
PSUB Sx, Sy, Dz = 111110********x* gSx_Sy _, Dz 1 *
10100001xxyyzzzz
DCT PSUB Sx, Sy, Dz 111110********** |fDC=1 Sx—Sy - Dz 1 —
10100010xxyyzzzz If DC =0, nop
DCF PSUB Sx, Sy, Dz 111110********** |fDC=0,Sx—-Sy - Dz 1 —
10100011xxyyzzzz If DC =1, nop
PSHA Sx, Sy, Dz = 111110********x* |fSy>=0, Sx<< Sy - Dz 1 *
1010001xxyyzzzz (arithmetic shift)
If Sy<0, Sx>>Sy - Dz
DCT PSHA Sx, Sy, Dz 111110********** |fDC=1& Sy > =0, 1 —
10010010xxyyzzz2 Sx_ << Sy - Dz (arithmetic
shift)
IfDC=1&Sy<0,
Sx>>8Sy - Dz
If DC =0, nop

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSl?z;]tes DC
DCF PSHA Sx, Sy, Dz 111110********** |fDC=0& Sy > =0, 1 —
10010011xxyyzzz2 Sx. << Sy - Dz (arithmetic
shift)
IfDC=0&Sy<0,
Sx>>8Sy - Dz
If DC = 1, nop
PSHL Sx, Sy, Dz 111110********** |fSy>=0, Sx<<Sy - Dz 1 *
10000001xxyyzzzz (logical shift)
If Sy<0, Sx>>Sy - Dz
DCT PSHL Sx, Sy, Dz 111110********** |fDC=1& Sy>=0, 1 —
10000010xxyyz222 Sx << Sy - Dz (logical shift)
IfDC=1&Sy<0,
Sx>>Sy - Dz
If DC =0, nop
DCF PSHL Sx, Sy, Dz 111110********** |fDC=0& Sy > =0, 1 —
10000011xxyyzz22 Sx << Sy - Dz (logical shift)
IfDC=0&Sy<0,
Sx>>Sy - Dz
If DC =1, nop
PCOPY Sx, Dz 111110******x*xxxx Gy _, Dz 1 *
11011001xx00zzzz
PCOPY Sy, Dz 111110******x*xxxx Gy _, Dz 1 *
1111100100yyzzzz
DCT PCOPY Sx, Dz 111110*******x*xxx |fDC =1, SX - Dz 1 —
11011010xx00zzzz If DC =0, nop
DCT PCOPY Sy, Dz 111110*******xxxx |fDC=1,Sy - Dz 1 —
1111101000yyzzzz If DC =0, nop
DCF PCOPY Sx, Dz 111110******xxxx |fDC =0, SXx — Dz 1 —
11011011xx00zzzz If DC =1, nop
DCF PCOPY Sy, Dz 111110*******x*xxx |fDC =0, Sy - Dz 1 —
1111101100yyzzzz |If DC =1, nop

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSl?z;]tes DC
PDVSB Sx, Dz 111110********xx* Gy _, Dz normalization count 1 *
10011101xx00zzzz Shiftvalue
PDVSB Sy, Dz 111110*****x***xx* Sy _, Dz normalization count 1 *
1011110100yyzzzz shift value
DCT PDMSB Sx, Dz 111110*****x**=xx* |f DC = 1, normalization count 1 —
10011110xx00zzzz shift value Sx —~ Dz
If DC =0, nop
DCT PDMSB Sy, Dz 111110*****x**=xx* |f DC = 1, normalization count 1 —
1011111000yyzzzz shift value Sy - Dz
If DC =0, nop
DCF PDMBSB Sx, Dz 111110********x* |f DC = 0, normalization count 1 —
10011111xx00zzzz Shiftvalue Sx - Dz
If DC = 1, nop
DCF PDMSB Sy, Dz 111110****x**xx* |f DC = 0, normalization count 1 —
1011111100yyzzzz Shiftvalue Sy - Dz
If DC =1, nop
PI NC Sx, Dz 111110*******xxx*x  MSW of Sx — Dz 1 *
10011001xx00zzzz
PI NC Sy, Dz 111110*******xx*x*x  MSW of Sy - Dz 1 *
1011100100yyzzzz
DCT PINC Sx, Dz 111110********xx*x |fDC=1 MSWof Sx+1 - Dz 1 —
10011010xx00zzzz If DC =0, nop
DCT PINC Sy, Dz 111110********xx*x |fpDC=1 MSWofSy+1 - Dz 1 —
1011101000yyzzzz If DC =0, nop
DCF PINC Sx, Dz 111110********xx* |fDC =0, MSW of Sx+1 - Dz 1 —
10011011xx00zzzz If DC =1, nop
DCF PINC Sy, Dz 111110********xx* |fDC=0, MSWof Sy+1 - Dz 1 —
1011101100yyzzzz If DC =1, nop
PNEG Sx, Dz 111110*********x*x  (_GSx _, Dz 1 *
11001001xx00zzzz

Note: * See table 2.33.

