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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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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 as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

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

3. Processing before Initialization

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

4. Prohibition of Access to Undefined or Reserved Addresses

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

This manual comprises the following items:

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

3. Preface

4. Contents

5. Overview

6.

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

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

i) Feature

i1) Input/Output Pin
ii1) Register Description
iv) Operation

v) Usage Note

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

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

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

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

11. Index
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Preface

The SH7720 or SH7721 Group RISC (Reduced Instruction Set Computer) microcomputer
includes a Renesas Technology original RISC CPU as its core, and the peripheral functions
required to configure a system.

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

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

Notes on reading this manual:

e Product names

The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification Product Code
SH7720 Group HD6417720, HD6417320
SH7721 Group R8A77210, R8A77211

e In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions, and electrical characteristics.

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

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

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

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

Number notation: Binary is B'xx, hexadecimal is H'xxxx, decimal is xxxXx.

Signal notation: ~ An overbar is added to a low-active signal: xxxx

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

SH7720 or SH7721 Group manuals:

Document Title Document No.
SH7720/SH7721 Group Hardware Manual This manual
SH-3/SH-3E/SH3-DSP Software Manual REJ09B0317

Users manuals for development tools:

Document Title Document No.

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

SuperH™ RISC engine High-performance Embedded Workshop 3 User's REJ10B0025
Manual

SuperH™ RISC engine High-performance Embedded Workshop 3 Tutorial REJ10B0023

Application note:

Document Title Document No.
SuperH™ RISC engine C/C++ Compiler Package Application Note REJ05B0463
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Abbreviations

ADC Analog to Digital Converter
ALU Arithmetic Logic Unit
ASE Adaptive System Evaluator
ASID Address Space Identifier
AUD Advanced User Debugger
BCD Binary Coded Decimal

bps bit per second

BSC Bus State Controller

CCN Cache memory Controller
CMT Compare Match Timer
CPG Clock Pulse Generator
CPU Central Processing Unit
DES Data Encryption Standard
DMAC Direct Memory Access Controller
etu Elementary Time Unit
FIFO First-In First-Out

Hi-Z High Impedance

H-UDI  User Debugging Interface
INTC Interrupt Controller

IrDA Infrared Data Association
JTAG Joint Test Action Group
LQFP Low Profile QFP

LRU Least Recently Used

LSB Least Significant Bit
MMU Memory Management Unit
MPX Multiplex

MSB Most Significant Bit

PC Program Counter

PFC Pin Function Controller
PLL Phase Locked Loop

PWM Pulse Width Modulation
RAM Random Access Memory
RISC Reduced Instruction Set Computer
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ROM
RSA
RTC
SCIF
SDHI
SDRAM
SSL
TAP
T.B.D
TLB
TMU
TPU
UART
UBC
USB
WDT

Read Only Memory

Rivest Shamir Adleman

Real Time Clock

Serial Communication Interface with FIFO
SD Host Interface
Synchronous DRAM

Secure Socket Layer

Test Access Port

To Be Determined
Translation Lookaside Buffer
Timer Unit

Timer Pulse Unit

Universal Asynchronous Receiver/Transmitter

User Break Controller
Universal Serial Bus
Watchdog Timer

All trademarks and registered trademarks are the property of their respective owners.

Downloaded from Elcodis.com electronic components distributor

LENESAS

Rev. 3.00 Jan. 18,2008 Page ix of Ixii


http://elcodis.com/parts/6239298/HD6417320.html

Rev. 3.00 Jan. 18, 2008 Page x of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6239298/HD6417320.html

Contents

SECHON L OVEIVIEBW. ...ttt tee e et e e st e et e e et e s ans e e e enaeeesneeeenneeeenneeas 1
N R s | = TP R 1
A 1 Vo To: QD 1= | = SRRSO 10
1.3 PIN ASSIONMENTS......ciiiiiitieie ettt st et e e e ae e b e e besbeesbe e e e saeeabeaneesaeesaesnnenreas 10
1.3 1 PINASSIONMENES ..ciieeiiee et eree et e e ste e s e e sate e ene e e entesenseeesnneeesaeesnseeenns 10

1.3.2  PINFUNCHONS ... .oiiitiicciee ettt ettt e s et e e sate e sbe e s aeeesbeeesaeeesnbeeesseeesnreeeans 25
< o1 1 o) 102 O . I SR 37
2.1 Processing States and Processing MOES.........coocueeiiee e 37
211 PrOCESSING SEALES.......cccuiiueeitieiesieeiteeee st e ste et e st ieesbeeee e e sbe e s e sseesbeenesreesseenneeneas 37

2.1.2  ProCeSSING IMOUES........coiiiiiiieeieie ettt s e st e e ree e et e e enee e eneeesnneesnree s 38

A Y (= 1100 Y 1Y/ = o PR PRSPPSO 39
221  Virtual AdAreSS SPACE.......ccociiiiiieeciie ettt st e e ae e anaeeesnree s 39

222  ExXterna MemOry SPACE.......cccciueiiiiieiierieeeestee et ee e see et ee e sse e sae e 40

220G T B (= o 11 (= DTS 1 o 1 S 42
231 GeNEral REJISIEIS. ... .coiiiiiieee ettt st b e e e ne e nne s 45

2.3.2  SYStEM REJISIEIS. ... eii ettt et e e e e e e st e e re e e e ne e e rneeeenree s 46

2.3.3  Program COUNTEY .........cooiueeiieeeiiee ettt e e e nneesneeennneas 47

2.3 4  CONIOl REGISIEIS ..ottt e e e e et s s e e e neeenneeesnnee s 48

P DT = N o 117 £ TSRS 51
24.1 Register DataFOrmMaL ...........cccoeiiieiiie e e et e s ne e ennee s 51

242 Memory Data FOrMELS........cccoviiiieeiieeeieeeee e 52

2.5 Features of CPU Core INSIIUCHIONS ......c.ciiiiiiiiiiieeiieesiie sttt st ere s 54
25.1 Instruction Execution Method............cccvoviiiieieciiecc e 54

252 CPU Instruction Addressing MOUES ........ccccuveiiieiiieciieeciee e stee e saes e snee s 56

2.5.3  INSTUCHON FOIMELS.....ccuiiiieciieciee et et e e b e enneenes 60

2.6 INSITUCLION SEL......oiiieitieciecee ettt be e st e et e ssae et e e nbeeeneeenteensennnnean 63
2.6.1 Instruction Set Based 0N FUNCHIONS.........cccoouviiiiiie i siee e s 63

2.6.2  Operation CoU Map.......c.ceeiiiieiie e e e e e enreas 77
Section 3 DSP Operating UNit.........cooviiiieiieeiie et 81
31  DSPEXENdEd FUNCLIONS .......coitieiieeiiesiee e esiee st ee st snte s e snaeeneesneesnaeenseesneeennas 81
3.2 DSP MOUE RESOUICES .......eeiiieitiieiiesieesiteeieesieesteesteesaeesteesseesseeenseesseesnseesseesseesnsesssessnsesnses 83
321 ProCceSSING MOUES......cc.oiiiiieieeee ettt sttt e e e bt sbesneesre e e eneas 83

322 DSPMOAe MEMOrY MaD.......coiiiieiiieeiieesitee e e steeesee e sreeessee e ste s esee e sneeanneeesnree s 83

3.2.3  CPU REJISIEN SELS......eeiiiiiieitie ettt ee e te s st esbe e reesnaeenneennes 84

Rev. 3.00 Jan. 18, 2008 Page xi of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

324 DSP REJISIENS. ... .eiieieeieeie ettt sttt sttt b e e b et et b et eae e nee e e 88

3.3 CPU EXtended INSIIUCLIONS. .......cccuviitieiireieesieesieesieesteesseesteessessseeseeessesssseeseessessssesnsesssenas 89
331 DSPREPEAL CONIOL....couiiiiiteeieeie ettt e e e e ee e 89
34 DSPDataTransfer INSIIUCHIONS ........coiiiiiieiie e et 100
341 GENEral REJISIEIS......oiiiiiiieieeie ettt s e e 104
342 DSPDaaAddreSSING .....cceeiieeiiie ettt naes 106
3.4.3  MOAUIO ACArESSING ....coveeiiiiieitieie sttt sttt e e b e s ae e b e e eaeeneas 108
344 Memory Data FOMMELS..........ooiiiiiieeeiiiee e e et e e e e s e e e nnne e e e enneeeeas 110
3.4.5 Instruction Formats of Double and Single Transfer Instructions.............ccccccuenee. 111
3.5 DSP DataOperation INSIFUCLIONS........ccccuiiiiieeiieeciiee e cieeeseeeste e e e see e eessee e sneeenneeesnneas 113
T B B IS o (= o 1 (= £SO 113
352 DSP Operation INSFUCHON SEL......c..ceiiieeiiie e 118
3.5.3 DSP-Type Data FOrMELS..........ccviiieeiieeerieeeee e e 123
3.5.4 ALU Fixed-Point Arithmetic Operations...........cccceevieeeiieesiee e sieecsiee e seee e 125
355  ALU INteger OPErationS.........cccoieeiiereerieeieseesie et ee e eseessee s s e e ssesneeses 131
3.5.6 ALU LOQICa OPEIELIONS .......ccciuieiiiiieiieeeiieeesieeesieeesteessteeesseesnee e sneesseessnaeesnneas 133
3.5.7 Fixed-Point MUItiply Operalion..........cccuoeereriinienenee e 135
3.5.8  ShIft OPEIraliONS. .....ccueeeiiie ettt e e e see e ere e e esaeeenneas 137
3.5.9 Most Significant Bit Detection Operation ...........ccooeerereenerie e 141
3.5.10 ROUNAING OPEIAiON......cc.eeeiieecciieectee et e e e e e e e sae e e nre e e enneeeneas 144
3.5.11 OVETIOW ProtECLION......ccceeiiieeiieiiee sttt nne e e e 146
3.5.12 Loca Data MOVE INSIFUCHION ......cccueeiiiiiieeiiierie et 147
3.5.13  Operand CONFlICE ......cccceiiiiiiieie et 148
3.6 DSP Extended FUNCLION INSLIUCLION SEL........coiiiiiiieiieeee e 149
3.6.1 CPU EXtended INSIIUCLIONS........ccciuiiieeiiieiiseie e seseteesiee e ese e s enneesneesnne e 149
3.6.2 Double-Data Transfer INSIrUCHIONS ........c.eoveiiieiieeriere e 151
3.6.3 Single-Data Transfer INSIrUCLIONS...........cooiiiiieeineeseeee s 152
3.6.4 DSP Operalion INSIFUCLIONS ........coiiieeiieeciie ettt eesaeeas 154
3.6.5 Operation Code Map iNn DSPMOGE.........ccccceiiriiiiiiieienee e s 160
Section 4 Memory Management Unit (MMU)........ccccco e 165
g R (o = ) 1V 1 S 165
I R 1Y/ I I = 0 S 168
4.2  REQISIEr DESCIIPLIONS. ....ccciuiieciie et cee ettt se et st et ee e et e e sae e e st eerseeesnbeeenneeesneeeaneeeenns 174
4.2.1 PageTable Entry Register High (PTEH) ..o 174
422 PageTable Entry Register LOW (PTEL) ....ccoviiiiiiiieiiec e 175
4.2.3 Trandation Table Base RegiSter (TTB) ....ccociieriiriereeeereee e 175
424 MMU Control Register (MMUCR) ........cooiiiiieecee e 175
G T I = B o o ] 1 ST R 177
431 Configuration Of tNE TLB .......ooiiiiiiiie e 177

Rev. 3.00 Jan. 18, 2008 Page xii of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

4.3.2  TLB INUEXING. ... eiiteeitiiiisieesieeie ettt st e e s aeenbesaeesbeesesneasseeneeas 179

4.3.3 TLB Address COMPariSON ........ccceeeieeeiiieeeieeesieeeseeesreeesseeesseessseeesseessseeesnsesenns 180

4.3.4 Page Management INfOrmMation..........ccooeeiiieenienie e 182

A4 MMU FUNCLIONS......cttiitiiiieeiee sttt sttt st e et sbe s s sbe e be e sseesnbeenbeesseeenseenreens 183
441 MMU Hardware Management .........cooeeeereerienieneeiesee e see e ses e e 183

442 MMU Software Management ..........cccveiieeiiieesiee e 184

443 MMU INSrUCtion (LDTLB)..c..uiiciiiiiecie ettt e s te et 184

4.4.4  Avoiding Synonym ProblemMS..........cceeeiiiiei e 186

A5 MMU EXCEPLIONS. ... .cciiiuieiieieeiteeteeee sttt st be e s beessesaeesseeeesseesbeeeesaeesseensesseansens 188
451 TLB MiSSEXCEPIION.....ccciieceiee ettt et e e e enr e 188

45.2 TLB Protection Violation EXCEPLION ........coveeiiriiiiieseeie e 189

453 TLB INValid EXCEPLION .....eeeiiiee ettt et 190

454 Initial Page Write EXCEPION........coiiiiieei et 191

455 MMU EXception in REPEAL LOOP.......ueeiieeeiieeeiee ettt 192

4.6  Memory-Mapped TLB ... .. e ee s 194
T R AN 0 (0| =SS - Y PSSR 194

A.6.2  DEIBATITAY ..oeeieeeeeieeeetee ettt b e e s ne e e n e s ne e e e e ne e nes 194

4.6.3 USaQE EXAMPIES......oo it e 196

A7 USBOE NOLE......eeeiie ettt e s e e e n e e ne e e s s e e e me e e snr e e e ann e e snneeeannee s 196
SECION 5 CACh ... e 197
o R - (=TSR PPTSPRROPR 197
5.1 CaChe SITUCIUIE......cueeceie ettt ettt ettt e srae e reesneeenneennee e 197

5.2 REQISIEr DESCIPLIONS. ... .ciiitiieiiie it e eiee et see et e e s e e e e s te e e be e e ssaeeesseeesteeensneesnneeeas 199
521 Cache Control RegIiSter 1 (CCRL) .....coiuiiiiiiiieeeeree e 200

5.2.2 Cache Control Register 2 (CCR2) ......cceie ettt 201

523 Cache Control Register 3 (CCR3) .....coouiiiiiiiieeie et 204

LG T O o< = [ o] o ISR 205
531 Searching the Cache.........oooiiiii e 205

5,32 REAO ACCESS... oottt ettt sttt ettt be e st st e e b e e s be e be e sbaeebeenbe e snteereens 207

SRCRCINN & (= 1< (¢ 0 @/ £ (0] o PRSP 207

5.3/4  WWITE ACCESS....ciitieitee et stee ettt s te ettt e st saa e s be e nbe e snte e beessenenbeenbeesneeenreens 207

535  WIte-BaCk BUFTEN .....eociecieciece ettt s 208

5.3.6 Coherency of Cache and External Memory ..........cccoevieevieecvie e 208

54  Memory-Mapped CaCE ..ottt st 209
O3 Y N0 0| 1= S N - Y PSS 209

S D T = U Y | - Y TP RSP RRRRR 210

54.3 USAQEEXAMPIES.....ccceei ettt 212

Rev. 3.00 Jan. 18, 2008 Page xiii of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

T T = [ -SSP 213
I © ¢ - 1 o] 1 [ 214
6.2.1  ACCESSTIOM CPU ..ottt re e 214
6.2.2  ACCESSTIOM DSP....eoiiiiciiee ettt st 214
6.2.3 Accessfrom Bus Master MOAUIE............coceeiiveiieiiece e 215
G0 T U 1= o = N Lo (= 215
6.3.1  Page CONFIICE ..o e 215
6.3.2  BUS CONFIICE....coiiiiiieiii e 215
6.3.3 MMU and Cache SEttiNGS.......ccceiieriieiierieeie e e 216
LG 1 S == o 1Y/ o o [ SRS 216
Section 7 EXception HaNdliNg .........c.oeevieeiiiie et 217
7.1 REQISIEr DESCIIPLIONS.......ciiteieeiieeteeeestee et ettt sbeesee e e sbeeeesaeesbeeeesaeesae e e e saeesbeennesnes 217
7.1.1 TRAPA EXception RegiSter (TRA) ..ooee ettt 218
7.1.2 Exception Event Register (EXPEVT) ... 219
7.1.3 Interrupt Event Register (INTEVT) .ot 219
7.1.4 Interrupt Event Register 2 (INTEVT2) ..o 220
7.15 Exception Address REQISLEr (TEA) ..vee ettt 220
7.2 Exception Handling FUNCLION ..........cooiiiiiiei e e 221
7.2.1  Exception HAaNAING FIOW .....ccueiiieee et e 221
7.2.2  EXCeption VECtOr AQAIrESSES. ... .coiiiiiieeieeeesee ettt 222
A2 T = (o= o1 0] o W O o (== TR 222
7.24  Exception Request and BL Bit (Multiple Exception Prevention) ...........ccccceeeenee. 222
7.25 Exception Source Acceptance Timing and Priority ........ccccccceeeieeecieevcieecceeeeen, 223
7.3 Individual EXCEPtioN OPEIELIONS ........coeueriiireerieeiiseesieeieseeestesee e sbe e seeeee e sneseesaeeseas 227
A T R o = (R 227
7.3.2  General EXCEPLIONS......oceiiiiieiie ettt st st 227
7.3.3 Genera Exceptions (MMU EXCEPLIONS).......cccoueiiieeiiee e e siee e 231
7.4  Exception Processing While DSP Extension FunctionisValid..........cccoeoeviiiiinneine. 234
7.4.1 lllegal Instruction Exception and Illegal Slot Instruction Exception.................... 234
A A O o U I Y6 (0| €= S =l o S 234
7.4.3 Exceptionin Repeat Control Period ..........cceoeeiieeiiiec e 234
7.5 USAOENOLES......ooitiiee ettt s e s e e e e nr e e s n e e e nnn e e s ne e e nnreas 241
Section 8 Interrupt Controller (INTC)..oouvv e 243
o R = (1 =TSSP OPR 243
8.2 INPUL/OULPUL PINS.......eiiiiiiiieee ettt sttt e e s bt s seesae e e saeesee e e e 245
LG TN 2 (= 0| 1S (= DTS ot T o o 1 R 246

Rev. 3.00 Jan. 18, 2008 Page xiv of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

8.3.1 Interrupt Priority Registers A t0 J (IPRA tOIPRJ)....cueiiiiiiieee e 247

8.3.2 Interrupt Control Register O (ICRO)........cooiiee e 249

8.3.3 Interrupt Control RegiSter 1 (ICRL)....cc.coiuiieiiieieeeesieeee e 250

8.3.4 Interrupt Request Register O (IRRO) .......ooociiiiiie e 252

8.3.5 Interrupt Request Register 1 (IRRL) ......ccoviieiiiii e 253

8.3.6 Interrupt Request Register 2 (IRR2) .......ooovveeiiiicee e 254

8.3.7 Interrupt Request Register 3 (IRR3) ......ooouiiiiiiie s 255

8.3.8 Interrupt Request Register 4 (IRR4) .......ooovieeeee e 256

8.3.9 Interrupt Request Register 5 (IRRD5) ......ooouiiieiiii e 257
8.3.10 Interrupt Request Register 6 (IRRB) ........cccoveiiieeiii e 259
8.3.11 Interrupt Request Register 7 (IRR7) ....c.oooiiieiieereeeeeee e 260
8.3.12 Interrupt Request Register 8 (IRR8) .......ccociiiiiiecieccec e 261
8.3.13 Interrupt Request Register 9 (IRR9) ......cooi i 262
8.3.14 PINT Interrupt Enable Register (PINTER)..........cccceeviieiiee e 264
8.3.15 Interrupt Control RegiSter 2 (ICR2).......coiuiiiiiieieeeeee e 265

8.4  INLEITUPL SOUICES.......eeiiiiieieeiieee e ettt e e eteeesessteeesssbeeeessteeesasseeeessseeesasseeeeansseeeeasseeeesnsnnnennns 266
.41 NMIINTEITUPL ... s ne e 266

8.4.2 IRQ INTEITUPDLS. ... iiiee ettt ettt e et e e s e e s e nsbe e e e ensreeesnnseeeesnnreas 266

S G B I [ 1= (1o £ TS PRURSUSN 267

.44  PINT INEEITUDLS. .. .eeieeieieeeeetiee st e et e e e e s e e e e e e snee e e e nnne e e e esseeeensneeeeennees 268

8.4.5 On-Chip Peripheral Module INEITUPLS .........ooiiiiiiieeeee e 268

8.4.6 Interrupt Exception Handling and Priority.......ccccccovevieeiiee e 269

ST @ o= = 1o o LSRR 276
8.5.1  INEITUPL SEOUENCE ......c et eeiieeeeeiiee ettt e e stte e st e e e e e e esa e e e e snbee e e esteeesnnsaeeesneeas 276

8.5.2  MuUIIPIE INLEITUPES ...ttt se e 278
Section 9 Bus State Controller (BSC).......uuviieriiieeiiiie e siee s e 279
0.1 FEALUIES....co ettt ettt ettt a e e s bt e e ae e e s b e e e bt e e s b e e e ne e e aab e e e be e e nr e e e re e nnnes 279
0.2 INPUL/OULPUL PINS.....iiiiiiiiiiieie ettt sttt b et st e b e et sbeenbeenee e 283
O T N (== N @< VT RO SUPTR 285
0.3. 1 ATEADIVISION....cciieiie ettt st e e r e sna e reenne e 285

S I 7= (01 N = PSRRI 285

S G TG B 0 011255 |V o PR USTRN 287

9.34 Area0Memory Typeand Memory BusWidth ..........c.cooeiieiiie e, 289

0.3.5  Data AlIgNMENt.......c.ooiiieiieeie et 289

0.4  ReEQISIEr DESCIPLIONS. ....cciiiiitiieciie et ctee e ste e e s s e s e e et e e e sra e e ase e e ssreeabeeesnreeeneeeanes 290
9.4.1 Common Control Register (CMNCR) .......oooiiiiiiiiieeeeee s 291

9.4.2 CSn Space Bus Control Register (CSNBCR) .......ccvveiieeiiieecee e 294

9.4.3 CSn Space Wait Control Register (CSNWCR) .....cceoveriiineriineeseeee e 299

9.4.4 SDRAM Control Register (SDCR).....cccueeiiieiiieecieecitee e ciee et 325

Rev. 3.00 Jan. 18, 2008 Page xv of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

9.4.5 Refresh Timer Control/Status Register (RTCSR).......cocvieeiiniiniieeeereeie e 328

9.4.6 Refresh Timer Counter (RTCNT)....ooiiiieiiie et 329
9.4.7 Refresh Time Constant Register (RTCOR) ......cccorouiieriiiiiieeie e 330
948 SDRAM Mode Registers2, 3 (SDMR2 and SRMR3) .......cccoeviieeviee e, 330
ST @0 < = 1o o [T URR 331
9.5.1 Endian/Access Size and Data AlignMmeENt..........coocveeeiie e ccie e 331
9.5.2 NoOrmal SPace INEITACE ......cccuiiiii e 337
0.5.3  ACCESSWaIt CONMIOl .....oovieiieiie e e s 343
954  CSn Assert Period EXPaNSION ........ccciieeiiriirieeie et s 345
055 SDRAM INEITACE.....ccoiiiiice et 346
9.5.6 Burst ROM (Clock Asynchronous) Interface. ..........ccceevveneeieneenenieneeneeee e 385
9.5.7 Byte-Selection SRAM INterface......cccoviiiie i 387
0.5.8 PCMCIA INEITACE. ...ttt re e 392
9.59 Burst ROM (Clock Synchronous) Interface.........ccccccoeveieieciee e, 400
9.5.10 Wait between ACCESS CYCIES... ..ot 401
0.5.11 BUSATDITIEIION ....cotiiiiieiiesiee ettt st r e s e e 401
0.6 USAOENOLES......coeiiii it e s s e e e r e e b e e nnn e s ne e nnreas 404
Section 10 Direct Memory Access Controller (DMAC) .....ccovveveeecee i 407
JO.1  FBALUIES......ei ettt ettt et s e e b e bt e s st e e s st e e st e e e ese e e sabe e e sabeesabeeennneesreeens 407
10.2  INPUL/OULPUL PINS.... oottt s sbe e s se e b seesaeebesseesbeennesnnenneas 409
10.3 RegIStEr DESCIIPLIONS.......ciiieeeciieeiieesieeertee e st e et e s e e e e e steeebeeesnseeesseeesasesenseeeanseesnseeess 410
10.3.1 DMA Source Address Registers (SAR_0t0 SAR _5) ....ooiiiiiiinienieie e 411
10.3.2 DMA Destination Address Registers (DAR_0t0O DAR 5) ..ooovvevvecieeciieccieene 412
10.3.3 DMA Transfer Count Registers (DMATCR_0to DMATCR_5) ...coooviiiienienens 412
10.3.4 DMA Channel Control Registers (CHCR 0to CHCR 5) .....cccovevieevieeciieceee 413
10.3.5 DMA Operation Register (DMAOR) .....cceeiieiiieeieeieeeee e see e sae e 418
10.3.6 DMA Extended Resource Selectors0to 2 (DMARSO to DMARS2)................... 420
(L0 R @ o7 = 1 o o O SOU P PRR 424
10.4.1 DMA Transfer FIOW ....coc.ooiiiiieeiiieee et 424
10.4.2 DMA TranSfer REQUESES.......ccciiiiiiiecitie ettt s st e st ennas 426
10.4.3 Channel Priority .....coe oottt e s st e e e ene e 431
10.4.4 DMA Transter TYPES.....cooieeireeiiiaeesieeieesieessessesseessesessseessesseessessessesssessesseensens 434
10.4.5 Number of Bus Cycle Statesand DREQ Pin Sampling Timing .........cccccceeeienne 444
1O.5  USAGE NOLES. ...ttt ess e e s e e e st e e e se e e s ne e e anneesaneeeanneennreeea 448
10.5.1 Notes on DACK PiNOULPUL .......cceveiiieciieecieecitee et stee e ssee s e sse s ssee e e enee e 448
10.5.2 Notes on the Cases When DACK isDivided.........cccccoeveeiveiienin e 448
10.5.3 Other NOLES........eeeiiiiieiieesiee ettt et be e sreeenbe e neesneeenns 452

Rev. 3.00 Jan. 18, 2008 Page xvi of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

T = (1= S 453
11.2  INPUL/OULPUL PINS.. ..ottt e e e e et e e s e e nne e e eabeeese e e snneeeneeesnneas 457
11.3  CloCk Operating MOUES........coiiiiiriieiieee sttt sttt sttt be et s sbe et e sneenbeenes 458
11.4 ReQIStEr DESCIIPLIONS. ...cccutieetieeiieesiee ettt e st e see e st e e sae e e e e e e sseeesaeeeaseeesnbeeeseeesnseeenneeesnsens 461
11.4.1 Frequency Control Register (FRQCR) .....ccuoiiiiiiiiiiieriee e 461
11.4.2 USBH/USBF Clock Control Register (UCLKCR) ......cccoveiieeviie e 464

11.5 Changing FrEOUENCY ........ccoiiriiiieiieieeiiesie ettt ae st et sae e b e e e saeesaeeneesneeseeenne e 465
11.5.1 Changing MultipliCation Rate............ccceviiieiiieiciie e 465
11.5.2 Changing DiVISION RELIO........ccceriiiieiiiiesieee ettt s 465

116 USAOEINOLES.....coiiiieiie ettt ee e e e e e e s e s e st e e e e snsee e e snseeeesnseeeeasneeeeanneeesennns 466
11.7 NOteSON BOAIA DESIQN .....eiiiiiiieiieiesiee ettt sttt s b e s be b sae e sae e e e e neenbe s 466
Section 12 Watchdog Timer (WDT)...coocuee et 469
L2.1  FEBLUIES.....eee ettt ettt ettt ae e st e e e s st e e et e e e e ae e e sane e e snb e e snbeeennreenrneennns 469
12.2 Register DescriptionS fOr WDT .......cooiiiiiieiieeie et 471
12.2.1 Watchdog Timer Counter (WTCNT) ....ooiiii e 471
12.2.2 Watchdog Timer Control/Status Register (WTCSR)......ccoevveererirneeneeeereeeeeens 471
12.2.3 NOES ON REJISIEr ACCESS......eciiieetieeiieeeieeeetee e stee e st e e saeeesbeeesseeesseessnneesseeesneeas 473

12.3 VDT OPEIEHION ...ttt sttt ettt e e sbeebe e e sbeeeesaeesaeeasesaeesbeeaeesseenbesnsesseensesnsenes 474
12.3.1 Canceling Software Standbys..........cooeeiiiiiiie e 474
12.3.2 Changing FrEQUENCY .......coouiiiiieiie ettt ettt sae e s e nes 475
12.3.3 Using Watchdog Timer MO .........cooueeiiieiiiie et 475
12.3.4 Using Interval TIMer MOGE .......cccuoiiiiiiiiieee e e e 476
Section 13 POWEr-DOWN MOGES ...........oeviiiiiec e 477
131 FEBLUIES..... ettt ettt et e e ab e st e e e ae e e s be e e s ae e e sne e e snb e e enbe e e nreeere e e nnnes 477
13.1.1 POWEr-DOWN MOUES........coiiieiieiie ettt et ene s a77
T (= USRS 478

13.2  INPUL/OULPUL PINS......eiiiiitieieeee ettt sttt be e sae e sb e e e e s ae e b s e e sbeeneeene e 479
G TR I 2= o (1S (= g B L= o o0 1R 480
13.3.1 Standby Control Register (STBCR)......cceeiiriiiieeiieieseeie e 480
13.3.2 Standby Control Register 2 (STBCR2).......cccuveiiieeiiee e esee e 4381
13.3.3 Standby Control Register 3 (STBCR3)......ccooiiiiriiiienieie e 483
13.3.4 Standby Control Register 4 (STBCRA).......cocveeiiieeiiec et 484
13.3.5 Standby Control Register 5 (STBCRS)......c.cooiieiriiiieieiereeie e 486

G T S == o 1Y/ o o =SS 488
13.4.1 Transition t0 SEEP MOGE........oouiiiiiiiieeie e e 488
13.4.2 Canceling SIEeP MOGE........coo it 438

Rev. 3.00 Jan. 18,2008 Page xvii of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

13.5 Software StandbDy MOGE...........ooeeiiiiiieee e sb e ee s 489

13.5.1 Transition to Software Standby MOde..........ccoocereciie e 4389
13.5.2 Canceling Software Standby MOdE .........ccoeiiiiiiiiiieee e 489
13.6 Module Standby FUNCLION...........cooiiieiee et eree e 491
13.6.1 Transition to Module Standby FUNCLION ..........cccoriiiiiiiniireeeee e 491
13.6.2 Canceling Module Standby FUNCLION............cooiiiiiiin e 491
13.7 STATUSPIN Change TiMING ......cccueeieereeiieeiieeseeseessseesseessessseessesssesssseessessssssssesssesssesans 492
T 01 R (= SRS 492
13.7.2 Software Standby MOGE............ooouiiiiiiieee e 493
13.7.3 SIEED IMOUE...... oot e e e e e re e e ree e 494
13.8 Hardware Standby MOOE...........c.ooiiiiiiee et ee s 496
13.8.1 Transition to Hardware Standby MOdE..........ceoveeeiiir e 496
13.8.2 Canceling the Hardware Standby MoOde...........cccooiiiiriiiiiiieeeeeeeee e 496
13.8.3 Hardware Standby Mode TimiNg.........ccoceviiiieiiie e 497
Section 14 Timer UNit (TMU).....oooiiiee e 499
I s ([ PRSPPI 499
14.2 RegIStEr DESCIIPIIONS. ... .eiiiieeeitie et cteeeee e ste et e e ste e e ssee e sbeeabeeessseeasseeesnseseseeesnseesnseness 501
14.2.1 Timer Start ReQIStEr (TSTR) .uvviiieie e 502
14.2.2 Timer Control RegIStErS (TCR) .....ccccuiieiie et 503
14.2.3 Timer Constant RegIStErS (TCOR) ......coouiieeiiriesieeiie et 504
14.2.4 Timer CouNterS (TCNT) .o sree et e e a e nae e 504
R @ o1 - 1 o o RO ROUPRRTRR 505
14.3.1 CoUNtEr OPEIELION ....cccveeeieiee it esieeeitee e ste e st e s e e ebe e e sraeesreeesseeesbeeeseeesnseeenneeeas 505
s 1 01 (= (] TSR PP R SPRTRSTRIN 508
14.4.1 Status Flag SEt TIMING.....ccouieiiii et e e ere e e e e e enee e 508
14.4.2 Status Flag Clear TIMING .......coeoiiiieiiei et 508
14.4.3 Interrupt SOUrces and PrioritiES .........cceevuieiiie e 509
145 USAE NOLES. ....coeieiiie ettt ettt e s e e s s e e se e e sab e e e se e e sne e s anneesaneeenneennreeeas 510
14.5.1 WIrItiNg tO REJISIEIS......coiiiie ettt et e e st e e reeeenee e 510
1452 ReadiNg REJISIEIS.....ccuei ettt st re e esnaeenns 510
Section 15 16-Bit Timer Pulse Unit (TPU) .....ccoviiiiiieeeecee e 511
L15.1 FBAIUIES. ..ottt et e ekt e e e b e e e s s s e e e e e e an e e e s e ne e e e e anne e e e e nn e e e e nre e e e e nre s ol1
15.2  INPUL/OULPUL PINS......oiiiiiiiitieiieeeesiee ettt ae st e b e besseesbeeneesneereas 514
15.3 RegISIEr DESCIIPIIONS. ... ..eiiiieeeiiie et e cieeetee st e et e e sre e e e sbe s abeeessseeesseeesssesenseeesnseesnseness 515
15.3.1 Timer Control REGISLEIS (TCR) ....coiuiiieiieieiie e 516
15.3.2 Timer Mode RegiSterS (TMDR) .....ooveieeie e 520
15.3.3 Timer I/O Control ReQIStErS (TIOR) ....c.oiiiiiiieieeiieeee et 521
15.3.4 Timer Interrupt Enable Registers (TIER) .......ooocveviiiie e, 523

Rev. 3.00 Jan. 18, 2008 Page xviii of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

15.3.5 TiMer StAUS REGISIES (TSR) .vvveemeeeereeeeeoseeseeeeeeseessesseesseesssessesssessesseesssessees 524

15.3.6 Timer CounterS (TCNT) .oociie et e e e enneas 526
15.3.7 Timer General REQISLErS (TGR).....cciiiiiiiiieeieeee et 526
15.3.8 Timer Start Register (TSTR) ...veveciieiiiee et sree s 527

ST R @ o7 - 1 o o SRR 528
15.4. 1 OVEIVIBW....ciiiieetiesiee ettt sttt sb et be e st e b sae e e abe e be e sabeenbeenbeesaeeenns 528
15.4.2 BaSIC FUNCLIONS........ccciiiiieitie e esieestie et ee et et e e sse e snneenneesneeenneenns 529
15.4.3 BUfEr OPEIaLION.......ccciiieeiei e ciee ettt esee et e e e e e e st e e e nre e e s aneeenneeesnneeas 534
15.4.4 PWIM MOUES......oiiiieiieeitie ettt ste ettt seessaeenteesseesneeenteesseesnneennes 536
15.4.5 Phase Counting MOGE...........ooiiiiiiiie et eneas 539

15.5 USAGE NOLES.......oiiiiie ettt e s e st e e be e e s s e e e ane e e snr e e s nreennneeenns 545
Section 16 Compare Match Timer (CMT) .ocvev e 547
L16.1  FEBLUIES...... eee ettt ettt a e st e s ae e st e e e s bt e e e bt e e e ae e e e abe e e anbeesnbeeenreesnreeennnes 547
16.2 REQISIEr DESCIIPLIONS.....cctiieeitieitieieeiee st etesieeste st aeesteseesaeesbeeeesaeesbesaeesseesbesasesaeesseanne e 549
16.2.1 Compare Match Timer Start Register (CMSTR) .....cooeviieiieecee e 550
16.2.2 Compare Match Timer Control/Status Register (CMCSR) .......ccccoverieineeieneene. 551
16.2.3 Compare Match Timer Counter (CMCNT) ....ooviiiiiiiec e 553
16.2.4 Compare Match Timer Constant Register (CMCOR)........coccoveriinieeneniec e 553

TR I @ o= = 11 o 1 [ 554
16.3.1 COUNLEr OPEIAION.....c.eiiueeitieiirieeiteeeesteereeeee st eee e e sbeeee e e sbeseesbeessesseesseeeeeneesen 554
16.3.2 COUNTEN SIZE....ccveeieeeeieesiee ettt sttt sttt b e s et b e e sre e st e neesneeenns 555
16.3.3 Timing for Counting DY CMOCNT ......cccoiiiiiiiiseee e 556
16.3.4 DMA Transfer Requests and Internal Interrupt Requeststo CPU ..............cc....... 556
16.3.5 Compare Match Flag Set Timing (All Channels) ..o 557
Section 17 Realtime CIoCK (RTC) ..vvviiiiieciee e 559
L17.1 FEBLUIMES......eee ettt ettt sttt ettt ettt e e e s s e e e et e e e s ae e e sne e e anbeesnbeeennreesnneeennnes 559
A 0o 1817 [0 111U | i 1 O RUSRPR 561
17.3 ReQISIEr DESCIIPUIONS. ...cccueieiiieeiieeiiee ettt e st s see e sree s e e et eesseeesbe e e sseeesnbeeenseeesnseeenseeesnreas 562
17.3.1 64-HZ Counter (REACNT) ....eeiiiiiieieeee ettt ae e s ne s 563
17.3.2 Second Counter (RSECCNT) ....oviiiieiie et e 564
17.3.3 Minute Counter (RMINCNT) ....ooeiiiii ettt 565
17.3.4 Hour Counter (RHRCNT).....ciiiieiie e stee et sree et e et e e snnee s 566
17.3.5 Day of Week Counter (RWKCNT) ...ccuiiiiiiiirieieeee e e 567
17.3.6 Date Counter (RDAY CNT) ..ooiieeiiiei ettt see st e et s e nnaeesnree s 568
17.3.7 Month Counter (RMONGCNT) ...couiiiiiieieeieseeie e 569
17.3.8 Year Counter (RYRCNT) ....ooi it ee et stee s 569
17.3.9 Second Alarm Register (RSECAR) ......coueiiiiiiiieieeeeeee e 570
17.3.10 Minute Alarm Register (RMINAR) ......oooiiiieceie e 570

Rev. 3.00 Jan. 18, 2008 Page xix of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

17.3.11 Hour Alarm Register (RHRAR) .......ooiiiiiiieceeee e 571

17.3.12 Day of Week Alarm Register (RWKAR) ......oeeeiiiecee e 572
17.3.13 Date Alarm Register (RDAYAR) ..uviiiieciecee et 573
17.3.14 Month Alarm Register (RMONAR) .....ooouiieiee et 574
17.3.15 Year Alarm Register (RYRAR) ....co ittt 574
17.3.16 RTC Control Register 1 (RCRL)......cccuveiiiiiiiee et e st 575
17.3.17 RTC Control Register 2 (RCR2).......cccuiiiieiie e sis e 577
17.3.18 RTC Control Register 3 (RCR3).......cuieiiiieiiee e ctee e et e s nnee e 579
A @ o= - 1 o] o TSRO UPRURTPRRR 580
17.4.1 Initial Settings of Registers after POWEr-On.........cccoveiiecie e 580
17.4.2 SEING TIHME ..ottt sttt st sa e b s e b e e besaeeseeennesneeeeas 580
17.4.3 REAING TIME.....oiiiiie et e e s e e e se e e s te e ereeeenaeeeneaeas 581
Iy AN g T U o o S 582
17.5 USAOE NOLES.....cceeeeecetiee ettt e e e e e st e e et e e e et e e e s see e e e asseeeessaeeeasaseeeeanseeeeannseeeennseneas 583
17.5.1 Register Writing during RTC COUNL..........ccoiiiiiriiieeenee e 583
17.5.2 Useof Realtime Clock (RTC) Periodic INterrupts........cccevveeeieeeiieevieeeiieeeieens 583
17.5.3 Trangtion to Standby Mode after Setting RegIStEr ........coceeviiiiniiiiceeeeeeeens 583
17.5.4 Crystal OSCIHIAOr CIrCUIT.......cueiiiieeciie et eaee e 584
Section 18 Serial Communication Interface with FIFO (SCIF)......ccccccceeeveenee 585
18.1  FEALUMES. ... .ee ettt et et e e e s ae e s ae e e e eaeesteeneesaeenteaneenteensesnaesseeneennnenrens 585
18.2  INPUL/OULPUL PINS......eiieiiie et e tee e e et e e st eebe e e e saeeeseeesaseesneeesnneesnneens 588
18.3 REQISIEr DESCIIPLIONS. ...c..eetieieiiierieeee ettt et seesbe et s e b s eesreesaesseesaeesbesneesbeesesneenreas 589
18.3.1 Receive Shift Register (SCRSR) ....ccccviiiiiiiiiee sttt e 590
18.3.2 Receive FIFO Data Register (SCFRDR) ........oooveiiiiie e 590
18.3.3 Transmit Shift Register (SCTSR) ....ccvveeiiecee e 590
18.3.4 Transmit FIFO Data Register (SCFTDR) .......covieiiriiiierie e 590
18.3.5 Seriad Mode Register (SCSMR)......ccciieiii e e e e 591
18.3.6 Seria Control RegiSter (SCSCR)......cccueierrierieiieeiesiie st 595
18.3.7 FIFO Error Count Register (SCFER) ........coociviiiiecie et 599
18.3.8 Seria Status ReQIStEr (SCSSR) ....ccuiiuiriiirierieeie et s e e ee s 600
18.3.9 Bit Rate Register (SCBRR) ......cccueiieiieiieiiesie e seesie s s e see e eae e sseenesneeneens 607
18.3.10 FIFO Control Register (SCFCR) .......cciiiiiieeesiesieesiee e esiee e sve e s 609
18.3.11 FIFO Data Count Register (SCFDR) ......cuoiiiiiiiieecee et 612
18.3.12 Transmit Data Stop Register (SCTDSR) .....cceeiiieenieeienee e 613
S T @ o= - 1 o o SRR 613
18.4.1 ASYNChroNOUS MOGE..........oiuiiiiiiiiieieee et 613
18.4.2 Serial OPEIaliON........ccccuieiieeeiiieeiee e et e e cee st e s st e e seeesteeesseeesseeesseeesnreeenreeesnneaans 614
18.4.3 SyNChroNOUS MOGE.........coueiiiiiiiiieie ettt e e e 624
18.4.4 Seria Operation in SynchronoUS MOdE...........ccccveeeiiiiiiee i 625