RENESAS
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Execu-

Instruction Instruction Code Operation tSl?z;]tes DC
PNEG Sy, Dz 111110*********xx  (_GSy _, Dz 1 *
1110100100yyzzzz
DCT PNEG Sx, Dz 111110*******xxx*x |fDC=1,0-Sx - Dz 1 —
11001010xx00zzzz If DC =0, nop
DCT PNEG Sy, Dz 111110*******xxx*x |fDC=1,0-Sy - Dz 1 —
1110101000yyzzzz IfDC =0, nop
DCF PNEG Sx, Dz 111110*******xxx*x |fDC=0,0-Sx - Dz 1 —
11001011xx00zzzz IfDC =1, nop
DCF PNEG Sy, Dz 111110*******xx*x |fDC=0,0-Sy - Dz 1 —
1110101100yyzzzz IfDC =1, nop
POR Sx, Sy, Dz 111110*******x*x*x%* Gy |Sy -, Dz 1 *
10110101xxyyzzzz
DCT POR Sx, Sy, Dz 111110*****=*=**** |fDC=1,Sx|Sy - Dz 1 —
10110110xxyyzzzz IfDC =0, nop
DCF POR Sx, Sy, Dz 111110*****=*=**** |fDC =0, Sx|Sy - Dz 1 —
10110111xxyyzzzz IfDC=1, nop
PAND Sx, Sy, Dz 111110*******x*x%* Sy & Sy -, Dz 1 *
10010101xxyyzzzz
DCT PAND Sx, Sy, Dz 111110*****=*=**** |fDC=1,Sx& Sy - Dz 1 —
10010110xxyyzzzz IfDC =0, nop
DCF PAND Sx, Sy, Dz 11111Q0******=**** |fDC=0,Sx& Sy -» Dz 1 —
10010111xxyyzzzz IfDC=1, nop
PXOR Sx, Sy, Dz 111110*******xx* Gy ASy _, Dz 1 *
10100101xxyyzzzz
DCT PXOR Sx, Sy, Dz 11111Q*****x**** |fDC=1,Sx"Sy - Dz 1 —
10100110xxyyzzzz If DC =0, nop
DCF PXOR Sx, Sy, Dz 11111Q*****x**** |fDC=1,Sx"Sy - Dz 1 —
10100111xxyyzzzz If DC =0, nop
PDEC Sx, Dz 111110*******x*x*x Gy [39:16] —1 - Dz 1 *
10001001xx00zzzz

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSI?z;]tes DC
PDEC Sy, Dz 111110*******xx*x*x Gy [31:16] -1 - Dz 1 *
1010100100yyzzzz
DCT PDEC Sx, Dz 111120*******xxx |fDC=1,Sx[39:16]-1 - Dz 1 —
10001010xx00zzzz If DC =0, nop
DCT PDEC Sy, Dz 111120*******xxx |fDC=1, Sy [31:16]-1 - Dz 1 —
1010101000yyzzzz IfDC =0, nop
DCF PDEC Sx, Dz 111120*******xxx |fDC =0, Sx[39:16]-1 - Dz 1 —
10001011xx00zzzz IfDC =1, nop
DCF PDEC Sy, Dz 111110*******xxx |fDC =0, Sy [31:16]-1 - Dz 1 —
1010101100yyzzzz IfDC=1, nop
PCLR Dz 111110*******xxx  H'00000000 - Dz 1 *
100011010000zzzz
DCT PCLR Dz 111110*******xxx |f DC = 1, H'00000000 - Dz 1 —
100011100000zzzz IfDC =0, nop
DCF PCLR Dz 111110*******xxx |f DC = 0, H'00000000 - Dz 1 —
100011110000zzzz IfDC =1, nop
PSHA #i nm Dz  111110*******x*x* |fjimm>=0,Dz<<imm - Dz 1 *
00010 iiiiiizzzz (arithmetic shift
If imm<0, Dz>>imm - Dz
PSHL #i nm Dz = 111110*******x*x* |fjimm>=0,Dz<<imm - Dz 1 *
00000i iiiiiizzzz (Iogicalshif
Ifimm <0, Dz >>imm - Dz
PSTS MACH, Dz = 111110*******xx*x MACH - Dz 1 —
110011010000zzzz
DCT PSTS MACH, Dz  111110******=**** |fDC =1, MACH - Dz 1 —
110011100000zzzz
DCF PSTS MACH, Dz  11111Q******=**** |fDC =0, MACH - Dz 1 —
110011110000zzzz
PSTS MACL, Dz 111110*******xx*x MACL - Dz 1 —
110111010000zzzz