Rev. 3.00 Jan. 18, 2008 Page xx of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

18.5 Interrupt SOUrceS and DIMAC ... .ot 635

18.6 USAGE NOLES......oo ettt e e e e e e e e et e e e e ate e e e anse e e e eanseeeeanseeeeansnneeeannneeeannns 637
Section 19 Infrared Data Association Module (IrDA)......cccoeeeciee e, 639
R T s = TSP 639
19.2  INPUL/OULPUL PINS....ciitiie ettt e e e e e e e nae e e sabe e e be e e snneeeneeesnreas 640
19.3  REQISIEr DESCIIPLION. ... .ciitieeiitieieeiesiee it ee sttt et be et e seesbeesae e e s beebesaeesbeenneereenbeenes 640
19.3.1 IrDA Mode Register (SCIMR) ......ooeiiiieiiie ettt eree et 640

(RS R @ o7 ¢ 1 o o USRS 642
S ot R N =1 0 1 T SR 642
RS S (= o< LY/ 1 0o PR STRR 642
19.4.3 DataFormat SPECITICALION ......c.eeeiiei e 643
Section 20 1°C BUS INEITACE (11C) ....c.veveeeeieeeeceeereeee sttt 645
O R = (] == S 645
20.2  INPUL/OULPUL PINS.....coiiie ettt st e e e e e sna e e ese e e snseeenbeeennneesnneeennes 648
20.3 ReQiSIEr DESCIIPLIONS......ciuiiiiiieeiiesieeie ettt st be et s ae e sbe e b s seesbeeneesneeseeenee e 648
20.3.1 1°C Bus Control RegiSter 1 (ICCRL) ....cvovveieieeeeeeeeeereeeeeees e sesee st vevesesssenen s 649
20.3.2 1°C Bus Control ReGISter 2 (ICCR2) .......ccceueuerererereieieeeeeeeeeeseeve e 650
20.3.3 I’'C Bus Mode REGISIEr (ICMR) .....cucviiieieceeiereeeeeeee sttt s s 651
20.3.4 1°C Bus Interrupt Enable Register (ICIER) .......cccceueueeieeeiieeeeeeeeeeeve e 653
20.3.5 1°C Bus Status REGISLEr (ICSR)......civiiieieeeeeereteeseseee st re s s s s sesss e 655
20.3.6 Slave Address RegISter (SAR) ....ocei it 657
20.3.7 1°C Bus Transmit Data RegiSter (ICDRT).....cccierrereeieieeisseeeereeesseses s, 658
20.3.8 1°C Bus Receive Data Register (ICDRR).........cocucueueveveieireieeeeeeeeeeeveve e 658
20.3.9 1°C Bus Shift REGISIEr (ICDRS)......ceueveieeeeeeeeeeeeeeesetee et esessssesesssssssssesesesssssssnas 658
20.3.10 I°C Bus Master Transfer Clock Select Register (ICCKS)......oovvevivcecvcverereienne. 658

12 @0 - 1 o) [ SRS 660
701 A O = TU 1y =0 1 TR 660
20.4.2 Master TranSmit OPEratioN ..........ccccvieiiieeiiie e creeeree s ree st eernee e snns 661
20.4.3 Master RECEIVE OPEIaliON........cccuiieeierierieeitesee st sae e sre e saeesee e e 663
20.4.4 Slave Transmit OPEratioN ........cccceeieeeiiieeeiie e e e eeee e see e s e see e et e e nree e ere e e rneeeenns 665
20.4.5 Slave RECEIVE OPEIEiON......ccciiieieeierieeie et e e sre e sb e 667
20.4.6 NOISE CANCAIIES .....coiieeiiece ettt sbe s snpeereens 670
20.4.7 EXaMPIE Of USE... .ottt et et 670

20.5  INEITUPL REOUESL.......coiiieiee ettt tee ettt e s e e s sba e s s ste e e s anseeessasneeessnneeneensnnnenns 675
20.6  Bit SYNCHIONOUS CITCUIT......cueetirieiieeiteeie sttt ettt s sae e s ae e b e sae e e e ene e 676
20.7 USAGEINOLES......coeeiieeieecieee ettt e et e e et e e et e e e et e e e e ste e e e saseeeeasteeeaanseeeeasseeeaasneeeeasneeennnns 677
Rev. 3.00 Jan. 18, 2008 Page xxi of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Section 21 Serial /O With FIFO (SIOF) ....ooouiiiiieieieeeeeeesee e 679

P2 o (1 - TSSO 679
21.2  INPUL/OULPUL PINS....ccieie ettt et e e s e et e e st e e nae e e enne e e sseeesnneeenneeesnreas 681
21.3 REQISIEr DESCIIPLIONS.....cueiitiiieiiieitieie st ste ettt st ste e sre et st e b besaeesaeeeesaeesbeeneesnes 682
21.3.1 Mode Register (SIMDR) .....cooiiiiiiiei et 683
21.3.2 Control REGISEr (SICTR) ...cueeiiiieieierie et 686
21.3.3 Transmit Data Register (SITDR) .....oooiiieiee e 689
21.3.4 Receive Data Register (SIRDR) .....cccuviiieiiicieeiesie et 690
21.3.5 Transmit Control Data Register (SITCR) ....ccveeeiieiiiec e 691
21.3.6 Receive Control Data Register (SIRCR) .....cooeiiiiiiiiiiereeeereee e 692
21.3.7 StatuS REGISIEN (SISTR) ...ccviieiiie sttt 693
21.3.8 Interrupt Enable Register (SIIER) ......c.ooiiiiiiieeeeeeeeee s 699
21.3.9 FIFO Control Register (SIFCTR) ....ccccueeeiiee ettt 701
21.3.10 Clock Select RegiSter (SISCR) ...c.cviveeiieeiireieesie et siee s nsee s 703
21.3.11 Transmit Data Assigh Register (SITDAR) .....oovevieeie e 704
21.3.12 Receive Data Assign Register (SIRDAR) ....o.ooiiiiiiieeeee e 706
21.3.13 Control Data Assign Register (SICDAR) .....ccvveiiie e 707
P R @ o= - 1 o o BTSSP 709
P RS = T I oo TSR 709
P S < I 2 11 o 711
21.4.3 Transfer Data FOrMEL..........ccoviiiiiiiniiie st 713
21.4.4 Register Allocation of Transfer Data..........ccoveeveneenienieneeseeee e 715
21.4.5 Control Data INtErfaCe ......coceiiiiiiieee e e 717
2 T O TS 719
21.4.7 Transmit and RECEIVE PrOCEAUIES..........ccoouiiiierienie et 721
21.4.8 INEEITUDES. ...ceee ettt s e e s e nnn e e s e e e mn e e nnneennneas 127
21.4.9 Transmit and RECEIVE TIMING.......ccceiieeiiiieeiie e cree e e erae e saneas 729
21.5 USAOENOLES......ooiiiieiie ettt e s e s e e s ne e e e nr e e s n e e e s nr e e sne e e nnneas 734
21.5.1 Regarding SYNC Signa High Width when Restarting Transmission
LY =S (= 1Y, o [ SR 734
Section 22 Analog Front End Interface (AFEIF) ... 735
22. 1 FEALUIES.......eiiitee ettt ettt e ettt et e e s et e e b et e s ate e e b e e e s abe e e be e e e ab e e e be e e nnneeeneeennreas 735
22.2  INPUL/OULPUL PINS...... ittt sttt st st b e et saeesbe et e sae e b e eneesras 736
22.3 Register CONfIQUIAiON.......cccuii et e e b e s e e sreeenneeesnreas 736
22.3.1 AFEIF Control Register 1 and 2 (ACTR1, ACTR2) ....coccvvivveriecieeeesee e 737
22.3.2 Make Ratio Count Register (MRCR) .........oviiiieiie e 740
22.3.3 Minimum Pause Count Register (MPCR) ........oooriiiiiiieeee e 740
22.3.4 AFEIF Status Register 1 and 2 (ASTR1, ASTR2).......oooveviieieeeeseee e 740

Rev. 3.00 Jan. 18, 2008 Page xxii of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

22.3.5 Dia Pulse Number Queue (DPNQ) ......ccoiirireeierenie s 745

22.3.6 Ringing Pulse Counter (RCNT) ....cccieiiiieiiie ettt e et e e e 746
22.3.7 AFE Control Data Register (ACDR) .....cooiiieiiieerieeeee e e 746
22.3.8 AFE Status Data Register (ASDR) .....ccveeiiieeciee et 746
22.3.9 Transmit Data FIFO POrt (TDFP) ......coiiiiiieeee e 747
22.3.10 Receive Data FIFO POrt (RDFP) ........oovoiiiieieee e 747
A @ o= - 1o o LSS P PSRRI 748
R R 1 01 (= £ I 0 11 T S 748
N N ol 11 - 750
22.4.3 DAA INEIMTACE.......ei ittt nree s 752
22.4.4 Wake up RIiNGING INTEITUPE ..o e e 754
Section 23 USB Pin Multiplex CONtroller .........ccoovvveieeeiiecee e 755
23. 1 FEAIUMES.....ceii ettt ettt ettt ae e e st e e bt e e s b e e e be e e s ab e e e ae e e sab e e ebe e e nreenre e nares 755
23.2  INPUL/OULPUL PINS... .ottt sttt s b e b e s seenbe s e e saeeneesne e e 756
23.3 ReEQISIEr DESCIIPLIONS. ....cciieeiiieeciee et ctee et e e s st e s e e e b e e sre e e ese e e snseeebeeesnneeeneeennes 758
23.3.1 USB Transceiver Control Register (UTRCTL) ...coveeieieieeeeeeeeee e 758
23.4 Examples of EXIErnal CIrCUIL.........coccueiiiie e s e e 759
23.4.1 Example of the Connection between USB Function Controller and Transceiver. 759
23.4.2 Example of the Connection between USB Host Controller and Transceiver........ 761
235 USAOENOLES...... oo 763
23.5.1 ADOUt the USB TranSCEIVES .....cceiiiiiiieiiieieesiee sttt sttt s nree s 763
23.5.2 About the Examples of External CirCUIt..........ccocoveeieneeneneseese e 763
Section 24 USB Host Controller (USBH) ......cooceviiereere e 765
24. 1 FEALUIES.....cueii ettt ettt ettt et a e e e bt at e e s abe e e bt e e sab e e e be e e sab e e e abeeesab e e enbeeennreeereeenares 765
24.2  INPUL/OULPUL PINS.....oiiiiiiie ettt sttt sae e b e b e seenbeeae e sneeneeenee e 766
24.3 ReQISIEr DESCIPLIONS. ....cciieeiitieeeiee ettt e see et e s st e s e e e b e e sra e e eseeesnseeenbeeesnneeeneeennes 767
24.3.1 Hc Revision Register (USBHR) .....cccoiiiiiiieieeeee e 768
24.3.2 Hc Control Register (USBHC) .....ocueiiiie ettt 768
24.3.3 Hc Command Status Register (USBHCS) ........oooiiiiiirieeeereee e 771
24.3.4 Hc Interrupt Status Register (USBHIS) .......oooiieciiceeceecee e 774
24.3.5 Hc Interrupt Enable Register (USBHIE) ......oooiiiiiiieeeeee e 776
24.3.6 Hc Interrupt Disable Register (USBHID) ......cccooiiieiiie e 777
24.3.7 HCCA Register (USBHHGCCA) ... .o 779
24.3.8 Hc Period Current ED Register (USBHPCED) .......cccocvevieeiiieecee e 779
24.3.9 Hc Control Head ED Register (USBHCHED)........cooooiiiiiiiieeeeeeeee 780
24.3.10 Hc Control Current ED Register (USBHCCED) .......cccooviieiiie e 780
24.3.11 Hc Bulk Head ED Register (USBHBHED) ........ccooeiiiiiiiiceeee e 780
24.3.12 Hc Bulk Current ED Register (USBHBCED) .......ooovcviviiiiecee e 781

Rev. 3.00 Jan. 18, 2008 Page xxiii of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

24.3.13 Hc Done Head ED Register (USBHDHED).........cccoviiiiiiiiece e 781

24.3.14 Hc Fm Interval Register (USBHFI) ......oooeii e 781
24.3.15 Hc Frame Remaining Register (USBHFR)........ccoooiiiiiiieeeeeeeeee 783
24.3.16 Hc Fm Number b Register (USBHFN)........cccve i 784
24.3.17 Hc Periodic Start Register (USBHPS) ..o 785
24.3.18 Hc LS Threshold Register (USBHLST) .....ooovieeiie e 786
24.3.19 Hc Rh Descriptor A Register (USBHRDA) ... 787
24.3.20 Hc Rh Descriptor B Register (USBHRDB)........c.coovieiiiee e 789
24.3.21 Hc Rh Status Register (USBHRS)........cooiiiiieeeee e 790
24.3.22 Hc Rh Port Status 1 and Hc Rh Port Status 2 Registers
(USBHRPSL, USBHRPS2) .....ccueiiiiiiiiieieee e e 792
24.4 Data Storage Format which Required by USB Host Controller ..........cccccveviieiiieiiieenen. 798
24.4.1 Storage Format of the Transferred Data..........coceveeeeieenienieeneee e 798
24.4.2 Storage Format of the DESCIIPLON..........eeeciie e 799
24.5 Data Alignment Restriction of USB Host Controller ..o 799
24.5.1 Restriction on the Line Boundary of the Synchronous DRAM ..........cccoeevveeneen. 799
24.5.2 Restriction onthe Memory AcCCeSS ACAIESS........ooeeiiriereeiieree e 800
24.6 Accessing External Addressfromthe USB HOSE........cccooviviiiec e, 800
24.7 USAOEINOLES......ooiiiieiieeee et e s e s n e e e s nn e e ene e e ann e e sne e e nnneas 801
Section 25 USB Function Controller (USBF) ... 803
25,1 FEALUIES......eeiieie ettt ettt et e e s et e e b et e s i bt e e bt e e e abe e e be e e e ab e e e be e e anne e e neeennreas 803
25.2  INPUL/OULPUL PINS......eiiiiiiiitieie ettt sttt b et s ae e b et e sne e b e eneesras 805
25.3 REQISIEr DESCIIPLIONS. .....veeeiiiee et ectee et st e ertee e et e e e e s e e e ssee e s beeesseeeeseeessseesnseeesnseeenseas 806
25.3.1 Interrupt Flag Register O (IFRO) .......coiiiiiiiee e 808
25.3.2 Interrupt Flag Register L (IFRL) ..c.ooevieeeeeee e 810
25.3.3 Interrupt Flag Register 2 (IFR2) .......cooiiiiiieeeeeeee e s 811
25.3.4 Interrupt Flag Register 3 (IFR3) .....vvoiiee et 813
25.3.5 Interrupt Flag Register 4 (IFRA) ......oo it 815
25.3.6 Interrupt Select Register O (ISRO)......cceeiiiieeie e 816
25.3.7 Interrupt Select RegISter 1 (ISRL).....cooiiiiiiiii et 816
25.3.8 Interrupt Select RegIStEr 2 (ISR2).....ccveeiiieeeee et 817
25.3.9 Interrupt Select Register 3 (ISR3).....ccoiiiiiieieeereee e e 817
25.3.10 Interrupt Select ReEQIStEr 4 (ISRA).....cvee ettt 818
25.3.11 Interrupt Enable Register O (IERQ) .......coooiiiiieeeeeeee e s 818
25.3.12 Interrupt Enable Register 1 (IERL) ..cccveveciei i 819
25.3.13 Interrupt Enable Register 2 (IER2) .......coouo i 819
25.3.14 Interrupt Enable Register 3 (IER3) .....veveeiie e 820
25.3.15 Interrupt Enable Register 4 (IERA) ..o 820
25.3.16 EPOi Data Register (EPDROI) ....cccoiieieieerieeiesieesie et eee e sae e esae e sseeeesnens 821

Rev. 3.00 Jan. 18, 2008 Page xxiv of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

25.3.17 EP0O Data REGISLEr (EPDROO) .......vveeeeeeeeeeseeereeeseeseesseeesseseeesssessessssseessseseneenes 821

25.3.18 EPOs Data Register (EPDROS) ......ccveviiiiciiie e cree et este et e 821
25.3.19 EP1 Data Register (EPDRL) ......coccuieiieiiecee ettt s 822
25.3.20 EP2 Data Register (EPDR2) .......ccccoiieiiiieieeie et nse s 822
25.3.21 EP3 Data Register (EPDRS3) .......ccciiiieiiece et 822
25.3.22 EP4 Data RegiSter (EPDRA) .......ooueeieeieceeieee et 823
25.3.23 EP5 Data Register (EPDRD) .......occuveiieiieceesee et 823
25.3.24 EPOo Receive Data Size Register (EPSZ00) .......cccvevieeiiieecee e 823
25.3.25 EP1 Receive Data Size Register (EPSZL) .....ccvecveveeiieeecee e 824
25.3.26 EP4 Recelve Data Size Register (EPSZA) ......c.oveeveeeceeecee e 824
25.3.27 Trigger REQISIEr (TRG)....ccouiiieriiiie et st s 824
25.3.28 Data Status RegISIEr (DASTS)....oi ittt 825
25.3.29 FIFO Clear Register O (FCLRO) .....ooiuveiieeie ettt s 825
25.3.30 FIFO Clear Register 1L (FCLRL) ....covveiiieseeie et 826
25.3.31 DMA Transfer Setting Register (DMA) ... 826
25.3.32 Endpoint Stall Register O (EPSTLO) .......cviiieeiiee et 827
25.3.33 Endpoint Stall Register L (EPSTLL) .....ccoviiieiieiie ettt 828
25.3.34 Configuration Value Register (CVR) .....ooviieiiiie e 828
25.3.35 Time Stamp Register (TSRH/TSRL) ....ccvoiiiiieie e 829
25.3.36 Control Register O (CTLRO) ...cccuviiiieeceee et 830
25.3.37 Control Register 1 (CTLRL) ..ocveiiii ettt stee et snes e nnee s 831
25.3.38 Endpoint Information Register (EPIR) ......c.cooovieeciieeecee e 831
25.3.39 Timer Register (TMRH/TMRL) .....vviiiiiieceece ettt 836
25.3.40 Set Time Out Register (STOH/STOL)....ociviiiiieeciee et stee e 836

P @ o = = 1o o LRSS 837
25.4.1 Cable CONNECLION. ... .cciiiiieeiie ettt e nre e nre e nneenne e 837
25.4.2 Cable DiSCONNECLION ......ccciieieeiiiesie e sieeste et seeete et e e ete e e e ssaeenteesseeeneeenreens 838
25.4.3 CONLIOl TraNSFOr.....ccueiiieeee e 839
25.4.4 EP1 Bulk-Out Transfer (Dual FIFOS).......ccccvviiiiiiiie e 845
25.4.5 EP2 Bulk-InTransfer (Dual FIFOS) .......ccoooiiiiiiiie e 846
25.4.6 EP3 INterrupt-1N TranSfer........ccooiiiiiieeeeee e e s 848

25.5 EP4 1S0Chronous-OUL TranSfer.......ccouviiiiiiesie e 849
25.6  EP5 1S0Chron0uUS-IN TIaNSEr .......c.cciieiiiiieeiee ettt 852
25.7 Processing of USB Standard Commands and Class/Vendor Commands............ccccevveeeneee. 855
25.7.1 Processing of Commands Transmitted by Control Transfer.........ccccvvevvninniene 855

25.8  SHAll OPEIALIONS.......eeiiiieiiieeiiee st eetee s e e st e e e e s aesessee e sreesbeeessseeaseeessseesnseeeaseeesnreeennees 856
25.8.1  OVEIVIBW.....viieie ettt ettt e e st e s steebe e s seesaaeeseesneeanseeseesneesnseesee e 856
25.8.2 Forcible Stall by APPlICALION........cccie e 856
25.8.3 Automatic Stall by USB Function Controller ...........cccooeriiieeneiieneee e 858

Rev. 3.00 Jan. 18, 2008 Page xxv of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

25.9  USAOEINOLES......ooiieeiie ettt s e e e nn e e s n e e ann e e s nnneas 859

25.9.1 Setup Data RECEPLION .....cocveeecee et et e e e 859
PR I L O N 1= S 859
25.9.3 Overeading/Overwriting of Data RegIStEr ........cccceviveeeviiie e, 859
25.9.4 Assigning EPO INTEITUPE SOUICES.......ccueriiieeieeie sttt 860
25.9.5 FIFO Clear when DMA Transfer iSSel ..o 860
25.9.6 Note 0N USING TR INEITUPDL .......eiiiiiiiitieieeie et 860
25.9.7 Note 0N ClOCK FIEOUENCY .....ccccveeeiiieiieee ettt et e e nnas 861
Section 26 LCD Controller (LCDC) .....oeeiiieeecieee ettt 863
P T R o = 1 =TSP 863
26.2  INPUL/OULPUL PINS....ciiie ittt e e et e e naa e e e nse e e st e e snreeenneeesnreas 865
26.3 RegiSter CONFIQUIELiON. ... .coiuiiiiiieeii ettt sttt st e b e e e sae e b e saeesrs 866
26.3.1 LCDC Input Clock Register (LDICKR) ......ccccveiieeiiieeciee e 867
26.3.2 LCDC Module Type Register (LDMTR) ....coiiiiiiiiiieeieeee e 868
26.3.3 LCDC DataFormat Register (LDDFR)........coceeiiieeciiecee e 871
26.3.4 LCDC Scan Mode Register (LDSMR) .....coviiieiiiiiinieeieeeeee e 873
26.3.5 LCDC Start Address Register for Upper Display Data Fetch (LDSARU) ........... 875
26.3.6 LCDC Start Address Register for Lower Display Data Fetch (LDSARL) ........... 876
26.3.7 LCDC Line Address Offset Register for Display Data Fetch (LDLAOR) ........... 877
26.3.8 LCDC Palette Control Register (LDPALCR)......ccouiiiiiiieneereeee e 878
26.3.9 Palette Data Registers 00 to FF (LDPRO0 to LDPRFF) ......coevviieeviie e, 879
26.3.10 LCDC Horizonta Character Number Register (LDHCNR) ........ccoceivveeneneenne. 880
26.3.11 LCDC Horizontal Sync Signal Register (LDHSYNR).......ccccceviiviviee e, 881
26.3.12 LCDC Vertical Display Line Number Register (LDVDLNR) .......cccooceneeiierennne. 882
26.3.13 LCDC Vertica Total Line Number Register (LDVTLNR).......ccceevveevieeeiieeeen. 883
26.3.14 LCDC Vertical Sync Signal Register (LDVSYNR) ....ccoviiiiriiiieeeeeeee e 884
26.3.15 LCDC AC Modulation Signal Toggle Line Number Register (LDACLNR) ....... 885
26.3.16 LCDC Interrupt Control Register (LDINTR) ....c.oooeiiiriiieeee e 886
26.3.17 LCDC Power Management Mode Register (LDPMMR) .......cccoovvviieciiecvieeeen, 889
26.3.18 LCDC Power-Supply Sequence Period Register (LDPSPR)........ccccvevivecieennene. 891
26.3.19 LCDC Control Register (LDCNTR).....coeouiieieee et 892
26.3.20 LCDC User Specified Interrupt Control Register (LDUINTR)......ccocvveeieneenee. 893
26.3.21 LCDC User Specified Interrupt Line Number Register (LDUINTLNR) ............. 895
26.3.22 LCDC Memory Access Interval Number Register (LDLIRNR) ........ccoceverenee. 896
PO I @0 = 1 o] [ SRS 897
26.4.1 LCD Module Sizes which can be Displayed inthiSLCDC..........ccccociniiieneenne. 897
26.4.2 Limitson the Resolution of Rotated Displays, Burst Length,
and Connected Memory (SDRAM) ... 898
26.4.3 Color Palette SPeCIfiCatioN ..........cccueeiieeiiieeciee et eee e nrae e 905

Rev. 3.00 Jan. 18, 2008 Page xxvi of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

PO N D T- = Y e 1= | T 907

26.4.5 Setting the Display REeSOIULION...........cooiiieeiie e 910
26.4.6 Power Management REQISIENS.........oooeiiiriirieii et 910
26.4.7 Operation for Hardware ROIAHON ..........c.ccviveeiiiee et 915
26.5 Clock and LCD Data Signal EXamPIES.........coviiiiieiieiiiiesieeie e e 918
26.6  USAGEINOLES......coiiiiiiieciiie ettt et e e st e e st e e s st e e e sabe e e s ssteeeeanseeeesseeeeeasseeeeennneeeannns 928

26.6.1 Procedure for Halting Access to Display Data Storage VRAM
(SynchronoUS DRAM iNAFEA3) .....cooiiieiiie ettt e 928
SECtioN 27 AID CONVEITEN.......ooiiieecciie ettt e e e e e enae e 929
P R o = 1 =T RSP PR 929
DA 1 o8[S = | 0 SRS 931
27.3 ReQISIEr DESCIIPLIONS......ciuiiitieieeieesie ettt sttt st st be b s ae s sbe e b e seesbeeneesaeesbeenne e 932
27.3.1 A/D DataRegisters A to D (ADDRA t0 ADDRD) .....ocoueveeiesieneeeeseeeee s 932
27.3.2 A/D Control/Status Registers (ADCSR).......cooiiiiiiniereee e 933
A @ o - o] ISR 936
2741 SINGIEMOUE......cotiiieeeee et b et sb et sae b enes 936
27.4.2 MU IMOOR ... et be e st n e sae e 938
27.4.3 SCANIMOUE .......oeiieeciie ettt et e e te et e s ra e eate e beessaeebeesseesnreenreens 940
27.4.4 Input Sampling and A/D Conversion TIME .......ccccovvevieeiieeeiieecree e 942
2745 External Trigger INPUE TIMING ......ccoiiaiirieieeie e 943
JZA 8 T 101 U0 PR 944
27.6 Definitions of A/D CONVEISION ACCUIACY .....ccueeriererrrierieseesieessessesssessesseessesssssesssessessseens 944
D A K== o = Lo (=S RRRR 946
27.7.1 NOtESON A/D CONVEISION.....uuiiiieitieiieeteestesereesteessaeeteessessseesseessasesseessessseessenns 946
27.7.2 Noteson A/D Conversion-End Interrupt and DMA Transfer........cccoceeceeeveeenee. 948
27.7.3 Allowable Signal-Source ImpedancCe............cccoeeereriineeneee e 948
27.7.4 Influence to ADSOIULE ACCUIBEY .........eeeiueeeiieeciieeeieeesiee e sree et e s et e e ee e e 949
27.7.5 Setting ANAlog INPUE VOITAGE .....coveiiiiieiieieee et 949
27.7.6 NOteSON BOArd DESIGN .....cciviiiiiieciie ettt st e 949
27.7.7 Noteson CountermeasureSt0 NOISE........cocuveiieeiiiiiecsee e see e eeeens 950
Section 28 D/A Converter (DAC) ...t 953
28. 1 FEALUIES.....c.ueii ittt sttt ae e e s et e e abe e e s e b e e e be e e s ab e e e ne e e sab e e eab e e e nnreenreeennnes 953
28.2  INPUL/OULPUL PINS... .ottt sttt b et ae et e st e sbeeneeenee e 954
28.3  REQISIEr DESCIPLIONS. ....cciiiiiiiieciee et ctee et ee et e st e e et e e sre e e ase e e ssseeenbeeesnneeenneeennes 954
28.3.1 D/A DataRegisters0and 1 (DADRO, DADRL) .....coooieiiriiniieiereeeee e 954
28.3.2 D/A Control Register (DACR) ....oocuieeeee ettt e 955
P2 R A @ o < = 1o o LR U PSPPI 956
Rev. 3.00 Jan. 18, 2008 Page xxvii of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Section 29 PC Card Controller (PCC).......ovcveiieece e 957

20.1  FEALUIES......eeiiitie ettt ettt ettt ettt s e e e e bt e e s st e e e bt e e s Rt e e eabe e e e ab e e e be e e nnneeeneeennreas 957
20.1.1 PCMCIA SUPPOIT ...vveieieitieeieeeieestee st esteessesaseesseessesaseessesssseessesssessssesssesssssansesses 959
29.2  INPUL/OULPUL PINS....cciie ettt et e e e et e e nae e e e nne e e naeeesnneeenneeeenreas 962
290.3  REQISIEr DESCIIPLIONS.....ccueiitiieeiieeitieiestee ettt sttt sre b e s re e sbeebesaeesbe et e sneenbeeneesns 963
29.3.1 Area6 Interface Status Register (PCCOISR) ......ccceeeviieiiii e 963
29.3.2 Area6 General Control Register (PCCOGCRY) .......coooerierieriienienieeee e 966
29.3.3 Area6 Card Status Change Register (PCCOCSCR) ......ccceevcvveevieeeiee e cieee e, 969
29.3.4 Area6 Card Status Change Interrupt Enable Register (PCCOCSCIER)............... 972
pA I @0 = 1 o] 1 [ 976
29.4.1 PC card Connection Specification (Interface Diagram, Pin Correspondence)...... 976
20.4.2 PC Card Interface TIMING......cccoveiiieeiiee e cee e see st sn e e snaeeenneas 980
20.5  USAOENOLES......ooiiieiieeee et e e s ne e e e e e e e nnn e s e nnreas 985
Section 30 SIM Card Module (SIM) .....evviiiiiciee e 087
0.1 FEALUIES.......eeeeitie ettt ettt sttt st e st e e sae e e e abe e e s ae e e s abe e e ae e e eabe e e be e e snneeeneeennreas 987
30.2  INPUL/OULPUL PINS........iiiiieieiiieie ettt b e b e s seesbe et e neesreenee e 989
30.3  REQISIEr DESCIPLIONS. ...cccuiieiiieeiiie et e eee et e e st e e e e s eeae e e esbeeenseeesnreesseeesnreeenneas 989
30.3.1 Serial Mode Register (SCSMR).....ccueiiiriiiieiie e 990
30.3.2 Bit Rate Register (SCBRR) .......coooiuiiiiiie ettt e e e 991
30.3.3 Serial Control RegIStEr (SCSCR)......coouiieiieriisieeieeee e e 992
30.3.4 Transmit Shift Register (SCTSR) ....ccciiieiiieiiiee ettt 994
30.3.5 Transmit Data Register (SCTDR)......cociiieiiriereeie et 994
30.3.6 Seria Status ReQISIEr (SCSSR) ....ccveveiiieiiiieciie ettt 995
30.3.7 Receive Shift Register (SCRSR) ......ccoiiiiiiiieniee e e 1001
30.3.8 Receive Data Register (SCRDR) .......cccvieiiiiiiie et 1001
30.3.9 Smart Card Mode Register (SCSCMR) .......coiuiiiiiiriiniesiee e 1002
30.3.10 Seria Control 2 Register (SCSC2R).......cccuveiiieeiieeiiie e siee e 1003
30.3.11 Guard Extension Register (SCGRD) ........coieriiieeniiniesieeriesee e 1004
30.3.12 Wait Time RegISter (SCWAIT) ..occeee ettt 1004
30.3.13 Sampling Register (SCSMPL) ......cviiieiieciectie e see e 1005
G0 @ = 1o IR 1006
S0.4. 1L OVEIVIEW ...oeeiieieecieestee ettt e te et e stee s te e beesseeesbe e teeaseeenteesseesnseenseessessnsennsenns 1006
30.4.2 DaLAFOIMEL .......c.eeiiiiieiiee ettt b e san e ne e snre e 1007
30.4.3 REGISIEr SEINGS. ...cviieiiieieiie ettt b e ae e b e e e e 1008
G0 O [0 Tox < T PRSP 1011
30.4.5 Data Transmit/RECEVE OPEraliON.......ccecuiieeriereerieeiee et reesiee e seesee e 1012
0.5 USAGENOLES......ooiieieee et ee e e e s e e et e e e et e e e ste e e e e aseeeeennteeeeasseeeesnreeeeannneenaas 1020

Rev. 3.00 Jan. 18,2008 Page xxviii of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Section 31 MultiMediaCard Interface (MMCIF) .......cooooveviieecceecee e 1027

I = (U] = 1027
3L2 INPUI/OULPUL PINS.......oiiiieiiiie ettt e et e et nse e et e e ssae e snse e e nnaeesnseeenneeeenneas 1029
31.3 REQISIEr DESCIIPIIONS. .....eiteeeeeieerteeie sttt sttt e bt saeesbeensesneenbeeneesas 1030
31.3.1 Mode Register (MODER).......cccooiiiiii et 1031
31.3.2 Command Type Register (CMDTYR)...cccoiiiiiiiieeneeee e 1031
31.3.3 Response Type Register (RSPTYR) ......oviiiie et 1033
31.3.4 Transfer Byte Number Count Register (TBCR) ......coooeriiieiiiniiieee e 1036
31.3.5 Transfer Block Number Counter (TBNCR).........ccccieiiiieiiee e 1037
31.3.6  Command Registers0t05 (CMDRO to CMDRY).......ccccoieeiiriinieieeee e 1037
31.3.7 Response Registers0to 16 and D (RSPRO to RSPR16 and RSPRD) ................ 1038
31.3.8 Command Start Register (CMDSTRT)......oooiiiiiieieneeie e 1040
31.3.9 Operation Control Register (OPCR) ........ccovieiiieiiiie e seeesieeesee e sree e e seee s 1041
31.3.10 Command Timeout Control Register (CTOCR) .......ccceiirerreriieneenieeee e 1043
31.3.11 Data Timeout Register (DTOUTR) ....ccveeeiiieiiie e cieeesee e sree e 1044
31.3.12 Card Status RegIStEr (CSTR) ...cveeiiiiiieeie et 1045
31.3.13 Interrupt Control RegistersOand 1 (INTCRO and INTCRL).....ccceecvvveiiverirennne. 1047
31.3.14 Interrupt Status RegistersOand 1 (INTSTRO and INTSTRL) ......cooveivieiinnnens 1049
31.3.15 Transfer Clock Control Register (CLKON)........cociiiiieicieecee e 1053
31.3.16 VDD/Open-Drain Control Register (WVDCNT) ..c.ovieiiriieeie e 1054
31.3.17 Data ReQISLEr (DR) ...ocueeieeieeiesiieieseesie ettt esse e sreennesneennens 1054
31.3.18 FIFO Pointer Clear Register (FIFOCLR) ......ooviiiiiiiieieeeeeeeseee e 1055
31.3.19 DMA Control Register (DMACR) .....ccciiiiiie et cee e sree et esieeeseee s 1055
31.3.20 Interrupt Control Register 2 (INTCR2)......cociiiiieieieeeee e 1056
31.3.21 Interrupt Status Register 2 (INTSTR2) .......oovveeecee e 1057

I A @0 1< = (o]  [F PR R RPN 1058
31.4.1 OperationsSin MMC MOE........c.oooiiiecee et e 1058

315 OperatioNSUSING DMAC........oo ettt et be e bbb e saes 1088
31.5.1 Operation of Read SEUENCE.........cccviiiiee et e 1088
31.5.2 Operation Of WITE SEQUENCE.......ccuiiiiieeie ettt e 1098

31.6 MMCIF INTEITUPL SOUICES........eeeeeiiieeee ettt e eseeeeeeseeeeesseeeesssseeesensaeeeensseeeeenseeeeennseeessnsnnes 1108
Section 32 SSL ACCEEralor (SSL) .....cveeeiiieee e 1109
Section 33 User Break Controller (UBC) .....eveeviiiiiieeee e 1111
GG T R = (U = 1111
33.2 REQISIEr DESCILIONS. .....cciiieeiiie et ciee et ce e et e et e e s e e e s e e et e e e s e e sne e e anseesnreeesnreeenneas 1113
33.2.1 Break Address Register A (BARA) ... 1113
33.2.2 Break Address Mask Register A (BAMRA)......cco e 1114

Rev. 3.00 Jan. 18, 2008 Page xxix of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

33.2.3 Break Bus Cycle REGISIEr A (BBRA)........cevveeeereeeseeeeeessesseosseseeesssesesssessres 1114

33.2.4 Break Address Register B (BARB) .......oooiiieiiiece e 1116
33.2.5 Break Address Mask Register B (BAMRB) ........coooiiiiiiiniinieeeeeeee e 1117
33.2.6 Break Data Register B (BDRB) ......ccccoiiiiiiiiineeeeeeie e 1117
33.2.7 Break DataMask Register B (BDMRB)........cccoooiiiiiinieenieeeie e 1118
33.2.8 Break Bus Cycle Register B (BBRB) .......ccceiciviiiii e 1119
33.2.9 Break Control Register (BRCR) .......cooiiieiirierieeieree e 1120
33.2.10 Execution Times Break Register (BETR).......ccccooveviee e 1124
33.2.11 Branch Source Register (BRSR).......cooiiiriiiierieeeee e 1124
33.2.12 Branch Destination Register (BRDR)..........ccocvviiieiiiie e 1125
33.2.13 Break ASID Register A (BASRA) ...ttt 1125
33.2.14 Break ASID Register B (BASRB) ........cocoiiiirieieieesiese et 1126
I B @ o< = 1o o [OOSR 1127
33.3.1 Flow of the User Break Operation...........ccceeecueeiieeeiieecieeesieesiee e seee e 1127
33.3.2 Break on Instruction Fetch Cycle.........coooiiiiiiee e 1128
33.3.3 Break on Data ACCESS CYCIE......ooiiiiecei et 1129
33.3.4 Break on X/Y-Memory BUS CYCIe .......cooviiiiiiiieeeeeee e 1130
33.3.5 Sequential BreaK........ccccueeiieeiie e 1131
33.3.6 Value of Saved Program COUNLES ...........coieeriereerieeie e see e 1131
R T A = O I = o TR 1132
33.3.8 USage EXAMPIES.... ..o e 1133
334 USAGE NOLES. ....ceeeieieie ettt s ettt e et e e et e e e bt e e e e s e e e e aabee e e enteeeeenseeeesnnseeeeanneneesas 1138
Section 34 Pin Function Controller (PFC) .......coovvieieee e 1141
34.1 RegiStEr DESCIIPIIONS. .. .ccviieiitieiteeee sttt sttt sttt st e e sae e sae et e saeesbeeeesaeeseesnnesneas 1146
34.1.1 Port A Control Register (PACR) ......oooiieiie et 1147
34.1.2 Port B Control Register (PBCR).......cooiiiiiieieiierieeee e e 1148
34.1.3 Port C Control Register (PCCR).......ccociiiiiie ettt 1150
34.1.4 Port D Control Register (PDCR) ......ooiueiieirierienieeie et 1151
34.1.5 Port E Control Register (PECR) .......cooviiiiiieiieecee et 1153
34.1.6 Port F Control Register (PFCR)........cooiiieiinierieeie et 1154
34.1.7 Port G Control Register (PGCR) .......cccieiiiieecee et 1156
34.1.8 Port H Control Register (PHCR) .......ccoiiiiiiierieieeeseee e e 1157
34.1.9 Port JControl Register (PICR) ......c.coeiiieiiie ettt 1159
34.1.10 Port K Control Register (PKCR) ....c.eouiiieiieriiseenie st 1160
34.1.11 Port L Control RegiSter (PLCR) ......cooiiieiiieccieecee et 1161
34.1.12 Port M Control Register (PMCR) ......ccoiiiiiii e 1162
34.1.13 Port P Control Register (PPCR).......ccoiiieiiie et e 1164
34.1.14 Port R Control Register (PRCR).......coiiiiiieierieieeie e e 1165
34.1.15 Port S Control RegIiSter (PSCR).......ccciuieiiie e see et 1167

Rev. 3.00 Jan. 18, 2008 Page xxx of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

34.1.16 Port T Control RegiSter (PTCR) .....ooeiiiiieiierieeeeree e 1168

34.1.17 Port U Control Register (PUCR) .......oooiiiiiee ettt 1169
34.1.18 Port V Control Register (PVCR) ......ooiiiieieeeeseee e e 1170
34.1.19 Pin Select Register A (PSELA) ..ot 1171
34.1.20 Pin Select Register B (PSELB)......c.cooiieiiice et 1173
34.1.21 Pin Select Register C (PSELC) .....ccvii it e 1174
34.1.22 Pin Select Register D (PSELD) ..ccvvvciieiie et 1176
34.1.23 USB Transceiver Control Register (UTRCTL) ..ccvevvviveceeceeecee e, 1178
SECtiON 35 1/O POIS.....oe it 1179
1 IO I o NSRRI 1179
G TSI I R (<o 115 0 g B L= o (o o S 1179
35.1.2 Port A Data Register (PADR).....cooui ettt 1180

T I o = TS 1181
35.2.1 REQISIEr DESCIIPLION ....coueeiiiiieieieie ettt se e s b sae e eneas 1181
35.2.2 Port B Data Register (PBDR) ......cccecuviieriiiieieesie e seeie e see e ste s s nee s 1182

1 TR T . o] OSSPSR 1183
ICISRC I I 2= o (15 (= g B L= o ] o] (o o 1183
35.3.2 Port C Data Register (PCDR) ......ccoioiiiiiiiiiesieeee e 1184

1S T o I TS 1185
35.4.1 REQIStEr DESCIIPLION ....ooiuieiiiiieitieie ettt e e saeesee e e 1185
35.4.2 Port D Data RegiSter (PDDR)......ccviieiieiesienieeieseesie e eae e e eee e seeeneesnens 1186

TSI T o) OSSPSR 1187
G IS M 2= o (15 (= g B L= o ] o] (o o SR 1187
35.5.2 Port EData RegiSter (PEDR)......cccuviiieiiece et 1188

5.8 POITF e b e e e e b e et e s b e e e nnneenree s 1190
35.6.1 REQIStEr DESCIIPLION .....ouiiiiiiieitieieeee ettt e e sreesae e sneas 1190
35.6.2 Port F Data RegiSter (PFDR) .....coiiiieiecie et 1191

LT A o A TSRS 1193
G R 2= o 115 (= gl B L= o ] o] (o o 1193
35.7.2 Port G Data Register (PGDR)......cccuviiieiiecee et 1194

1T T o o S 1195
35.8.1 REQISIEr DESCIIPLION ....coiuieiiiiieiiieieeee sttt se e b see e e 1195
35.8.2 Port H Data Register (PHDR) ......ccviieiieiesiesie et 1196

TSI N o S OSSPSR 1197
TSRS I R 2= o (15 (= gl B L= o ] o] (o o R 1197
35.9.2 Port JData RegiSter (PIDR) ....c.coiiiiiiiiee e 1198

101 T 0 o T ST 1199
35.10.1 REGIStEr DESCIIPLION .....oueeieiiieiteeiesiee sttt ee e be e saeenee e e nneas 1199
35.10.2 Port K Data RegisSter (PKDR).....cccviieiieiesiiesieeieseesiesee e see e eee e seeeneesnens 1200

Rev. 3.00 Jan. 18, 2008 Page xxxi of Ixii

RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

1 T o B PSPPSR 1201

35.11.1 ReQISIEr DESCIIPLION ...c.uveeeeieeciie et e ciee et e et e e e sre e e e e s e e snre e e se e e enseeeneeeeneas 1201
35.11.2 Port L Data Register (PLDR)........coieiiieienie st 1202
3512 POIT M <ttt b ettt R b bR e e bbb ae e 1203
35.12.1 RegQISter DESCIIPLION ....ccueeteeieiieesieeie ettt se e sae b snee e 1203
35.12.2 Port M Data RegiSter (PMDR) ......ooueiiiiiiieieiesie et 1204
L0 C J 4 PP 1205
35.13.1 ReQISIEr DESCIIPLION ......veeeiieecieeeeieeeeteeestee et e et e srre e e e e s e snre e e re e e snneeeneeeannas 1205
35.13.2 Port P Data RegiSter (PPDR) .....couiiiiiiiieseee et 1206
N o O SRS P PP PRR 1207
35.14.1 RegiSter DESCIIPLION ....ccueeeeeiesiieieeie sttt se e e bt saee e 1207
35.14.2 Port R Data Register (PRDR) ......c.coiuiiiiiiiinierieeeesie et 1208
L0 L T o A0 PP 1209
35.15.1 ReQISIEr DESCIIPLION ......veeeeieeciieeeiteeeteeeetee e et et e e srre e e e e s e snte e ese e e enneesneeeennas 1209
35.15.2 Port SData RegIStEr (PSDR) .....cccuiiiiieiieieeie et 1210
L0 (G o A TS OPR PR TRR 1211
35.16.1 ReQISter DESCIIPLION ....ccueivieieiiieiee sttt se e et snee e 1211
35.16.2 Port T Data RegiSter (PTDR)......ocoiiiieeeieieesiesie et 1212
L0 A o A ST R 1213
35.17.1 ReEQISIEr DESCIIPLION ......veeeeieeciee et e ciee et e et e e sree e e e e saee e st eese e e snneeeneeesnns 1213
35.17.2 Port U Data Register (PUDR)........ooiiiiiieeeie et e 1214
3518 POIT V ..ttt b et e bbbt R e et b b ne e 1215
35.18.1 RegQISter DESCIIPLION ....ccueeveeieiiiesiee ettt sa e e sae b see e 1215
35.18.2 Port V Data RegiSter (PVDR) .....ccoiiiiiieeeiesiese e 1216
Section 36 User Debugging Interface (H-UDI)....coooeviviicieecee e, 1217
L R o U =PRI 1217
36.2  INPUI/OULPUL PINS......c.eeiiiiiee ettt e et e e st eeaa e e snneeeneeesnreeenns 1218
36.3  REQISIEr DESCIIPLIONS. ... cctiiieietieiteeie sttt st s esbeebesae et e e eesaeeseeeneesneas 1220
36.3.1 Bypass Register (SDBPR) .....cccviiiiiiiie ettt 1220
36.3.2 Instruction ReGIStEr (SDIR) ....cc.eiiiiiiieiieseeie et e 1220
36.3.3  SNIft REGISIEN ... bbb 1221
36.3.4 Boundary Scan Register (SDBSR) .......ccceeieriiiiriineesieeee e 1221
36.3.5 D REQISIEr (SDID)...c.eiiiiitiiieriieiieiesie sttt 1230
SR A @ o< = 1o o [TV 1231
36.4.1 TAP CONrOIEN ... e 1231
36.4.2 ReSet CONIQUIELION.....cuiieiiieie sttt 1232
36.4.3 TDO OULPUL TIMING ..eeiuvieeiiiieeieeeieeeeiieeesreeessteeesteeessseesseeesssessnseeesseeesssessnseessnnes 1232
36.4.4 H-UDI RESEL.....ccuiiiieieiie ettt bbbttt e sbe e 1233
36.4.5 H-UDI INTEITUPL .....ooeiiiie ettt e e e e e e e e e e ennnee s 1233

Rev. 3.00 Jan. 18, 2008 Page xxxii of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

36.5  BOUNTAIY SCAN......eieiiiiieeieerieeie ettt b e e b e e bt et e bt et e saeesbe e b e sneenbeeneenas 1234

36.5.1 SUPPOrted INSITUCLIONS.......cccvieeireeeiee e cee et rtee e e e e st e et e e enr e e enee e 1234
G ORI = o] o1 CS3 o] AN £ (=011 ] o 1SR 1235
GG S E-= o T A\ (-SSR 1236
36.7 Advanced User Debugger (AUD) ..ot 1236
Section 37 List Of REQISIENS.......cueeiieecee e 1237
37.1 REQISIEr AQUIESSES. ... eeeiieee ettt ee st ere e e e et e s e e s nae e e et e e e seeesseeeaneeesnseeeenreeenneas 1238
A S (=0 = (= = T (TS 1255
37.3 Register Statesin Each Operating MOdE ..........coouveviiiiiiie e 1289
Section 38 Electrical CharaCteristiCS........uvviiiriiiie i 1305
38.1 ADsolute Maximum RELINGS .......cocueieerierieieeie et sbe b sse e s e sse e enes 1305
38.2 Power-On and POWEr-Off OFdEr .........coiiiiiiieiiiesee et 1306
11 RS T B T O O 4 7= = o = 1 oSS 1309
01 N O O 4 7= = ot = 1 [ oxS TR 1314
38.4.1 ClOCK TIMING .. .iiitiiiiiiieitieiesiee e see ettt st et s ae e beeaesaeenbesneesbeeneesneesneas 1315
38.4.2 Control SIgNal TiIMING ...c.ceeiieeeiiee e e e sareeeree e 1319
38.4.3 ACBUS TIMING....cciiiiiiieiteeie et ee st se et e e te e e e e sae e e s reesesneesneennesneas 1322
G A Y= S o N1 011 o 1324
38.4.5 BUrst ROM TiMIiNG.....ccciiiiieiieiiesieseeieseeste e s ee e seesse e e sreesaesneesneesesnaesneeneens 1331
38.4.6 SDRAM TIMING ..ueiiiiiiiiiee e eitie e cteeertee e e s ee e sre e st e e see e s ae e e nnae e snreeeneeesnreeenes 1332
38.4.7 PCMCIA TIMING c.eeviiieiieiie et see sttt sre e e e s e sae e e saesaesreenteeneesreeneeneas 1351
38.4.8 Peripheral Module Signal TimMIiNG.......ccccveiiieiiieeiiee e 1355
38.4.9 16-Bit Timer PUISE UNit (TPU)....ccuiiiieiie et 1356
38.4.10 RTC SIgNal TIMING......cciieeiiiieeiieeeieeeseeeeieessieeesre e esreeesreeesseeesneeesseeesaneeenseeeans 1357
38.4.11 SCIF Module SIgnal TIMING.......ccceieereeieneerieeee e ee e 1358
38.4.12 I’C BUS INtEACE TIMING ....cvoveceeeeiereeeeeeeee ettt en sttt n e 1360
38.4.13 SIOF Module SIgnal TiIMING ......cooeieereeieeeeseeee e ee e 1362
38.4.14 AFEIF Module SIgnal TIMING .......ccouviiieeeiieeciiecsieesiee e sreeesee e sseeenseeesreeens 1365
38.4.15 USB Module SIgnal TimiNg .....ccccoueeieeieesie e seseeesiee e ssseesree e essessneseseennes 1366
38.4.16 LCDC Module Signal TIMING .....ccccoueeeiieeeiiee e esieeecieeeseeesreeesee e steeesneeeeneeens 1368
38.4.17 SIM Module SIgnal TIMING ........cooiieeieeie e ee e 1369
38.4.18 MMCIF Module Signal TImMiNg........cccciuveiieeiiieesee e 1370
38.4.19 H-UDI Related Pin TiMiNg......cccccoiviieiieie et 1372
38.5 A/D Converter CharaCteliStCS. ......uuiuiiiieiieiie ettt be e e sne s 1374
38.6 D/A Converter CharaCteriStiCS. ......uuiueeieeieesieesieesessie e ee e ste e e srae e e sreesaeenreessaeennens 1374
38.7 AC CharacteristiC TeSt CONAILIONS........cueveriieeiirnie e see e sree e 1375

Rev. 3.00 Jan. 18, 2008 Page xxxiii of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

N 0] 10 [ GRS 1377
N = 1o TS 7= == 1377
B. (o0 1 Tox 1 o SRS 1390
C. PaCcKage DIMENSIONS.......cooiiiiiieie ettt st se e b e et e seesbeeneesneenes 1392
Main Revisions and Additionsin this EAitioN...........ccccceeeeiiveeee e 1395
1570 (=G 1451

Rev. 3.00 Jan. 18, 2008 Page xxxiv of Ixii
ENESANS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Figures

Section 1 Overview

Figure 1.1 Block DIagram ..........cccooiiiiiiiiiiiiieeiieet ettt ettt et 10
Figure 1.2 Pin Assignments (PLBG0256GA-A (BP-256H/HV))......oovviiiiniiiiiiieeeiieeeieeee 11
Figure 1.3 Pin Assignments (PLBG0256KA-A (BP-256C/CV)) .....ooiieiiiiieiiiieeeieeecieeeeieee e 12

Section 2 CPU

Figure 2.1 Processing State TranSitionS..........ceecueeeriieriiieenieesiieerieeeieeesieeeeieeeseeesbeeeareesasee e 38
Figure 2.2 Virtual Address to External Memory Space Mapping..........ccccceeeevveeeeiiieesnciveeeninneeenns 41
Figure 2.3 Register Configuration in Each Processing Mode..........ccoccueeviiiiiiiiniiiinieiniceeiene 44
Figure 2.4 General REZISTETS .....cocuuiiiiiiiiiiiiiieeie ettt 46
Figure 2.5 System Registers and Program Counter.............coccviveeiiieeieiiie e 47
Figure 2.6 Control Register Configuration ............occuevuierienienieeiienie et 51
Figure 2.7 Data Format on Memory (Big Endian Mode) ...........ccoecviiiiiiiiiiciiieeiee e 52
Figure 2.8 Data Format on Memory (Little Endian Mode) .........ccccceoviiiniiiniiciniiiiiciiecceeee 53

Section 3 DSP Operating Unit

Figure 3.1 DSP Instruction FOrmMat.........ccooiiiiiiiiiiiiiiiiiieie et 82
Figure 3.2 CPU Registers in DSP MoOde.........cccviiiiiiiiieiieeeeeecee et 84
Figure 3.3 DSP Register Configuration ..........cueecueerieriiiniienienieeiieesie ettt 88
Figure 3.4 DSP Registers and Bus CONNECHIONS .........cccuuieriieriiiiiniieeiieeriee et esieee s 101
Figure 3.5 General Registers (DSP MOde) ......cuviveeiiiiiieiiieeeiee et 104
Figure 3.6 Sample Parallel Instruction Program.............cceceeiiiiiiiiiiniiiiiieeeeecee e 119
Figure 3.7 Examples of Conditional Operations and Data Transfer Instructions ....................... 121
Figure 3.8 Data FOTMALS ........oooiiiiiiieiiiieeeieee ettt et e e et e e e s ave e e eseraeeeeanseeeeasneeas 124
Figure 3.9 ALU Fixed-Point Arithmetic Operation FIOW..........ccccovviiniiniiiiiiiniiiiceceice 125
Figure 3.10 Operation Sequence EXample.........cccoovviiiiiiiiiiiiiiieiieeicceeeeee e 127
Figure 3.11 DC Bit Generation Examples in Carry or Borrow Mode .........cccccevvviiiieeiciineennnenn. 128
Figure 3.12 DC Bit Generation Examples in Negative Value Mode...........ccccceevveiiieencieeennnnenn. 129
Figure 3.13 DC Bit Generation Examples in Overflow Mode.........cccccoovviiniiiiniiiniiiiniecnnene 129
Figure 3.14 ALU Integer Arithmetic Operation FIOW ..........cccccvviiiiiiiiiiiiiiicee e 131
Figure 3.15 ALU Logical Operation FIOW ..........ccociiiiiiiiiiiiiiiieeeeee e 133
Figure 3.16 Fixed-Point Multiply Operation FIOW ............cccooviiiiiiiiiiiiiieecee e 135
Figure 3.17 Arithmetic Shift Operation FIOW...........ccoooiiiiiiiiiiiiiiiceecceeee 137
Figure 3.18 Logical Shift Operation FIOW ...........ccocoiiiiiiiiiiiiiee e 139
Figure 3.19 PDMSB Operation FIOW .......c.ccoiiiiiiiiiiiieeiiee et 141
Figure 3.20 Rounding Operation FIOW ..........cccciiiiiiiiiiiiiic et 145
Figure 3.21 Definition of Rounding Operation..............cocueevueerierieinienienieeieesee e 145

Rev. 3.00 Jan. 18, 2008 Page xxxv of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Figure 3.22
Section 4

Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure 4.11
Figure 4.12
Figure 4.13
Figure 4.14

Section 5

Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4

Section 7
Figure 7.1
Section 8

Figure 8.1
Figure 8.2
Figure 8.3

Section 9

Figure 9.1
Figure 9.2
Figure 9.3
Figure 9.4

Rev. 3.00 Ja

Downloaded from Elcodis.com

Local Data Move InStruction FIOW.......oouu e ee oo 147

Memory M anagement Unit (MM U)

MMU FUNCHONS ...ttt sttt sttt ettt 167
Virtual Address Space (MMUCR.AT = 1)..uoiiiiiiiiiiiiieeee e 169
Virtual Address Space (MMUCR.AT = 0)..cccevoiiiiieiiiiieeiiee e 170
P4 ATCA. ..o et st e e 171
Physical Address SPace........ueveeeiiiieiiiieeiiee et e 172
Overall Configuration of the TLB .........cccooiiiiiiiiiiiic e 177
Virtual address and TLB Structure.........oceevvieiieniiiiieiereeee e 178
TLB IndeXing (IX = 1) eieeoiiee ettt et e e e sanae e e eneneeas 179
TLB IndeXing (IX = 0) ..cceouiieieiie ettt e e e e e e e e enaeeeennneeas 180
Objects of Address COmMPATISON.........ueeeeeuvireeiiieeeiieeeerreeeesreeeesreeeeeereeeeereeeeenns 181
Operation of LDTLB INStruCtion.........ccoocuiiiiriiiiieeiiee et 185
Synonym Problem (32-kbyte Cache) ..........cccovviiiiiiiiiiiiieeeee e 187
MMU Exception Generation Flowchart............coccoviiiiiiiiniiiiceee, 193
Specifying Address and Data for Memory-Mapped TLB Access.......cccceeeeevveeneee. 195
Cache
CAChE STIUCTUTE ...ttt et ettt e st eesaeee e 198
Cache Search SCheme ..........cccoiiiiiiiiiiiii e 206
Write-Back Buffer Configuration.............ccceeeeeiiiiieiiiiiccieeecee e 208
Specifying Address and Data for Memory-Mapped Cache Access
(16-KDYte TOAE) ... .eiiieeiiiieeeiiee ettt ettt e e e e e e taee e enraaeessaseeeens 211

Exception Handling
Register Bit CONfiUIAtioN ........ccueeiieiiiiiieiiiee ettt e e e e e enae e e 218
Interrupt Controller (INTC)

Block Diagram of INTC.........coooiiiiiiiiiii ettt e 244
Example of IRL Interrupt CONNECtion..........ceevruvieeiiieeriiieniieeiieeereeeieeesveeeieeeneveens 267
Interrupt Operation FIOWcChart...........c.ooooiiiiiiiiiice e 277
Bus State Controller (BSC)

Block Diagram of BSC ........ooiiiiiiiie et e 282
AQAIESS SPACE ..ttt et et e e e b ee e e 286
Normal Space Basic Access Timing (Access Wait 0)......ccceeeeeevieeeeiiieeeeiiee e, 337
Continuous Access for Normal Space 1, Bus Width = 16 bits, Longword Access,
CSnWCR.WM Bit =0 (Access Wait =0, Cycle Wait =0) ......ccccceeverviiieciieeeniieens 339

n. 18, 2008 Page xxxvi of Ixii
RENESANS

electronic components distributor


http://elcodis.com/parts/6239298/HD6417320.html

Figure 9.5

Figure 9.6
Figure 9.7
Figure 9.8
Figure 9.9
Figure 9.10

Figure 9.11
Figure 9.12
Figure 9.13
Figure 9.14
Figure 9.15
Figure 9.16
Figure 9.17
Figure 9.18
Figure 9.19
Figure 9.20
Figure 9.21
Figure 9.22
Figure 9.23
Figure 9.24
Figure 9.25
Figure 9.26
Figure 9.27
Figure 9.28
Figure 9.29
Figure 9.30
Figure 9.31

Figure 9.32
Figure 9.33
Figure 9.34
Figure 9.35
Figure 9.36
Figure 9.37
Figure 9.38

Downloaded from Elcodis.com electronic components distributor

Continuous Access for Normal Space 2, Bus Width = 16 bits, Longword Access,

CSnWCR.WM Bit =1 (Access Wait =0, Cycle Wait =0) .......ccccvvreverireerrieeeneen. 340
Example of 32-Bit Data-Width SRAM Connection............ccoecueevveerienieniieeneeneennne. 341
Example of 16-Bit Data-Width SRAM Connection..........c.ccceeevveeeeiveeeesieeeesneeeennee, 342
Example of 8-Bit Data-Width SRAM Connection...........cccceevvieinieenniienieenieeeen. 342
Wait Timing for Normal Space Access (Software Wait Only) .........ccccoeveviveeiinennns 343
Wait State Timing for Normal Space Access
(Wait State Insertion using WAIT Signal) .........ccooviiieeiiiiiiiiiceeeeeeeeeee, 344
CSn Assert Period EXPansion.............c.ceveueveeeeeeeeeeeeeeeeseeseeseeeeeseeesees s 345
Example of 32-Bit Data-Width SDRAM Connection ..........c.ccceevveeerceveeencnveeeennenn. 347
Example of 16-Bit Data-Width SDRAM Connection ..........ccccevceeeriiernieenieenninenn. 348
Burst Read Basic Timing (Auto-Precharge)........cccceeevvieevciieeeiiiieeciee e, 361
Burst Read Wait Specification Timing (Auto-Precharge)........cccceevviivieniinennnen. 362
Basic Timing for Single Read (Auto-Precharge).........c.ccceeeveeeviiiiieiciiiieiieeen, 363
Basic Timing for Burst Write (Auto-Precharge) ........ccccccovvevvieiiiieniiiniiecieeeies 365
Basic Timing for Single Write (Auto-Precharge)........cccceevveeeevviieeeciiieeiee e, 366
Burst Read Timing (No Auto-Precharge).........cccovvveviiiiiiiiieieeeee e, 368
Burst Read Timing (Bank Active, Same Row Address) .......cccoeevvveevciiieciiieeeeen. 369
Burst Read Timing (Bank Active, Different Row Addresses) .........cccvveeivieennnens 370
Single Write Timing (No Auto-Precharge) ........cccovvveeeiiiiiceiiiieieecee e 371
Single Write Timing (Bank Active, Same Row Address).......c.ccceeceevierieniieeneennen. 372
Single Write Timing (Bank Active, Different Row Addresses)........cccoeeveeevveennnen. 373
AUtO-Refresh TIMING ......ovviiiiiieeeiieeeee e 375
Self-Refresh TIMING ......ccccviiiiiiiie et eraee e 376
Access Timing in POwer-Down Mode ............oooveiiiiiiiiiiniieecee e 378
Write Timing for SDRAM Mode Register (Based on JEDEC)...........ccccccvveennnee.. 381
EMRS Command ISSU€ Timing..........cccceevuvieriieniiieerieeniieeiieeeiee e esereeereeesenee e 384
Transition Timing in Deep Power-Down Mode............coooeviiiiiiiiiiiiiiiiiecciee e, 385
Burst ROM (Clock Asynchronous) Access
(Bus Width = 32 Bits, 16-byte Transfer (Number of Bursts = 4),
Access Wait for First Time = 2, Access Wait for 2nd Time and after = 1)............. 387
Basic Access Timing for Byte-Selection SRAM (BAS =0)....cccoveeviivieeiiieeeennen. 388
Basic Access Timing for Byte-Selection SRAM (BAS =1)..ccooiiviiiiiiiiiiiiiee 389
Wait Timing for Byte-Selection SRAM (BAS = 1) (Software Wait Only)............. 390
Example of Connection with 32-Bit Data-Width Byte-Selection SRAM ............... 391
Example of Connection with 16-Bit Data-Width Byte-Selection SRAM ............... 391
Example of PCMCIA Interface Connection............eeecuveeeeruieeeeiiieeeeieeeeieee e 393
Basic Access Timing for PCMCIA Memory Card Interface...........cccoceeeeevveeennen.. 394

Rev. 3.00 Jan. 18,2008 Page xxxvii of Ixii
RENESAS


http://elcodis.com/parts/6239298/HD6417320.html

Figure 9.39

Figure 9.40

Figure 9.41
Figure 9.42

Figure 9.43

Figure 9.44

Figure 9.45
Section 10

Figure 10.1
Figure 10.2
Figure 10.3
Figure 10.4
Figure 10.5
Figure 10.6

Figure 10.7
Figure 10.8
Figure 10.9

Figure 10.10
Figure 10.11

Figure 10.12
Figure 10.13
Figure 10.14
Figure 10.15
Figure 10.16
Figure 10.17
Figure 10.18

Wait Timing for PCMCIA Memory Card Interface
(TED[3:0] =B'0010, TEH[3:0] = B'0001, Software Wait = 1,
Hardware Wait = 1) ....ccooiiiiiieciieee ettt et e s tae e sreeeane e 395
Example of PCMCIA Space Assignment
(CS5BWCR.SA[1:0] =B'10, CS6BWCR.SA[1:0] =B'10) .ecveeiiieiieiieieeeeee 396
Basic Timing for PCMCIA I/O Card Interface ........cccceevvvveeeiiieeeiieeeiee e, 398
Wait Timing for PCMCIA I/O Card Interface
(TED[3:0] =B'0010, TEH[3:0] = B'0001, Software Wait = 1,
Hardware Wait = 1) ....ccooiiiiiieiieecie et e e e ae e sreeeane e 399
Timing for Dynamic Bus Sizing of PCMCIA I/O Card Interface
(TED[3:0] =B'0010, TEH[3:0] = B'0001, Software Waits =3) .........ccceccvverrrrrrnnns 399
Burst ROM (Clock Synchronous) Access Timing
(Burst Length = 8, Wait Cycles inserted in First Access = 2,
Wait Cycles inserted in Second and Subsequent Accesses = 1).....ceevvveeecverennnnenn. 400
Bus Arbitration TImIng ........cocveeieeiiiiiiiieieeeee e 403
Direct Memory Access Controller (DMAC)
Block Diagram of DMAC ........ccuviiiiiiieeee et 408
DMA Transfer FIOWChart..........cooouiiiiiiiiiiiieee e 425
Round-Robin MOde.........cocuiiiiiiiiiiiiiiiiiiicee e 432
Changes in Channel Priority in Round-Robin Mode...........ccccoooeiiiiiiiiiieiiee, 433
Data Flow of Dual Address Mode..........coovieiiiiiiinieiieiieeeeceeese e 435
Example of DMA Transfer Timing in Dual Mode
(Source: Ordinary Memory, Destination: Ordinary Memory).........cccceeeecveeeennennnns 436
Data Flow in Single Address Mode.........cvviieiiiiiiiiiieciee e 437
Example of DMA Transfer Timing in Single Address Mode ..........cccccevviienneennn. 438
DMA Transfer Example in Cycle-Steal Normal Mode
(Dual Address, DREQ Low Level Detection).........ccccveeiveenieeniiieeniierieeeie e, 439
Example of DMA Transfer in Cycle Steal Intermittent Mode
(Dual Address, DREQ Low Level Detection)...........ccccovvieeeeeeiiiiieeeeeciiieeeeeeeee 440
DMA Transfer Example in Burst Mode
(Dual Address, DREQ Low Level Detection)...........ccceeeeiiieeneiieeeniiieeeeiiee e, 440
Bus State when Multiple Channels are Operating...........ccccveeeeciveeeecieeeeeveeeeennen. 443
Example of DREQ Input Detection in Cycle Steal Mode Edge Detection............ 444
Example of DREQ Input Detection in Cycle Steal Mode Level Detection........... 445
Example of DREQ Input Detection in Burst Mode Edge Detection...................... 445
Example of DREQ Input Detection in Burst Mode Level Detection .................... 446
Example of DMA Transfer End in Cycle Steal Mode Level Detection ................ 446
Example of BSC Ordinary Memory Access
(No Wait, Idle Cycle 1, Longword Access to 16-Bit Device)........ccccecvevueenieennnne 447

Rev. 3.00 Jan. 18, 2008 Page xxxviii of Ixii

Downloaded from Elcodis.com electronic components distributor

RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Figure 10.19 Timing of DREQ Input Detection by Edge Detection in Cycle Stealing Mode
(DACK is Divided into Four due to Idle Cycle Insertion between Access Cycles
and So DREQ Sampling is Accepted One Extra Time) .......cccceevevveviveenieenneennen. 450
Figure 10.20 Timing of DREQ Input Detection by Edge Detection in Cycle Stealing Mode
(DACK is Not Divided By Idle Cycle Insertion between Access Cycles
and So DREQ Sampling is Accepted Normally)..........ccceeeeviieeiiiiiinciieeeiiee e, 450
Figure 10.21 Timing of DREQ Input Detection by Level Detection in Cycle Stealing Mode
(DACK is Divided into Four due to Idle Cycle Insertion between Access Cycles
and So DREQ Sampling is Accepted One Extra Time) .......cccceevevveevveenieenneennen. 451
Figure 10.22 Timing of DREQ Input Detection by Edge Detection in Cycle Stealing Mode
(DACK is Not Divided By Idle Cycle Insertion between Access Cycles
and So DREQ Sampling is Accepted Normally).........cccceeveeiiieeiiiiiiniieeeiiee e, 452

Section 11 Clock Pulse Generator (CPG)

Figure 11.1 Block Diagram of CPG .......ccccueiiiiiiiiiiiiee ettt 454
Figure 11.2 Points for Attention when Using Crystal Resonator............ccocceeviiviiinieneenienienne 467
Figure 11.3 Points for Attention when Using PLL Oscillator Circuit ...........ccceevveeviieenieeninenn. 468

Section 12 Watchdog Timer (WDT)

Figure 12.1 Block Diagram of WDT ........cooiiiiiiiiiie et 470
Figure 12.2 Writing to WTCNT and WTCSR .....ccooiiiiiiiiiiieeeeeeeteeee e 474

Section 13 Power-Down M odes

Figure 13.1 Canceling Standby Mode with STBY Bit in STBCR.......c.cccociiiiiiiiiiiiiiiee 490
Figure 13.2 STATUS Output at POwer-on Reset..........ccooviiiiiiiiiiiiiiiiieieeceeeesee e 492
Figure 13.3 STATUS Output at Manual ReSet..........coccueiriiiiiiiiiiiiiiiiiiecieceecesee e 492

Figure 13.4 STATUS Output when Software Standby Mode is Canceled by an Interrupt......... 493
Figure 13.5 STATUS Output When Software Standby Mode is Canceled

by @ POWET-0N RESEL......oiiiiiiiiiiiiiieeee e e 493
Figure 13.6 STATUS Output When Software Standby Mode is Canceled

by @ Manual RSt ........ocooiiiiiiiiiiieeee e e e 494
Figure 13.7 STATUS Output when Sleep Mode is Canceled by an Interrupt...........cccveeenneen. 494
Figure 13.8 STATUS Output When Sleep Mode is Canceled by a Power-on Reset.................. 495
Figure 13.9 STATUS Output When Sleep Mode is Canceled by a Manual Reset ..................... 495
Figure 13.10 Hardware Standby Mode Timing (CA is pulled low in normal operation) ........... 497

Figure 13.11 Hardware Standby Mode Timing
(CA is pulled low while WDT operates after the standby mode is canceled) ....... 498

Rev. 3.00 Jan. 18,2008 Page xxxix of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Section 14 Timer Unit (TMU)

Figure 14.1
Figure 14.2
Figure 14.3
Figure 14.4
Figure 14.5
Figure 14.6
Figure 14.7

Block Diagram of TIMU .........ccooouiiiiiiiiiieiie ettt 500
Setting Count OPEIatiOnN ..........cecvieerieeerieeriieeiieeeiteeereeesreeeseeeesreesseeessaeesseesssseens 505
Auto-Reload Count OpPeration...........cccuveeeeeiiieeeiiiieesiiieeesieeeesieeeeeseveeeesvaeeeseneeeens 506
Count Timing when Internal Clock is Operating ...........cccceevvveeenciieenciieeeieee e 507
Count Timing when RTC Clock is Operating.........ccccceeeveeeeriieeeniiieeeerieeesvnee e 507
UNF St TIMING ....eeeeeiiiiieiiiie et eeieee ettt e ettt e e et e e e senteeesebeeeensaeeennsneeeennns 508
Status Flag Clear TIMING.........cccueieeeiiiieiiiee et ettt ere e e e e e ivee e e eaaaee e e 508

Section 15 16-Bit Timer Pulse Unit (TPU)

Figure 15.1
Figure 15.2
Figure 15.3
Figure 15.4
Figure 15.5
Figure 15.6
Figure 15.7
Figure 15.8
Figure 15.9
Figure 15.10
Figure 15.11
Figure 15.12
Figure 15.13
Figure 15.14
Figure 15.15
Figure 15.16
Figure 15.17
Figure 15.18
Figure 15.19

Block Diagram of TPU..........cooouiiiiiiiiiceee ettt e 513
Example of Counter Operation Setting Procedure ............c.cceeevieeeniiieeniieeeniieens 529
Free-Running Counter OPeration............cccveeeeriuieeeeiiieeesiiieeesiieeesireeeenereeeesssneeeenens 530
Periodic Counter OPeration........c..eeeeeeieeerieiieeeiiieeeeieeeeesieeeeeiteeeesaeeeesneeeeesnneeeens 531
Example of Setting Procedure for Waveform Output by Compare Match.............. 532
Example of 0 Output/1 Output Operation ..........c.ceecueerueerierieeneenienieenieenee e 533
Example of Toggle Output Operation ............cccueeeeeiieeeriiieeeiiiee e eeeree e 533
Compare Match Buffer Operation............ccceeeeciirieiiiereniie e 534
Example of Buffer Operation Setting Procedure............ccceveviiiiiniiiiieniieeiee e, 535
Example of Buffer Operation ............ccceeviiiiiiiiiiieie e 536
Example of PWM Mode Setting Procedure ............cccceeeeeiieieiciiieeiieeeeeeeee, 537
Example of PWM Mode Operation (1) ........cccoecveeiieeniiieenieeniee e 538
Examples of PWM Mode Operation (2)........ccccveeeerevieeeeiieeeeiieeeeeiieeeeveeeesveeeenns 538
Example of Phase Counting Mode Setting Procedure............cccccevviiiniiiniiennnenn. 540
Example of Phase Counting Mode 1 Operation..........ccccuveeeevieeeecieeeeivieeesiieeenns 541
Example of Phase Counting Mode 2 Operation ............coeecveeeeeiieeeeiiieeenieeeeeen. 542
Example of Phase Counting Mode 3 Operation ...........cccecevveeeeiieeeeciieeeeiiee e 543
Example of Phase Counting Mode 4 Operation ...........cceevvveeeveeerieeenieeeieeeneneennns 544
Phase Difference, Overlap, and Pulse Width in Phase Counting Mode................. 545

Section 16 CompareMatch Timer (CMT)

Figure 16.1
Figure 16.2
Figure 16.3
Figure 16.4

Block Diagram of CMT ........ooooiiiiiiii ettt e 548
Counter Operation (One-Shot Operation) ..........ceeeecveeeerciieeeriiieeeriee e eeeee e 554
Counter Operation (Free-Running Operation) ..........ccccecveeeevieeeeiciieeeeiiie e 555
CME St TIMING....cetiiiiiieiieiie ettt sttt sttt et e st st saee e enees 557

Section 17 Realtime Clock (RTC)

Figure 17.1 RTC Block DIagrami...........ccoouiiriiiiiiiiniiiiiieeeiteeteeste ettt 560
Figure 17.2 Setting TIME .......cooiiiiiiiiiiiiieeiie ettt ettt ee et e s e e 580
Figure 17.3 Reading TIME .....ccocuiiiiiiiiiiiiiiiieiieete ettt et 581

Rev. 3.00 Jan.

Downloaded from Elcodis.com electronic components distributor

18, 2008 Page xl of Ixii
RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Figure 17.4 Using Alarm FUNCION ........ccooiiiiiiiiiieeie et 582
Figure 17.5 Using Periodic Interrupt FUNCHON ..........ooeiiiiiiiiiiiiiceiee e 583
Figure 17.6 Example of Crystal Oscillator Circuit Connection..........cccceevveeueereereeenieeneeneenn 584
Section 18 Serial Communication Interface with FIFO (SCIF)
Figure 18.1 Block Diagram of SCIF............ooooiiiiiee et 587
Figure 18.2 Sample SCIF Initialization Flowchart .............cooovviiiiiiiiiiiieeeeeeeee e, 616
Figure 18.3 Sample Serial Transmission Flowchart ...........ccooocuiiiiiiiiiniiiiiiieeeeeeeee, 617
Figure 18.4 Example of Transmit Operation
(Example with 8-Bit Data, Parity, One Stop Bit) .......cccocceeviiniiiniiniiiiiieeieeee 619
Figure 18.5 Example of Transmit Data Stop Function ...........ccccceeeeviiieiiiiiiiciieeeee e 619
Figure 18.6 Transmit Data Stop Function Flowchart ...........ccooceeviiiiiiiiniiiiceceee 620
Figure 18.7 Sample Serial Reception Flowchart (1)........ccceeeeeviiieiiiiiiiiieeeiee e 621
Figure 18.8 Sample Serial Reception Flowchart (2).......ccceeeviiiiiiiiiiiiiiieeiee e 622
Figure 18.9 Example of SCIF Receive Operation
(Example with 8-Bit Data, Parity, One Stop Bit) ........ccocceeviiniiiniiniiiiiieeiceee 623

Figure 18.10 Example of CTS COntrol OPeration ...............oeweueueeeeeeeeeeereeeeeeereeeeeereseseeneeen. 624
Figure 18.11 Example of RTS Control OPeration ...............ooveeeveeeeeeeeeeeeeeeeeeeseeeeeeseeeseeeenas 624
Figure 18.12 Data Format in Synchronous Communication .............ccceecveeeercuieeeniveeeesneeeennnennn 625
Figure 18.13 Sample SCIF Initialization Flowchart (1) (Transmission) ...........cccecceeeereveeeennnnnn. 626
Figure 18.13 Sample SCIF Initialization Flowchart (2) (Reception).........cccccvveevervireecrieeeennennn. 627
Figure 18.13 Sample SCIF Initialization Flowchart (3)

(Simultaneous Transmission and Reception) ..........ccceccvveeevciieieeiiiieeniee e 628
Figure 18.14 Sample Serial Transmission Flowchart (1)

(First Transmission after Initialization) ...........c.ceccvveeereiiieeiiee e 629
Figure 18.14 Sample Serial Transmission Flowchart (2)

(Second and Subsequent TranSMISSION) ......cc.veeeervieeeriiieeeeiieeeeieeeeereeeeeivee e 630
Figure 18.15 Sample Serial Reception Flowchart (1) (First Reception after Initialization) ....... 631
Figure 18.15 Sample Serial Reception Flowchart (2) (Second and Subsequent Reception) ...... 632
Figure 18.16 Sample Simultaneous Serial Transmission and Reception Flowchart (1)

(First Transfer after Initialization) .........c.cccoecviieeiiiie e 633
Figure 18.16 Sample Simultaneous Serial Transmission and Reception Flowchart (2)

(Second and Subsequent Transfer) ........ccceeeecviiieeiiiieeciee e 634
Figure 18.17 Receive Data Sampling Timing in Asynchronous Mode ............cccceevvevieriennenne. 638
Section 19 Infrared Data Association Module (IrDA)
Figure 19.1 Block Diagram of ITDA........c.ooiiiiiiieeee et 639
Figure 19.2 Transmit/Receive OPEration.........cccvieeiiieeeeiiieeeeiiieeesiieeeeireeeesnreeeeereeeessnseeessneens 643

Downloaded from Elcodis.com electronic components distributor

Rev. 3.00 Jan. 18, 2008 Page xli of Ixii
RENESAS


http://elcodis.com/parts/6239298/HD6417320.html

Section 20 1°C Bus|Interface (11C)

Figure 20.1 Block Diagram of I°C Bus INtEIFACE .........c.ovvueueueeereeeeeeeeeeeeeeeee e 646
Figure 20.2 External Circuit Connections of I/O PinsS..........cccceviiriiiiiiniiiiiiieniceceee e 647
Figure 20.3  T2C BUS FOIMALS .........ovoveeieeeeeeeeeeeeeeeeeee s, 660
Figure 20.4 T2C BUS TIMUNG........coovivieeeieeeeeeeeeeeeeee e ee e ee s e, 661
Figure 20.5 Master Transmit Mode Operation Timing (1) ........cccceeereiireeniieeeiiiie e 662
Figure 20.6 Master Transmit Mode Operation Timing (2)........cccceeeeeveeeerieieeeniieeeeniieeeeenee e 663
Figure 20.7 Master Receive Mode Operation Timing (1) ......ccovcveieeiiiieeiiieeeciie e 664
Figure 20.8 Master Receive Mode Operation Timing (2) ....cocceevoverrieenienieenieenienieeieesee e 665
Figure 20.9 Slave Transmit Mode Operation Timing (1) ........cccccvverieiiiiireniiieeeeiiee e 666
Figure 20.10 Slave Transmit Mode Operation Timing (2) ........cccceeeeerereeriieeeniieeeeeee e 667
Figure 20.11 Slave Receive Mode Operation Timing (1).....c.c.eeeeeevireerciieeeeiiieeeiieeesiiee e 668
Figure 20.12 Slave Receive Mode Operation Timing (2).....c..eeeevveeeeeiuieeeniiieeeiieeeniieeeeseeeeenns 669
Figure 20.13 Block Diagram of Noise Conceller ............cooovvirieiiiiieiiiiieeiieeecee e 670
Figure 20.14 Sample Flowchart for Master Transmit Mode .........c.cccooeeviiiiiinienienieieeeeee, 671
Figure 20.15 Sample Flowchart for Master Receive Mode...........cooveeeiiiiiiiieniiieniieiceceeeee, 672
Figure 20.16 Sample Flowchart for Slave Transmit Mode...........ccoceeiviiiniiiiiiiiniieiiiceieeee, 673
Figure 20.17 Sample Flowchart for Slave Receive Mode .........occeevviieviiiiiiiiniiiiiiieiceeeeee, 674
Figure 20.18 The Timing of the Bit Synchronous Circuit............ccoccveeviiiiiiiinieiniieiieeeeee, 676
Section 21 Serial 1/0 with FIFO (SIOF)

Figure 21.1 Block Diagram of STOF ........cccooiiiiiiiiiii e 680
Figure 21.2  Serial ClOCK SUPPLY.....viiiiiiiiiieiiie ettt e e eaae e e eerae e e 709
Figure 21.3 Serial Data Synchronization TIming .........c.ccccevviiiiiieiniiiinieenieeieeeeeeeesee e 711
Figure 21.4 SIOF Transmit/Receive TIMING ......ccceevruiiiriieriiiieiiieniie et 712
Figure 21.5 Transmit/Receive Data Bit Alignment ...........ccoocveiviiiiiiiiniiiniiiiicceecee, 715
Figure 21.6 Control Data Bit AIIZNMENt ..........cccouiiiiiiiiiieiieeeeee e e e 716
Figure 21.7 Control Data Interface (S1ot POSItION)........cceviiriiiiiiniiiiieieeiceeee e 717
Figure 21.8 Control Data Interface (Secondary FS) ........cooviiiiiiiiiiiiiieeeeeee e 718
Figure 21.9 Example of Transmit Operation in Master Mode...........ccoocueeviiiiiniiiniienniceneenee. 721
Figure 21.10 Example of Receive Operation in Master Mode ...........cocceeeviiieniieniieniieeniceee. 722
Figure 21.11 Example of Transmit Operation in Slave Mode...........ccoocveiviiiiniiiniiiniicinieenee. 723
Figure 21.12 Example of Receive Operation in Slave Mode ..........ccccvvveeviiiieiiiiieciie e 724
Figure 21.13 Transmit and Receive Timing (8-Bit Monaural Data (1)).........ccccevevveeriienneennen. 729
Figure 21.14 Transmit and Receive Timing (8-Bit Monaural Data (2)).......cccccevveevvieeeeineeennee. 730
Figure 21.15 Transmit and Receive Timing (16-Bit Monaural Data (1))........ccccceevviveeennnennnee. 730
Figure 21.16 Transmit and Receive Timing (16-Bit Stereo Data (1)) ......cccceeevevereeciieeeeiieeenee, 731
Figure 21.17 Transmit and Receive Timing (16-Bit Stereo Data (2)) ......cccceeeveiveveniiieeeieeeenee, 731
Figure 21.18 Transmit and Receive Timing (16-Bit Stereo Data (3)) .....ccovvveeveivieenciieeeieeeenee, 732
Figure 21.19 Transmit and Receive Timing (16-Bit Stereo Data (4)) ...c..coovvvevveencreeenieenieennen. 732

Rev. 3.00 Jan.