Note: * See table 2.33.
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Execu-

Instruction Instruction Code Operation tSl?z;]tes DC
DCT PSTS MACL, Dz 111110*******xxx* |fDC =1, MACL - Dz 1 —
110111100000zzzz
DCF PSTS MACL, Dz 111110*******xx* |f DC = 0, MACL - Dz 1 —
110111110000zzzz
PLDS Dz, MACH  111110*******xx*x DOz _, MACH 1 —
111011010000zzzz
DCT PLDS Dz, MACH 111110*****=*=**** |fDC =1, Dz -~ MACH 1 —
111011100000zzzz
DCF PLDS Dz, MACH 111110*****=*=**** |fDC =0, Dz -~ MACH 1 —
111011110000zzzz
PLDS Dz, MACL  111110*******xx*x D7 _, MACL 1 —
111111010000zzzz
DCT PLDS Dz, MACL  11111Q******=*=*** |fDC =1, Dz -~ MACL 1 —
111111100000zzzz
DCF PLDS Dz, MACL  11111Q*****=*=*=*** |fDC =0, Dz -~ MACL 1 —
111111110000zzzz
PADDC Sx, Sy, Dz 111110*******x** Sy + Sy+ DC - Dz 1 Carry
10110000xxyyzzzz Carry - DC
PSUBC Sx, Sy, Dz 111110*******xx* Gy _Sy—DC - Dz 1 Borrow
10100000xxyyzzzz Borrow - DC
PCWP Sx, Sy 111110*******x** Sy _ Sy _, DC update” 1 *
10000100xxyy0000
PABS Sx, Dz 111110*******x*x* JfSx<0,0—-Sx - Dz 1 *
10001000xx00zzzz If Sx>=0, nop
PABS Sy, Dz 111110*********x* |fSy<(Q,0-Sy - Dz 1 *
1010100000yyzzzz If Sx>=0, nop
PRND Sx, Dz 111110********x*x* Sy + H'00008000 - Dz 1 *
10011000xx00zzzz LSW of Dz - H'0000
PRND Sy, Dz 111110*********x* Sy + H'00008000 - Dz 1 *
1011100000yyzzzz LSW of Dz - H'0000

Note: * See table 2.33.
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Table2.33 DC Bit Update Definitions

CS[2:0] Condition Mode

Description

0 O 0 Carryorborrow
mode

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

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

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

0 0 1 Negative value
mode

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

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

0 1 0 Zerovalue mode

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

0 1 1 Overflow mode

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

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

1 0 O Signed greater-than
mode

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

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

DC = 0; In case of logical operation

1 0 1 Signed greater-or-
equal mode

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

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

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

DC =0 ;In case of logical operation

1 1 0 Reserved

1 1 1 Reserved
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Conditional Operations and Data Transfer: Some DSP instruction can be executed
conditionally, as described earlier. The specified condition isvalid only for the B field of the
instruction, and is not valid for data transfer instructions for which a parallel specification is made.
Examples are shown in figure 2.17.