Downloaded from Elcodis.com electronic components distributor

18, 2008 Page xlii of Ixii
RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Figure 21.20 Transmit and Receive Timing (16-Bit Stereo Data)..........ccccoeeevviiviiiieiiieeenn. 733
Figure 21.21 Frame Length (32-Bit)......cccoiiiioiiiiieeiee ettt 734

Section 22 Analog Front End Interface (AFEIF)

Figure 22.1 Block Diagram of AFE Interface..........c.ccooouveviiiiiiiiiniiieiieeeeeee e 735
Figure 22.2  FIFO INterrupt TIMING........ccceciiiieiiieeeiiiie et eeieeeeeeeeeeeee e e e eseteeesenreeeenneeas 748
Figure 22.3 Ringing Interrupt Occurrence TIming ..........coocveevieiriiiieniieniieeieesiee e 749
Figure 22.4 Interrupt GENETATOT ......ccooutiiriiiiiiieeitteeiteete ettt et ettt e s e e e ens 749
Figure 22.5 AFE Serial INtEIface.....cccvviiiiiiiieeiiee et 750
Figure 22.6 AFE Control SEQUENCE .........oirviiiiiiiiiiiieiie ettt 751
Figure 22.7 DAA Block DIagram.........ccccueiviiiiiiiiiiieiiieeeiie ettt st 752
Figure 22.8 Ringing Detect SEQUENCE .......ccocutiiiiiiiiieiiiieiiie ettt 753

Section 23 USB Pin Multiplex Controller

Figure 23.1 Block Diagram of USB PIN MultipleXer ..........ccooceeriiiiniiiniiiiiiiniceiceeeeeene 755
Figure 23.2 Example 1 of Transceiver Connection for USB Function Controller

(On-Chip Transceiver 1S USed).......cevuiiriiriiiiniiiiiieiiesiieeie et 759
Figure 23.3 Example 2 of Transceiver Connection for USB function Controller

(On-Chip Transceiver 1S N0t USEd)......cccueieeriuiiiiiiiiieeciee et 760
Figure 23.4 Example 1 of Transceiver Connection for USB Host Controller

(On-Chip Transceiver 1S USEd) .......cuuirieiiiiiiiiiie ettt 762
Figure 23.5 Example 2 of Transceiver Connection for USB Host Controller

(On-Chip Transceiver is NOt USEd).......c.eevueruiiriiiniiiiieiienieeieesiie et 763

Section 25 USB Function Controller (USBF)

Figure 25.1 Block Diagram of USBF .......ccooiiiiiiiiiiiit e 804
Figure 25.2 Example of Endpoint Configuration............ccccceeevieeriiiiniiiiniienieeeieeeee e 835
Figure 25.3 Cable Connection OPEration .............cocveerriieerieeriiieinieeniieeneeeeieeeniteesieessieeesieeens 837
Figure 25.4 Cable Disconnection OPeration............cc.veeeecureeeeiiieeeeiiieeeeiieeeesereeeesereeeessseeessneess 838
Figure 25.5 Transfer Stages in Control Transfer ..........ccocovviiriiiiiiiiineneeeeeeeee 839
Figure 25.6  Setup Stage OPeration .........cccceieeeiuiiieeiiieeeeiiieeesieeeeeiaeeeesereeeesaseeeeseseeeessseeesssneens 840
Figure 25.7 Data Stage (Control-In) Operation ............ccccovieeriiiiniiiniieenieeeieerieeeeeesiee e 841
Figure 25.8 Data Stage (Control-Out) Operation............cccueeeevvieeeruieeeesrieeesiieeeesneeeeseveeeeeneens 842
Figure 25.9 Status Stage (Control-In) Operation............cceecueerviieriiieniieenieenieeeeee st 843
Figure 25.10 Status Stage (Control-Out) OPeration .............ccecvveeeeeiieeeeiiieeeeieeeeereeeeeivee e 844
Figure 25.11 EP1 Bulk-Out Transfer Operation............coceeveerieiieenienienieeieeniee e 845
Figure 25.12 EP2 Bulk-In Transfer Operation.............ccceevueiiiiieniiieniieenieeeieeeniee e 846
Figure 25.13 EP3 Interrupt-In Transfer Operation ..........ccocccevvieeriieniieeniieniieeniee e 848
Figure 25.14 EP4 Isochronous-Out Transfer Operation (SOF is Normal)............ccceeevvverennnenn. 849
Figure 25.15 EP4 Isochronous-Out Transfer Operation (SOF is Broken)............cccceeeviierennnen.. 850

Rev. 3.00 Jan. 18, 2008 Page xliii of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Figure 25.16 EPS5 Isochronous-In Transfer Operation (SOF is Normal) .........cccccoevvivirennennnee. 852
Figure 25.17 EPS5 Isochronous-In Transfer Operation (SOF in Broken)..........cc.cccoocvvviennennnee. 853
Figure 25.18 Forcible Stall by Application ..........ccceevieeiiiirieiiiieiienieeeeee e 857
Figure 25.19 Automatic Stall by USB Function Controller.............ccceevivieriiiiniiiniiiiiieeieeee, 858
Figure 25.20 Set Timing of TR Interrupt Flag.........cocceoiiiiiiiiiiiiieeeeee e, 861
Section 26 LCD Controller (LCDC)
Figure 26.1 LCDC Block DIagrami.........ccooueiiiiiiiiiiniiiiiieerite ettt 864
Figure 26.2 Valid Display and the Retrace Period ...........ccccoeeveiiiieiiiiiceecceeeee e, 898
Figure 26.3 Color-Palette Data FOrmMat...........cooceeiiiiiiiiiiiiiiiiieiecie et 905
Figure 26.4 Power-Supply Control Sequence and States of the LCD Module...............cc......... 911
Figure 26.5 Power-Supply Control Sequence and States of the LCD Module...............ccceeeee. 911
Figure 26.6 Power-Supply Control Sequence and States of the LCD Module...............cccuueneee. 912
Figure 26.7 Power-Supply Control Sequence and States of the LCD Module...............cccec..e. 912
Figure 26.8 Operation for Hardware Rotation (Normal Mode)..........c.ccceeeveieeciiieenciiieeeiiee e, 916
Figure 26.9 Operation for Hardware Rotation (Rotation Mode) .........c.ccecuerveiinienieiiennienneee, 917
Figure 26.10 Clock and LCD Data Signal Example...........cccccoeviiiiiiiiiieniiiieccee e 918
Figure 26.11 Clock and LCD Data Signal Example

(STN Monochrome 8-Bit Data Bus Module) ..........ccccceviviiiiiiiciiiieiieeeeeeeee, 918
Figure 26.12 Clock and LCD Data Signal Example (STN Color 4-Bit Data Bus Module)........ 919
Figure 26.13 Clock and LCD Data Signal Example (STN Color 8-Bit Data Bus Module)........ 919
Figure 26.14 Clock and LCD Data Signal Example (STN Color 12-Bit Data Bus Module)...... 920
Figure 26.15 Clock and LCD Data Signal Example (STN Color 16-Bit Data Bus Module)...... 921
Figure 26.16 Clock and LCD Data Signal Example

(DSTN Monochrome 8-Bit Data Bus Module) ..........ccccceevviiiiiiiiiiiiieeieeeee. 922
Figure 26.17 Clock and LCD Data Signal Example

(DSTN Monochrome 16-Bit Data Bus Module) ...........ccocovveieeiiiiiiiiiiiecieeeee. 922
Figure 26.18 Clock and LCD Data Signal Example (DSTN Color 8-Bit Data Bus Module)..... 923

Figure 26.19
Figure 26.20
Figure 26.21
Figure 26.22
Figure 26.23

Clock and LCD Data Signal Example (DSTN Color 12-Bit Data Bus Module)... 923
Clock and LCD Data Signal Example (DSTN Color 16-Bit Data Bus Module)... 924

Section 27 A/D Converter

Figure 27.1
Figure 27.2
Figure 27.3

Rev. 3.00 Jan.

Downloaded from Elcodis.com electronic components distributor

Clock and LCD Data Signal Example (TFT Color 16-Bit Data Bus Module)...... 925
Clock and LCD Data Signal Example (8-Bit Interface Color 640 x 480)............. 926
Clock and LCD Data Signal Example (16-Bit Interface Color 640 x 480)........... 927
Block Diagram of A/D CONVEILET .........ccevviiieiiiieeeiieeeeeieeeeeiteeeeireeeeseveeeeeeaee e 930
Example of A/D Converter Operation (Single Mode, Channel 1 Selected)............ 937
Example of A/D Converter Operation
(Multi Mode, Channels ANO to AN2 Selected) .......cccovveeiiiiiiiiiiiiieeiiiee e, 939

18, 2008 Page xliv of Ixii
RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Figure 27.4 Example of A/D Converter Operation

(Scan Mode, Channels ANO to AN2 Selected)......c.coeeeviiieeiiiiiiciiieecieeeeeeeee. 941
Figure 27.5 A/D Conversion TIMING ........cccueiueerierieiiieiierie ettt sttt s 942
Figure 27.6 External Trigger Input TIMING ........coooviiiiiiiiiiiieeiiee e 943
Figure 27.7 Definitions of A/D Conversion ACCUIACY .........ccoceerrueerruieenueeriieeeniieeniueessieeesnneeens 945
Figure 27.8 Analog Input Circuit EXample..........ccoooviiiiiiiiiiiiiiiiiceeeeeeesee e 949
Figure 27.9 Example of Analog Input Protection Circuit...........ccoceeevieeniieniieeniieeniieenieeeieene 950
Figure 27.10 Analog Input Pin Equivalent CirCuit ..........cccccoovviiiiiiiii e 951
Section 28 D/A Converter (DAC)
Figure 28.1 Block Diagram of D/A CONVEITET ......cccueeiiiiiiiiiiiiiieeiie ettt 953
Figure 28.2 D/A Converter Operation EXample ..........cooooviiiiiiiiiiiiiiiecieccee e 956

Section 29 PC Card Controller (PCC)

Figure 29.1 PC Card Controller Block Diagram...........ccccovieeriiiiiniiiniiiiieenieceieeeee e 958
Figure 29.2 Continuous 32-Mbyte Area MOdE........c.eeieeiiiiieiiiieeeiiee et 960
Figure 29.3 Continuous 16-Mbyte Area Mode (AT€a 6)........coocuerieenieriiniiiiienieeieeee e 961
FIigure 29.4 INtETTace......coouiiiiiiiiiiieeeee ettt ettt st e sbeeens 976
Figure 29.5 PCMCIA Memory Card Interface Basic TIMing..........ccocceeevveeriieiniiinniennieeneen. 980
Figure 29.6 PCMCIA Memory Card Interface Wait Timing...........cceccveevvieeriiiiniiieniieenieeneene 981
Figure 29.7 PCMCIA I/O Card Interface Basic TIMING........cccceevvuiiriiieniiieniieenieeiiieenieeeieene 982
Figure 29.8 PCMCIA 1I/O Card Interface Wait TIming ..........cccceeeeeviieeeiiieeeiiee e 983
Figure 29.9 Dynamic Bus Sizing Timing for PCMCIA 1I/O Card Interface .........c.cccoccvevvennnenne 984

Section 30 SIM Card Module (SIM)

Figure 30.1 Smart Card INterface .........ooceeiiiiiiiiiiiiiiie et 988
Figure 30.2 Data Format Used by Smart Card Interface ...........ccoocueeviiiiiiiiniiiiniiineeieeee, 1007
Figure 30.3 Examples of Start Character Waveforms ..........ccccccovviiiniiiniiiiniiiniicicccecee, 1010
Figure 30.4 Example of Initialization FIOW ...........ccccooiiiiiiiiiiiii e 1013
Figure 30.5 Example of Transmit PrOCESSING........cocuerruieriiiriiiiienie it 1015
Figure 30.6 Example of ReCeive ProCeSSING ...cc.veevviiiriiiiiiieiiieeiieeriee e 1017
Figure 30.7 Receive Data Sampling Timing in Smart Card Mode..........c.ccovveeriiiiniiennncnnnen. 1020
Figure 30.8 Retransmission when Smart Card Interface is in Receive Mode.............cocuueeneee. 1022
Figure 30.9 Retransmit Standby Mode (Clock Stopped)

when Smart Card Interface is in Transmit Mode...........cccceviiiiiiniiniiiniinienne 1023
Figure 30.10 Procedure for Stopping Clock and Restarting ...........ccoceeveevienieinienciiceieeee, 1024
Figure 30.11 Example of Pin Connections in Smart Card Interface...........ccocceeevvveniieneeennen. 1025
Figure 30.12 TEIE Set TIMING ..couvtiiiiiiiiiiiiieeeiie ettt ettt 1026

Rev. 3.00 Jan. 18, 2008 Page xlv of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Section 31 MultiMediaCard Interface (MMCIF)

Figure 31.1
Figure 31.2

Figure 31.3
Figure 31.4

Figure 31.5

Figure 31.6
Figure 31.7

Figure 31.8

Figure 31.9

Figure 31.10
Figure 31.11
Figure 31.12
Figure 31.12
Figure 31.13
Figure 31.13

Figure 31.14
Figure 31.15

Figure 31.16
Figure 31.17
Figure 31.18

Figure 31.19

Rev. 3.00 Jan.

Downloaded from Elcodis.com electronic components distributor

Block Diagram of MIMCIF ...........ccoooiiiiiiiiicciee et 1028
Example of Command Sequence for Commands
that do not Require Command ReSponse...........ccccueeeeuieieeiiieeeniiee e 1060
Operational Flow for Commands that do not Require Command Response......... 1061
Example of Command Sequence for Commands without Data Transfer
(NO Data BUSY State)......ceeeeuiiieeiiieeeeiiieeeieee ettt e et e e s e e e seaeeeenneeas 1063
Example of Command Sequence for Commands without Data Transfer
(With Data BUuSY State).......cccueeiiieeiiieeiiieeiie ettt e eree e sveesteeesaaeesaeeennee s 1064
Operational Flowchart for Commands without Data Transfer...............ccccuee...... 1065
Example of Command Sequence for Commands with Read Data
(BIOCK Si1Z€ S FIFO S1Z€) ..cuvviieeiiie ettt e e 1067
Example of Command Sequence for Commands with Read Data
(BIOCK SiZ€ > FIFO SIZE) ..cuvviieeiiiie ettt et 1068
Example of Command Sequence for Commands with Read Data
(Multiblock TranSTer) ......cceecuviieeiiie et e 1069
Example of Command Sequence for Commands with Read Data
(Stream TTanSTeT) ......cccviie et e e e e e e sere e e e enenes 1070
Operational Flowchart for Commands with Read Data
(Single BIOCK TTanSter) ......c.ueeecuiiiieiieeeeiiee ettt 1071
Operational Flowchart for Commands with Read Data
(Open-ended Multiblock Transfer) (1)......cccceeeeviieeeiiiiieiie e 1072
Operational Flowchart for Commands with Read Data
(Open-ended Multiblock Transfer) (2) ......cccceeeevieeercieeeeiee e 1073
Operational Flowchart for Commands with Read Data
(Pre-defined Multiblock Transfer) (1) .....ccccvveeeiieieiiiiiieiieeeeee e 1074
Operational Flowchart for Commands with Read Data
(Pre-defined Multiblock Transfer) (2) .....ccccveieeeiieeeciieieeiie e 1075
Operational Flowchart for Commands with Read Data (Stream Transfer)......... 1076
Example of Command Sequence for Commands with Write Data
(BIock S1z€ S FIFO S1Z€) ..ottt 1078
Example of Command Sequence for Commands with Write Data
(Block Size > FIFO S1Z€) ....ovviiiiiiiieieeiieeieeeee et 1079
Example of Command Sequence for Commands with Write Data
(MUultiblock TranSTer) ........cococviiiiiiieeiiiee e e 1080
Example of Command Sequence for Commands with Write Data
(Stream TTanSTET) ..ococcceiiiiie e e e e erre e e e e e 1081
Operational Flowchart for Commands with Write Data
(Single BIOCK TTransfer) ......c..ccoueiriieriiieeiiieeiee ettt 1082

18, 2008 Page xlvi of Ixii
RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Figure 31.20
Figure 31.20
Figure 31.21
Figure 31.21
Figure 31.22
Figure 31.23
Figure 31.24
Figure 31.24
Figure 31.25

Figure 31.25

Figure 31.26
Figure 31.27

Figure 31.27

Figure 31.28
Figure 31.29

Figure 31.29
Figure 31.30
Figure 31.30

Figure 31.31
Figure 31.32

Figure 31.32

Operational Flowchart for Commands with Write Data

(Open-ended Multiblock Transfer) (1) .......ccccceeeviiiieriieieeiee e 1083
Operational Flowchart for Commands with Write Data

(Open-ended Multiblock Transfer) (2) ......ccccveeevviieeriiieeeeieee e 1084
Operational Flowchart for Commands with Write Data

(Pre-defined Multiblock Transfer) (1) ......cccccveeeriiieeeeiieeeieee e 1085
Operational Flowchart for Commands with Write Data

(Pre-defined Multiblock Transfer) (2) ......ccocoveeeeeiieeeeiee e 1086
Operational Flowchart for Commands with Write Data (Stream Transfer) ....... 1087
Operational Flowchart for Read Sequence (Single Block Transfer) ................... 1090
Operational Flowchart for Read Sequence

(Open-ended Multiblock Transfer) (1) .......cccceeevciiieeriieeeeiie e 1091
Operational Flowchart for Read Sequence

(Open-ended Multiblock Transfer) (2) .......cccveeeeiiieercieeeciee e 1092
Operational Flowchart for Read Sequence

(Pre-defined Multiblock Transfer) (1) .......coccvveeeriiieeeiiieeeieee e 1093
Operational Flowchart for Read Sequence

(Pre-defined Multiblock Transfer) (2) ......coeccveeeeriiieeiiie e 1094
Operational Flowchart for Rear Sequence (Stream Read Transfer) .................... 1095
Operational Flowchart for Pre-defined Multiblock Read Transfer

TN AULEO MOAE (1) eiiiiiiieiiieciie ettt et et e et eeraae e naee e 1096
Operational Flowchart for Pre-defined Multiblock Read Transfer

1N AULO MOAE (2) ceviieiiieiiiiee ettt e e e e ar e e e e e e eaaaaeeeeeennes 1097
Operational Flowchart for Write Sequence (Single Block Transfer) .................. 1100
Operational Flowchart for Write Sequence

(Open-ended Multiblock Transfer) (1) .......ccccceeevviiieiiieeeeiee e 1101
Operational Flowchart for Write Sequence

(Open-ended Multiblock Transfer) (2) ......cccceeeevvireeriieeeeiie e 1102
Operational Flowchart for Write Sequence

(Pre-defined Multiblock Transfer) (1) .....cccoecveeeeeciieeeiiie e 1103
Operational Flowchart for Write Sequence

(Pre-defined Multiblock Transfer) (2) ......coeccveeeeeiiieeeieeeeee e 1104
Operational Flowchart for Write Sequence (Stream Write Transfer).................. 1105
Operational Flowchart for Pre-defied Multiblock Write Transfer

10 AULO MOAE (1) 1eriiiiiieiiieee et e e e e e e eabae e e e e eaees 1106
Operational Flowchart for Pre-defied Multiblock Write Transfer

1N AULO MOAE (2) eveiiiiieiiiie ettt e e e e e re e e e e e earaaeeeeeennes 1107

Section 33 User Break Controller (UBC)
Figure 33.1 Block Diagram of UBC ..........ccocuiiiiiiiiiiiieiiieieece et 1112

Downloaded from Elcodis.com electronic components distributor

Rev. 3.00 Jan. 18,2008 Page xlvii of Ixii
RENESAS


http://elcodis.com/parts/6239298/HD6417320.html

Section 35 1/0O Ports

FIGUIE 35.1 POTt A oottt e e ettt e e et e e e e ta e e e eaaaeeesnsseeesssaeeesseaeans 1179
FIgure 35.2 POTE B ..ottt 1181
FIGUIE 353 POTE € ettt e ettt e et e et e e st e s bt e e snbeesnbeeenee 1183
FI1GUIE 354 POTT D oottt et ettt et 1185
FIgUIe 35.5 POTt B ettt et sttt 1187
FI1GUIE 35.60 POTt F oottt st 1190
FIGUIE 35.7 POTt G et ettt e e e e et e e e e tat e e e snebeeeensaeeesseaeans 1193
Figure 35.8 POt H ..oooniiie et ettt 1195
FIGUIE 359 POTTJ oo et ettt ettt e st e et e e satee e 1197
Figure 35.10 POrt K ..ottt ettt 1199
FIgUure 35.11 POTt L...ooioiiiee ettt sttt ettt et e et 1201
FIgUre 35.12 POTt Muiiiiiiiiiiee ettt ettt ettt st saees 1203
FIGUIC 35.13 POTt Pt ettt e et e e e e taa e e e e araaeeenaeaeens 1205
Figure 35.14 POIt R oottt sttt e 1207
FIgUIe 35.15 POTt S .ottt et e st e st e st e etbeesabeeeane 1209
FIGUIE 35.160 POTt T.oeieeeiieeee ettt et te e et e e et e e et ee e entaeesenssaeeennaeeens 1211
FIgUIe 35.17 POTt U ..eoiiiiiieeeeee ettt sttt e sttt e et e et e e 1213
FIGUIe 35.18 POTT V .ttt sttt 1215

Section 36 User Debugging Interface (H-UDI)

Figure 36.1 Block Diagram of H-UDI........ccccoiiiiiiiiiiiiiee e 1218
Figure 36.2 TAP Controller State TransSitions ...........cueerrueeerieeriieriiieeieesiee e siee e 1231
Figure 36.3 H-UDI Data Transfer TIMING.........cooceiriiiiniieriieinieeniteeiieesiee e 1233
Figure 36.4 H-UDI RESEL.......coiiiiiiiiiiiiiiiiie ettt ettt et 1233

Section 38 Electrical Characteristics

Figure 38.1 EXTAL Clock INput TImMING ........cccocviiiiiiiiieeeiiiee e eeiiee et e eeieee e eeve e e evaee e 1316
Figure 38.2 CKIO Clock Output TImMiNg......c.eevueeriieiiieniieiieeiiesiie ettt ens 1316
Figure 38.3 CKIO Clock INput TIMING .....cccvviieiiiiiiieiiiie et eeieee e e e e eeveeeeevaee e 1316
Figure 38.4 Power-On Oscillation Setthing Time ...........cceevieiriiiiniiiniieiieeniec e 1317
Figure 38.5 Oscillation Settling Time on Return from Standby (Return by Reset).................. 1317
Figure 38.6 Oscillation Settling Time on Return from Standby (Return by NMI or IRQ)....... 1317
Figure 38.7 PLL Synchronization Settling Time by Reset, NMI or IRQ Interrupts................. 1318
Figure 38.8 Reset INPUt TIMING.....cc.eeiuiiiiiiiiiiieiiecee et 1320
Figure 38.9 Interrupt Signal Input TImMINg........cccccvviiiiiiiiieeiiieeee e e 1320
Figure 38.10 Bus Release TIMING ......ccceoeriiiiiiiiiiiiiiiiiiieeteeeeste et 1321
Figure 38.11 Pin Drive Timing at Standby ..........cccceeviiiiiiiiiiiecieeeee e 1321
Figure 38.12 Basic Bus Cycle in Normal Space (No Wait)........ccccovcieeriiiiniiiniiiiniieiiceieee 1324
Figure 38.13 Basic Bus Cycle in Normal Space (Software Wait 1) .........cccceeveiiiiieiieieniieens 1325

Rev. 3.00 Jan. 18, 2008 Page xlviii of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Figure 38.14
Figure 38.15

Figure 38.16

Figure 38.17

Figure 38.18

Figure 38.19
Figure 38.20
Figure 38.21
Figure 38.22
Figure 38.23
Figure 38.24
Figure 38.25
Figure 38.26
Figure 38.27

Figure 38.28

Figure 38.29

Figure 38.30

Figure 38.31

Downloaded from Elcodis.com electronic components distributor

Basic Bus Cycle in Normal Space (External Wait 1 Input)..........ccoceeniiennnennn 1326
Basic Bus Cycle in Normal Space

(Software Wait 1, External Wait Valid (WM Bit = 0), No Idle Cycle)............... 1327
CS Extended Bus Cycle in Normal Space
(SW =1 Cycle, HW =1 Cycle, External Wait 1 Input) ........cccecverreciireniiieenne 1328

Bus Cycle of SRAM with Byte Selection

(SW =1 Cycle, HW =1 Cycle, External Wait 1 Input,

BAS =0 (UB and LB in Write Cycle Controlled)) .........ccceeevveiiniiiiiniiiieeiieens 1329
Bus Cycle of SRAM with Byte Selection

(SW =1 Cycle, HW =1 Cycle, External Wait 1 Input,

BAS =1 (WE in Write Cycle Controlled)) .........cccovvvieiiiiiniieeciieeeeeeeeeee 1330
Read Bus Cycle of Burst ROM

(Software Wait 1, External Wait 1 Input, Burst Wait 1, Number of Burst 2)...... 1331
Single Read Bus Cycle of SDRAM

(Auto Precharge Mode, CAS Latency 2, TRCD =1 Cycle, TRP =1 Cycle)...... 1332
Single Read Bus Cycle of SDRAM

(Auto Precharge Mode, CAS Latency 2, TRCD = 2 Cycles, TRP =2 Cycles)... 1333
Burst Read Bus Cycle of SDRAM (Single Read X 8)

(Auto Precharge Mode, CAS Latency 2, TRCD =1 Cycle, TRP =2 Cycles) .... 1334
Burst Read Bus Cycle of SDRAM (Single Read X 8)

(Auto Precharge Mode, CAS Latency 2, TRCD = 2 Cycles, TRP =1 Cycle) .... 1335
Single Write Bus Cycle of SDRAM

(Auto Precharge Mode, TRWL =1 Cycle).....cccocuieeviiiiieiieeeieeeeee e 1336
Single Write Bus Cycle of SDRAM

(Auto Precharge Mode, TRCD = 3 Cycles, TRWL =1 Cycle)......cccccevevurrennnnee. 1337
Burst Write Bus Cycle of SDRAM (Single Write X 8) (Auto Precharge Mode,
TRCD =1 Cycle, TRWL =1 CYCle) ..ccoiiiiiiieiieciieeiee ettt 1338
Burst Write Bus Cycle of SDRAM (Single Write X §)

(Auto Precharge Mode, TRCD = 2 Cycles, TRWL =1 Cycle)......ccccvevevureennneee. 1339

Burst Read Bus Cycle of SDRAM (Single Read X 8)

(Bank Active Mode: ACTV + READ Command, CAS Latency 2,

TRECD =1 CYCL)uetiiiieiiieeiie ettt ettt e 1340
Burst Read Bus Cycle of SDRAM (Single Read X 8)

(Bank Active Mode: READ Command, Same Row Address,

CAS Latency 2, TRCD =1 CYCl@) ..ereruriiieiiiieeiiiee et 1341
Burst Read Bus Cycle of SDRAM (Single Read X 8)

(Bank Active Mode: PRE + ACTV + READ Command,

Different Row Address, CAS Latency 2, TRCD =1 Cycle).....ccccoovveverveiennnnnns 1342
Burst Write Bus Cycle of SDRAM (Single Write X 8)
(Bank Active Mode: ACTV + WRIT Command, TRCD =1 Cycle).................. 1343

Rev. 3.00 Jan. 18, 2008 Page xlix of Ixii
RENESAS


http://elcodis.com/parts/6239298/HD6417320.html

Figure 38.32
Figure 38.33

Figure 38.34
Figure 38.35
Figure 38.36
Figure 38.37

Figure 38.38

Figure 38.39
Figure 38.40

Figure 38.41
Figure 38.42

Figure 38.43
Figure 38.44
Figure 38.45
Figure 38.46
Figure 38.47
Figure 38.48
Figure 38.49
Figure 38.50
Figure 38.51
Figure 38.52
Figure 38.53
Figure 38.54
Figure 38.55
Figure 38.56
Figure 38.57
Figure 38.58
Figure 38.59
Figure 38.60
Figure 38.61
Figure 38.62
Figure 38.63

Rev. 3.00 Jan.

Downloaded from Elcodis.com electronic components distributor

Burst Write Bus Cycle of SDRAM (Single Write X 8)

(Bank Active Mode: ACTV + WRIT Command, TRCD =1 Cycle).................. 1344
Burst Write Bus Cycle of SDRAM (Single Write X 8)

(Bank Active Mode: PRE + ACTV + WRIT Command, TRCD =1 Cycle)....... 1345
Auto Refresh Timing of SDRAM (TRP =2 Cycles) ...coooviveveiiieeiiiieeeiieeee, 1346
Self Refresh Timing of SDRAM (TRP =2 Cycles)....cccceevvvieeeciiiieiieeeiee e, 1347
Power-On Sequence of SDRAM (Mode Write Timing, TRP = 2 Cycles).......... 1348

Write to Read Bus Cycle in Power-Down Mode of SDRAM
(Auto Precharge Mode, TRCD =1 Cycle, TRP =1 Cycle, TRWL =1 Cycle)... 1349
Read to Write Bus Cycle in Power-Down Mode of SDRAM
(Auto Precharge Mode, TRCD =1 Cycle, TRP =1 Cycle, TRWL =1 Cycle)... 1350

PCMCIA Memory Card Interface Bus Timing ..........cccceeveeeveiieeeiciieeeeiee e, 1351
PCMCIA Memory Card Interface Bus Timing

(TED[3:0] =B'0010, TEH[3:0] = B'0001, Software Wait 1,

Hardware Wait 1) .......ooooiiiiiiiiii et e 1352
PCMCIA 1/O Card Interface Bus Timing..........c.ccceeeveeieeciiieeniiiee e 1353
PCMCIA I/O Card Interface Bus Timing

(TED[3:0] =B'0010, TEH[3:0] = B'0001, Software Wait 1,

Hardware Wait 1) .....ooooooiiiiiicecec e e e e e e 1354
REFOUT, IRQOUT Delay Time .......c.ccocueeriiieeiieeiiieniieeiieeeiee e 1354
I/O POTt TIMINE ..eeeniiieeiiieeciiieeiee et eee et ettt et e e saeessbeeessaeeenseeesseesnseeesseas 1355
DREQ Input Timing (DREQ Low Level is Detected) .........cccovvveevevieeeniieeenneen. 1355
DACK OUtpUt TIMINEZ...ceeiiiiieeiiiieeeiiee ettt et e e eee e e sree e e e e e sereeeenneees 1355
TPU Output TIMING ....vvvieeiiiieieiiee et eeteeeesieeeesree e e staeeeetaeeesssaeeeesseeessasneeas 1356
TPU Clock Input TIMING......cccccuiiiiriiieeeiiee ettt e sre e e e eeeeeas 1356
Oscillation Settling Time when RTC Crystal Oscillator is Turned On................ 1357
SCK Input Clock TImMING .....veeeeuieeeiieeiiieiiee ettt eree e e e e eeae e 1358
SCIF Input/Output Timing in Synchronous Mode...........ccccceeevviiieenniieeniieeeee, 1359
I°C Bus Interface Input/Output THNING ...........cvveeveveeeeeeeeeeeeee oo 1361
SIOF MCLK INput TIMING......ccccoviieeiiiieeiiieeeesiteeeeieeeeeireeeesveeeeeareeesevaeeeees 1362
SIOF Transmission/Reception Timing (Master Mode 1, Fall Sampling)............ 1363
SIOF Transmission/Reception Timing (Master Mode 1, Rise Sampling)........... 1363
SIOF Transmission/Reception Timing (Master Mode 2, Fall Sampling)............ 1364
SIOF Transmission/Reception Timing (Master Mode 2, Rise Sampling)........... 1364
SIOF Transmission/Reception Timing (Slave Mode 1, Slave Mode 2).............. 1365
AFEIF Module AC TIMING ....ccccviieieiiieeeciieeeeieeeeeree et eeseeeeeereeeesvaeeeesnneees 1366
USB ClOCK TIMING.....uviiieiiiiieeiiiie ettt eeitee et e e et eesteeeennaeeessnaeeeenneeas 1367
LCDC Module Signal TImMINg ........ccccviieeiiieeeiiiie et eeveee e 1369
SIM Module Signal TImMING .......ccceereeriiieiienieeieeieesie ettt 1370
MMCIF Transmit TIMING ......cccooiiiieiiiieeiiiee ettt e e areeeeeneeas 1371

18, 2008 Page | of Ixii
RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Figure 38.64 MMCIF Receive Timing (Rise Sampling) ........cccceeevveeeriiieeniiiienieeeiee e 1371

Figure 38.65 TCK INPUt TIMINEZ....ccccuiiiiiiiiieeeiiie e et e e e aae e e eeaeeeeeeees 1372
Figure 38.66 TRST Input Timing (Reset HOId)........cooouiiiieniiiiiiiiceeececee, 1373
Figure 38.67 H-UDI Data Transfer TIMING .........ccooveeriieiiiieniieeiieeriee et 1373
Figure 38.68 ASEMDO INPUt TIMING........oeiieiiiieeiiiieeeiieeeeieee e eee et e s e e e aeeeeenreeeenneees 1373
Figure 38.69 Output Load CIrCUIL........eeviuiiiiiieiiieeiiieeiie et 1375
Appendix

Figure C.1 Package Dimensions (PLBG0256GA-A (BP-256H/HV))......ccocevvvievviiieiiieeene. 1392
Figure C.2 Package Dimensions (PLBG0256KA-A (BP-256C/CV)) .cccovvvevcieeviieniieeiieenen. 1393

Rev. 3.00 Jan. 18, 2008 Page li of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Rev. 3.00 Jan. 18, 2008 Page lii of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6239298/HD6417320.html

Tables

Section 1 Overview

Table 1.1
Table 1.2
Table 1.3
Table 1.4
Table 1.5

Section 2

Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
Table 2.9
Table 2.10
Table 2.11
Table 2.12

CPU

SH7720/SHT7721 FEATUTES.......cceccuriieeiiieeeiiieeeeieeeeeieeeeeiveeeesteeeeseaeeeeesaeeenneseeeenens 2
Product Lineup (SH7720 GIOUP) ...ccuvireeiiiieeeiieeeeiieeeeieeeeeieee e veee e eeee e eeeee e 8
Product Lineup (SH7721 GIOUP) ...ccouviiieiiiieeeiiiieeeeiieeeeitee e ettt e e e vreeeeeveeeeenens 9
List Of PIn ASSIZNIMENTS .....eeuiiiiiiiiieniieeieeieesite ettt 13
SH7720/SH7721 Pin FUNCLIONS .....oceiiiiiieiiiie et 25
Virtual Address SPaCE......c.vviiieiiiie ettt e e e e e e 40
Register Initial Values.........ooeeiiiieieiiiieee e 43
Addressing Modes and Effective Addresses for CPU Instructions......................... 56
CPU InStruction FOIMALS .......covuiiiiiiiieiiiiieeiere et 60
CPU INStIUCHON TYPES..ccuriiiiiiiiieieiiieeeetieeeeiteeeestteeesireeeeseaaeeeseaaeeesasaeeessseeeennnns 63
Data Transfer INStrUCHIONS. ......cccuuerieiiiee et eeeee e e e e e 67
Arithmetic Operation INStUCHONS ........cccviieeiiiieeeiiie e e e 69
Logic Operation INStrUCTIONS .........cccuieeiriiiiiiiiieeeriiee et eeee e e e e e 71
Shift INSTIUCHIONS ...eeueiiieiiiieiie ettt ettt et e e et e e sabeeeaeeeebeeens 72
Branch INStruCtiONS ........ooviiiiiiiiiiiciiee e 73
System Control INStrUCtIONS. .........viiiiiiiiieiiie et 74
Operation Code MaAP......cccuviiiiiiieeeiiee ettt e et e s eeee e e er e e e nnaeeeenenes 77

Section 3 DSP Operating Unit

Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 3.9
Table 3.10
Table 3.11
Table 3.12
Table 3.13
Table 3.14
Table 3.15

Downloaded from Elcodis.com electronic components distributor

CPU Processing MOAES .......ccoeuiirieiiiieieiiie e eetee ettt e eaee e et ee e e aeeeeeees 83
Virtual Address SPaCE......c.vviiieiiiieeiiee et et e e e e 84
Operation of SR Bits in Each Processing Mode ..........c.ccoccvveviiieeiiienciieeiieeeiee e, 87
RS and RE Setting Rule.........ccocviiiiiiiiceee e 93
Repeat Control INStIUCLIONS .......eeveeiiiieeiiiieeeiiee e 93
Repeat Control MACTOS .......eeieeiiieeeiiie ettt et e e et e e eaee e e ebeaeesnsaeeeenenes 94
DSP Mode Extended System Control InsStructions ............ccccveeeeiiieeeniieeencieeeennee, 96
PC Value during Repeat Control (When RC[11:0]>2) ...ccccvviiiciiiieiiiieeieeeee, 99
Extended System Control Instructions in DSP Mode ...........cccceeviiiiniieniieeinnee, 103
Overview of Data Transfer InStructions............cceeevvieeeiiiieeiiiiee e 106
Modulo Addressing Control InStructions............ceecveeeeeciiieeeiiieeeiiee e 108
Double Data Transfer Instruction FOrmats ...........ccccceeeeiiiieeniiiicciieeeeee e 111
Single Data Transfer Instruction Formats.............ccoeeoieiiriiiiiniiiiciee e, 112
Destination Register in DSP InStructions............ccocvvieeeeiiieeeciiee e 114
Source Register in DSP OPerations .........c.cceeceeerieeiiieeenieenieeeniee e eeeeeieeeseeeens 115

Rev. 3.00 Jan. 18,2008 Page liii of Ixii
RENESAS


http://elcodis.com/parts/6239298/HD6417320.html

Table 3.16
Table 3.17
Table 3.18
Table 3.19
Table 3.20
Table 3.21
Table 3.22
Table 3.23
Table 3.24
Table 3.25
Table 3.26
Table 3.27
Table 3.28
Table 3.29
Table 3.30
Table 3.31
Table 3.32
Table 3.33
Table 3.34
Table 3.35
Table 3.36
Table 3.37
Table 3.38
Table 3.39
Table 3.40