DCT PADD X0,Y0,A0 MOVX.W @R4+,X0 MOVY.W AQO,QR6+R9 ;

When condition is True

Before execution: X0=H'33333333, YO0=H'55555555, AQ0=H'123456789A,
R4=H'00008000, R6=H'00008233, R9=H'00000004
(R4)=H"'1111, (R6)=H'2222

After execution: X0=H'11110000, Y0=H'55555555, AO=H'FF88888888,
R4=H'00008002, R6=H'00008237, R9=H'00000004
(R4)=H'1111, (R6)=H'3456

When condition is False

Before execution: Xx0=H'33333333, YO0=H'55555555, A0=H'123456789A,
R4=H'00008000, R6=H'00008233, R9=H'00000004
(R4)=H'1111, (R6)=H'2222

After execution: X0=H'11110000, YO0=H'55555555, AQ0=H'123456789A,
R4=H'00008002, R6=H'00008237, R9=H'00000004
(R4)=H'1111, (R6)=H'3456

Figure2.17 Examplesof Conditional Operationsand Data Transfer Instructions

Assignment of NOPX and NOPY Instruction Codes: When thereis no datatransfer instruction
to be parallel-processed simultaneously with a DSP operation instruction, an NOPX or NOPY
instruction can be written as the data transfer instruction, or the instruction can be omitted. The
instruction code is the same whether an NOPX or NOPY instruction is written or the instruction is
omitted. Examples of NOPX and NOPY instruction codes are shown in table 2.34.
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Table2.34 Examplesof NOPX and NOPY Instruction Codes

Instruction Code
PADD X0, YO, A0 MOVX. W @4+, X0 MOVY. W @6+R9, YO 1111100000001011
1011000100000111
PADD X0, YO, AO NOPX MOVY. W @R6+R9, YO 1111100000000011
1011000100000111
PADD X0, YO, AO NOPX NOPY 1111100000000000
1011000100000111
PADD X0, YO, A0 NOPX 1111100000000000
1011000100000111
PADD X0, YO, AO 1111100000000000
1011000100000111
MOVX. W @R4+, X0 MOVY. W @6+R9, YO 1111000000001011
MOVX. W @4+, X0 NOPY 1111000000001000
MOVS. W @4+, X0 1111010010001000
NOPX MOVY. W @R6+R9, YO 1111000000000011
MOVY. W @R6+R9, YO 1111000000000011
NOPX NOPY 1111000000000000
NOP 0000000000001001

RENESAS
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Section 3 Memory Management Unit (MMU)

3.1 Overview

311 Features

The SH7729R has an on-chip memory management unit (MMU) that implements address
trandation. The SH7729R features a resident transl ation look-aside buffer (TLB) that caches
information for user-created address trand ation tables located in external memory. It enables high-
speed trandation of virtual addresses into physical addresses. Address translation uses the paging
system and supports two page sizes (1 kbyte and 4 kbytes). The access right to virtual address
space can be set for privileged and user modes to provide memory protection.

312 Role of MM U

The MMU is afeature designed to make efficient use of physical memory. As shown in figure 3.1,
if aprocessissmaller in size than the physical memory, the entire process can be mapped onto
physical memory. However, if the process increases in size to the extent that it no longer fits into
physical memory, it becomes necessary to partition the process and to map those parts requiring
execution onto memory as occasion demands (1). Having the processitself consider this mapping
onto physical memory would impose a large burden on the process. To lighten this burden, the
idea of virtual memory was born as a means of performing en bloc mapping onto physical
memory (2). In avirtual memory system, substantially more virtual memory than physical
memory is provided, and the process is mapped onto this virtual memory. Thus a process only has
to consider operation in virtual memory. Mapping from virtual memory to physical memory is
handled by the MMU. The MMU is normally controlled by the operating system, switching
physical memory to allow the virtual memory required by a process to be mapped onto physical
memory in a smooth fashion. Switching of physical memory is carried out via secondary storage,
etc.

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

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

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

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

In the following text, the SH7729R address space in virtual memory isreferred to as virtual
address space, and address space in physica memory as physical memory space.
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313 SH7729R MMU

Virtual Address Space: The SH7729R uses 32-bit virtual addresses to access a 4-Gbyte virtua
address space that is divided into several areas. Address space mapping is shown in figure 3.2.

(a) Privileged Mode

In privileged mode, there are five areas, PO—P4. The PO and P3 areas are mapped onto physical
address space in page units, in accordance with address trandlation table information. Write-back
or write-through can be selected for write access by means of a cache control register (CCR)
setting.

Mapping of the P1 areaisfixed in physical address space (H'00000000 to H'1FFFFFFF). Inthe
P1 area, setting a virtual address MSB (bit 31) to 0 generates the corresponding physical address.
P1 area accesses can be cached, and the cache control register (CCR) is set to indicate whether to
cache or not. Write-back or write-through mode can be selected.

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

The P1 and P2 areas are hot mapped by the address trandlation table, so the TLB is not used and
no exceptions such as TLB misses occur. Initialization of MMU control registers, exception
handling routines, and the like should be located in the P1 and P2 areas. Routines that require
high-speed processing should be placed in the P1 area, since it can be cached.

Some peripheral module control registers are located in area 1 of the physical address space. When
the physical address space is not used for address translation, these registers should be located in
the P2 area. When address tranglation isto be used, set no caching.

The P4 areais used for mapping peripheral module register addresses, etc.
(b) User Mode

In user mode, 2 Ghytes of the virtual address space from H'00000000 to H'7FFFFFFF (area UO)
can be accessed. UO is mapped onto physical address space in page units, in accordance with
address tranglation table information. When the DSP bit in CPU status register (SR) is off, 2
Gbytes of the virtual address space from H'80000000 to H'FFFFFFFF cannot be accessed in the
user mode. Attempting to do so creates an address error. Write-back or write-through mode can
be selected for write accesses by means of a cache control register (CCR) setting. When the DSP
bit in CPU status register (SR) ison, a new 16-Mbyte address space, Uxy, is defined from address
H'A5000000 to H'ASFFFFFF for X/Y RAM. This Uxy space is non-cached, fixed physical
address space. Any access to address space beyond U0 and Uxy creates an address error. For
details of the X/Y RAM space, refer to section 6, X/Y Memory.
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H'00000000 H'00000000

2-Gbyte virtual space, 2-Gbyte virtual space,

cacheable Area PO cacheable Area U0
(write-back/write-through) (write-back/write-through)
H'80000000 0.5-Gbyte fixed physical H'80000000
space, cacheable Area P1 Address error
(write-back/write-through)
H'A0000000 0.5-Gbyte fixed Area Uxy
physical space, Area P2 (Ehxists only
when

non-cacheable

Address error SR.DSP =1)

H'C0000000 | 0.5-Gbyte virtual space,
cacheable Area P3
(write-back/write-through)

H'E0000000
0.5-Gbyte control space,
non-cacheable Area P4
H'FFFFFFFF H'FFFFFFFF
Privileged mode User mode

Figure3.2 Virtual Address Space Mapping

Physical Address Space: The SH7729R supports a 32-bit physical address space, but the upper 3
bits are actually ignored and treated as a shadow. See section 11, Bus State Controller (BSC), for
details.

Address Trandation: When the MMU is enabled, the virtual address space is divided into units
called pages. Physical addresses are translated in page units. Address translation tablesin external
memory hold information such as the physical address that corresponds to the virtual address and
memory protection codes. When an access to an area other than P4 occurs, if the accessed virtual
address belongs to area P1 or P2 thereisno TLB access and the physical addressis uniquely
defined. If it belongs to area PO, P3, or UO, the TLB is searched by virtual address and, if that
virtual addressisregistered in the TLB, the access hits the TLB. The corresponding physical
address and the page control information are read from the TLB and the physical addressis
determined.
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If the virtual addressis not registered inthe TLB, a TLB miss exception occurs and processing
will shift to the TLB miss handler. In the TLB miss handler, the TLB address translation table in
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that caused
the TLB missis re-executed. When the MMU is enabled, address trandlation information that
resultsin a physical address space of H'80000000—H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, the virtual addressis used directly as the physical address. Asthe
SH7729R supports a 29-bit address space as the physical address space, the top 3 bits of the
physical address are ignored, and constitute a shadow space (see section 11, Bus State Controller
(BSC)). For example, addresses H'00001000 in the PO area, H'80001000 in the P1 area,
H'A0001000 in the P2 area, and H'C0001000 in the P3 area are all mapped onto the same physical
address. When access to these addresses is performed with the cache enabled, an address with the
top 3 bits of the physical address masked to O is stored in the cache address array to ensure data
congruity.

Single Virtual Memory Mode and Multiple Virtual Memory Mode: There are two virtual
memory modes: single virtual memory mode and multiple virtual memory mode. In single virtual
memory mode, multiple processes run in parallel using the virtual address space exclusively and
the physical address corresponding to a given virtual addressis specified uniquely. In multiple
virtual memory mode, multiple processes run in parallel sharing the virtual address space, so a
given virtual address may be translated into different physical addresses depending on the process.
Single or multiple virtual mode is selected by avalue set in the MMU control register (MMUCR).
In terms of operation, the only difference between single virtual memory mode and multiple
virtual memory mode isin the TLB address comparison method (see section 3.3.3, TLB Address
Comparison).