DSR REISLEr BitS......eiieiiiieiiiieeeiiee ettt e e e e e eaee e e 116
DSP Operation Instruction FOrmats...........cccceeeeiiiiieiiiiieiciie e 118
Correspondence between DSP Instruction Operands and Registers..................... 119
DC Bit Update Definitions ..........cccveeieciiieeiiiiieeeiiieeeeieeeesireeeesveeeeeereeeesevaee e 120
Examples of NOPX and NOPY Instruction Codes..........cceeeuveeerciieeecvieeeniieeennee 122
Variation of ALU Fixed-Point Operations............cccceeeeveeeenciieeeniieeeeiieeeeieee e 126
Correspondence between Operands and Registers ..........cccceevvciviiiniieeencieeeennnn. 126
Variation of ALU Integer OPerations ...........cccueeeeevieeereiieeeeiiieeesieeeeesveeeesnneeeenns 131
Variation of ALU Logical Operations ...........ccccueevveeerieeerveeeseeenreenieeeereesveesnens 133
Variation of Fixed-Point Multiply Operation ...........cccccveeeeviieeeeciieeeciiee e 135
Correspondence between Operands and Registers ...........cccevvecviieencieeencieeeenneen. 136
Variation of Shift Operations..........c.ccceeciiiieeiiie i e e 137
Operation Definition 0f PDMSB ..o 143
Variation of PDMSB Operation............cccuveeeeiieeeiiiieeiiiiee e ecieee e e eveee e 144
Variation of Rounding Operation ...........cccccueevieeeiieeniiesiieeeiee e esvee e 145
Definition of Overflow Protection for Fixed-Point Arithmetic Operations.......... 146
Definition of Overflow Protection for Integer Arithmetic Operations.................. 146
Variation of Local Data Move Operations............ccveeeeveeeeeciieeesiveeeesneeeeseveeeenens 147
Correspondence between Operands and Registers ..........ccccveveiiieiniieeencieeeennen. 148
DSP Mode Extended System Control InStructions ............ccceeeeevieeeciieeeeciveeeenee, 149
Double Data Transfer INStruction ...........ccccveeevieeriieriie e 151
Single Data Transfer INStructions ...........cccvvieiciiiieeiiiiie e 152
Correspondence between DSP Data Transfer Operands and Registers................. 153
DSP Operation INStrUCLIONS .......ccccvviieeiiiieeriiie et e eeieee e eree e eevee e e seveeeeaeeeeeeens 154
Operation Code MaP.......ccoociiiiiiiiiie ettt e e e e e e e e enneeas 160

Section 4 Memory Management Unit (MM U)

Table 4.1

Access States Designated by D, C, and PR BitS........cccccoocivvviiiiiiiiiiiiiieee, 183

Section 5 Cache

Table 5.1
Table 5.2
Table 5.3
Table 5.4

Table 5.5
Table 5.6
Table 5.7
Table 5.8

Number of Entries and Size/Way in Each Cache Size..........ccccoeviiiiiiiiiiinnnns 197
LRU and Way Replacement (when Cache Locking Mechanism is Disabled)...... 199
Way Replacement when a PREF Instruction Misses the Cache..............c........... 203
Way Replacement when Instructions other than the PREF Instruction

MiSS the CaChE.....cuiiiiiiiiie e e e 203
LRU and Way Replacement (when W2LOCK =1 and W3LOCK =0)................ 203
LRU and Way Replacement (when W2LOCK = 0 and W3LOCK =1)................ 204
LRU and Way Replacement (when W2LOCK =1 and W3LOCK =1)................ 204
Address Format Based on the Size of Cache to be Assigned to Memory............. 211

Rev. 3.00 Jan. 18, 2008 Page liv of Ixii

Downloaded from Elcodis.com electronic components distributor

RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Section 6 X/Y Memory

Table 6.1
Table 6.2

X/Y Memory Virtual AddreSSes .......uvieeeviiieeiiiieieiee et 213
MMU and Cache SEttNGS ........ccccvieriiieriiieeiiieeiie et eeiee e e eeee e e eaeeeeaee e 216

Section 7 Exception Handling

Table 7.1
Table 7.2
Table 7.3

Table 7.4
Table 7.5

Exception EVEnt VECLOTS.......ccccuiiiiiiiiieciiie ettt 225
Instruction Positions and Restriction Types.......ccccvvveeciiieercieeeeciiee e 235
SPC Value When a Re-Execution Type Exception Occurs in Repeat Control

(SRURCTTITIOTZ2) ettt 237
Exception Acceptance in the Repeat LoOop ......cooovevvieeiiiniiiiiiiieicncceeee 239

Instruction Where a Specific Exception Occurs
When a Memory Access Exception Occurs in Repeat Control
[ 3 2O N 0 D= 1 TSRS 240

Section 8 Interrupt Controller (INTC)

Table 8.1
Table 8.2
Table 8.3
Table 8.4
Table 8.5

Pin Configuration...........coccuiiiiiiiiiieciie e e ere e e e erae e 245
Interrupt Sources and IPRA t0 IPRJ .......oooiiiiiiiiiieeeeeeee e 248
Interrupt Exception Handling Sources and Priority (IRQ Mode) ........cccueeneeenee. 270
Interrupt Exception Handling Sources and Priority (IRL Mode).........cccceeennennee. 272
Interrupt Level and INTEVT Code........uvvveeiiiiiiiiieeeeieeeee e 275

Section 9 Bus State Controller (BSC)

Table 9.1
Table 9.2
Table 9.3
Table 9.4

Table 9.5
Table 9.6
Table 9.7
Table 9.8
Table 9.9
Table 9.10
Table 9.11
Table 9.12

Table 9.12

Table 9.13

Downloaded from Elcodis.com electronic components distributor

Pin Configuration............occuviiiiiiiiieciie e e e e ve e e arae e 283
Address Space Map 1 (CMNCR.MAP =0).....coooiiriiiiiiiiiinieiieeeeneeeeeiee e 287
Address Space Map 2 (CMNCR.MAP = 1)..cuvviiiiiieeiee e 288
Correspondence between External Pins (MD3 and MD4),

Memory Type of CS0, and Memory Bus Width............cccoeeiiiiiiiiiiiiieeies 289
Correspondence between External Pin (MDS5) and Endians..............ccccceeneenee 289
32-Bit External Device/Big Endian Access and Data Alignment......................... 331
16-Bit External Device/Big Endian Access and Data Alignment......................... 332
8-Bit External Device/Big Endian Access and Data Alignment...............cc.cc....... 333
32-Bit External Device/Little Endian Access and Data Alignment....................... 334
16-Bit External Device/Little Endian Access and Data Alignment...................... 335
8-Bit External Device/Little Endian Access and Data Alignment........................ 336
Relationship between A2/3BSZ[1:0], A2/3ROW]1:0], A2/3COL[1:0],

and Address Multiplex Output (1)-1.....cccoviiiiiiiiiiiiieeee e 349
Relationship between A2/3BSZ[1:0], A2/3ROW]1:0], A2/3COL[1:0],

and Address Multiplex Output (1)-2...cccuveveeiiiieieiieeeee e 350
Relationship between A2/3BSZ[1:0], A2/3ROW]1:0], A2/3COL[1:0],

and Address Multiplex Output (2)-1....ccveveeiiiieiiiiieeee e 351

Rev. 3.00 Jan. 18, 2008 Page Iv of Ixii
RENESAS


http://elcodis.com/parts/6239298/HD6417320.html

Table 9.13

Table 9.14

Table 9.15

Table 9.15

Table 9.16

Table 9.16

Table 9.17

Table 9.17

Table 9.18
Table 9.19
Table 9.20
Table 9.21

Section 10

Table 10.1
Table 10.2
Table 10.3
Table 10.4
Table 10.5
Table 10.6
Table 10.7
Table 10.8

Section 11

Table 11.1
Table 11.2
Table 11.3

Section 13

Table 13.1
Table 13.2

Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0],

and Address Multiplex Output (2)-2......ccooovirieiiiieeeieee e e 352
Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0],
and Address Multiplex Output (3) ...ccccvveeeeiieeeeieee e e 353
Relationship between A2/3BSZ[1:0], A2/3ROW]1:0], A2/3COL[1:0],
and Address Multiplex Output (4)-1......ccoooririieiiieeeeee e 354
Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0],
and Address Multiplex OUtput (4)-2......ccoeevieeeeiiie et 355
Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0],
and Address Multiplex Output (5)-1......ccoovuiiiiiiiiieeiee e 356
Relationship between A2/3BSZ[1:0], A2/3ROW]1:0], A2/3COL[1:0],
and Address Multiplex OUtput (5)-2......ceeeciiieiiiiieeeiiee et 357
Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0],
and Address Multiplex Output (6)-1........cccoveiiiiiiiieeiiiee e 358
Relationship between A2/3BSZ[1:0], A2/3ROW[1:0], A2/3COL[1:0],
and Address Multiplex Output (6)-2.......ccccueeieiiiiieeeiiee ettt e e 359
Relationship between Access Size and Number of Bursts...........cccoceevieeinieennen. 360
Access Address in SDRAM Mode Register WIite .......c.eeeeevveeeiciieeeiiiie e 380
Output Addresses when EMRS Command is Issued..........cccoeecvvieiniiininiiinennnenn. 383
Relationship between Bus Width, Access Size, and Number of Bursts................ 386

Direct Memory Access Controller (DMAC)

Pin Configuration...........ccueiieiiiiiiiiiic et et ee e e e e e 409
Transfer ReqUESt SOUICES ........oiiiveiiiiiiiie e e 423
Selecting External Request Modes with RS Bits..........cccoiviiiiiiiiiiiiiiiiecies 426
Selecting External Request Detection with DL, DS BitS.......ccocceeviiiniiiniiennnenns 427
Selecting External Request Detection with DO Bit.........ccccoooiiiiiiiiiiiiiieceie, 427
Selecting On-Chip Peripheral Module Request Modes with RS3 to RSO Bits ..... 429
Supported DMA TransSters.......cccuveeeieiiieeiiiie et eeeee e evree e saaeeens 434
Relationship between Request Modes and Bus Modes

by DMA Transfer CateZOory ........cceecviieeiiiiieeeiiieeeeieeeeerteeestreeeesereeeessaeeeseseeeenns 441

Clock Pulse Generator (CPG)

Pin Configuration...........cc.uiiieiiiiiiciiie et e 457
Clock Operating MOAES........cccuieeiuieeiiieiiie et eeee ettt e eeeesveesaeeeseseesbeeenaeens 458
Possible Combination of Clock Mode and FRQCR Values ............cccccoeeevvveeennn. 459

Power-Down Modes

States Of POWETr-DOWN IMOAES .....eeeeeeeeeee e 478
Pin Configuration............c.oeeeeiiiiieiiiie e 479

Rev. 3.00 Jan. 18, 2008 Page lvi of Ixii

Downloaded from Elcodis.com electronic components distributor

RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Section 14 Timer Unit (TMU)
Table 14.1 TMU INtEITUPE SOUTCES ....uveeeeiiiiieeiiieeetiee ettt e et e e e e e e e e e eara e e e e areeeeens 509
Section 15 16-Bit Timer Pulse Unit (TPU)

Table 15.1 TPU FUNCHONS ...ttt ettt ettt et e et e st e et esanae e e 512
Table 15.2  TPU Pin ConfigUrations..........ccccveeeeiiiieeriiiieeeiiieeesieeeeeieeeeesseeesseneeessnseeesssnneeenns 514
Table 15.3 TPU CIOCK SOUICES.......eeiuiiiiiiieiiie ittt ettt ettt ettt et e s esesee e 518
Table 15.4  TPSC2 t0 TPSCO (1)eeeutieiieiiieiieiieeee ettt ettt ettt st et 518
Table 15.4  TPSC2 t0 TPSCO (2).ecuvieiuieeiieiieeiieeie ettt ettt eve et e ereeseessaeeseeseesnneenne 518
Table 15.4  TPSC2 t0 TPSCO (3).cueeetieiieiiieiieete ettt ettt et e 519
Table 15.4  TPSC2 t0 TPSCO (4).ecueieeieeiieiieeiee ettt ettt reesseessaeebeenseesnaeenne 519
Table 15.5  TOA2 t0 IOAD ..c.eeiiieeeeeee ettt ettt st e 522
Table 15.6  Register Combinations in Buffer Operation ...........ccccceeeevvveeeciiiiicciieeeieee e 534
Table 15.7  Phase Counting Mode Clock Input Pins ............cooeoiiiiiiiiiiiiiiieeee e 539
Table 15.8  Up/Down-Count Conditions in Phase Counting Mode 1............ccccuvveveviieinnneenns 541
Table 15.9  Up/Down-Count Conditions in Phase Counting Mode 2...........ccceeeevverieeennnnnne. 542
Table 15.10 Up/Down-Count Conditions in Phase Counting Mode 3.............cccceeeveiiieennnennn. 543
Table 15.11 Up/Down-Count Conditions in Phase Counting Mode 4..........cccccevvieeniiennnennn. 544

Section 17 Realtime Clock (RTC)

Table 17.1 Pin Configuration............ooceiiiiiiiie ettt e 561
Table 17.2  Recommended Oscillator Circuit Constants (Recommended Values).................. 584

Section 18 Serial Communication Interface with FIFO (SCIF)

Table 18.1 Pin CONfIgUIAtION. ....cccviiiiiiiieceie e e e e e srb e e e eeraeaenes 588
Table 18.2  SCSMR Settings and SCIF Transmit/ReCeive.........cceovuverviiinieeinieenieenieeieene 614
Table 18.3 Serial Transmit/Receive FOrmats..........cooocviiiiiiiiiiiiiiie e 615
Table 18.4  SCIF INtEITUPt SOUICES .....uvvieeeiiiieeeiiie et eeteee ettt e eetee e e aeeeeeaeeeeennneeeenes 636
Section 19 Infrared Data Association Module (IrDA)

Table 19.1  Pin ConfigUIation..........coccuiieiiieiiieeiieerieeeiee et e eieeesieeesreeesaeesbeesneaeensseeeseeenens 640
Section 20 1°C BusInterface (11C)

Table 20.1 I2C BUS INtEIFACE PINS ... 648
Table 20.2  Transfer RAtE ........coooiiiiiiiiii et e e e eare e e e e e ssnaeeens 659
Table 20.3 INtETTUPE REQUESES ... e e e e e e 675
Table 20.4  Time for Monitoring SCL.........ccoiiiiiiiiiiiie e e e 676
Section 21 Serial 1/0 with FIFO (SIOF)

Table 21.1 Pin Configuration............ccciiiiiiiiieeeiie et e e eebe e e e arae e 681

Rev. 3.00 Jan. 18, 2008 Page lvii of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6239298/HD6417320.html

Table 21.2
Table 21.3
Table 21.4
Table 21.5
Table 21.6
Table 21.7
Table 21.8
Table 21.9

Table 21.10

Table 21.11

Table 21.12

Operation in Each Transfer Mode............coccviiiiiiiiiniiieiiieecceeeee e 685
SIOF Serial CIock FrequeNCY ........ccocuviiiiiiiiiieiiieeeiee et 710
Serial Transfer MOdES.........covuiiiiiiiiienieiiee e 713
Frame Length.........ccooo it 714
Audio Mode Specification for Transmit Data..........cccccceeviiiiiieiniiiiiiiiniienieee 716
Audio Mode Specification for Receive Data...........ccccuvevieiiiiieiciiieeciieeciiee e 716
Setting Number of Channels in Control Data ............ccooceeviiiiiiiiniiiiiiciieeees 717
Conditions to Issue Transmit RequUest ...........ccoevviiieiiiiiiiciiieeeee e 719
Conditions to Issue Receive Request.........ccvvvevieeiiiiiiiieiiiicieccee e 720
Transmit and ReCe1ve RESEL..........covuiiiiiiiiiiiiiiecicce e 725
SIOF INtETTUPE SOUTCES ...eeieiiiiiiiiiieeeeiiiitee ettt e ettt e e et e e e e e ee e e e 727

Section 22 Analog Front End Interface (AFEIF)

Table 22.1
Table 22.2
Table 22.3

Pin Configuration............c.coiieiiiiiiiie e 736
FIFO INtEITUPL S1ZE...oeiiiiiiiieiiie ettt e e e e e e e 738
Telephone Number and Data .........cccoovueeiiiiiiiiiiinieiieeeee e 745

Section 23 USB Pin Multiplex Controller

Table 23.1
Table 23.2
Table 23.3
Table 23.4

Pin Configuration (Digital Transceiver Signal)........cccccceivviiiiiiiiiieeeiiee e 756
Pin Configuration (Analog Transceiver Signal) ..........ccoeceeiiiiinieeiiiiinieeneeeee, 756
Pin Configuration (Power Control Signal)...........cccevviiiiiiiniiiiiniieceeeeee e 757
Pin Configuration (Clock Signal) .........ccccoeeeiiiiiiiiiiiieciieeee e 757

Section 24 USB Host Controller (USBH)

Table 24.1

Pin ConfigUIAtION. ...cc..iiiiiiiiiiie ittt et e s 766

Section 25 USB Function Controller (USBF)

Table 25.1
Table 25.2
Table 25.3
Table 25.4
Table 25.5

Pin Configuration and FUNCHIONS .........cceeeeiviiiiiiiiieeieee e 805
Restrictions of Settable Values ..........coovviiiiiiiiiiiiiiiicececeee 834
Example of Endpoint Configuration.............ccceeeuviiieiiiieeniiie e 834
Example of Setting of Endpoint Configuration Information .............ccccceveennnne. 835
Command Decoding on Application Side ..........ccceeeeeiiiieiiiieeeiiee e 855

Section 26 LCD Controller (LCDC)

Table 26.1
Table 26.2
Table 26.3

Table 26.4

Pin Configuration...........cc.ueeeeiiiiieeiiie et e e e e e e e e ee e enes 865
I/O Clock Frequency and Clock Division Ratio .........ccccoeviiivieiiiieiiiiiieeiiee e 868
Limits on the Resolution of Rotated Displays, Burst Length,
and Connected Memory (32-bit SDRAM)......cccceviiriiiniiniiiieeeese e 899
Limits on the Resolution of Rotated Displays, Burst Length,
and Connected Memory (16-bit SDRAM).......ccccvviiiiiiiiiiie e 902

Rev. 3.00 Jan. 18, 2008 Page lviii of Ixii

Downloaded from Elcodis.com electronic components distributor

RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Table 26.5
Table 26.6
Table 26.7

Section 27

Table 27.1
Table 27.2
Table 27.3
Table 27.4

Table 27.5
Section 28
Table 28.1
Section 29

Table 29.1
Table 29.2
Table 29.3

Section 30

Table 30.1
Table 30.2
Table 30.3

Table 30.4
Section 31

Table 31.1
Table 31.2

Table 31.3
Table 31.4
Table 31.5

Section 33

Table 33.1
Table 33.2
Table 33.3

Downloaded from Elcodis.com electronic components distributor

Available Power-Supply Control-Sequence Periods at Typical Frame Rates....... 913
LCDC Operating MOAES ........cccuviieeiiiieeeiieeeciieeeeiee e et e e e iveeeeseveeeesaveeeeenaeaenas 914
LCD Module Power-Supply States........ccccccveeriiiniiieeiieeeieeesee e 914

A/D Converter

Pin Configuration............occuviiiiiiiieeiiie ettt e e 931
Analog Input Channels and A/D Data RegiSters..........ccccvveeeviieeiiiiieeenieee e 932
A/D Conversion Time (Single Mode).........cooeiiiiieiiiiiieiiieeeiieeee e 943
Conditions for the Method of Transferring Results of A/D Conversion

and Inclusion of Superfluous DMA ........ccccoiiiiiiiiieeeee e 947
Analog Input Pin Ratings.........cc.viieiiiiiieiiieeces e 950

D/A Converter (DAC)
Pin Configuration...........coccviiiiiiiie ettt e e e e e eae e e eeraee e e 954
PC Card Controller (PCC)

Features of the PCMCIA INterface ........ccveveeiiiiiiiiiieeiiee et 959
PCC Pin CONTIGUIATION ..c.uvieniiiiiiiiiieiieete ettt et 962
PCMCTA Support INterface .........coocveiieeciiiiieiiie et 977

SIM Card Module (SIM)

Pin Configuration............occuvieiieiiieeciie et e e e rrre e e e e e eerae e 989
Register Settings for Smart Card Interface ...........cccooeveiiiiiiiiienieeeeeeee 1009
Example of Bit Rates (bits/s) for SCBRR Settings

(PO =19.8 MHZ, SCSMPL = 371).cccutiiiiiiiiiiieieeiieeiieeieesieese et 1011
Interrupt Sources of Smart Card Interface ...........cccveeeeeiiiieciiiieciie e, 1018

MultiMediaCard Interface (MM CIF)

Pin Configuration...........cccuvieeiiiiieeiiee et e e e eere e 1029
Correspondence between Commands and Settings of CMDTYR

ANA RSPTYR ..ottt et s 1034
CMDR CONTIGUIATION ..evtteiiieiieeiie ettt ettt sttt et sttt e sbee e enbeens 1037
Correspondence between Command Response Byte Number and RSPR........... 1039
MMCIF INEETTUPE SOUTCES. ...eviieeeiiiiiiiieeeeeiiiiteeeeeeiitteee e e et eeeeseibreeeeeesanneeeeeas 1108

User Break Controller (UBC)

Specifying Break Address RegISter .........ccccuivieiiiiiiiiiiieeiiee e 1116
Specifying Break Data RegiSter.........cccceiviiiiiiiiiiieeciie e 1118
Data Access Cycle Addresses and Operand Size Comparison Conditions......... 1129

Rev. 3.00 Jan. 18, 2008 Page lix of Ixii
RENESAS


http://elcodis.com/parts/6239298/HD6417320.html

Section 34 Pin Function Controller (PFC)

Table 34.1
Section 35

Table 35.1
Table 35.2
Table 35.3
Table 35.4
Table 35.5
Table 35.6
Table 35.7
Table 35.8
Table 35.9
Table 35.10
Table 35.11
Table 35.12
Table 35.13
Table 35.14
Table 35.15
Table 35.16
Table 35.17
Table 35.18

MUItIPleXed PINS......ooiiiiiiiiiiiiccee e e e 1141
1/O Ports
Port A Data Register (PADR) Read/Write Operations.........c.ccccveeeeeveeeenneeeennee. 1180
Port B Data Register (PBDR) Read/Write Operations .........cccccceeeeeeveeeennreeennee. 1182
Port C Data Register (PCDR) Read/Write Operations .........ccccccveeeeeveeeervveeennee. 1184
Port D Data Register (PDDR) Read/Write Operations.........cccccceeeeevveeeenieeeennee. 1186
Port E Data Register (PEDR) Read/Write Operations..........c.ccccveeeeeveeeesveeeennee. 1188
Port F Data Register (PFDR) Read/Write Operations ...........ccceceeveenverneennenne. 1191
Port G Data Register (PGDR) Read/Write Operations.........c.cccveeeevveeeenneeeennee. 1194
Port H Data Register (PHDR) Read/Write Operations.........ccccceeeevvveeerieeeennee. 1196
Port J Data Register (PJDR) Read/Write Operations..........ccccceeveeeerveeeenneeeennee. 1198
Port K Data Register (PKDR) Read/Write Operations ...........ccceecvveeeeciveeennnennnne 1200
Port L Data Register (PLDR) Read/Write Operations..........c.cccceevveeeeiveeeenveenns 1202
Port M Data Register (PMDR) Read/Write Operations...........cceeeeveeecveeeruveennnenns 1204
Port P Data Register (PPDR) Read/Write Operations ..........c.ccceccvveeeeciveeennnennns 1206
Port R Data Register (PRDR) Read/Write Operations..........cccceevevveeeeeveeeennnnnnns 1208
Port S Data Register (PSDR) Read/Write Operations ..........c.cceeeevveeeeiveeennvennns 1210
Port T Data Register (PTDR) Read/Write Operations............cceeeevveeeeiieeennnennnns 1212
Port U Data Register (PUDR) Read/Write Operations ............cccccvveeeeiveeeennennnns 1214
Port V Data Register (PVDR) Read/Write Operations ...........ccceeeveerveeeieeennnenns 1216

Section 36 User Debugging I nterface (H-UDI)

Table 36.1
Table 36.2
Table 36.3
Table 36.4

Section 38

Table 38.1
Table 38.2
Table 38.3
Table 38.4
Table 38.4

Table 38.4
Table 38.4
Table 38.5
Table 38.6

Pin Configuration..........cc.eeeeeiiiiieiiie et eee e e e e e e e e 1219
H-UDI COMMANAS.....cccuviiiiiiiieieiiie et eeireeeereeeesrre e e eve e e e seraeeeenereeeesseeeeenes 1221
Pins and Boundary Scan Register Bits..........ccccooveiiiiiiiiiiiniie e 1222
Reset Configuration ............ocuuiiiiiiiie et 1232

Electrical Characteristics

Absolute Maximum Ratings ..........cccceeeiiiiiiiiiiieeiiee et 1305
Recommended Timing in POWer-On ..........cccoooviiiiiiiiiieiiieeeee e 1307
Recommended Timing in POwer-Off.............ccoooviiiiiiiiiic e 1308
DC Characteristics (1) [COMMON] ......cccuviiiiiiiiiiiiiee e 1309
DC Characteristics (2-a) [Except USB Transceiver, I°C, ADC,

DAC Analog Related Pins].......ccceevuieiiiiinieeciieeieeciee e 1311
DC Characteristics (2-b) [I2C Related PIns] ........ooeeueveeeeereeeeeeeeeeeeeeeeeereeeeen. 1312
DC Characteristics (2-c) [USB Transceiver Related Pins] .........ccccooeeivveeinnnnns 1313
Permissible Output Current Values ..........ccccveeeeiiiieiiiieeciiiee e 1313
Maximum Operating FreqUENCIES. .......cuuvverriiieeeiiieeeieeeeeieeeeeeee e e ee e 1314

Rev. 3.00 Jan. 18, 2008 Page Ix of Ixii

Downloaded from Elcodis.com electronic components distributor

RENESANS


http://elcodis.com/parts/6239298/HD6417320.html

Table 38.7

Table 38.8

Table 38.9

Table 38.10
Table 38.11
Table 38.12
Table 38.13
Table 38.14
Table 38.15
Table 38.16
Table 38.17
Table 38.18
Table 38.19
Table 38.20
Table 38.21
Table 38.22
Table 38.23
Table 38.24
Table 38.25

Appendix
Table A.1

Downloaded from Elcodis.com electronic components distributor

CIOCK TIHMINE ...vieeeiiiee ettt e e et e e et e e e et ee e e nnaeeeenseeeenns 1315

Control Signal TIMING ......cceeviiiiieiiiie e e e e eereeeeaes 1319
BUS TIMINE .eeeivieeiiieiie ettt ettt e et e st eeaaeessbeeetaeessbeeensaeennseeans 1322
Peripheral Module Signal Timing.........ccccoveeeeiiieeiiiiiieciie e 1355
16-Bit Timer Pulse Unit.........cccovieiiiiiiiiiiieie ettt 1356
RTC Signal TIMING......oeeiiiiieeeeiiie ettt ettt e e e e e e eraeeeetaeeesesaeeeennneeas 1357
SCIF Module Signal TimIng........cccceeeeiiiiiiiiiieeeiiee et 1358
I2C BUS INterface TIMINE .......vevveeeeeeeeeeeeeeeeeeee e, 1360
SIOF Module Signal TIming.........ccccveeeiiiierieeriiieeeieeeiee e e eieeeseeeeree e e saeeens 1362
AFEIF Module Signal TIming .........cccocueiiiiiiieeeiiiee e eeieeeeeieeeeeevee e 1365
USB Module Clock TImMING .........ceeeriieeiriiieeeiieeeeiieeeeeieeeesieeeeeeeeesereeeeeneens 1366
USB Electrical Characteristics (Full-Speed).........ccoovvviveeiiiiiiiiciiieciee e 1367
USB Electrical Characteristics (Low-Speed)........coovvuiieiriiiriniiiiieiie e 1367
LCDC Module Signal TIminNg.........cccoveieeiiiieeeiiieeeieeeeeiieeeeireeeeeiveeeeevreeeeeneees 1368
SIM Module Signal TIming ........ccceeveeriieriienienieeieesiee ettt 1369
MMCIF Module Signal TImINg........ccceeeeevieeeriiieeieiiieeeiieeesieeeeveeeesvaeeeeeneees 1370
H-UDI Related Pin Timing .......cccceeeeiieiiiiiieeeiiee et 1372
A/D Converter CharaCteriStiCS .......ueuuruiieeriiereeirireeriiereesrreeeeeeeeesssreesssseeesnsnns 1374
D/A Converter CharaCteriSTICS .......eevvureirieeriieiriiieeiieesiee ettt 1374
PIN STALES .. 1377

Rev. 3.00 Jan. 18, 2008 Page Ixi of Ixii
RENESAS


http://elcodis.com/parts/6239298/HD6417320.html

Rev. 3.00 Jan. 18, 2008 Page Ixii of Ixii
RENESAS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6239298/HD6417320.html

Section 1 Overview

Section 1 Overview

1.1 Features

This LSI is a single-chip RISC microprocessor that integrates a 32-bit RISC-type Super H
architecture CPU with a digital signal processing (DSP) extension as its core, together with a
large-capacity 32-kbyte cache memory, a 16-kbyte X/Y memory, and an interrupt controller.

High-speed data transfers can be performed by an on-chip direct memory access controller
(DMAC), and an external memory access support function enables direct connection to different
kinds of memory. This LSI also supports a stereo audio recording and playback function, a USB
host controller, a function controller, an LCD controller, a PCMCIA interface, an A/D converter,
and a D/A converter.

The USB host controller and LCD controller have bus master functions, so that data supplied from
an external memory (area 3) can be freely processed. Since the USB host controller, in particular,
conforms to Open HCI standards, it is extremely easy to transfer data from the PC of a device
driver or other devices. Also, low-power operation suitable for battery operation is possible
because the LCD controller continues to display even in sleep mode.

A powerful built-in power management function keeps power consumption low, even during high-
speed operation. This LSI is ideal for electronics devices, which require both high speed and low
power consumption.

The SH7720 group integrates an SSL (Secure Socket Layer) accelerator that performs RSA
(Rivest-Shamir-Adleman) operations and DES (Data Encryption Standard) and Triple-DES
encryption/decryption, while the SH7721 group does not have the SSL accelerator. Each group
consists of several models which includes or does not include an SD host interface (SDHI) to be
suited to a variety of applications. See table 1.2 and 1.3, Product Lineup, for the models including
(or not including) the SDHI.

Note: For the detailed specifications of the SDHI and SSL, contact the Renesas representatives
In your region.

Table 1.1 shows the features of this LSI.
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Section 1 Overview

Tablel.l SH7720/SH7721 Features

Item Features

CPU e Renesas Technology Original SuperH architecture
e Upper compatibility with SH-1, SH-2, and SH3-DSP at object code level
e 32-bit internal data bus
e General-register
— Sixteen 32-bit general registers (eight 32-bit shadow registers)
— Five 32-bit control registers
— Four 32-bit system registers
e RISC type instruction set
— Instruction length: 16-bit fixed length for improved code efficiency
— Load/store architecture
— Delayed branch instruction
— Instruction set based on C language
e Instruction execution time: One instruction/cycle for basic instructions
e Logical address space: 4 Gbytes
e Space identifier ASID: 8 bits, 256 logical address spaces
e Five-stage pipeline

DSP operating e Mixture of 16-bit and 32-bit instructions
unit e 32-/40-bit internal data bus
e Multiplier, ALU, barrel shifter, and DSP register
e 16-bit x 16-bit — 32-bit one cycle multiplier
e Large-capacity DSP data register file
— Six 32-bit data registers
— Two 40-bit data registers
e Extended Harvard architecture for DSP data buses
— Two data buses
— One instruction bus
e Up to four parallel operations: ALU, multiply, two loads, and store
e Two address units to generating addresses for two memory access

e DSP data addressing modes: Increment, index register addition (with or
without modulo addressing)

e Zero-overhead repeat loop control
e Conditional execution instructions
e User DSP mode and privileged DSP mode
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Section 1 Overview

[tem Features

Memory e 4-Gbyte address space, 256 address spaces (8-bit ASID)
management unit

Page unit sharing
(MMU) e Supports multiple page sizes: 1 kbyte or 4 kbytes
e 128-entry, 4-way set associative TLB

e Specifies replacement way by software and supports random replacement
algorithm

e Address assignment allows direct access to TLB contents

Cache memory ® 32-kbyte cache mixing instructions and data
e 512-entry, 4-way set associative, 16-byte block length
o Write-back, write-through, least recent used (LRU) replacement algorithm
e Single-stage write-back buffer

X/Y memory e User-selectable mapping mechanism
— Fixed mapping for mission-critical realtime applications
— Automatic mapping through TLB for easy to use
e Three independent read/write ports
— 8-/16-/32-bit access from CPU
— Up to two 16-bit accesses from DSP
— 8-/16-/32-bit access from DMAC
e 8-kbyte RAM for X and Y memory individual (4 kbytes x 4)
Interrupt Seven external interrupt pins (NMI, IRQ5 to IRQO)
controller (INTC) — NMI: Fall/rise selectable
— IRQ: Fall/rise/high level/low level selectable

e On-chip peripheral interrupt: Sets priority for each module

Bus state e Physical address space is provided to support areas of up to 64 Mbytes and
controller (BSC) 32 Mbytes.
e Each area allows independent setting of the following functions:

— Bus size (8, 16, or 32 bits). An access wait cycle count with a different
size to be supported is provided for each area.

— Number of access wait cycles. Some areas can be inserted wait cycles
independently in read access and write access.

— Sets of idle wait cycle (for the same or different area)

— Supports SRAM, page mode ROM, SDRAM, and pseudo SRAM (ready
for page mode) by specifying memory to be connected to each area.

— Outputs chip select signals to corresponding areas, such as CS0, CS2 to
CS4, CS5A/CS5B, and CS6A/CS6B
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Item Features

Direct memory e Number of channels: Six channels (two channels support external requests)

access controller Address space: 4 Gbytes on architecture

(DMAC) e Data transfer length: Bytes, words (2 bytes), longwords (4 bytes), 16 bytes
(longword x 4)
e Maximum number of transfer times: 16,777,216 times
e Address mode: Single address mode or dual address mode selectable
e Transfer request: Selectable from external request, on-chip peripheral
module request, and auto request
e Bus mode: Selectable from cycle steal mode (normal mode and intermittent
mode) and burst mode
e Priority: Selectable from channel priority fixed mode and round robin mode
e Interrupt request: Supports interrupt request to CPU at the end of data
transfer
e External request detection: Selectable from DREQ input low/high level
detection and rising/falling detection
e Transfer request acceptance signal: DACK and TEND can be set an active
level
Clock pulse e Clock mode: Input clock selectable from external clock (EXTAL or CKIO)

generator (CPG) and crystal resonator
e Generates three types of clocks
— CPU clock: Maximum 133.34 MHz
— Bus clock: Maximum 66.67 MHz
— Peripheral clock: Maximum 33.34 MHz
e Supports power-down mode
— Sleep mode
— Standby mode
— Module standby mode (X/Y memory standby enabled)
e One-channel watchdog timer

Watchdog timer e One-channel watchdog timer (WDT)

(WDT) e Interrupt request: WDT only

Timer unit (TMU) e Internal three-channel 32-bit timer
e Auto-reload type 32-bit down counter
e Internal prescaler for P¢
e Interrupt request
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[tem Features

16-bit timer pulse
unit (TPU)

Four-channel 16-bit timer
PWM mode
e Four types of counter input clocks

e Phase counting mode (two channels)

Compare match e Internal six-channel 32-bit counter (16-/32-bit switchable)
timer (CMT)

Selectable prescaling for P¢
¢ Internal full-channel compare match function

e With interrupt request and DMAC request

Realtime clock e 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 ¢ Includes a 64-byte FIFO for transmission and another for reception

communication ,
interface with Supports high-speed UART for Bluetooth

FIFO e Internal prescaler for P¢
(SCIFO0, SCIF1) o  With interrupt request and DMAC request

Infrared data
association
module (IrDA)

Conforms to the IrDA 1.0 system
Asynchronous serial communication

e On-chip 64-stage FIFO buffers for transmission and reception

I°C bus interface
(IIC)

Serial I/0 with
FIFO
(SIOFO, SIOF1)

Supports multi master transmission/reception

Includes a 64-byte FIFO for transmission and another for reception
Supports 8-/16-/16-bit stereo sound input/output

e Sampling rate clock input selectable from P¢$ and external pin

e Includes a prescaler for P¢

e Interrupt requests and DMAC requests

Analog frontend e STLC7550 can directly be connected
interface (AFEIF)

Data access arrangement function
e 128-word transmit FIFO
e 128-word receive FIFO
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Item Features

USB host o
controller (USBH)

Conforms to OHCI Rev. 1.0

USB Rev. 1.1 compatible

127 endpoints

Support interrupt/bulk/control/isochronous mode

Bus master controller (can access area 3 and synchronous DRAM)

Two ports with analog transceiver (one is common with USB function
controller)

External clock input function

USB function o
controller (USBF)

Conforms to OHCI Rev. 1.0
Six endpoints
Support interrupt/bulk/control/isochronous mode

One port with analog transceiver (common with USB function controller),
12 Mbps only

External clock input function

LCD controller °
(LCDC)

From 16 x 1 to 1024 x 1024 pixels can be supported
4/8/15/16 bpp (bit per pixel) color pallet

1/2/4/6 bpp (bit per pixel) gray scale

8-bit frame rate controller

TFT/DSTN/STN panels

Signal polarity setting function

Hardware panel rotation

Power control function

Selectable clock source (LCLK, Bclk, or Pclk)

A/D converter .
(ADC)

10 bits = 4 LSB, four channels
Conversion time: 15 us
Input range: 0 to AV_, (max. 3.6 V)

D/A converter °

8 bits + 4 LSB, two channels

(DAC) e Conversion time: 10 us
e Output range: 0 to AV, (max. 3.6 V)
PC card e Complies with the PCMCIA Rev.2.1/JEIDA Version 4.2

controller (PCC)

Supports the IC memory card interface and I/O card interface
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[tem Features

SIM card e Single channel ready for ISO7816-3 data protocol (T=0,T =1)
interface (SIM)

Asynchronous half-duplex character transmission protocol
e Data length of 8 bits
e Generates and checks a parity bit
o Number of output clocks per 1 etu selectable
e Direct convention/inverse convention selectable
e Internal prescaler for P¢
e Clock polarity changeable at idle time (low or high)
e With interrupt request and DMAC request
MultiMedia Card e Complies with The MultiMedia Card System Specification Version 3.1
i(mi;félﬁ:e) Supports MMC mode

e 16.5-Mbps bit rate (max) for the card interface (P$ = 33 MHz)

e Incorporates sixty-four 16-bit data-transfer FIFOs

e Interrupt and DMA request
e Module standby function
Supports SDHC (SD High Capacity) and SDIO

SD host interface

(SDHI) — Supports Part 1 Physical Layer Ver.1.01 to 2.0 of SD Specification, but
Note: Only for not supported for High-Speed

models with the L

SDHI — Supports Part E1 SDIO Ver. 1.00 to 2.00 of SD Specification

e SD memory/IO card interface (1 bit/4 bits SD bus)

e SD clock frequency < 1/2 peripheral clock frequency

e Error check function: CRC7 (command/response), CRC16 (data)
e MMC (MultiMedia Card) access

e Interrupt request and DAMC transfer request (SD_BUF read/write)
e Card detection function

o Write protect

SSL accelerator e RSA encryption

(SSL) e Supported operations: addition, subtraction, multiplication, power operation
Note: SH7720 DES and Triple-DES encryption/decryption
group only
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Item Features

User break e Two break channels

controller (UBC) All of address, data value, access type, and data size can be set as break

conditions.

e Supports sequential break function

User debugging
interface (H-UDI)

Supports E10A emulator
Realtime branch trace

e 1-kbyte on-chip memory for executing high-speed emulation program

Tablel.2 Product Lineup (SH7720 Group)

Power Supply
Voltage

Operating
Model 110 Internal Frequency Product Code Package SSL SDHI
SH7720 3.3V 1.5V 133.34 HD6417720BP133C 256-pin 177mm x 177mm CSP O —
+0.3V  +0.1V MHz (PLBG0256GA-A)
HD6417720BP133CV  256-pin 177mm x 177mm CSP O —
(PLBGO0256GA-A)
HD6417720BL133C 256-pin 1Imm x 11mm CSP O —
(PLBGO0256KA-A)
HD6417720BL133CV  256-pin 11Tmm x 11Imm CSP O —
(PLBGO0256KA-A)
SH7320 HD6417320BP133C 256-pin 177mm x 177mm CSP O 0]
(PLBGO0256GA-A)
HD6417320BP133CV  256-pin 177mm x 177mm CSP O @)

(PLBG0256GA-A)

HD6417320BL133C  256-pin 11mm x 11mm CSP O o)
(PLBG0256KA-A)

HD6417320BL133CV  256-pin 11mm x 11mm CSP O o)
(PLBG0256KA-A)

[Legend] O: Provided; —: Not provided
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Section 1 Overview

Tablel1.3 Product Lineup (SH7721 Group)

Power Supply

Voltage Operating

Model I/O Internal  Frequency

Product Code

Package SSL SDHI

SH7721 3.3V 1.5V 133.34
+0.3V  +0.1V MHz

R8A77210C133BG 256-pin 177mm x 17mm CSP — —
(PLBG0256GA-A)

R8A77210C133BGV  256-pin 177mm x 177mm CSP — —
(PLBG0256GA-A)

R8A77210C133BA 256-pin 11mm x 11mm CSP — —
(PLBG0256KA-A)

R8A77210C133BAV  256-pin 11mm x 11mm CSP — —
(PLBG0256KA-A)

R8A77211C133BG 256-pin 177mm x 17mm CSP — 0]
(PLBG0256GA-A)

R8A77211C133BGV  256-pin 17mm x 177mm CSP — 0]
(PLBG0256GA-A)

R8A77211C133BA 256-pin 11mm x 11mm CSP — O
(PLBG0256KA-A)

R8A77211C133BAV  256-pin 11mm x 11mm CSP — 0]
(PLBG0256KA-A)

[Legend] O: Provided; —: Not provided
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Section 1 Overview

1.2 Block Diagram

Super H User break
CPU core DSP core controller (UBC)

CPU bus

XY Cache a'ccess cache Memory
memory controller (GON) memory management
Instruction/data for (32 kbytes) unit (MMU)
CPU/DSP (16 kbytes)
Internal bus Internal bus

Bus state ) Direct memory SSL USB host LDC
External bus controller b Perlphterzlall access controller accelerator controller | [512-byte] .| controller |, 2.56-kbyte
(BSC) us controfler (DMAC) (sSL) (usBH) || _RAM (LCDC) line buffer

Peripheral bus

User debugging AZLGi;Ll:IF)etr Riﬁlﬂ:‘e Cg;c;ilégﬂ)sre Timer unit
interface (H-UDI) (INTC) (RTC) (CPG) (TMU)

Peripheral bus

Compare 16-bit A/D D/A
match timer pulse| |converter| |converter
timer (CMT unit (TPY) (ADC) (DAC)

Serial communication Serial communication
interface 0 with FIFO | | interface 1 with FIFO

e 128-byte FIFO (SCIF1)

576-byte] | Analog front end USB function controller
SRAM interface (AFEIF) 1-kbyte FIFO (USBF)

SD host - Serial I/0 Serial I/0 SIM card PC card
interface 12:::\\/1@ <] in’\tﬂeurlftaltﬂj?lal\(/l:érli) 22‘;:{;9 le»l with FIFO ZggAbKAte le>} with FIFO interface controller
(SDHI) (SIOF0) (SIOF1) (SIM) (PCC)

Figurel.l Block Diagram
1.3 Pin Assignments

131 Pin Assignments
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Section 1 Overview

Tablel.4 List of Pin Assignments

Pin No. Pin No. I/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/0 Supply
A1 A2 VssQ I/O power supply (0V) —
A2 D5 VeeQ I/O power supply (3.3 V) —
A3 D6 STATUS1/PTH3 Status output/general-purpose O/10 VeeQ
port
A4 D7 LCD_DATA13/PINT13/  LCD data/port interrupt/ O/IN0  VeeQ
PTD5 general-purpose port
A5 E6 VssQ I/O power supply (0V) —
A6 D8 VeeQ I/O power supply (3.3 V) —
A7 E8 LCD_DATA5/PTC5 LCD data/general-purpose port O/10 VeeQ
A8 E9 LCD_DATA1/PTCH1 LCD data/general-purpose port O/10 VeeQ
A9 D10 LCD_CL2/PTE2 LCD shift clock 2/general-purpose O/IO VeeQ
port
A10 Al VssQ I/O power supply (0V) —
Al E12 VeeQ I/O power supply (3.3 V) —
A12 E13 LCD_CLK LCD clock source I VeeQ
A13 D12 VssQ I/O power supply (0V) —
A14 E15 VeeQ I/O power supply (3.3 V) —
A15 D13 USB1_pwr_en/ USB1 power-enable/pull-up O/0/10  VeeQ
USBF_UPLUP/PTHO control/general-purpose port
A16 A15 AVss Analog power supply (0V) —
A17 A16 ANO/PTFA1 ADC analog input/general-purpose /1 AVcc
port
A18 B18 AVcc_USB USB power supply (3.3 V) —
A19 D17 AVss_USB USB power supply (0 V) —
A20 B21 VssQ I/0O power supply (0V) —
B1 E4 Vce_PLL2 PLL2 power supply (1.5 V) —
B2 B1 MD2 Clock mode setting I VeeQ
B3 B2 XTAL Crystal O VeeQ
B4 A5 RESETM Manual reset I VeeQ
B5 A4 MD4 Bus width setting I VeeQ
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Pin No. Pin No. 1/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/0 Supply
B6 C1 LCD_DATA15/PINT15/  LCD data/port interrupt/ O/l/I0 VeeQ
PTD7 general-purpose port
B7 B3 LCD_DATA11/PTD3 LCD data/general-purpose port O/10 VeeQ
B8 E7 LCD_DATA7/PTC7 LCD data/general-purpose port O/10 VeeQ
B9 D9 LCD_DATA3/PTCS LCD data/general-purpose port O/10 VeeQ
B10 E10 LCD_FLM/PTEO LCD line marker/general-purpose O/IO VeeQ
port
B11 D11 LCD_M_DISP/PTE4 LCD current-alternating signal/ O/10 VeeQ
general-purpose port
B12 E14 SIOF0_MCLK/PTS3 SIOF master clock/general- I/10 VeeQ
purpose port
B13 E16 USB2_pwr_en/PTH1 USB2 power-enable/ O/10 VeeQ
general-purpose port
B14 B16 DA1/PTF6 DAC analog output/general- O/l VeeQ
purpose port
B15 B17 AN2/PTF3 ADC analog input/general-purpose /1 AVcc
port
B16 A17 uUSB2_M USB D- port 2 10 AVcc_
USB
B17 A18 USB1_P USB D+ port 1 10 AVcc_
uUSB
B18 A21 USB1_M USB D- port 1 10 AVcc_
USB
B19 A20 AVcc_USB USB power supply (3.3 V) —
B20 E20 VeeQ I/O power supply (3.3 V) —
C1 D2 Vce_PLLA PLL1 power supply (1.5 V) —
C2 A1 MD1 Clock mode setting I VeeQ
C3 B5 MD5 Endian setting I VeeQ
C4 A3 EXTAL External clock I VeeQ
C5 B4 MD3 Bus width setting I VeeQ
C6 B7 LCD_DATA12/PINT12/  LCD data/port interrupt/ O/IN0  VeeQ
PTD4 general-purpose port
C7 B8 LCD_DATA9/PTD1 LCD data/general-purpose port O/10 VeeQ
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Pin No. Pin No. I/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/0 Supply
C8 B9 LCD_DATA6/PTC6 LCD data/general-purpose port O/10 VeeQ
C9 B10 LCD_DATA2/PTC2 LCD data/general-purpose port O/10 VeeQ
C10 B11 LCD_DON/PTE1 LCD display on signal/ o/10 VeeQ
general-purpose port
C11 A12 SIOF0_SYNC/PTS4 SIOF frame sync/general-purpose 10/I0  VceQ
port
c12 A13 SIOF0_TxD/PTS2 SIOF transmit data/general- O/10 VeeQ
purpose port
C13 Al14 SIOF0_SCK/PTSO0 SIOF serial clock/general-purpose 10/10  VceQ
port
C14 E17 ADTRG/PTFO ADC external trigger/general- I/l VeeQ
purpose port
C15 D18 AN3/PTF4 ADC analog input/general-purpose /I AVcc
port
Ci16 D16 USB2_P USB D+ port 2 10 AVcc_
USB
C17 B19 AVcc Analog power supply (3.3 V) —
c18 E18 USB1d_TXDPLS/ D+ transmit output/AFE shift o/Nnnn/ VeeQ
AFE_SCLK/I0OIS16/ clock/16-bit IO/PCCI 6-bit 10
PCC_IOIS16/PTG4 IO/general-purpose port
C19 B20 USB1_ovr_current/ USB1 overcurrent/monitor I/l VeeQ
USBF_VBUS
C20 E21 EXTAL_USB USB external clock I VeeQ
D1 F1 VssQ1 I/O power supply (0 V) —
D2 D1 MDO Clock mode setting I VeeQ
D3 Cc2 D31/PTB7 Data bus/general-purpose port I0/I0  VeeQit
D4 B6 STATUSO/PTH2 Status output/general-purpose O/10 VeeQ
port
D5 A6 LCD_DATA14/PINT14/  LCD data/port interrupt/ O/IN0  VeeQ
PTD6 general-purpose port
D6 A7 LCD_DATA10/PTD2 LCD data/general-purpose port O/10 VeeQ
D7 A8 LCD_DATA8/PTDO LCD data/general-purpose port O/10 VeeQ
D8 A9 LCD_DATA4/PTCA4 LCD data/general-purpose port O/10 VeeQ
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Pin No. Pin No. I/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/0 Supply
D9 A10 LCD_DATAO0/PTCO LCD data/general-purpose port O/10 VeeQ
D10 E11 LCD_CL1/PTE3 LCD shift clock 1/general-purpose O/IO VeeQ
port
D11 B12 Vss Internal power supply (0 V) —
D12 B13 Vce Internal power supply (1.5 V) —
D13 B14 SIOFO0_RxD/PTSH1 SIOF receive data/general- I/10 VeeQ
purpose port
D14 B15 USB2_ovr_current USB2 port overcurrent I VeeQ
D15 D14 DAO/PTF5 DAC analog output/general- O/l VeeQ
purpose port
D16 D15 AN1/PTF2 ADC analog input/general-purpose 1/l AVcc
port
D17 A19 USB1d_DMNS/PINT11/  D- signal input/port interrupt/ I/1/0/1/ VeeQ
AFE_RLYCNT/ AFE on-hook control/PCC buttery 10
PCC_BVD2/PTG3 detection 2/general-purpose port
D18 Cc21 USB1d_SUSPEND/ Suspend state/bus request O/0/0/ VccQ
REFOUT/IRQOUT/ (refresh)/ bus request (interrupt)/ 10
PTP4 general-purpose port
D19 F18 XTAL_USB USB crystal 0] VeeQ
D20 F21 USB1d_TXENL/PINT8/  Driver output enable/port interrupt/ O/I/I/IO  VecQ
PCC_CD1/PTGO PCC card detection 1/
general-purpose port
E1 G1 VeeQ1 I/O power supply (1.8/3.3 V) —
E2 E1 Vss_PLL2 PLL2 power supply (0 V) —
E3 F4 Vss_PLLA1 PLL1 power supply (0 V) —
E4 G4 D30/PTB6 Data bus/general-purpose port I0/I0 VeeQit
E17 G18 USB1d_SPEED/PINT9/  Speed control/port interrupt/ O/INN0  VeeQ
PCC_CD2/PTG1 PCC card detection 2/
general-purpose port
E18 D20 USB1d_RCV/IRQ5/ Receive data/interrupt/ I/I/O0/  VeeQ
AFE_FS/PCC_REG/ area indicate signal/ 10
PTG6 AFE frame synchronization/

PCC space indication/
general-purpose port
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Pin No. Pin No. I/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/0 Supply
E19 D21 USB1d_TXSEO0/IRQ4/ SEO state/interrupt/ O/l/0/  VeeQ
AFE_TXOUT/ AFE serial transmission/ O/10
PCC_DRV/PTG5 PCC buffer control/
general-purpose port
E20 G21 VssQ I/O power supply (0V) —
F1 G2 D24/PTBO Data bus/general-purpose port I0/I0 VeeQi
F2 E2 D29/PTB5 Data bus/general-purpose port I0/I0  VeeQi
F3 D4 D28/PTB4 Data bus/general-purpose port I0/I0  VeeQi
F4 H4 D27/PTB3 Data bus/general-purpose port I0/I0  VeeQi
F17 F17 MMC_VDDON/ MMC card power supply control/  O/I/O/  VccQ
SCIF1_CTS/ SCIF transmit enable/LCD power O/IO
LCD_VEPWC/ supply control/ TPU compare-
TPU_TO3/PTV4 match output/general-purpose port
F18 C20 AFE_RDET/IIC_SDA/ AFE ringing/IIC data 1/0O 1/10/1 VeeQ
PTES /general-purpose port
F19 F20 USB1d_DPLS/PINT10/ D+ transmit input/port interrupt/ I/I/0/1/  VeeQ
AFE_HC1/PCC_BVD1/  AFE hardware control/ 10
PTG2 PCC battery detection 1/
general-purpose port
F20 H20 VeeQ I/O power supply (3.3 V) —
G1 H2 VssQ1 I/O power supply (0V) —
G2 F2 D26/PTB2 Data bus/general-purpose port I0/I0  VeeQi
G3 E5 D25/PTB1 Data bus/general-purpose port I0/I0 VeeQi
G4 J4 Vce Internal power supply (1.5 V) —
G17 G17 Vss Internal power supply (0 V) —
G18 H18 MMC_ODMOD/ MMC open drain control/ O/0/0/  VceQ
SCIF1_RTS/ SCIF transmit request/LCD power O/IO
LCD_VCPWC/TPU_TO2/ supply control/TPU compare-
PTV3 match output/general-purpose port
G19 G20 AFE_RXIN/IIC_SCL/ AFE serial receive/ 1/10/1 VeceQ
PTE6 lIC clock/general-purpose port
G20 J20 SIM_CLK/ SCIF1_SCK/  SIM clock/SCIF serial clock/ O/10/  VeeQ
SD_DATS3/PTVO SD data/general-purpose port 10/10
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Pin No. Pin No. I/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/O0 Supply
H1 J1 VeeQ1 I/0O power supply (1.8/3.3 V) —
H2 H1 D23/PTA7 Data bus/general-purpose port 10/10 VeeQ1
H3 F5 D22/PTA6 Data bus/general-purpose port 10/10 VceQ1
H4 G5 Vss Power-supply (0 V) —
H17 J18 Vcce Power-supply (1.5 V) —
H18 H17 SIM_RST/SCIF1_RxD/  SIM reset/SCIF receive data/ O/I/I/I0 VeeQ
SD_WP/PTVA1 SD write protect/
general-purpose port
H19 H21 SIM_D/SCIF1_TxD/ SIM data/SCIF transmit data/ 10/0/I/  VeeQ
SD_CD/PTV2 SD card detection/ 10
general-purpose port
H20 K20 MMC_DAT/SIOF1_TxD/ MMC data/SIOF transmit data/ I0/0/  VceQ
SD_DATO/TPU_TI3A/ SD data/TPU clock input/ 10/1/10
PTU2 general-purpose port
J1 K1 VssQ1 I/O power supply (0V) —
J2 J2 D20/PTA4 Data bus/general-purpose port I0/I0 VceeQt
J3 K4 D21/PTA5 Data bus/general-purpose port I0/10  VeeQt
J4 H5 D19/PTA3 Data bus/general-purpose port I0/I0 VceeQit
J17 K17 MMC_CMD/ MMC command/SIOF receive 10/110/  VceeQ
SIOF1_RxD/SD_CMD/  data/SD command/TPU clock I/10
TPU_TI2B/PTU1 input/general-purpose port
J18 J17 SIOF1_MCLK/SD_DAT1/ SIOF master clock/SD data/ I/10/110 VeeQ
TPU_TI3B/PTU3 TPU clock input/general-purpose
port
J19 J21 SIOF1_SYNC/SD_DAT?2/ SIOF frame sync/ 10/10/10 VeeQ
PTU4 SD data/general-purpose port
J20 L17 SCIFO_RTS/TPU_TO0/  SCIF transmit request/TPU O/0/10  VccQ
PTT3 compare-match output/
general-purpose port
K1 L1 VeeQ1 I/O power supply (1.8/3.3 V) —
K2 K2 D17/PTA1 Data bus/general-purpose port 10/10 VceQ1
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(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/0 Supply
K3 J5 D18/PTA2 Data bus/general-purpose port I0/10  VeeQf
K4 L4 D16/PTAO Data bus/general-purpose port I0/10  VeeQft
K17 L20 SCIFO_TxD/IrTx/PTT2 SCIF transmit data/ IrDA transmit  O/O/IO  VceQ
data/general-purpose port
K18 K18 SCIFO_CTS/TPU_TO1/  SCIF transmit enable/TPU I/0/I0  VeeQ
PTT4 compare-match output/
general-purpose port
K19 K21 MMC_CLK/SIOF1_SCK/ MMC clock/SIOF serial clock/ O/I0/0/ VeeQ
SD_CLK/TPU_TI2A/ SD clock/TPU clock input/general- 1/10
PTUO purpose port
K20 M17 VssQ I/O power supply (0V) —
L1 K5 CKIO System clock 10 VeeQi
L2 M1 WE2/DQMUL/ICIORD Second-highest-byte write/ O/0/0  VceeQf
DQ mask UL/IO read
L3 M4 WE3/DQMUU/ICIOWR  Highest-byte write/ O/0/0  VceeQf
DQ mask UU/IO write
L4 L5 RD/WR Read/write signal o) VeeQ1
L17 L21 SCIFO_RxD/IrRx/PTT1 SCIF receive data/lrDA receive I/1/10 VeeQ
data/general-purpose port
L18 M20 IRQ3/IRL3/PTP3 Interrupt/interrupt/general-purpose 1/1/10 VeeQ
port
L19 N17 SCIFO_SCK/PTTO SCIF serial clock/general-purpose 10/I0  VeeQ
port
L20 L18 VeeQ I/O power supply (3.3 V) —
M1 L2 CAS/PTH5 Column address/general-purpose  O/IO VeeQ1
port
M2 N1 EO/DQMLL Lowest-byte write/DQ mask LL 0/0 VeeQ1
M3 N5 WE1/DQMLU/WE Second-lowest-byte write/ O/0/0  VceQf
DQ mask LU/write enable
M4 M5 CKE/PTH4 Clock enable/general-purpose port O/IO VeeQ1
M17 M21 IRQ1/IRL1/PTP1 Interrupt/interrupt/ 1/1/10 VeeQ
general-purpose port
M18 N20 NMI NMI interrupt I VeeQ
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Pin No. Pin No. I/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/O0 Supply
M19  M18  IRQO/IRLO/PTPO Interrupt/interrupt/ I/1MO  VeeQ
general-purpose port
M20 P17 IRQ2/IRL2/PTP2 Interrupt/interrupt/ 11110  VeeQ
general-purpose port
N1 M2 RAS/PTH6 Row address/general-purpose port O/I0 VeeQ1
N2 P1 CS3 Chip select o) VceQf
N3 P5 CS2 Chip select o) VeeQ1
N4 N4 Vce Power-supply (1.5 V) —
N17 N21 Vss Power-supply (0 V) —
N18 P20 AUDATA2/PTJ3 AUD data/general-purpose port O/10 VeeQ
N19 N18 AUDATA1/PTJ2 AUD data/general-purpose port O/10 VeeQ
N20 R17 AUDATAS3/PTJ4 AUD data/general-purpose port O/10 VeeQ
P1 N2 VssQ1 I/O power supply (0V) —
P2 W2 Al14 Address bus O VeeQ1
P3 P2 A17 Address bus O VeeQ1
P4 R5 Vss Internal power supply (0 V) —
P17 P21 Vce Internal power supply (1.5 V) — —
P18 R20 AUDATAO/PTJA AUD data/general-purpose port O/10 VeeQ
P19 P18 AUDCK/PTJ6 AUD clock/general-purpose port  O/IO VeeQ
P20 T17 VssQ I/O power supply (0V) —
R1 P4 VeeQi I/0 power supply (1.8/3.3 V) —
R2 T2 Al1 Address bus O VeeQ1
R3 R2 A13 Address bus O VeeQ1
R4 R1 A15 Address bus O VeeQ1
R17  T20 AUDSYNC/PTJO AUD synchronous signal/ O/I0  VceQ
general-purpose port
R18 R21 ASEMDO ASE mode I VeeQ
R19 R18 TRST/PTL7 Test reset/general-purpose port 1/10 VeeQ
R20 ui7 VeeQ I/O power supply (3.3 V) —
T1 T5 A16 Address bus @) VeeQi
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Pin No. Pin No. I/O
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/0 Supply
T2 VA A6 Address bus O VeeQ1
T3 V2 A5 Address bus O VeeQ1
T4 T1 A12 Address bus O VeeQf
T17 u20 TMS/PTL6 Test mode select/general-purpose /10 VeeQ
port
T18 T18 TCK/PTLS Test clock/general-purpose port 110 VeeQ
T19 u21 PINT7/PCC_RESET/ Port interrupt/PCC reset/general- 1/0/10  VceQ
PTK3 purpose port
T20 V18 ASEBRKAK/PTJ5 ASE break mode acknowledge/  O/IO VceQ
general-purpose port
U1 R4 VssQ1 I/O power supply (0 V) —
u2 T4 A9 Address bus O VeeQf
u3 Wi A4 Address bus O VeeQ1
U4 AA3 A10 Address bus O VeeQ1
us Y5 D11 Data bus 10 VeeQ1
U6 Y6 D8 Data bus 10 VeeQ1
u7z AA8 D4 Data bus 10 VeeQ1
us AA9 D1 Data bus 10 VeeQ1
U9 AA10 Vcc Internal power supply (1.5 V) —
ui10 Vi1 Vss Internal power supply (0 V) —
Uit Uit BACK Bus request acknowledge o) VceQf
ui2 uU12  BS Bus start o VeeQt
u13 V13 A19/PTR1 Address bus/general-purpose port O/IO VeeQ1
ui4 ui5 A22/PTR4 Address bus/general-purpose port O/I0 VeeQ1
ui15 uie A24/PTR6 Address bus/general-purpose port O/IO VeeQ1

ui16 V15 DACKO/PINT1/PTM4 DMA transfer request reception/  O/I/IO  VccQ1
port interrupt/
general-purpose port

u17 W21 DREQ1/PTM7 DMA transfer request/ 1710 VeeQ1
general-purpose port

u18 T21 TDI/PTL4 Test data input/general-purpose I/10 VeeQ
port
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Pin No. Pin No. I/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/O0 Supply
u19 Va1 PINT6/PCC_RDY/PTK2 Port interrupt/PCC ready/general- 1/1/10 VeeQ
purpose port
u20 w20 TDO/PTL5 Test data output/general-purpose  O/IO VeeQ
port
VA U1 VceQt I/0 power supply (1.8/3.3 V) —
V2 Y2 A3 Address bus 0] VeeQ1
V3 U4 A7 Address bus @) VeeQ1
V4 AA6 D12 Data bus 10 VeeQ1
V5 Y4 D14 Data bus 10 VeeQ1
V6 AA7 D9 Data bus 10 VeeQ1
V7 Y7 D6 Data bus 10 VeeQ1
V8 Y8 D2 Data bus 1O VeeQ1
V9 Y9 DO Data bus 1O VeeQ1
V10 Y10 CS5B/CE1A/PTMA1 Chip select/chip select/ O/0/I0  VceeQ1
general-purpose port
Vi1 V12 BREQ Bus request I VeeQ1
V12 u13 WAIT/PCC_WAIT Wait/PCC wait I/l VeeQi
V13 ui4 A20/PTR2 Address bus/general-purpose port O/IO VeeQi
Vi4 Vi4 A23/PTR5 Address bus/general-purpose port O/IO VceQ1
V15 Y19 DREQO/PINTO/PTM6 DMA transfer request/ I/1/10 VeeQi
port interrupt/general-purpose port
V16 Y18 EXTAL_RTC RTC external clock | VeeQ_
RTC
V17 AA19  XTAL_RTC RTC crystal O VeeQ_
RTC
V18 V17 RESETP Power-on reset I VeeQ_
RTC
V19 AA21  PINT5/PCC_VS2/PTK1  Port interrupt/ I/1/10 VeeQ
PCC voltage detection 2/
general-purpose port
V20 V20 VssQ I/O power supply (0 V) —
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GA-A) KA-A) Pin Name Function I/0 Supply
Wi u2 A8 Address bus O VeeQ1
W2 AA2 A2 Address bus O VeeQ1
W3 AA1 A1 Address bus @) VeeQi
W4 AA4 AO/PTRO Address bus/general-purpose port O/IO VeeQ1
W5 AA5 D15 Data bus 10 VeeQi
W6 V7 D10 Data bus 10 VeeQi1
W7 V8 D7 Data bus 10 VeeQ1
W8 V9 D3 Data bus 10 VeeQi
w9 V10 CS6B/CE1B/PTMO Chip select/chip select/general-  O/O/I0  VccQi
purpose port
W10 U9 CS5A/CE2A Chip select/chip select O/0 VeeQ1
W11  AA12 CS4 Chip select o) VeeQi
W12  AA13 A18 Address bus O VeeQf
W13 AA14  A21/PTRS3 Address bus/general-purpose port O/IO VeeQ1
W14 Y15 A25/PTR7 Address bus/general-purpose port O/IO VeeQ1
W15 Y16 TENDO/PINT2/PTM2 DMA transfer end/port interrupt/ O/I/IO  VcecQ1
general-purpose port
W16 AA18 VccQ_RTC RTC power supply (3.3 V) —
W17 V16 TEND1/PINT3/PTM3 DMA transfer end/port interrupt/ O/I/IO  VcecQ1
general-purpose port
w18 Y20 Vss_RTC RTC power supply (0 V) —
W19 Y21 PINT4/PCC_VS1/PTKO Port interrupt/PCC voltage /10 VeeQ
detection 1/general-purpose port
W20 uis VeeQ I/O power supply (3.3 V) —
Y1 Y1 VssQ1 I/O power supply (0 V) —
Y2 V5 VeceQ1 I/O power supply (1.8/3.3 V) —
Y3 V6 D13 Data bus 10 VeeQi
Y4 Y3 VssQ1 I/O power supply (0 V) —
Y5 V4 VeeQi I/O power supply (1.8/3.3 V) —
Y6 us D5 Data bus 10 VeeQ1
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Pin No. Pin No. I/0
(PLBG (PLBG Buffer
0256 0256 Power
GA-A) KA-A) Pin Name Function I/O0 Supply
Y7 ué VssQ1 I/O power supply (0 V) —

Y8 u7z VeeQ1 I/O power supply (1.8/3.3 V) —

Y9 us CS6A/CE2B Chip select/chip select O/0 VeeQ1
Y10 AA11  VssQf I/O power supply (0 V) —

Y11 ui10 VeeQi I/O power supply (1.8/3.3 V) —
Y12 Y11 CSo Chip select 0] VeeQ1
Y13 Y12 RD Read strobe o) VeeQ1
Y14 Y13 VssQ1 I/0O power supply (0 V) VeeQ1
Y15 Y14 VeeQ1 I/O power supply (1.8/3.3 V) —
Y16 AA15  VssQf I/O power supply (0 V) —
Y17 AA16  VccQi I/O power supply (1.8/3.3 V) —
Y18 AA17  DACK1/PTM5 DMA transfer request reception/  O/IO VeeQi

general-purpose port
Y19 Y17 CA Chip active I VeeQ_
RTC

Y20 AA20 Vcc_RTC RTC power supply (1.5 V) —
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1.3.2 Pin Functions

Table 1.5 lists the pin functions.

Tablel5 SH7720/SH7721 Pin Functions

Classification ~ Symbol I/0 Name Function

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

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

VeeQ — Power supply ~ Power supply for 1/0 pins. Connect
all VecQ pins to the system power
supply. There will be no operation
if any pins are open.

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

VeeQ1 — Power supply Input/output power supply
(1.8/3.3 V) pin.

VssQ1 — Ground Input/output power supply (0 V)
pin.

Clock Vce_PLLA — PLL1 power Power supply for the on-chip PLL1
supply oscillator. (1.5 V)

Vss_PLLA1 — PLL1 ground Ground pin for the on-chip PLL1
oscillator.

Vee_PLL2 — PLL2 power Power supply for the on-chip PLL2

supply oscillator. (1.5 V)

Vss_PLL2 — PLL2 ground Ground pin for the on-chip PLL2
oscillator.

EXTAL I External clock  For connection to a crystal
resonator. An external clock signal
may also be input.
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Classification  Symbol I/0 Name Function
Clock XTAL @) Crystal For connection to a crystal
resonator.
CKIO I/O System clock Used as a pin to input external
clock or output clock.
Operating mode MD5 to MDO I Mode set Sets the operating mode. Do not
control change values on these pins

during operation.

MD2 to MDO set the clock mode,
MD3 and MD4 set the bus width of
area 0 and MD?5 sets the endian.

System control RESETP I Power-on reset When low, the system enters the

power-on reset state.

RESETM I Manual reset When low, the system enters the
manual reset state.

STATUSH, 0] Status output Indicates the operating state.

STATUSO

BREQ I Bus request Low when an external device
requests the release of the bus
mastership.

BACK @) Bus request Indicates that the bus mastership

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

CA | Chip active High in normal operation, and low
in hardware standby mode.
Interrupts NMI | Non-maskable  Non-maskable interrupt request
interrupt pin. Fix to high level when not in
use.
IRQ5to IRQO | Interrupt Maskable interrupt request pins.

requests 5100 ggectaple as level input or edge

input. The rising edge or falling
edge is selectable as the detection
edge. The low level or high level is
selectable as the detection level.

IRL3 to IRLO | Interrupt Maskable interrupt request pin.

requests 3t0 0 Input a coded interrupt level.
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Classification  Symbol I/0 Name Function
Interrupts PINT15 to I Port interrupt Port interrupt request pins

PINTO requests 15to 0

REFOUT O Bus request Bus request signal for refreshing

IRQOUT @) Bus request Bus request signal for interrupt

Address bus A25 to AO @) Address bus Outputs addresses.
Data bus D31 to DO I/O Data bus 32-bit bidirectional data bus
Bus control CS4 to CS2, O Chip select Chip-select signal for external

CS0 memory or devices.

CS6A, CS6B,

CS5A, CS5B,

CE2A, CE2B,

CE1A, CE1B

RD O Read strobe Indicates reading of data from
external devices.

RD/WR O Read/write Read/write signal

signal
BS O Bus start Bus-cycle start signal pin
BACK O Bus request Indicates that the bus mastership
acknowledge has been released to an external
device.

BREQ I Bus request Low when an external device
requests the release of the bus
mastership.

WE O Write enable Write enable pin for PCMCIA

E3 (BE3) O Highest-byte Indicates that bits 31 to 24 of the
write data in the external memory or
device are being written.
E2 (BE2) O Second-highest- Indicates that bits 23 to 16 of the
byte write data in the external memory or
device are being written.
WE1 (BE1) O Second-lowest- Indicates that bits 15 to 8 of the
byte write data in the external memory or
device are being written.

WEO (BEO) O Lowest-byte Indicates that bits 7 to 0 of the data

write in the external memory or device
are being written.

CKE 0] Clock enable Clock enable (SDRAM)
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Classification  Symbol I/0 Name Function
Bus control CAS @) Column address Connect to the CAS pin when the
SDRAM is connected.

DQMUU @) DQ mask UU Selects D31 to D24. (SDRAM)

DQMUL O DQ mask UL Selects D23 to D16. (SDRAM)

DQMLU O DQ mask LU Selects D15 to D8. (SDRAM)

DQMLL @) DQ mask LL Selects D7 to DO. (SDRAM)

RAS @) Row address Connect to the RAS pin when the
SDRAM is connected.

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

I0IS16 I 16-bit 10 Indicates 16-bit I/O when PCMCIA
is in use.

ICIORD @) 10O read Indicates 1/0O read when PCMCIA
is in use.

ICIOWR O 10 write Indicates I/O write when PCMCIA
is in use.

Direct memory  DREQO, I DMA-transfer Input pins for external requests for
access controller DREQ1 request DMA transfer
(DMAC) DACKO, @) DMA transfer Indicates the acceptance of DMA

DACKT1 request transfer requests to external

reception devices.

TENDO, 0] DMA-transfer ~ Transfer end output pins for DMAC

TEND1 end

16-bit timer pulse TPU_TOS to 0] TPU compare- TPU compare-match output pins
unit (TPU) TPU_TOO match output

TPU_TI3A to I TPU clock input TPU clock input pins

TPU_TI2A

TPU_TI2B to | TPU clock input  TPU clock input pins

TPU_TI3B

Analog frontend AFE_RLYCNT O AFE on-hook On-hook control pin
interface (AFEIF) control

AFE_FS I AFE frame AFE frame synchronization signal

synchronization pin

AFE_SCLK I AFE shift clock AFE shift clock input pin
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Classification  Symbol I/0 Name Function
Analog front end AFE_TXOUT O AFE serial AFE serial transmit data output pin
interface (AFEIF) transmission
AFE_RDET I AFE ringing AFE ringing signal input pin
signal
AFE_HCA1 O AFE hardware  AFE hardware control signal
control
AFE_RXIN I AFE serial AFE serial receive data
reception
Serial SCIFO_TxD, O SCIF transmit ~ Transmit data pins
communication  SCIF1_TxD data
Eltggace with SCIFO_RxD, I SCIF receive Receive data pins
SCIF1_RxD dat
(SCIF) X aa
SCIF0_SCK, I/0 SCIF serial Clock input/output pins
SCIF1_SCK clock
SCIFO_RTS, O SCIF transmit  Transmit request output pins
SCIF1_RTS request
SCIFO_CTS, I SCIF transmit  Modem control pins
SCIF1_CTS enable
IrDA IrTX O [rDA transmit IrDA transmit data output pin
data
IrRX I IrDA receive IrDA receive data input pin
data
Serial 1/0 with SIOF0_SYNC, 1/0 SIOF frame SIOF frame synchronization
FIFO (SIOF) SIOF1_SYNC sync signals
SIOFQ0_TxD, O SIOF transmit  SIOF transmit data pin
SIOF1_TxD data
SIOF0_RxD, I SIOF receive SIOF receive data pin
SIOF1_RxD data
SIOF0_SCK, I/0O SIOF serial SIOF serial clock pins
SIOF1_SCK clock
SIOFO_MCLK, | SIOF master SIOF master clock input pins
SIOF1_MCLK clock
I°C bus interface 1IC_SCL 1/0O [IC clock I°C serial clock pin
(I1C) IIC_SDA I/0 [IC data I°C data input/output pin
Realtime clock  VccQ_RTC — RTC power Power supply pin for the RTC
(RTC) supply (3.3V)
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Classification  Symbol I/0 Name Function
Realtime clock  Vcc_RTC — RTC power Power supply pin for the RTC
(RTC) supply (1.5V)
Vss_RTC — RTC ground Ground pin for the RTC.
EXTAL_RTC I RTC external Connects crystal resonator for the
clock RTC. Also used to input external
clock for the RTC.
XTAL_RTC @) RTC crystal Connects crystal resonator for the
RTC.
LCD controller  LCD_DATA15 O LCD data Data output pin for LCD panel
(LCDC) to LCD_DATAO
LCD_CLA1 O LCD shift clock  LCD shift clock 1/ horizontal sync
1 signal pin
LCD_CL2 O LCD shift clock LCD shift clock 2/dot clock pin
2
LCD_CLK I LCD clock LCD clock source input pin
source
LCD_FLM @) LCD line marker First line marker/vertical sync
signal pin
LCD_DON @) LCD display on LCD display on signal pin
LCD_vCPWC O LCD power LCD module power control (VCC)
control (VCC)  pin
LCD_VEPWC O LCD power LCD module power control (VEE)
control (VEE) pin
LCD_M_DISP O LCD current LCD current alternating signal pin
alternating
signal
PC card PCC_BVD1 I PCC battery Pin for buttery voltage detect 1/
controller (PCC) detection 1 card status change signal from PC
card
PCC_BVD2 I PCC battery Pin for buttery voltage detect 2/
detection 2 digital sound signal pin from PC
card
PCC_RDY I PCC ready Pin for ready signal/interrupt
request signal form PC card
PCC_REG 0] PCC space Area indicate signal pin for PC
indication card
PCC_RESET O PCC reset Reset signal pin for PC card
PCC_CD1 I PCC card Pin for card detect 1 signal from
detection 1 PC card
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Classification  Symbol I/0 Name Function
PC card PCC_CD2 I PCC card Pin for card detect 2 signal from
controller (PCC) detection 2 PC card
PCC_WAIT I PCC wait PCC hardware wait request signal
request pin
PCC_DRV O PCC buffer PCC buffer control signal pin
control
PCC_VS1 I PCC voltage Pin for voltage sense 1 signal from
detection 1 PC card
PCC_VS2 I PCC voltage Pin for voltage sense 2 signal from
detection 2 PC card
PCC_IOIS16 I PCC16-bit 10 Pin for write protection signal/16-
bit 1/0 signal from PC card
MultiMedia Card MMC_ODMOD O MMC open Open drain mode control pin
interface drain control
(MMCIF) MMC_VDDON O MMC card MMC power control pin
power control
MMC_CLK O MMC clock Clock output pin
MMC_DAT I/0O MMC data Data input/output pin in MMC
mode
Response/data input pin in SPI
mode
This pin is connected to the Data
out pin on the MMC side.
MMC_CMD I/0 MMC command Command output/response input
pin in MMC mode
Command/data output pin in SPI
mode
This pin is connected to the Data
in pin on the MMC side.
SD host interface SD_CLK O SD clock Clock output pin
(SDHI) SD_CMD I/0 SD command  Command output/response input
pin
SD_DATO I/0 SD data O Data input/output pin
SD_DATH1 I/0 SD data 1 Data input/output pin
SD_DAT2 I/0 SD data 2 Data input/output pin
SD_DATS I/0 SD data 3 Data input/output pin
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Classification  Symbol I/0 Name Function
SD host interface SD_CD I SD card Card detection pin
(SDHI) detection
SD_WP I SD write protect Write protect pin
SIM card module SIM_RST @) SIM reset Smart card reset output pin
(SIM) SIM_CLK O SIM clock Smart card clock output pin
SIM_D I/O0 SIM data Transmit/receive data input/output
pin
A/D converter AN3 to ANO I ADC analog Analog input pin
(ADC) input
AVcc — Analog power  Power supply pin for the A/D or
supply D/A converter. When the A/D or
D/A converter is not in use,
connect this pin to input/output
power supply (VccQ).

AVss — Analog ground  Ground pin for the A/D or D/A
converter. Connect this pin to
input/output power supply (VssQ).

ADTRG I ADC external External trigger signal for starting

trigger A/D conversion
D/A converter DAO O DAC analog Channel 0 analog output pin
(DAC) output
DA1 O DAC analog Channel 1 analog output pin
output
USB AVcc_USB — USB power Power supply pin for USB
supply
AVss_USB — USB ground Ground pin for USB
EXTAL_USB I USB external Connects crystal resonator for
clock USB. Also used to input external
clock for USB (48 MHz)

XTAL_USB O USB crystal Connects a crystal resonator for
uUSB

USB1_ovr_ I USB1 over- USB port 1 over-current detection/

current/ current/ USB cable connection monitor pin

USBF_VBUS monitor

USB2_ovr_ I USB2 over- USB port 2 over-current detection

current current pin
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Classification  Symbol I/0 Name Function
USB USB1_pwr_en/ O USB1 power USB port 1 power enable control/
USBF_UPLUP enable/pull-up  pull- up control output pin
control
SUB2_pwer_en O USB2 power USB port 2 power enable control
enable pin
USB1_P I/0O USB D+ port1 D+ port 1 transceiver pin for USB
USB1_M I/0O USB D-port1 D- port 1 transceiver pin for USB
USB2_P 1/O USB D+ port2 D+ port 2 transceiver pin for USB
USB2_M I/0O USB D-port2 D- port 2 transceiver pin for USB
USB1d_DMNS | D- signal input  Input pin to driver for D— signal
from receiver
usSB1d_ 0] Suspend state  Transceiver suspend state output
SUSPEND pin
USB1d_RCV I Receive data Input pin for receive data from
differential receiver
USB1d_TXENL O Driver output Driver output enable pin
enable
USB1d_SPEED O Speed control ~ Transceiver speed control pin
USB1d_TXSEO O SEO state SEO state output pin
USB1d_ O D+ transmit D+ transmit output pin to driver
TXDPLS output
USB1d_DPLS | D+ transmit D+ transmit input pin to driver
input
I/O port PTA7 to PTAO 1/O General 8-bit general-purpose port pins
purpose port
PTB7 to PTBO 1/O General 8-bit general-purpose port pins
purpose port
PTC7 to PTCO 1/O General 8-bit general-purpose port pins
purpose port
PTD7 to PTDO 1/O General 8-bit general-purpose port pins
purpose port
PTEG6, PTES I General 7-bit general-purpose port pins
purpose port
PTE4 to PTEO 1/O General
purpose port
PTF6 to PTFO | General 7-bit general-purpose port pins
purpose port
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Classification  Symbol I/0 Name Function
I/O port PTG6 to PTGO 1/0O General 7-bit general-purpose port pins
purpose port
PTH6 to PTHO 1/O General 7-bit general-purpose port pins
purpose port
PTJ6 to PTJO  I/O General 7-bit general-purpose port pins
purpose port
PTK3 to PTKO 1/O General 4-bit general-purpose port pins
purpose port
PTL7 to PTL3  1/O General 5-bit general-purpose port pins
purpose port
PTM7 to PTMO 1/O General 8-bit general-purpose port pins
purpose port
PTP4 to PTPO 1/0O General 5-bit general-purpose port pins
purpose port
PTR7 to PTRO I/O General 8-bit general-purpose port pins
purpose port
PTS4 to PTSO I/O General 5-bit general-purpose port pins
purpose port
PTT4 to PTTO 1/O General 5-bit general-purpose port pins
purpose port
PTU4 to PTUO 1/O General 5-bit general-purpose port pins
purpose port
PTV4 to PTVO 1/O General 5-bit general-purpose port pins
purpose port
User debugging TCK | Test clock Test-clock input pin
interface TMS | Test mode Test-mode select signal input pin
(H-UDI) select
TDI Test data input ~ Serial input pin for instructions and
data
TDO O Test data Serial output pin for instructions
output and data
TRST | Test reset Initial-signal input pin
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Classification  Symbol I/0 Name Function
Advanced user AUDATAS to O AUD data Destination-address output pin in
debugger AUDATAO branch-trace mode
(AUD) AUDCK O AUD clock Synchronous clock output pin in
branch-trace mode
AUDSYNC O AUD Data start-position acknowledge-
synchronous signal output pin in branch-trace
signal mode
E10A interface  ASEBRKAK O ASE break Indicates that the E10A emulator
mode has entered its break mode.
acknowledge
ASEMDO I ASE mode Sets ASE mode.