Address Space | dentifier (ASID): In multiple virtual memory mode, the address space identifier
(ASID) is used to differentiate between processes running in parallel and sharing virtual address
space. The ASID is 8 bitsin length and can be set by software setting of the ASID of the currently
running process in the page table entry register high (PTEH) within the MMU. When the process
isswitched using the ASID, the TLB does not have to be purged.

In single virtual memory mode, the ASID is used to provide memory protection for processes
running simultaneously and using the virtual address space exclusively (see section 3.4.2, MMU
Software Management).
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314 Register Configuration
Table 3.1 shows the configuration of the MMU control registers.

Table3.1 Register Configuration

Name Abbreviation R/W Size Initial Value*! Address
Page table entry register high PTEH R/W Longword Undefined H'FFFFFFFO
Page table entry register low PTEL R/W Longword Undefined H'FFFFFFF4
Translation table base TTB R/W Longword Undefined H'FFFFFFF8
register

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

MMU control register MMUCR RMW Longword *2 H'FFFFFFEO

Notes: 1. Initialized by a power-on reset or manual reset.
2. SV bit: Undefined
Other bits: 0

3.2 Register Description

There arefive registers for MMU processing. These registers are located in address space area P4
and can only be accessed from privileged mode by specifying the address.

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

2. The page table entry register low (PTEL) register residing at address H'FFFFFFF4, and used to
store the physical page number and page management information to be recorded in the TLB
by the LDTLB instruction. The contents of this register are only modified in response to a
software command. (Refer to section 3.4.3, MMU Instruction (LDTLB), and section 3.5,
MMU Exceptions.)

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

4. The TLB exception address register (TEA) residing at address H'FFFFFFFC, which stores the
virtual address corresponding to a TLB or address error exception. Thisvalue remainsvalid
until the next exception or interrupt.
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5. The MMU control register (MMUCR) residing at address H'FFFFFFEQ, which makes the
MMU settings described in figure 3.3. Any program that modifies MMUCR should reside in
the P1 or P2 area.

The MMU registers are shown in figure 3.3.

31 10 7 0
| VPN |0 | ASID |
PTEH
31 2928 109876 43210
| 000 | PPN |0WOPwkde%Hw
PTEL
31 0

| TTB
TTB
31 0

Virtual address causing MMU exception
or address error exception

TEA
31 8 7654321 0

0 |SV|00|RC|O|TF|IX|AT|
MMUCR

0: Reserved bits. Always read as 0. Writing is ignored. However, 0 should also be

specified in a write to MMUCR only.

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

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

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

IX: Index mode bit. When 0, VPN bits 16—-12 are used as the TLB index number.
When 1, the value obtained by EX-ORing ASID bits 4-0 in PTEH and VPN bits
16-12 is used as the TLB index number.

AT: Address translation bit. Enables/disables the MMU.
0: MMU disabled
1: MMU enabled

Note: * Refer to section 3.3, TLB Functions.

Figure3.3 MMU Register Contents
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3.3

331

TLB Functions

Configuration of the TLB

The TLB caches address translation table information located in external memory. The address
trand ation table stores the physical page number translated from the virtual page number and the
control information for the page, which is the unit of address translation. Figure 3.4 shows the

overall TLB configuration. The TLB is4-way set associative with 128 entries. There are 32 entries

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

Entry O
Entry 1

Entry 31

Ways 0-3
[ I I I
[ I I I
[ I I I |
VPN(31-17) |VPN(11-10)| ASID(7-0) | V | H Entry 0
H Entry 1
H Entry 31

Address array

Ways 0-3

PPN(28-10)

PR(1-0)[SZ| C

Data array

Figure3.4 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 11 0
| VPN | Offset |

Virtual address (4-kbyte page)

(13) 2) 8 (1 (29) 2 MmmMm
[VPN (31-17)] VPN (11-10)] ASID [ V | PPN |PR [sz|c|sH|D |
TLB entry
Legend

VPN: Virtual page number. Upper 22 bits of virtual address for a 1-kbyte page, or upper 20 bits of
virtual address for a 4-kbyte page. Since VPN bits 16—-12 are used as the index number, they
are not stored in the TLB entry.

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

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

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

V: Valid bit. Indicates whether entry is valid.

0 = Invalid
1=Valid
Cleared to 0 by a power-on reset. Not affected by a manual reset.