Notes: 1. All Vcc/Vss/VecQ/VssQ/VecQ1/VssQ1/AVec/AVss/AVee_USB/AVss_USB/VecQ_RTC/
Vce_RTC/Vss_RTC/Vee_PLL1/Vss_PLL1/Vcc_PLL2/Vss_PLL2 should be connected to
the system power supply (so that power is supplied at all times.) In hardware standby
mode, the power supply to other than Vcc_RTC and VccQ_RTC can be turned off
(section 13.8).

2. Always supply power to the Vcc_RTC and VccQ_RTC, even if the RTC is not being
used.

3. Always supply power to the Vcc_PLL1 and Vcc_PLL2, even if the PLL is not being
used.

4. Drive ASEMDO high when using the user system alone, and not using an emulator or
the H-UDI. When this pin is low or open, RESETP may be masked.

5. Drivability can be switched by the register settings of the pin function controller (PFC).
When 3.3 V is applied to VccQ1, set the drivability low. When 1.8 V is applied to
VccQ1, set the drivability high.

6. SDHI associated pins support only for the models including the SDHI.
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Section2 CPU

2.1 Processing States and Processing M odes

211 Processing States

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

(1) Reset State

In the reset state, the CPU is reset. The LSI supports two types of resets: power-on reset and
manual reset. For details on resets, refer to section 7, Exception Handling.

In power-on reset, the registers and internal statuses of all LSI on-chip modules are initialized. In
manual reset, the register contents of a part of the LSI on-chip modules are retained. For details,
refer to section 37, List of Registers. The CPU internal statuses and registers are initialized both in
power-on reset and manual reset. After initialization, the program branches to address
H'A0000000 to pass control to the reset processing program to be executed.

(2) Exception Handling State

In the exception handling state, the CPU processing flow is changed temporarily by a general
exception or interrupt exception processing. The program counter (PC) and status register (SR) are
saved in the save program counter (SPC) and save status register (SSR), respectively. The program
branches to an address obtained by adding a vector offset to the vector base register (VBR) and
passes control to the exception processing program defined by the user to be executed. For details
on reset, refer to section 7, Exception Handling.

(3) Program Execution State
The CPU executes programs sequentially.
(4) Low-Power Consumption State

The CPU stops operation to reduce power consumption. The power-down mode can be entered by
executing the SLEEP instruction. For details on the power-down mode, refer to section 13, Power-
Down Modes.

Figure 2.1 shows a status transition diagram.
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2.1.2 Processing Modes

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

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

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

(From any states)
Power-on reset l

Manual reset .
Reset processing

routine starts
Reset state 1>

Program execution state

A Exception
handling

Multiple routine starts SLEEP instruction

exceptions An exception v
is accepted /_
Exception handling state Low-power
An exception consumption state

is accepted

Figure2.1 Processing State Transitions
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2.2 Memory Map

221 Virtual Address Space

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

(1) PO/UOArea

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

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

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

(2) PlArea

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

(3) P2Area

The P2 area is defined as a non-cacheable but non-address translatable area. A reset processing
program to be called from the reset state is described at the start address (H'A0000000) of the P2
area. Normally, programs such as system initialization routines and OS initiation programs are
assigned to the P2 area. To access a part of an on-chip 1/O, its corresponding program should be
assigned to the P2 area.

(4) P3Area

The P3 area is defined as a cacheable and address translatable area. This area is used if an address
translation is required for a privileged program.
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(5) P4Area

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

Table2.1 Virtual Address Space

Address Range Name  Mode Description
H'00000000to  PO/UO  Privileged/user mode 2-Gbyte physical space, cacheable, address
H'7FFFFFFF translatable
In user mode, only this address space can be
accessed.
H'80000000 to P1 Privileged mode 0.5-Gbyte physical space, cacheable
H'9FFFFFFF
H'A0000000to P2 Privileged mode 0.5-Gbyte physical space, non-cacheable
H'BFFFFFFF
H'C0000000to  P3 Privileged mode 0.5-Gbyte physical space, cacheable,
H'DFFFFFFF address translatable
H'EO000000to P4 Privileged mode 0.5-Gbyte control space, non-cacheable
H'FFFFFFFF

2.2.2 External Memory Space

This LSI uses 29 bits of the 32-bit virtual address to access external memory. In this case, 0.5-
Gbyte of external memory space can be accessed. The external memory space is managed in area
units. Different types of memory can be connected to each area, as shown in figure 2.2. For
details, please refer to section 9, Bus State Controller (BSC).

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

Normally, the upper three bits of the 32-bit virtual address are masked and the lower 29 bits are
used for external memory addresses.** For example, address H'00000100 in the PO area, address
H'80000100 in the P1 area, address H'AOO0O0100 in the P2 area, and address H'CO000100 in the P3
area of the virtual address space are mapped into address H'00000100 of area 0 in the external
memory space. The P4 area in the virtual address space is not mapped into the external memory
address. If an address in the P4 area is accessed, an external memory cannot be accessed.
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Notes: 1. To access an on-chip I/O mapped into area 1 in the external memory space, access the
address from the P2 area which is not cached in the virtual address space.
If the address translation unit is enabled, arbitrary mapping in page units can be

2.
specified. For details, refer to section 4, Memory Management Unit (MMU).

External memory space
H'0000 0000 - - H'0000 0000
Area 0
Area 1
Area 2
Area 3
PO Area 4
area Area 5
U0 area
Area 6
Area 7
H'8000 0000 | H'8000 0000
P1 area !
H'A000 0000 |
P2 area !
H'C000 0000 ! Address error
P3 area ;'
H'E000 0000 '
P4 area
H'FFFF FFFF H'FFFF FFFF
Privileged mode User mode

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

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

(1) General Registers

This LSI incorporates 24 general registers: RO_BANKO to R7_BANKO0, RO_BANKI1 to
R7_BANKI1 and R8 to R15. RO to R7 are banked. The process mode and the register bank (RB)
bit in the status register (SR) define which set of banked registers (RO_BANKO to R7_BANKO or
RO_BANKI1 to R7_BANKI1) are accessed as general registers.

(2) System Registers

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

(3) Program Counter
The program counter stores the value obtained by adding 4 to the current instruction address.
(4) Control Registers

This LSI incorporates the status register (SR), global base register (GBR), save status register
(SSR), save program counter (SPC), and vector base register as control register. Only the GBR can
be accessed in user mode. Control registers other than the GBR can be accessed only in privileged
mode.
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Table 2.2 shows the register values after reset. Figure 2.3 shows the register configurations in each
process mode.

Table2.2 Register Initial Values

Register Type Registers Initial Values*
General registers RO_BANKO to R7_BANKO, Undefined
RO_BANK1 to R7_BANK1,

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

Note: * Initialized by a power-on or manual reset.
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Notes: 1.

2.
3.

31 31 31
RO_BANKOQ"'-*2 RO_BANK1*1"3 RO_BANKO™!-"
R1_BANKO0™ R1_BANK1™ R1_BANKO™
R2_BANKO0™ R2_BANK1™ R2_BANKO™
R3_BANKO0™ R3_BANK1™ R3_BANKO™
R4_BANKO0™ R4_BANK1™ R4_BANKO™
R5_BANKO0™ R5_BANK1™ R5_BANKO™
R6_BANKO0™ R6_BANK1™3 R6_BANKO™
R7_BANKO0™ R7_BANK1™ R7_BANKO™
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
SR SR SR
SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
PC PC PC
SPC SPC
RO_BANKOQ""-" RO_BANK1"1:"3
R1_BANKO™ R1_BANK1™
R2_BANKO™ R2_BANK1™
R3_BANKO™ R3_BANK1™
R4_BANKO™ R4_BANK1™
R5_BANKO™ R5_BANK1™
R6_BANKO™ R6_BANK1™3
R7_BANKO™ R7_BANK1™

(a) User mode register
configuration

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

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

and indexed GBR indirect addressing mode.

Bank register
Bank register

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

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

Bank register

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

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

There are twenty-four 32-bit general registers: RO_BANKO to R7_BANKO0, RO_BANKI to
R7_BANKI1, and R8 to R15. RO to R7 are banked. The process mode and the register bank (RB)
bit in the status register (SR) define which set of banked registers (RO_BANKO to R7_BANKO or
RO_BANKI1 to R7_BANKI1) are accessed as general registers. RO to R7 registers in the selected
bank are accessed as RO to R7. RO to R7 in the non-selected bank is accessed as RO_BANK to
R7_BANK by the control register load instruction (LDC) and control register store instruction
(STC).

In user mode, bank 0 is selected regardless of the RB bit value. Sixteen registers: RO_BANKO to
R7_BANKO and R8 to R15 are accessed as general registers RO to R15. The RO_BANKI to
R7_BANKI1 registers in bank 1 cannot be accessed.

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

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

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

In privileged mode, bank O can also be used as general registers by clearing the RB bit to 0. In this
case, sixteen registers: RO_BANKO to R7_BANKO and R8 to R15 are accessed as general
registers RO to R15. The RO_BANKIT1 to R7_BANKI1 registers in bank 1 can be accessed as
RO_BANK to R7_BANK by the LDC and STC instructions.

The general registers RO to R15 are used as equivalent registers for almost all instructions. In
some instructions, the RO register is automatically used or only the RO register can be used as
source or destination registers.
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31 0

RO*1"2 General Registers: Undefined after reset

R12

R2*2 Notes: 1. RO functions as an index register in the indexed

R3"2 register-indirect addressing mode and indexed

Ra? GBR-indirect addressing mode. In some
instructions, only RO can be used as the source

R52 or destination register.

R6™ 2. RO to R7 are banked registers. In privileged

R7*2 mode, either RO_BANKO to R7_BANKO or

RS RO_BANK1 to R7_BANK1 is selected by the

R9 RB bit in the SR register.

R10

R11

R12

R13

R14

R15

Figure2.4 General Registers

2.3.2 System Registers

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

(1) Multiply and Accumulate Registers (MACH/MACL)

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

(2) ProcedureRegister (PR)

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

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

Figure 2.5 shows the system register and program counter configurations.

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

31 0

MACH
MACL

Procedure register (PR)
31 0

PR

Program counter (PC)
31 0

PC

Figure2.5 System Registersand Program Counter

Rev. 3.00 Jan. 18,2008 Page 47 of 1458
RENESAS REJ09B0033-0300

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6239298/HD6417320.html

Section2 CPU

2.34 Control Registers

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

The control registers are described below.
(1) StatusRegister (SR)

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

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

The general registers RO to R7 are banked registers.

0: In this case, RO_BANKO to R7_BANKO and R8 to
R15 are used as general registers.
RO_BANK1 to R7_BANK1 can be accessed by the
LDC or STR instruction.

1: In this case, RO_BANK1 to R7_BANK1 and R8 to
R15 are used as general registers.
RO_BANKO to R7_BANKO can be accessed by the
LDC or STR instruction.

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

R/W

Description

28 BL 1

R/W

Block

Specifies whether an exception, interrupt, or user
break is enabled or not.

0: Enables an exception, interrupt, or user break.
1: Disables an exception, interrupt, or user break.

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

271010 — AllO

Reserved

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

R/W
R/W

M Bit

Q Bit

These bits are used by the DIVOS, DIVOU, and DIV1
instructions. These bits can be changed even in user
mode by using the DIVOS, DIVOU, and DIV1

instructions. These bits are undefined at reset. These
bits do not change in an exception handling state.

7104 I3to 10 All 1

R/W

Interrupt Mask

Indicates the interrupt mask level. These bits do not
change even if an interrupt occurs. At reset, these bits
are initialized to B'1111. These bits are not affected in
an exception handling state.

3,2 — AllO

Reserved

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

R/W

Saturation Mode

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

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

0 T — R/W T Bit

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

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

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

(2) Save StatusRegister (SSR)

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

(3 SaveProgram Counter (SPC)

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

(4) Global Base Register (GBR)

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

(5) Vector Base Register (VBR)

The vector base register (VBR) can be accessed only in privileged mode. If a transition from reset
state to exception handling state occurs, this register is referenced as a base address. For details,
refer to section 7, Exception Handling. At reset, the VBR is initialized as H'00000000.
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Figure 2.6 shows the control register configuration.

Save status register (SSR)
31 0

I SSR |

Save program counter (SPC)
31 0
| SPC |

Global base register (GBR)
31 0

I GBR |

Vector base register (VBR)
31 0
| VBR |

Status register (SR)
31 0

[0|MD|RB|BL]| 0 o[MQ[I3 1211 10[0]0[S|T|

Figure2.6 Control Register Configuration

24 Data Formats

24.1 Register Data Format

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

w
—
o

Longword
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24.2 Memory Data Formats

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

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

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

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

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

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

31 23 15 7 0
Byteir?%s(;tlon [7:0] [15:8] [7:0] [31:24] | [23:16] | [15:8] [7:0]
/ // |
Byte position . . . . . . ,
in memory [7:0] [15:8] | [7:0] [31:24] | [23:16] | [15:8] | [7:0]

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

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

Figure2.7 DataFormat on Memory (Big Endian M ode)
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The little endian mode can also be specified as data format. Either big-endian or little-endian mode
can be selected according to the MDS5 pin at reset. When MDS5 is low at reset, the processor
operates in big-endian mode. When MD)S is high at reset, the processor operates in little-endian
mode. The endian mode cannot be modified dynamically.

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

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

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

31 23 15 7 0
Byte position
in RO [7:0] [15:8] [7:0] [31:24] | [23:16] | [15:8] [7:0]

A

Byte position
in memory

[7:0] [15:8] | [7:0] [31:24] | [23:16] | [15:8] | [7:0]

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

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

Figure2.8 DataFormat on Memory (Little Endian M ode)
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2.5 Features of CPU Corelnstructions

251 I nstruction Execution M ethod
(1) [Instruction Length

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

(2) Load/StoreArchitecture

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

(3) Delayed Branching

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

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

Example: BRA TARGET

ADD R1, RO ; ADD is executed before branching to
the TARGET
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4) T Bit

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

Example: ADD #1, RO ; The T bit cannot be modified by the
ADD instruction

CMP/EQ #0, RO ; The T bit is set to 1 i1f RO is O.

BT TARGET ; Branch to TARGET if the T bit is set
to 1 (R0O=0).

(5 Literal Constant

Byte literal constant is placed inside the instruction code as immediate data. Since the instruction
length is fixed to 16 bits, word and longword literal constant is not placed inside the instruction
code, but in a table in memory. The table in memory is referenced with a MOV instruction using
PC-relative addressing mode with displacement.

Example: MOV.W @(disp, PC), RO
(6) Absolute Addresses

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

(7) 16-Bit/32-Bit Displacement

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

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

Table2.3 Addressing Modes and Effective Addressesfor CPU Instructions

Addressing Instruction

Mode Format Effective Address Calculation Method Calculation Formula

Register Rn Effective address is register Rn. —

direct (Operand is register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

ndirect

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

|nd|r§ct with consta'nt is added to Rn after instruction After instruction execution

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

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

Word: Rn + 2 - Rn
Longword: Rn + 4 — Rn

Register @-Rn Effective address is register Rn contents, Byte: Rn—1 — Rn

indirect with decremented by a constant beforehand: 1 for a Word: Rn — 2 — Rn

pre-decrement byte operand, 2 for a word operand, 4 for a

longword operand. Longword: Rn —4 — Rn

(Instruction executed with
Rn after calculation)

Rn - 1/2/4
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Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
Register @ (disp:4, Effective address is register Rn contents with 4-bit Byte: Rn + disp
|n'd|rect with Rn) dlsplacemgn.t disp gdgled. After disp is zero- Word: Rn + disp x 2
displacement extended, it is multiplied by 1 (byte), 2 (word), or 4 _

(longword), according to the operand size. Longword: Rn + disp x 4

Rn
disp
+ disp x 1/2/4

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

O L BT

GBR indirect with @ (disp:8, Effective address is register GBR contents with 8- Byte: GBR + disp
displacement GBR) bit displacement disp added. After disp is zero- Word: GBR + disp x 2
extended, it is multiplied by 1 (byte), 2 (word), or 4
(longword), according to the
operand size.

Longword:
GBR + disp x 4

GBR
+ disp x 1/2/4

disp

(Zero-extended)

Indexed GBR @ (RO, GBR) Effective address is sum of register GBR and RO GBR + RO
indirect contents.

GBR + RO
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Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula

PC-relative with @ (disp:8, Effective address is PC with 8-bit displacement disp Word: PC + disp x 2

displacement PC) added. After disp is zero-extended, it is multiplied Longword:
by 2 (word) or 4 (longword), according to the PC&H'FFFFFFFC
operand size. With a longword operand, the lower 2 + disp x 4
bits of PC are masked.
PC + disp x 2
o
PC &
disp H'FFFFFFFC
(zero-extended) + disp x 4
*: With longword operand
PC-relative disp:8 Effective address is PC with 8-bit displacement disp PC + disp x 2
added after being sign-extended and multiplied by
2.
(sign-extended)
disp:12 Effective address is PC with 12-bit displacement PC + disp x 2
disp added after being sign-extended and multiplied
by 2
(sign-extended)
Rn Effective address is sum of PC and Rn. PC + Rn

(D> remn ]

)
H |
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Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
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 instructionis —

zero-extended and multiplied by 4.

Note: For addressing modes with displacement (disp) as shown below, the assembler description
in this manual indicates the value before it is scaled (x1, x2, or x4) according to the operand
size to clarify the LSI operation. For details on assembler description, refer to the
description rules in each assembler.

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

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

disp:8, disp:12 ; PC relative
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253 I nstruction Formats

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

XXXX: Instruction code
mmmm: Source register
nnnn: Destination register
11ii: Immediate data
dddd: Displacement

Table2.4 CPU Instruction Formats

Destination
Instruction Format Source Operand Operand Sample Instruction
0 type — — NOP
15 0
|XXXX XXXX  XXXX XXXX|
n type — nnnn: register MOVT 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 mmmm: register  Control register or LDC Rm,SR
15 0 direct system register
| XXXX |mmmm| XXXX  XXXX
mmmm: post- Control registeror LDC.L @Rm+,SR
increment register system register
indirect
mmmm: 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 0
| XXXX | nnnn |mmmn’{ xxxxl

mmmm: register
direct

nnnn: register
direct

ADD Rm,Rn

mmmm: register
indirect

nnnn: register
indirect

MOV.L Rm,@Rn

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

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

MACH, MACL

MAC.W @Rm+, @Rn+

operation)

mmmm: post- nnnn: register MOV.L @Rm+,Rn
increment register direct

indirect

mmmm: register nnnn: pre- MOV.L Rm,@-Rn

direct

decrement register
indirect

mmmm: register
direct

nnnn: indexed
register indirect

MOV.L Rm, @ (RO,Rn)

md type

15 0
| XXXX  XXXX |mmmr4 ddddl

mmmmdddd:
register indirect
with displacement

RO (register direct)

MOV.B @ (disp,Rm),R0

nd4 type RO (register direct) nnnndddd: MOV.B RO, @ (disp,Rn)
15 0 register indirect

| XXXX  XXXX | nnnn|dddd| with diSpIacement

nmd type mmmm: register  nnnndddd: MOV.L Rm, @ (disp,Rn)
15 0 direct register indirect

| XXXX | nnnn |mmmn{ ddddl

with displacement

Downloaded from Elcodis.com electronic components distributor
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Instruction Format

Source Operand

Destination
Operand

Sample Instruction

d type

15 0
|xxxx XXXX |dddd dddd

dddddddd: GBR
indirect with
displacement

RO (register direct)

MOV.L @ (disp,GBR),R0

RO (register direct)

dddddddd: GBR
indirect with
displacement

MOV.L RO, @ (disp,GBR)

dddddddd:
PC-relative with
displacement

RO (register direct)

MOVA @ (disp,PC),R0

dddddddd: — BF label
PC-relative

d12 type dddddddddddd: — BRA label

15 0 PC-relative (label=disp+PC)

| XXX |dddd dddd ddddl

nd8 type

15 0
| 00X | nnnN | dddd ddddl

dddddddd: PC-
relative with
displacement

nnnn: register
direct

MOV.L @ (disp,PC),Rn

i type iiiiiiii: immediate Indexed GBR AND.B #imm, @ (R0,GBR)
15 0 indirect
|xxxx|xxxx|iiii iiii|
iiiiiiii: immediate RO (register directy AND  #imm,R0O
iiiiiiii: immediate — TRAPA #imm
ni type iiiiiiii: immediate nnnn: register ADD  #imm,Rn
15 0 direct

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

26.1

I nstruction Set Based on Functions

Table 2.5 shows the instructions classified by function.

Table25 CPU Instruction Types
Kinds of Number of
Type Instruction Op Code Function Instructions
Data transfer 5 MOV Data transfer 39
instructions 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
operation 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
operation MULU Unsigned multiplication (16 x 16 bits)
instructions

NEG Sign inversion

NEGC Sign inversion with borrow

SUB Binary subtraction

SUBC Binary subtraction with borrow

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 ROTCL 1-bit left shift with T bit 16
instructions ROTCR  1-bit right shift with T bit

ROTL 1-bit left shift

ROTR 1-bit right shift

SHAD Arithmetic dynamic shift

SHAL Arithmetic 1-bit left shift

SHAR Arithmetic 1-bit right shift

SHLD Logical dynamic 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
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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 CLRMAC MAC register clear 75
F:ontrol . CLRS S bit clear
Instructions

CLRT T bit clear

LDC Load into control register

LDS Load into system register

LDTLB PTEH/PTEL load into TLB

NOP No operation

PREF Data prefetch to cache

RTE Return from exception handling

SETS S bit setting

SETT T bit setting

SLEEP Transition to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling
Total: 68 188

The instruction code, operation, and number of execution states of the CPU instructions are shown
in the following tables, classified by instruction type, using the format shown below.
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Execution
Instruction Instruction Code Operation Privilege states T Bit
Indicated by mnemonic. Indicated in MSB < Indicates summary of Indicatesa  Value Value of T
LSB order. operation. privileged when no  bit after
instruction.  wait states instruction
are is executed
) , , inserted™’ .
Explanation of Symbols Explanation of Symbols Explanation of Symbols Explanation
f Symbol
OP.Sz SRC, DEST mmmm: Source register —, < Transfer direction O Symbo's
OP:  Operation code - . — No
. h nnnn: Destination register  (xx): Memory operand
Sz: Size 0000: RO change
SRC: Source 0001- B M/Q/T: Flag bits in SR
DEST: Destination '
""""" &: Logical AND of each bit
Rm: Source register 1111: R15 ] ]
|: Logical OR of each bit
Rn: Destination register iiii: Immediate data . )
A: Exclusive logical OR of
imm: Immediate data dddd: Displacement*? each bit
disp: Displacement ~:  Logical NOT of each bit

<<n: n-bit left shift

>>n: n-bit right shift

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

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

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

2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
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Table2.6 Data Transfer Instructions
Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
MOV #imm,Rn 1110nnnniiiiiii imm — Sign extension - Rn - 1 -
MOV.W @ (disp,PC),Rn 1001nnnndddddddd (disp x 2+PC)—Sign - 1 -
extension — Rn
MOV.L @(disp,PC),Rn 1101nnnndddddddd (disp x 4+PC)—Rn - 1 -
MOV Rm,Rn 0110nnnnmmmmO0011  Rm—Rn - 1 -
MOV.B Rm,@Rn 0010nnnNnmmmmO000 Rm—(Rn) - 1 -
MOV.W Rm,@Rn 0010nnnnmmmmO001  Rm—(Rn) - 1 -
MOV.L Rm,@Rn 0010nnnnmmmmO010 Rm—(Rn) - 1 -
MOV.B @Rm,Rn 0110nnnnmmmmO000 (Rm)—Sign extension>Rn  — 1 -
MOV.W @Rm,Rn 0110nnnnmmmm0001  (Rm)—Sign extension>Rn - 1 -
MOV.L @Rm,Rn 0110nnnnmmmmO0010 (Rm)—Rn — 1 -
MOV.B Rm,@-Rn 0010nnnnmmmmO0100 Rn—-1—Rn, Rm—(Rn) - 1 -
MOV.W Rm,@-Rn 0010nnnnmmmmO0101  Rn—2—Rn, Rm—(Rn) - 1 -
MOV.L Rm,@-Rn 0010nnnnmmmmO110 Rn—4—Rn, Rm—(Rn) - 1 -
MOV.B @Rm+,Rn 0110nnnnmmmm0100 (Rm)—Sign extension—Rn, - 1 -
Rm+1—Rm
MOV.W @Rm+,Rn 0110nnnnmmmmO0101  (Rm)—Sign extension—Rn, - 1 -
Rm+2—Rm
MOV.L @Rm+,Rn 0110nnnnmmmmo0110 (Rm)—Rn, Rm+4—Rm - 1 -
MOV.B RO,@(disp,Rn) 10000000nnnndddd RO—(disp+Rn) - 1 -
MOV.W RO, @(disp,Rn) 10000001nnnndddd RO—(disp x 2+Rn) — 1 -
MOV.L Rm,@ (disp,Rn) 0001nnnnmmmmdddd Rm—(disp x 4+Rn) - 1 -
MOV.B @ (disp,Rm),R0O 10000100mmmmdddd  (disp+Rm)—Sign - 1 -
extension—R0
MOV.W @ (disp,Rm),R0O 10000101mmmmdddd  (disp x 2+Rm)—Sign - 1 -
extension—R0
MOV.L @(disp,Rm),Rn 0101nnnnmmmmdddd  (disp x 4+Rm)—Rn - 1 -
MOV.B Rm,@(RO0,Rn) 0000nnnnmmmmO0100 Rm—(R0+Rn) - 1 -
MOV.W Rm,@(RO0,Rn) 0000nnnnmmmmO101  Rm—(R0+Rn) - 1 -
MOV.L Rm,@(RO0,Rn) 0000nnnnmmmmO0110 Rm—(R0+Rn) - 1 -
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit

MOV.B @(R0O,Rm),Rn 0000nnnnmmmm1100  (RO+Rm)—Sign - 1 —
extension—Rn

MOV.W  @(R0O,Rm),Rn 0000nnnnmmmm1101  (RO+Rm)—Sign - 1 -
extension—Rn

MOV.L @(R0,Rm),Rn 0000nnnnmmmm1110  (RO+Rm)—Rn - 1 -

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

MOV.W  RO,@(disp,GBR) 11000001dddddddd RO—(disp x 2+GBR) - 1 —

MOV.L RO, @ (disp,GBR) 11000010dddddddd RO—(disp x 4+GBR) - 1 -

MOV.B @ (disp,GBR),RO  11000100dddddddd (disp+GBR)—Sign - 1 -
extension—R0

MOV.W  @(disp,GBR),R0  11000101dddddddd (disp x 2+GBR)—Sign - 1 -
extension—R0

MOV.L @ (disp,GBR),RO  11000110dddddddd (disp x 4+GBR)—R0 - 1 -

MOVA @ (disp,PC),R0 11000111dddddddd disp x 4+PC—R0 - 1 -

MOVT Rn 0000nnNnNN00101001 T—Rn - 1 -

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

SWAP.W Rm,Rn 0110nnnnmmmm1001  Bm—Swap two - 1 -
consecutive words—Rn

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

—Rn
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Table2.7 Arithmetic Operation Instructions
Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
ADD Rm,Rn 0011nnnnmmmm1100 Rn+Rm—Rn - 1 —
ADD #imm,Rn 011 1nnnniiiiiiii Rn+imm—Rn — 1 —
ADDC Rm,Rn 0011nnnnmmmm1110  Rn+Bm+T—Rn, Carry—>T — 1 Carry
ADDV Rm,Rn 0011nnnnmmmm1111  Rn+Bm—Rn, Overflow—T - 1 Overflow
CMP/EQ #imm,RO 10001000iiiiiii IfRO=imm,1 —>T - 1 Comparison
result
CMP/EQ BRBm,Rn 0011nnnnmmmmo0000 IfRn=Rm,1 > T - 1 Comparison
result
CMP/HS Rm,Rn 0011nnnnmmmmOo010  If Rn > Rm with unsigned data, — 1 Comparison
1->T result
CMP/GE RBm,Rn 0011nnnnmmmmO0011  If Rn > Rm with signed data, - 1 Comparison
1T result
CMP/HI Rm,Rn 0011nnnnmmmmO0110  If Rn > Rm with unsigned data, — 1 Comparison
1T result
CMP/GT Rm,Rn 0011nnnnmmmmO111  If Rn > Rm with signed data, - 1 Comparison
1T result
CMP/PL  Rn 0100nNNN00010101 fRNn>0,1—>T - 1 Comparison
result
CMP/PZ Rn 0100nNnN00010001 fRn>0,1—>T - 1 Comparison
result
CMP/STR Rm,Rn 0010nnnnmmmm1100 If Rn and Rm have an - 1 Comparison
equivalent byte, 1 > T result
DIVA Rm,Rn 0011nnnnmmmm0100  Single-step division (Rn/Rm)  — 1 Calculatio
n result
DIVOS Rm,Rn 0010nnnnmmmmo0111  MSB of Rn — Q, - 1 Calculatio
MSBof Rm—-M, MA"Q—>T n result
DIVOU 0000000000011001 0 - M/Q/T - 1 0
DMULS.L Rm,Rn 0011nnnnmmmm1101  Signed operation of Rn x Rm  — 2 (to -
— MACH, 5)*
MACL 32 x 32 — 64 bits
DMULU.L Rm,Rn 0011nnnnmmmmo0101  Unsigned operation of Rn x — 2 (to -
Rm — MACH, 5)*
MACL 32 x 32 — 64 bits
DT Rn 0100nNnNN00010000 Rn—-1 — Rn, - 1 Comparison
ifRn=0,1—>T,else0—>T result
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit
EXTS.B Rm,Rn 0110nnnnmmmm1110 A byte in Rm is sign-extended — 1 -

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

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

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

extended — Rn
MAC.L @Rm+, 0000nnnnmmmm1111  Signed operation of (Rn) x - 2 (to5)* -

@Rn+ (Rm) + MAC — MAC,

Rn+4 — Rn,Rm+4 — Rm

32 x 32 + 64 — 64 bits
MAC.W  @Rm+, 0100nnnnmmmm1111  Signed operation of (Rn) x - 2 (to5)* -

@Rn+ (Rm) + MAC — MAC,

Rn+2 —- Rn, BRm+2 — Rm

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

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

— MACL

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

Rn x Rm — MACL

16 x 16 — 32 bits
NEG Rm,Rn o110nnnnmmmm1011  0—Rm—Rn - 1 -
NEGC Rm,Rn 0110nnnnmmmm1010 0—-Rm-T—Rn, Borrow—T - 1 Borrow
SuUB Rm,Rn 0011nnnnmmmm1000 Rn—-Rm—Rn - 1 -
SUBC Rm,Rn 0011nnnnmmmm1010 Rn—-Rm-T—Rn, Borrow -»T - 1 Borrow
SuUBV Rm,Rn 0011innnnmmmm1011  Rn—Bm—Rn, Underflow—>T  — 1 Underflow
Note: * The number of execution cycles indicated within the parentheses () are required when

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

Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
AND Rm,Rn 0010nnnnmmmm1001 Rn & Rm — Rn - 1 -
AND #imm,RO 1100100 iiiiiiii RO & imm — RO - 1 -
AND.B  #imm,@ (RO, 11001101iiiiiii (RO+GBR) & imm — (RO+GBR) - 3 -
GBR)
NOT Rm,Rn 0110nnnnmmmmO0111 ~BRm — Rn - 1 -
OR Rm,Rn 0010nnnnmmmm1011 Rn | Rm — Rn - 1 -
OR #imm, RO 1100101 tiiiiii RO | imm — RO - 1 -
OR.B #imm, @ (RO, 1100111 iiiiiiii (RO+GBR) | imm — (RO+GBR) - 3 -
GBR)
TAS.B @Rn 0100nnnn00011011  If(Rn)is 0,1 - T;1 > MSBof - 4 Test
(Rn) result
TST Rm,Rn 0010nnnnmmmm1000 Rn & Rm; if the resultis 0,1 > T — 1 Test
result
TST #imm,RO 11001000iiiiiiii RO & imm; if the resultis 0,1 —» - 1 Test
T result
TST.B #imm, @ (RO, 11001100iiiiiiii (RO + GBR) & imm; if the result — 3 Test
GBR) is0,1—=>T result
XOR Rm,Rn 0010nnnnmmmm1010 Rn A Rm — Rn - 1 -
XOR #imm,R0O 1100101 Oiiiiiiii RO~ imm — RO - 1 -
XOR.B #imm, @ (RO, 110011 10iiiiiiii (RO+GBR) A imm — (RO+GBR) - 3 -
GBR)
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Table2.9  Shift Instructions

Privileged
Instruction Instruction Code  Operation Mode Cycles T Bit
ROTL Rn 0100nnNnn00000100 T<Rn«MSB - 1 MSB
ROTR Rn 0100nnNnNn00000101 LSB—Rn—>T - 1 LSB
ROTCL Rn 0100nnnn00100100 T—Rn«T - 1 MSB
ROTCR Rn 0100nnnNn00100101 T—>Rn->T - 1 LSB
SHAD Rm, Rn 0100nnnnmmmm1100 Rn >0: Rn << Rm — Rn - 1 -
Rn < 0: Rn >> Rm — [MSB — Rn]
SHAL Rn 0100nnnn00100000 T«Rn«0 - 1 MSB
SHAR Rn 0100nnNnn00100001 MSB—Rn—T - 1 LSB
SHLD Rm, Rn 0100nnnnmmmm1101 Bm > 0: Rn << Rm — Rn - 1 -
Rm < 0: Rn>>Rm — [0 —» Rn]
SHLL Rn 0100nnNnNn00000000 T<—Rn<0 - 1 MSB
SHLR Rn 0100nnNnNn00000001 0—-Rn->T - 1 LSB
SHLL2 Rn 0100nNNN00001000 Rn<<2 — Rn - 1 -
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn - 1 -
SHLLS8 Rn 0100nnnn00011000 Rn<<8 — Rn - 1 -
SHLR8 Rn 0100nnnn00011001 Rn>>8 — Rn - 1 -
SHLL16 Rn 0100nnnn00101000 Rn<<16 — Rn - 1 -
SHLR16 Rn 0100nnnNN00101001 Rn>>16 — Rn - 1 -
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Table2.10 Branch Instructions

Privilege Cycle

Instruction Instruction Code  Operation d Mode s T Bit

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

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

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

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

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

BRAF  Rm 0000mmmmO0100011 Delayed branch,Rm + PC - PC - 2 -

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

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

JMP @Rm 0100mmmmO00101011 Delayed branch, Rm — PC — 2 -

JSR @Rm 0100mmmmO0001011 Delayed branch, PC - PR, Rm - 2 -
— PC

RTS 0000000000001011 Delayed branch, PR — PC — 2 -

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

Privileged
Instruction Instruction Code Operation Mode Cycles T Bit
CLRMAC 0000000000101000  0—MACH,MACL - 1 -~
CLRS 0000000001001000  0—S - 1 —~
CLRT 0000000000001000 0T - 1 0
LDC  Rm,SR 0100mmmm00001110 Rm—SR V 6 LSB
LDC  Rm,GBR 0100mmmm00011110 Rm—GBR -~ 4 -~
LDC Rm,VBR 0100mmmm00101110 Rm—VBR \/ 4 -
LDC  Rm,SSR 0100mmmm00111110 Rm—SSR v 4 -
LDC  Rm,SPC 0100mmmm01001110 Rm—SPC V 4 -
LDC Rm,R0_BANK 0100mmmm10001110 Rm—R0_BANK \ 4 -
LDC Rm,R1_BANK 0100mmmm10011110 Rm—R1_BANK \ 4 -
LDC Rm,R2_BANK 0100mmmm10101110 Rm—R2_BANK \ 4 -
LDC Rm,R3_BANK 0100mmmm10111110 Rm—R3_BANK \ 4 -
LDC Rm,R4_BANK 0100mmmm11001110 Rm—R4_BANK \ 4 -
LDC Rm,R5_BANK 0100mmmm11011110 Rm—R5_BANK \ 4 -
LDC Rm,R6_BANK 0100mmmm11101110 Rm—R6_BANK \ 4 -
LDC Rm,R7_BANK 0100mmmm11111110 Rm—R7_BANK \ 4 -
LDC.L @Rm+,SR 0100mmmmo00000111  (Rm)—SR, Rm+4—Rm \ 8 LSB
LDC.L @Rm+,GBR 0100mmmmo00010111 (Rm)—GBR, Rm+4—Rm - 4 -
LDC.L @Rm+VBR  0100mmmmo00100111 (Rm)—VBR, Rm+4—Rm v 4 -
LDC.L @Rm+,SSR  0100mmmm00110111 (Rm)—SSR,Rm+4—Rm \ 4 -
LDC.L @Rm+SPC  0100mmmmo01000111 (Rm)—SPC,Rm+4—Rm V 4 -
LDC.L @Rm+, 0100mmmm10000111  (Rm)—RO_BANK,Rm+4—>Rm 4 -
RO_BANK
LDC.L @Rm-+, 0100mmmm10010111  (Rm)—R1_BANK,Rm+4—Rm 4 -
R1_BANK
LDC.L @Rm+, 0100mmmm10100111  (Rm)—>R2_BANK,Rm+4—Rm 4 -
R2_BANK
LDC.L @Rm+, 0100mmmm10110111  (Rm)—R3_BANK, Rm+4—Rm 4 -
R3_BANK
LDC.L @Rm+, 0100mmmm11000111  (Rm)—R4_BANK, Rm+4—Rm 4 -
R4_BANK
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Privileged

Instruction Instruction Code Operation Mode Cycles T Bit
LDC.L @Rm+, 0100mmmm11010111  (Rm)—R5_BANK, Rm+4—Rm 4 -

R5_BANK
LDC.L @Rm+, 0100mmmm11100111  (Rm)—>R6_BANK, Rm+4—>Rm 4 -

R6_BANK
LDC.L @Rm+, 0100mmmm11110111  (Rm)—>R7_BANK, Rm+4—>Rm 4 -

R7_BANK
LDS Rm,MACH 0100mmmm00001010 Rm—MACH - 1 -
LDS Rm,MACL 0100mmmm00011010  Rm—MACL - 1 -
LDS Rm,PR 0100mmmm00101010 Rm—PR - 1 -
LDS.L. @Rm+,MACH 0100mmmmo00000110 (Rm)—MACH, Rm+4—Rm - 1 -
LDS.L. @Rm+,MACL 0100mmmmo00010110 (Rm)—MACL, Rm+4—Rm - 1 -
LDS.L @Rm+,PR 0100mmmmo00100110 (Rm)—PR, Rm+4—Rm - 1 -
LDTLB 0000000000111000 PTEH/PTEL—TLB \ 1 -
NOP 0000000000001001 No operation - 1 -
PREF @Rm 0000mmmm10000011 (Rm) — cache — 1 -
RTE 0000000000101011 Delayed branch, SSR — SR, \ 5 -

SPC —» PC
SETS 0000000001011000 1S - 1 -
SETT 0000000000011000 1T - 1 1
SLEEP 0000000000011011  Sleep V 4" -
STC  SR,Rn 0000nNNN00000010  SR—RN V 1 -
STC  GBR,Rn 0000nnNN00010010  GBR—RnN - 1 -
STC  VBR,Rn 0000nnNN00100010  VBR—RnN \/ 1 -
STC  SSR,Rn 0000nNNN00110010  SSR—RN V 1 -
STC  SPC,Rn 0000nnnNn01000010  SPC—Rn \/ 1 -
STC RO_BANK,Rn  0000nnnn10000010 RO_BANK—Rn \ 1 -
STC R1_BANK,Rn 0000nnnn10010010 R1_BANK—Rn \ 1 -
STC R2_BANK,Rn  0000nnnn10100010 R2_BANK—Rn \ 1 -
STC R3_BANK,Rn  0000nnnn10110010 R3_BANK—Rn \ 1 -
STC R4_BANK,Rn 0000nnnn11000010 R4_BANK—Rn \ 1 -
STC R5_BANK,Rn 0000nnnn11010010 R5_BANK—Rn \ 1 -
STC R6_BANK,Rn 0000nnnn11100010 R6_BANK—Rn \ 1 -
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Instruction Privileged
Instruction Code Operation Mode Cycles T Bit
STC R7_BANK,Rn 0000nnnn11110010  R7_BANK—Rn \ 1 -
STC.L SR,@-Rn 0100nnnn00000011  Rn—4—Rn, SR—(Rn) \ 1 -
STC.L GBR,@-Rn 0100nnnn00010011  Rn—-4—Rn, GBR—(Rn) - 1 -
STC.L VBR,@-Rn 0100nnnn00100011  Rn—4—Rn, VBR—(RN) \ 1 -
STC.L SSR,@-Rn 0100nnnNn00110011  Rn—4—Rn, SSR—(Rn) \ 1 -
STC.L SPC,@-Rn 0100nnnn01000011  Rn—4—Rn, SPC—(Rn) \ 1 -
STC.L RO_BANK,@-Rn 0100nnnn10000011  Rn—4—Rn, RO_BANK—(Rn) \ 1 -
STC.L R1_BANK,@-Rn 0100nnnn10010011  Rn—4—Rn, R1_BANK—(Rn) \ 1 -
STC.L R2_BANK,@-Rn 0100nnnn10100011  Rn—4—Rn, R2_BANK—(Rn) 1 -
STC.L R3_BANK,@-Rn 0100nnnn10110011  Rn—4—Rn, R3_BANK—(Rn) 1 -
STC.L R4_BANK,@-Rn 0100nnnn11000011  Rn—4—Rn, R4_BANK—(Rn) \ 1 -
STC.L R5_BANK,@-Rn 0100nnnn11010011  Rn—4—Rn, R5_BANK—(Rn) 1 -
STC.L R6_BANK,@-Rn 0100nnnn11100011  Rn-4—Rn, R6_BANK—(Rn) 1 -
STC.L R7_BANK,@-Rn 0100nnnn11110011  Rn-4—Rn, R7_BANK—(Rn) 1 -
STS MACH,Rn 0000nNNN00001010  MACH—Rn - 1 -
STS MACL,Rn 0000nnnn00011010  MACL—Rn - 1 -
STS PR,Rn 0000nnnn00101010  PR—RN - 1 -
STS.L MACH,@-Rn  0100nnnn00000010  Rn—4—Rn, MACH—(Rn) - 1 -
STS.L MACL,@-Rn 0100nnnn00010010  Rn—4—Rn, MACL—(Rn) - 1 -
STS.L PR,@-Rn 0100nNnNn00100010  Rn—4—Rn, PR—(RN) - 1 -
TRAPA #imm 1100001 1iiiiiii Unconditional trap exception - 8 -
occurs**
Notes: The table shows the minimum number of clocks required for execution. In practice, the

number of execution cycles will be increased in the following conditions.