PPN: Physical page number. Upper 29 bits of physical address. PPN bits 11-10 are not used in
case of a 4-kbyte page. Attention must be paid to the synonym problem in case of a 1-kbyte
page (see section 3.4.4, Avoiding Synonym Problems).

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

00: Reading only is possible in privileged mode.
01: Reading/writing is possible in privileged mode.
10: Reading only is possible in privileged/user mode.
11: Reading/writing is possible in privileged/user mode.

C: Cacheable bit. Indicates whether the page is cacheable.
0: Non-cacheable
1: Cacheable

D: Dirty bit. Indicates whether the page has been written to.
0 = Not written to
1 = Written to

Figure3.5 Virtual Addressand TLB Structure
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332 TLB Indexing

The TLB uses a 4-way set associative scheme, so entries must be selected by index. VPN bits 16
to 12 and ASID bits4 to 0 in PTEH are used as the index number. The index number can be
generated in two different ways depending on the setting of the IX bitin MMUCR.

1. When|X =0, VPN bits 16-12 alone are used as the index number
2. WhenIX =1, VPN bits 16-12 are EX-ORed with ASID bits 4-0 to generate the index number

The second method is used to prevent lowered TLB efficiency that results when multiple
processes run simultaneously in the same virtual address space (multiple virtual memory) and a
specific entry is selected by generating an index number for each process. Figures 3.6 and 3.7
show the indexing schemes.

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

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

31

Address array Data array

Figure3.6 TLB Indexing (I1X =1)
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Virtual address
31 1716 1211 0

Index

Ways 0to 3

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

31

Address array Data array

Figure3.7 TLB Indexing (I1X =0)

333 TLB Address Comparison

A TLB address comparison is performed when an instruction is fetched from a program in

external memory or datain external memory isreferenced. The items used in the comparison are
VPN and ASID. The VPN of the virtual address that accesses external memory is compared to the
VPN of the TLB entry selected with the index number. The ASID within the PTEH is compared to
the ASID of theindexed TLB entry. All four ways are searched simultaneously. If the compared
values match, and the indexed TLB entry isvalid (V bit = 1), the hit is registered.

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

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

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

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

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

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

A\
Bits compared:

A\ 4

Bits compared:
VPN (31-17)
VPN (11-10)

Bits compared:
VPN (31-17)

Bits compared:
VPN (31-17)
VPN (11-10)
ASID (7-0)

VPN (31-17)
ASID (7-0)

Figure3.8 Objects of Address Comparison
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334

Page M anagement I nfor mation

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

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

The C bit in the entry indicates whether the referenced page resides in a cacheable or non-
cacheable area of memory. When the control register in area 1 is mapped, set the C bit to 0.

The PR field specifies the access rights for the page in privileged and user modes and is used to
protect memory. Attempts at nonpermitted accesses result in TLB protection violation exceptions.

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

Table3.2 Access States Designated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11  Permitted Permitted Permitted Permitted
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34 MMU Functions

341 MM U Hardwar e Management

There are two kinds of MMU hardware management as follows:

1

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

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

34.2 MM U Softwar e Management

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

1

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

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

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

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

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

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

Figure 3.9 shows the case where the I X bitin MMUCR is 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. Theway is set in the RC bit of MMUCR for each
exception (see figure 3.3). Consequently, if the LDTLB instruction isissued after setting only
PTEL inthe MMU exception handling routine, TLB entry recording is possible. Any TLB entry
can be updated by software rewriting of PTEH and the RC bitsin MMUCR.

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

31 9 0
o [sv[o]olrelo[te]w[aT]
Index T Way selection
PTEH register —1— PTEL register
31 17 12 10 8 0 312928 10 0
VPN ‘ ‘VPN ‘ 0‘ ASID | ’OOO‘ PPN ‘O‘V‘O‘PR‘SZ‘C‘D‘SH‘O‘
v
Ways 0 to 3
[ I I — I I —
[ 1 1 i m— 1 S N E
0| VPN(31-17) VPN(11-10) | ASID(7-0) |V PPN(28-10) PR(1-0)|SZ|C D |SH
—>
31

Address array Data array

Figure3.9 Operation of LDTLB Instruction

344 Avoiding Synonym Praoblems

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

To achieve high-speed operation of the SH7729R cache, an index number is created using virtual
address bits 11-4. When a 4-kbyte page is used, virtual address bits 114 are included in the
offset, and since they are not subject to address trand ation, they are the same as physical address
bits 11—4. In cache-based address comparison and recording in the address array, since the cache
tag addressis a physical address, physical address bits 28-10 are recorded.

When a 1-kbyte page is used, also, a cache index number is created using virtual address bits 11-4.
However, in case of a 1-kbyte page, virtual address bits 11 and 10 are subject to address

trand ation and therefore may not be the same as physical address bits 11 and 10. Consequently,
the physical addressis recorded in a different entry from that of the index number indicated by the
physical addressin the cache address array.
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Note:  When multiple address information items use the same physical memory to provide for
future expansion of the SuperH RISC engine family, it is recommended that VPN[20:10]
be made equal. Also, the same physical addresses should not be used with different page
size address conversion information.

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

Virtual address1 H'00000000 - physical address H'00000C00
Virtual address2 H'00000C00 - physical address H'00000C00

Virtual address 1 isrecorded in cache entry H'00, and virtual address 2 in cache entry H'CO. Since
two virtual addresses are recorded in different cache entries despite the fact that the physical
addresses are the same, memory inconsistency will occur as soon as awrite is performed to either
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical addressisthe same
asaphysical address already used in another TLB entry, it should be recorded in such away that
physical address bits 11 and 10 are the same.
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When using a 4-kbyte page
Virtual address

31 121110 0
VPN R\ Offset |

>

Virtual address (11-4)

Physical address
31 2928 121110 0
| 000 | PPN N offset |

Physical address (28-10) >

Cache address
array

When using a 1-kbyte page
Virtual address
31 11109 0

VPN N ﬁ Offset |

. Virtual address (11-4) q
Physical address

31 2928 11109 0
| o0 | PPN N\ offset |

Physical address (28-10) q

Cache address
array

Figure3.10 Synonym Problem
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35 MMU Exceptions

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

351 TLB Miss Exception

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

Hardware Operations. InaTLB miss, the SH7729R hardware executes a set of prescribed
operations, as follows:

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

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

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

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

status register (SSR).

The mode (MD) hit in SR is set to 1 to place the SH7729R in privileged mode.

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

Theregister bank (RB) bit in SRisset to 1.

The random counter (RC) field in the MMU control register (MMUCR) isincremented by 1

when all ways are checked for the TLB entry corresponding to the virtual address at which the

exception occurred, and all ways are valid. If one or more ways are invalid, those ways are set

in RC in prioritized order from way 0 through way 1, way 2, and way 3.

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

© © N o

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

1. Write the value of the physical page number (PPN) field and the protection key (PR), page size
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) bits of the page table entry
recorded in the address trandlation table in external memory into the PTEL register in the
SH7729R.
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2. If using software for way selection for entry replacement, write the desired value to the RC
fieldin MMUCR.

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

4. lIssue an RTE (return from exception handler) instruction to terminate the handler and return to
the instruction stream. The RTE instruction should be issued after two LDTLB instructions.

352 TLB Protection Violation Exception

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

Hardware Operations: InaTLB protection violation exception, the SH7729R hardware executes
a set of prescribed operations, asfollows:

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

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

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

The contents of SR at the time of the exception are written to SSR.
The MD bitin SRis set to 1 to place the SH7729R in privileged mode.
TheBL bitin SR isset to 1 to mask any further exception requests.
Theregister bank (RB) bit in SRisset to 1.

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

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

© © N o u

Software (TLB Protection Violation Handler) Operations: Software resolvesthe TLB
protection violation and issues an RTE (return from exception handler) instruction to terminate the
handler and return to the instruction stream. The RTE instruction should be issued after two
LDTLB instructions.
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353 TLB Invalid Exception

A TLB invalid exception occurs when the virtual addressis compared to a selected TLB entry
address array and a match is found but the entry isnot valid (the V bitis0). TLB invalid exception
handling includes both hardware and software operations.

Hardware Operations: InaTLB invalid exception, the SH7729R hardware executes a set of
prescribed operations, asfollows:

A w DN PR

o

© © N

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

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

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

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

The mode (MD) hit in SR is set to 1 to place the SH7729R in privileged mode.
Theblock (BL) bitin SR is set to 1 to mask any further exception requests.
Theregister bank (RB) bit in SRisset to 1.

10. Execution branches to the address obtained by adding the value of the VBR contents and

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

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

1

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

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

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

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

Aninitial page write exception occursin awrite access when the virtual address and the address
array of the selected TLB entry are compared and a valid entry with the appropriate accessrights
isfound to match, but the D (