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

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

For addressing modes with displacement (disp) as shown below, the assembler

description in this manual indicates the value before it is scaled (x 1, x 2, or x 4)

according to the operand size to clarify the LS| operation.

description, refer to the description rules in each assembler.

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

@ (disp:8, GBR) ; GBR indirect with displacement
@ (disp:8, PC) ; PC relative with displacement
disp:8, disp:12 ; PC relative

For details on assembler
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2.6.2

1.

Number of states before the chip enters the sleep state.
2. For details, refer to section 7, Exception Handling.

Operation Code Map

Table 2.12 shows the operation code map.

Table2.12 Operation Code Map

Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB  MD: 00 MD: 01 MD: 10 MD: 11
0000 Rn Fx 0000
0000 Rn Fx 0001
0000 Rn 00OMD 0010 STC SR, Rn STC GBR, Rn STC VBR, Rn STC SSR, Rn
0000 Rn 01MD 0010 STC SPC, Rn
0000 Rn 10MD 0010 STC RO_BANK, Rn  STC R1_BANK,Rn  STC R2_BANK,Rn  STC R3_BANK, Rn
0000 Rn 11MD 0010 STC R4_BANK,Rn  STC R5_BANK, Rn  STC R6_BANK, Rn  STC R7_BANK, Rn
0000 Rm  00OMD 0011 BSRF  Rm BRA Rm
0000 Rm  10MD 0011 PREF  @Rm
0000 Rn Rm 01MD MOV.B Rm, @(R0,Rn) MOV.W Rm, @R0,Rn) MOV.L Rm,@(R0,Rn) MULL Rm,Rn
0000 0000 OOMD 1000 CLRT SETT CLRMAC LDTLB
0000 0000 O1MD 1000 CLRS SETS
0000 0000 Fx 1001  NOP DIVoOU
0000 0000 Fx 1010
0000 0000 Fx 1011 RTS SLEEP RTE
0000 Rn Fx 1000
0000 Rn Fx 1001 MOVT  Rn
0000 Rn Fx 1010  STS MACH, Rn STS MACL, Rn STS PR, Rn
0000 Rn Fx 1011
0000 Rn Rm 11MD MOV.B @(RO,Rm),Rn MOV.W @(RO, Rm),Rn MOV.L @(RO,Rm),Rn MACL @Rm+ @Rn+
0001 Rn Rm disp MOV.L  Rm, @(disp:4, Rn)
0010 Rn Rm 00MD MOV.B Rm, @Rn MOV.W Rm, @Rn MOV.L Rm, @Rn
0010 Rn Rm 01MD MOV.B Rm, @-Rn MOV.W Rm, @-Rn MOV.L Rm, @-Rn DIVOS  Rm, Rn
0010 Rn Rm 10MD TST Rm, Rn AND Rm, Rn XOR Rm, Rn OR Rm, Rn
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Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0010 Rn Rm 11MD CMP/STR Rm, Rn XTRCT Rm, Rn MULU.W Rm, Rn MULSW Rm, Rn
0011 Rn Rm oOMD CMP/EQ Rm, Rn CMP/HS Rm, Rn CMP/GE Rm, Rn
0011 Rn Rm 01MD  DIV1 Rm, Rn DMULU.L Rm,Rn CMP/HI  Rm, Rn CMP/GT Rm, Rn
0011  Rn Rm 10MD SUB Rm, Rn SUBC Rm, Rn suBv Rm, Rn
0011  Rn Rm 11MD ADD Rm, Rn DMULS.L Rm,Rn ADDC Rm, Rn ADDV Rm, Rn
0100 Rn Fx 0000 SHLL Rn DT Rn SHAL Rn
0100 Rn Fx 0001 SHLR Rn CMP/PZ Rn SHAR Rn
0100 Rn Fx 0010 STS.L MACH, @-Rn STS.L MACL, @-Rn STS.L PR, @-Rn
0100 Rn 0OOMD 0011 STC.L SR, @-Rn STC.L GBR, @-Rn STC.L VBR, @-Rn STC.L SSR, @-Rn
0100 Rn 01MD 0011 STC.L SPC, @-Rn
0100 Rn 10MD 0011 STC.L STC.L STC.L STC.L

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

R4_BANK, @-Rn R5_BANK, @-Rn R6_BANK, @-Rn R7_BANK, @-Rn
0100 Rn Fx 0100 ROTL Rn ROTCL Rn
0100 Rn Fx 0101 ROTR Rn CMP/PL Rn ROTCR Rn
0100 Rm Fx 0110 LDS.L LDS.L @Rm+, MACL LDS.L @Rm+, PR

@Rm+, MACH
0100 Rm OOMD 0111 LDC.L @Rm+, SR LDC.L @Rm+, GBR LDC.L @Rm+, VBR LDC.L @Rm+, SSR
0100 Rm 01MD 0111 LDC.L @Rm+, SPC
0100 Rm 10MD 0111 LDC.L LDC.L LDC.L LDC.L

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

@Rm+, R4_BANK @Rm+, R5_BANK @Rm+, R6_BANK @Rm+, R7_BANK
0100 Rn Fx 1000 SHLL2 Rn SHLL8 Rn SHLL16 Rn
0100 Rn Fx 1001 SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100 Rm Fx 1010 LDS Rm, MACH LDS Rm, MACL LDS Rm, PR
0100 Rm/ Fx 1011 JSR @Rm TAS.B @Rn JMP @Rm

Rn
0100 Rn Rm 1100 SHAD Rm, Rn
0100 Rn Rm 1101 SHLD Rm, Rn
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Instruction Code Fx: 0000 Fx: 0001 Fx: 0010 Fx: 0011 to 1111
MSB LSB MD: 00 MD: 01 MD: 10 MD: 11
0100 Rm OOMD 1110 LDC Rm, SR LDC Rm, GBR LDC Rm, VBR LDC Rm, SSR
0100 Rm 01MD 1110 LDC Rm, SPC
0100 Rm 10OMD 1110 LDC Rm, RO_BANK LDC Rm, R1_BANK LDC Rm, R2_BANK LDC Rm, R3_BANK
0100 Rm 11MD 1110 LDC Rm, R4_BANK LDC Rm, R5_BANK LDC Rm, R6_BANK LDC Rm, R7_BANK
0100 Rn Rm 1111 MAC.W @Rm+, @Rn+
0101  Rn Rm disp MOV.L @ (disp:4, Rm), Rn
0110 Rn Rm 0OMD MOV.B @Rm, Rn MOV.W @Rm, Rn MOV.L @Rm, Rn MOV Rm, Rn
0110 Rn Rm 01MD MOV.B @Rm+, Rn MOV.W @Rm+, Rn MOV.L @Rm+, Rn NOT Rm, Rn
0110 Rn Rm 10MD SWAP.B  Rm,Rn SWAP.W Rm, Rn NEGC Rm, Rn NEG Rm, Rn
0110 Rn Rm 11MD EXTU.B Rm, Rn EXTUW Rm, Rn EXTS.B Rm, Rn EXTSW Rm, Rn
0111 Rn imm ADD #imm: 8, Rn
1000 OOMD Rn disp MOV. B MOV. W
RO, @ (disp: 4, Rn) RO, @ (disp: 4, Rn)
1000 O01MD Rm disp MOV.B MOV.W
@ (disp:4, Rm), RO @ (disp: 4, Rm), RO
1000 10MD imm/disp CMP/EQ  #imm:8, RO BT disp: 8 BF disp: 8
1000 11MD imm/disp BT/S disp: 8 BF/S disp: 8
1001 Rn disp MOV.W @(disp : 8, PC), Rn
1010 disp BRA disp: 12
1011 disp BSR disp: 12
1100 OOMD imm/disp MOV.B MOV.W MOV.L TRAPA #imm: 8
RO, @(disp: 8, GBR) RO, @(disp: 8, GBR) RO, @(disp: 8, GBR)
1100 O01MD disp MOV.B MOV.W MOV.L MOVA
@ (disp: 8, GBR), RO @ (disp: 8, GBR), RO @ (disp: 8, GBR), RO @ (disp: 8, PC), RO
1100 10MD imm TST #imm: 8, RO AND #imm: 8, RO XOR #imm: 8, RO OR #imm: 8, RO
1100 11MD imm TST.B AND.B XOR.B OR.B
#imm: 8, @ (R0, GBR) #imm: 8, @ (RO, GBR) #imm: 8, @ (RO, GBR) #imm: 8, @(R0, GBR)
1101  Rn disp MOV.L @ (disp: 8, PC), Rn
1110 Rn imm MOV #imm:8, Rn
Note: For details, refer to the SH-3/SH-3H/SH3-DSP Software Manual.
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Section 3 DSP Operating Unit

3.1 DSP Extended Functions

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

(1) Extended System Control Instructionsfor the CPU

If the DSP extended function is enabled, the following extended system control instructions can be
used for the CPU.

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

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

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

(2) DataTransfer Instructionsfor Data Transfersbetween DSP Unit and On-Chip X/Y
Memory

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

(3) DataTransfer Instructionsfor Data Transfers between DSP Unit Registersand All
Virtual Address Spaces

Data transfer instructions for data transfers between DSP unit registers and all virtual address
spaces are called single-data transfer instructions. Instruction codes for the double-transfer
instructions are 16 bit codes as well as CPU instruction codes. These data transfer instructions
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Section 3 DSP Operating Unit

performs data transfers between the DSP unit registers and all virtual address spaces. For details,
refer to section 3.4, DSP Data Transfer Instructions.

(4) DSP Unit Operation Instructions

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

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

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

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

Figure3.1 DSP Instruction Format
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3.2 DSP M ode Resour ces

321 Processing M odes

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

Table3.1 CPU Processing Modes

Description

Access of Resources
Protected in Privileged Mode

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

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

3.2.2 DSP Mode Memory Map

In DSP mode, a part of the P2 area in the virtual address space can be accessed in user DSP mode.
When this area is accessed in user DSP mode, this area is referred to as a Uxy area. X/Y memory
is then assigned to this Uxy area. Accordingly, X/Y memory can also be accessed in user DSP
mode.
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Table3.2 Virtual Address Space

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

translatable

Can be accessed in privileged mode,
privileged DSP mode, and user DSP
mode

3.2.3 CPU Register Sets

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

31 30 29 28 27 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2
o |mMD|RB|BL RC[11:0] o| o] o|psPpmylomMX M| @ | 13| 12| 11| 10 [RF1|RFO| S | T (SST?:)“S Register
31 0
RS Repeat start register (RS)
31 0
RE Repeat end register (RE)
31 16 15 0
ME MS MODulo register (MOD)

Figure3.2 CPU Registersin DSP Mode
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(1) Extension of Status Register (SR)

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

Bit

Initial
Bit Name Value

R/W

Description

31 1to 28

For details, refer to section 2, CPU.

27 to 16

RC11 to AllO
RCO

R/W

Repeat Counter

Holds the number of repeat times in order to perform
loop control, and can be modified in privileged mode,
privileged DSP mode, or user DSP mode. At reset, this
bit is initialized to 0. This bit is not affected in the
exception handling state.

15t0 13

For details, refer to section 2, CPU.

12

DSP 0

R/W

DSP Bit

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

11
10

MDY
MDX

R/W
R/W

Modulo Control Bits

Enable or disable modulo addressing for X/Y memory
access. These bits can be modified in privileged mode,
privileged DSP mode, or user DSP mode. At reset,
these bits are initialized to 0. These bits are affected in
the exception handling state.

9to 4

For details, refer to section 2, CPU.

FR1
FRO

R/W
R/W

Repeat Flag Bits

Used by repeat control instructions. These bits can be
modified in privileged mode, privileged DSP mode, or

user DSP mode. At reset, these bits are initialized to 0.
These bits are affected in the exception handling state.

1,0

For details, refer to section 2, CPU.

Note: When data is written to the SR register, 0 should be written to bits that are specified as O.
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(2) Repeat Start Register (RS)

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

(3) Repeat End Register (RE)

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

(4) Modulo Register (MOD)

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

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

e In user mode, if the LCD and STC instructions are used for the RS, an illegal instruction
exception occurs.

e In privileged and privileged DSP modes, all SR bits can be modified.
e In user DSP mode, the SR can be read by the STC instruction.

e In user DSP mode, the LDC instruction can be issued to the SR but only the DSP extension
bits can be modified.
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Table3.3 Operation of SR Bitsin Each Processing M ode

Privileged Privileged User DSP Access to

rivilege rivilege ser )

Mode User Mode DSP Mode Mode gﬁl?/v:fﬁlated

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

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

MD S:OK, L: OK S, L: Invalid S:OK, L: OK S: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[11:0] S:OK,L:OK S, L:Invalid S:0OK,L: OK R:OK,L:OK SETRC 000000000000
instruction instruction

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

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

DMX S: OK, L: OK S, L: Invalid S:OK,L: OK R: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

I[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 R:OK, L:OK SETRC X
instruction instruction

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

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

[Legend]

S: STC instruction

L: LDC instruction

OK: STC/LDC operation is enabled.

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

NG: Previous value is retained. No change.

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

324 DSP Registers

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

39 32 31 0
A0G A0
A1G Al
MO
M1
Initial value
X0 DSR: All 0
X1 Others: Undefined
YO0
Y1
(a) DSP data registers
31 8 7 6 5 4 3 1 0
---------------- GT|Z|N| V| CS20 |DC
(b) DSP status register (DSR)

Figure3.3 DSP Register Configuration
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3.3 CPU Extended I nstructions

331 DSP Repeat Control

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

(1) Examplesof Repeat Loop Programs
Examples of repeat loop programs are shown below.

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

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

end instruction is regarded as repeat
detection instruction

RptEnd2: instr(N-2) ;

RptEndl: instr(N-1) ;

RptEnd: instrN ; [Repeat end instruction]

In the above program example, instructions from the RptStart address (instr1 instruction) to the
RptEnd address (instrN instruction) are repeated four times. These repeated instructions in the
program are called repeat loop. The start and end instructions of the repeat loop are called the
repeat start instruction and repeat end instruction, respectively. The CPU sequentially executes
instructions and starts repeat loop control if the CPU detects the completion of a specific
instruction. This specific instruction is called the repeat detection instruction. In a repeat loop
consisting of four or more instructions, an instruction three instructions prior to the repeat end
instruction is regarded as the repeat detection instruction. In a repeat loop consisting of four or
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more instructions, the same instruction is regarded as the RptStart instruction and RptDtct
instruction.

To control the repeat loop, the DSP extended control registers, such as the RE register and RS
register and the RC[11:0] and RF[1:0] bits of the SR register, are used. These registers can be
specified by the LDRE, LDRS, and SETRC instructions.

e Repeat end register (RE)

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

e Repeat start register (RS)

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

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

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

e Repeat flags (RF[1:0] bits of the SR)

The repeat flags are automatically specified according to the RS and RE register values during
SETRC instruction execution. The repeat flags store information on the number of instructions
included in the repeat loop. Normally, the user cannot modify the repeat flag values.

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

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

LDRS RptDtct +4

LDRE RptDtct +4

SETRC #4

RptDtct: instr0

RptStart: instrl
Instr2
RptEnd: instr3

I

I

I

I

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

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

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

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

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

[Repeat start instruction]

[Repeat end instruction]

e Example 3: Repeat loop consisting of two instructions

LDRS RptDtct +6

LDRE RptDtct +4

SETRC #4

RptDtct: instr0

RptStart: instrl
RptEnd: instr2

I

I

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

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

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

If RE-RS==-2 during SETRC instruction

execution, the repeat loop is regarded

7

I

7

as two-instruction repeat.

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

[Repeat start instruction]

[Repeat end instruction]
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e Example 4: Repeat loop consisting of one instruction

LDRS RptDtct +8;

LDRE RptDtct +4

SETRC #4 ;

’

Sets (repeat detection instruction
address + 8) to the RS register

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

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

If RE-RS==-4 during SETRC instruction

execution, the repeat loop is regarded

RptDtct: instr0 ;

RptStart:
RptEnd: instrl ;

as one-instruction repeat.

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

[Repeat start instruction]==[Repeat end
instruction]

In repeat loops consisting of three instructions, two instructions and one instruction, specific
addresses are specified in the RS register. RE — RS is calculated during SETRC instruction

execution, and the number of instructions included in the repeat loop is determined according to
the result. A value of 0, —2,and —4 in the result correspond to three instructions, two instructions,

and one instruction, respectively.

If repeat instruction execution is completed without branching and if RC[11:0] > 0, an instruction
following the repeat detection instruction is regarded as a repeat start instruction and instruction

execution is repeated for the number of times corresponding to the recognized number of
instructions. If RC[11:0] = 2 when the repeat end instruction is completed, the RC[11:0] is
decremented by 1 and then control is passed to the address specified by the RS register. If

RC[11:0] ==1 (or 0) when the repeat end instruction is completed, the RC[11:0] is cleared to O and

then the control is passed to the next instruction following the repeat end instruction.

Note: If RE — RS is a positive value, the CPU regards the repeat loop as a four-instruction repeat

loop. (In a repeat loop consisting of four or more instructions, RE — RS is always a
positive value. For details, refer to example 1 above.) If RE — RS is positive, or a value
other than 0, —2,and —4, correct operation cannot be guaranteed.
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Table 3.4 shows the addresses to be specified in the repeat start register (RS) and repeat end
register (RE).

Table3.4 RSand RE Setting Rule

Number of Instructions in Repeat Loop

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

Note: The terms used above in table 3.2, are defined as follows.
RptStart: Address of the repeat start instruction
RptStart0: Address of the instruction one instruction prior to the repeat start instruction
RptEnd3: Address of the instruction three instructions prior to the repeat end instruction

(2) Repeat Control Instructions and Repeat Control Macros

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

Table3.5 Repeat Control Instructions

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

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

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

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

RC[11:0] can be specified as 0 to 4095.
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The RS and RE registers must be specified appropriately according to the rules shown in table 3.4.
The SH assembler supports control macros (REPEAT) as shown in table 3.6 to solve problems.

Table3.6 Repeat Control Macros

Number of
Instruction Operation Execution States
REPEAT RptStart,  Specifies RptStart as repeat start instruction, RptEnd as 3
RptEnd, #imm repeat end instruction, and 8-bit immediate data #imm

as number of repetitions. This macro is extended to
three instructions: LDRS, LDRE, and SETRC which are
converted correctly.

REPEAT RptStart,
RptEnd, Rm

Specifies RptStart as repeat start instruction, RptEnd as 3
repeat end instruction, and the [11:0] bits of Rm as
number of repetitions. This macro is extended to three
instructions: LDRS, LDRE, and SETRC which are
converted correctly.

Using the repeat macros shown in table 3.4, examples 1 to 4 shown above can be simplified to
examples 5 to 8 as shown below.

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

REPEAT RptStart, RptEnd, #4

InstrO H

RptStart: instrl ; [Repeat start instruction]

I

instr (N-3) ;

instr (N-2) ;

instr (N-1) ;

Rptend: instrN ; [Repeat end instruction]
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e Example 6: Repeat loop consisting of three instructions (extended to the instruction stream
shown in example 2, above)

REPEAT RptStart, RptEnd, #4

instr0 ;

RptStart: instrl ; [Repeat start instruction]
instr2 ;

RptEnd: instr3 ; [Repeat end instruction]

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

REPEAT RptStart, RptEnd, #4

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

e Example 8: Repeat loop consisting of one instruction instructions (extended to the instruction
stream shown in example 4, above)

REPEAT RptStart, RptEnd, #4
instr0 H
RptStart:

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

In the DSP mode, the system control instructions (LDC and STC) that handle the RS and RE
registers are extended. The RC[11:0] bits and RF[1:0] bits of the SR can be controlled by the LDC
and STC instructions for the SR register. These instructions should be used if an exception is
enabled during repeat loop execution. The repeat loop can be resumed correctly by storing the RS
and RE register values and RC[11:0] bits and RF[1:0] bits of the SR register before exception
handling and by restoring the stored values after exception handling. However, note that there are
some restrictions on exception acceptance during repeat loop execution. For details refer to
Restrictions on Repeat Loop Control in section 3.3.1, DSP Repeat Control and section 7,
Exception Handling.
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Table3.7 DSP Mode Extended System Control Instructions

Number of
Instruction Operation Execution States
STC RS, Rn RS—Rn 1
STC RE, Rn RE—Rn 1
STC.L RS, @-Rn Rn-4—Rn, RS—(Rn) 1
STC.L RE, @-Rn Rn-4—Rn, RE—(Rn) 1
LDC.L @Rn+, RS (Rn)—RS, Rn+4—Rn 4
LDC.L @Rn+, RE (Rn)—RE, Rn+4—Rn 4
LDC Rn,RS Rn —-RS 4
LDC Rn, RE Rn—RE 4

(3) Restrictionson Repeat Loop Control

(@) Repeat control instruction assignment

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

(b) Illegal instruction one or moreinstructions following the repeat detection instruction

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

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

Note: This restriction applies to all instructions for a repeat loop consisting of one to three
instructions and to three instructions including a repeat end instruction.
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(c) Instructionsprohibited during repeat loop (In arepeat loop consisting of four or more
instructions)

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

e Repeat control instructions
SETRC, LDRS, LDRE
e Load instructions for SR, RS, and RE registers
LDC Rn,SR, LDC @Rn+,SR, LDC Rn,RE, LDC @Rn+,RE, LDC Rn,RS, LDC @Rn+,RS

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

(d) Branchingto an instruction following the repeat detection instruction and restriction
on an exception acceptance

Execution of a repeat detection instruction must be completed without any branch so that the CPU
can recognize the repeat loop. Therefore, when the execution branches to an instruction following
the repeat detection instruction, the control will not be passed to a repeat start instruction after
executing a repeat end instruction because the repeat loop is not recognized by the CPU. In this
case, the RC[11:0] bits of the SR register will not be changed.

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

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

Here, a branch includes a return from an exception processing routine. If an exception whose
return address is placed in an instruction following the repeat detection instruction occurs, the
repeat control cannot be returned correctly. Accordingly, an exception acceptance is restricted
from the repeat detection instruction to the repeat end instruction. Exceptions such as interrupts
that can be retained by the CPU are retained. For exceptions that cannot be retained by the CPU, a
transition to an exception occurs but a program cannot be returned to the previous execution state
correctly. For details, refer to section 7, Exception Handling.
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Notes: 1. If a TRAPA instruction is used as a repeat detection instruction, an instruction
following the repeat detection instruction is regarded as a return address. In this case, a
control cannot be returned to the repeat control correctly. In a TRAPA instruction, an
address of an instruction following the repeat detection address is regarded as return
address. Accordingly, to return to the repeat control correctly, place a return address
prior to the repeat detection instruction.

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

(e) Branch from arepeat detection instruction

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

(f) Program counter during repeat control

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

Accordingly, PC relative addressing instructions placed two or more instructions following the
repeat detection instruction cannot be executed correctly and the correct results cannot be
obtained.
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e PC relative addressing instructions
MOV.A @(disp, PC), Rn
MOV.W @(disp, PC), Rn
MOV.L @(disp, PC), Rn

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

Table3.8 PC Valueduring Repeat Control (When RC[11:0] = 2)

Number of Instructions in Repeat Loop

1 2 3 >4
RptDtct RptDtct + 4 RptDtct + 4 RptDtct + 4 RptDtct +4
RptDtct1  RptDtct1 + 4 RptDtct1+ 4 RptDtct1 + 4 RptDtct1 + 4
RptDtct2 — RptDtct1+ 4 RptDtct1 + 4 RS
RptDtct3 — — RptDtct1 + 4 RS +2

Note: In table 3.8, the following labels are used.
RptDtct: An address of the repeat detection instruction

RptDtct1: An address of the instruction one instruction following the repeat start
instruction (In a repeat loop consisting of one to three instructions, RptStart is
a repeat start instruction)

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

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

(9 Repeat counter and repeat contr ol

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

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

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

e [f RC == 0, the repeat control function is not initiated even if a repeat detection instruction is
executed. The repeat loop is executed once as normal instructions and a control is not be
passed to a repeat start instruction even if a repeat end instruction is executed.
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3.4 DSP Data Transfer Instructions

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

1. Double data transfer instructions

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

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

Some of the DSP unit registers are handled as the CPU system registers. To control these
system registers, the system control registers are supported. The DSP registers are connected to
the CPU general registers via the data transfer bus (C bus).

In any DSP data transfer instructions, an address to be accessed is generated and output by the
CPU. For DSP data transfer instructions, some of the CPU general registers are used for address
generation and specific addressing modes are used.
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LAB
CPU [31:0]
A LDB
) ) [31:0]
DSP unit DSR
| L AQG [«—>
> ?1280] ! A0 -~
> X memory : ) Y |A1G >
YDB A1 <~
> [15:0] MO .
L Y memory M1 DI b e
> X0 e
] X1 < -
_ > Y0 -~
D i Y1 <>
Legend
XAB : X bus (address)
XDB : X bus (data)
YAB :Y bus (address)
YDB :Y bus (data)
LAB : L bus (address)
LDB : L bus (data)
CDB: C bus (data)

Figure 3.4 DSP Registersand Bus Connections

(1) Doubledatatransfer instructions(MOVX.W, MOVY.W)
With double data transfer instructions, X memory and Y memory can be accessed in parallel.

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

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

Double data transfer instructions can access only the X memory or Y memory and cannot access
other memory space. The X bus and Y bus are 16 bits and support 64-byte address spaces
corresponding to address areas H'A5000000 to H'ASOOFFFF and H'A5010000 to H'AS01FFFF,
respectively. Because these areas are included in the P2/Uxy area, they are not affected by the
cache and address translation unit.

(2) Singledata transfer instructions

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

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

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

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

2. Any data transfer instruction does not modify the condition code bits of the DSR
register.
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(3) System control instructions

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

Table3.9 Extended System Control Instructionsin DSP Mode

Instruction Operation Execution States
STS DSR,Rn DSR — Rn 1
STS AO,Rn A0 — Rn 1
STS X0,Rn X0 - Rn 1
STS X1,Rn X1 = Rn 1
STS YO0,Rn Y0 — Rn 1
STS Y1,Rn Y1 — Rn 1
STS.L DSR,@-Rn Rn -4 — Rn, DSR — (Rn) 1
STS.L A0,@-Rn Rn -4 — Rn, A0 — (Rn) 1
STS.L XO0,@-Rn Rn -4 — Rn, X0 — (Rn) 1
STS.L X1,@-Rn Rn -4 — Rn, X1 — (Rn) 1
STS.L YO0,@-Rn Rn -4 — Rn, YO — (Rn) 1
STS.L Y1,@-Rn Rn—-4 — Rn, Y1 — (Rn) 1
LDS.L @Rn+,DSR (Rn) > DSR, Rn +4 — Rn 1
LDS.L @Rn+,A0 (Rn) > A0, Rn + 4 — Rn 1
LDS.L @Rn+,X0 (Rn) »> X0, Rn +4 — Rn 1
LDS.L @Rn+,X1 (Rn) - X1, Rn +4 — Rn 1
LDS.L @Rn+,YO (Rn) > Y0, Rn +4 — Rn 1
LDS.L @Rn+,Y1 (Rn) > Y1,Rn+4 — Rn 1
LDS Rn,DSR Rn — DSR 1
LDS Rn,A0 Rn — A0 1
LDS Rn,X0 Rn — X0 1
LDS Rn,X1 Rn — X1 1
LDS Rn,YO Rn — YO 1
LDS Rn,Y1 Rn — Y1 1
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34.1 General Registers

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

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

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

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

e Single data transfer instructions

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

Address Pointer Index Register
Any virtual space (MOVS.W/L) R4,R5, R2, R3[As] R8 [ls]
31 0
RO General registers (DSP mode)
R1
R2 [AsZ] X andY double data transfers:
R3 [As3] R4, 5 [AX] :Address register set for the X data memory
R4 [AsO] R8 [IX] :Index register for X address register set Ax
R5 [As1, Ax1] .
R6  [Ay0] R6, 7 [Ay] :Address register set for the Y data memory
R7  [Ay1] R9 [ly] :Index register forY address register set Ay
R8 [Ix, Is]
RO [ly] Single data transfers:
R10 R4,5,2,3 [As] :Address register set for all data memories
R11 R8 [Is] :Index register used for single data transfers
R12
R13
R14
R15

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

Ix: .REG (R8)

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

Ax0: .REG (R4)

Ax1: .REG (RS)

Ix: .REG (R8)

Ay0: .REG (R6)

Ayl: REG(R7)

Iy: .REG (R9)

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

As3: REG (R3)

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

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

transfer instructions.

Table3.10 Overview of Data Transfer Instructions

Double Data Transfer
Instructions

Single Data Transfer Instructions

MOVX.W
MOVY.W MOVS.W, MOVS.L
Address register Ax: R4, R5 As: R2, R3, R4, R5
Ay: R6, R7
Index register Ix: R8, ly: R9 Is: R8

Addressing

Nop/Inc (+2)/index addition:

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 conflict No Yes

Memory X/Y data memory Entire memory space

Source register Da: AO, A1 Ds: A0O/A1, MO/M1, X0/X1, YO/Y1,

A0G, A1G

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

Dy: YO/Y1 A0G, A1G
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(1) Addressing Modefor Double Data Transfer Instructions
The double data transfer instructions supports the following three addressing modes.

e Non-update address register addressing
The Ax and Ay registers are address pointers. They are not updated.

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

e Addition index register addressing

The Ax and Ay registers are address pointers. After a data transfer, the value of the Ix or Iy
register is added to each (post-increment). The double data transfer instructions do not
supports decrement addressing mode. To perform decrement, —2 or —4 is set in the index
register and addition index register addressing is specified.

When using X/Y data addressing, bit O of the address pointer is invalid; bits O and 1 of the address
pointer are invalid in word access. Accordingly, bit O of the address pointer and index register
must be cleared to 0 in X/Y data addressing.

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

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

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

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

e Addition index register addressing:

The As register is an address pointer. After an access to @ As, the value of the Is register is
added to the As register (post-increment).

e Decrement address register addressing:

The As register 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).
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In single data transfer instructions, all bits in 32-bit address are valid.

3.4.3 Modulo Addressing

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

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

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

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

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

Table3.11 Modulo Addressing Control Instructions

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

MOV.L #H’70047000, R10
; Specify MS=H’'7000 ME = H’7004
LDC R10,MOD ;Specify ME:MS to MOD register
STC SR, RI10 ;
MOV.L #H'FFFFF3FF, R11;
MOV.L #H’00000400, R12;
AND R11, RI1O0 ;
OR R12, RI10 ;

LDC R10, SR ; Specify SR.MDX=1,
SR.MDY=0, and X modulo addressing mode

MOV.L #H’A5007000, R4

MOVX.W @R4+,XO0 ; R4: H'A5007000— H'A5007002
MOVX.W @R4+,X0 ; R4: H'A5007002— H'A5007004
MOVX.W @R4+,XO0 ; R4: H'A5007004— H'A5007000

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

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

When the addressing type of the X/Y data transfer instruction is no-update, the X/Y data transfer
instruction is not returned to MS even if they match ME. When the addressing type of the X/Y
data transfer instruction is addition index register addressing, the address pointed may not match
the address pointer ME, and exceed it. In this case, the address pointer value does not become the
modulo start address.

The maximum modulo size is 64 kbytes. This is sufficient to access the X and Y data memory.

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

Memory data formats that can be used in the DSP instructions are classified into byte and
longword. An address error will occur if word data starting from an address other than 2n or
longword data starting from an address other than 4n is accessed by MOVS.L, LDS.L, or STS.L
instruction. In such cases, the data accessed cannot be guaranteed

An address error will not occur if word data starting from an address other than 2n is accessed by
the MOVX.W or MOVY.W instruction. When using the MOVX.W or MOVY.W instruction, an
address must be specified on the boundary 2n. If an address is specified other than 2n, the data
accessed cannot be guaranteed.
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345 I nstruction Formats of Double and Single Transfer Instructions

The format of double data transfer instructions is shown in tables 3.12 and that of single data

transfer instructions in table 3.13.

Table3.12 Double Data Transfer Instruction Formats

Type Mnemonic 15|14 |13 (12 (11 |10 |19 |8 6 3 (12 (1 |0
X memory |[NOPX 1 (1 |1 (1 |0 (O 0 |0
fr;asfer MOVX.W @Ax,Dx Ax| [Dx 0 |1
MOVX.W @ Ax+,Dx 1 10
MOVX.W @ Ax+Ix,Dx 1 |1
MOVX.W Da, @Ax Da 0o |1
MOVX.W Da, @ Ax+ 1 |0
MOVX.W Da, @ Ax+Ix 1 |1
Y memory [NOPY 1 (1 |1 (1 |0 (O 0 0 0 |0
fr;asfer MOVY.W @Ay,Dy Ay| Dy 0o |1
MOVY.W @Ay+,Dy 1 {0
MOVY.W @Ay+ly,Dy 1 |1
MOVY.W Da, @Ay Da 0 |1
MOVY.W Da, @Ay+ 1 /0
MOVY.W Da, @ Ay+ly 1 1
Note: Ax:0=R4,1=R5
Ay: 0=R6,1=R7
Dx: 0 = X0, 1 = X1
Dy:0=Y0,1=Y1
Da: 0=A0, 1 =A1
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Table3.13 Single Data Transfer Instruction Formats

Type Mnemonic 15 |14 |13 (12 |11 {10 |9 7 5 |4 |3

Single data [ MOVS.W @-As,Ds 1 |1 {1 (1 |0 (1 |As Ds 0:(*) 0

transfer |\1ovs.w @As,Ds 0:R4 ¢  |o
MOVS.W @As+,Ds 1:R5 2:(%) 1
MOVS.W @As+ls,Ds 2:R2 3:(*) 1
MOVS.W Ds, @-As 3:R3 4:(*) 0
MOVS.W Ds,@As 5:A1 0
MOVS.W Ds,@As+ 6:(*) 1
MOVS.W Ds,@As+Is 7:A0 1
MOVS.L @-As,Ds 8:X0 0
MOVS.L @As,Ds 9:X1 0
MOVS.L @As+,Ds A:YO 1
MOVS.L @As+Is,Ds B:Y1 1
MOVS.L Ds,@-As C:MO 0
MOVS.L Ds,@As D:A1G 0
MOVS.L Ds,@As+ E:M1 1
MOVS.L Ds,@As+ls F:AOG |1

Note: * Codes reserved for system use.
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3.5 DSP Data Operation Instructions

351 DSP Registers

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

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

The second kind of operation is an X or Y data transfer operation, MOVX.W, MOVY.W. This
operation accesses the X and Y memories through the 16-bit X and Y data buses (figure 3.4). The
register to be loaded or stored by this operation always comprises the upper 16 bits (bits 31 to 16).
X0 or X1 can be the destination of an X memory load and YO or Y1 can be the destination of a Y
memory load, but no other register can be the destination register in this operation. When data is
read into the upper 16 bits of a register (bits 31 to 16), the lower 16 bits of the register (bits 15 to
0) are automatically cleared. AO and A1 can be stored in the X or Y memory by this operation, but
no other registers can be stored.

The third kind of operation is a single-data transfer instruction, MOVS.W or MOVS.L. These
instructions access any memory location through the LDB (figure 3.4). All DSP registers connect
to the LDB and can be the source or destination register of the data transfer. These instructions
have word and longword access modes. In word mode, registers to be loaded or stored by this
instruction comprise the upper 16 bits (bits 31 to 16) for DSP registers except AOG and A1G.
When data is loaded into a register other than AOG and A1G in word mode, the lower half of the
register 1s cleared. When AO or Al is used, the data is sign-extended to bits 39 to 32 and the lower
half is cleared. When AOG or A1G is the destination register in word mode, data is loaded into an
8-bit register, but AO or Al is not cleared. In longword mode, when the destination register is A0
or Al, it is sign-extended to bits 39 to 32.

The fourth kind of operation is system control instructions such as LDS, STS, LDS.L, or STS.L.
The DSR, A0, X0, X1, YO, and Y1 registers of the DSP register can be treated as system registers.
For these registers, data transfer instructions between the CPU general registers and system
registers or memory access instructions are supported.
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Tables 3.14 and 3.15 show the data type of registers used in DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitations. For
example, PMULS can use Al as the source register, but cannot use AQ. These tables ignore details
of register selectability.

Table3.14 Destination Register in DSP I nstructions

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

Guard Bits Register Bits
Registers Instructions 39 32 31 16 15 0
A0, A1 DSP Fixed-point, PDMSB, 40-bit data
operation  PSHA
Integer 24-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVX/Y.W, MOVS.W 16-bit data
transfer  “yiovs.L 32-bit data
AO0G, A1G Data MOVS.W Data
transfer  “\iovs.L Data
X0, X1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO, Y1 PSHA
MO, M1 Integer Sign* 16-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVS.W 16-bit data
transfer  “yiovs.L 32-bit data

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

The DSP unit incorporates one control register and DSP status register (DSR). The DSR register
stores the DSP data operation result (zero, negative, others). The DSP register also has the DC bit
whose function is similar to the T bit in the CPU register. The DC bit functions as status flag.
Conditional DSP data operations are controlled based on the DC bit. These operation control
affects only the DSP unit instructions. In other words, these operations control affects only the
DSP registers and does not affect address register update and CPU instructions such as load and
store instructions. A condition to be reflected on the DC bit should be specified to the DC status
selection bits (CS[2:0]).

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

Initial
Bits Bit Name Value

R/W

Function

31t08 — AllO

R

Reserved

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

R/W

Signed Greater Bit

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

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

R/W

Zero Bit

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

1: Operation result is zero (0), or operands are equal

R/W

Negative Bit

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

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

R/W

Overflow Bit
Indicates that the operation result has overflowed
1: Operation result has overflowed
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Initial
Bits Bit Name Value R/W Function
3to1 CS All O R/W DC Bit Status Selection

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

000: Carry/borrow mode
001: Negative value mode
010: Zero mode
011: Overflow mode
100: Signed greater mode
101: Signed greater than or equal to mode
110: Reserved (setting prohibited)
111: Reserved (setting prohibited)
0 DC 0 R/W DSP Status Bit

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

0: Designated mode status has not occurred

1: Designated mode status has occurred

Indicates the operation result by carry or borrow
regardless of the CS bit status after the PADDC or
PSUBC instruction has been executed.

The DSR is assigned to the system registers. For the DSR, the following load and store
instructions are supported.

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

If the DSR is read by the STS instruction, upper bits (bits 31 to 16) are all 0.
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352 DSP Operation Instruction Set

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

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

Table3.17 DSP Operation Instruction Formats

Type Instruction Formats

Double data operation instructions ALUop. Sx, Sy, Du
MLTop. Se, Df, Dg

Conditional single data operation DCT ALUop. Sx, Sy, Dz

instructions DCF  ALUop. Sx, Sy, Dz
DCT ALUop. Sx, Dz
DCF ALUop. Sx, Dz
DCT ALUop. Sy, Dz

DCF ALUop. Sy, Dz

Unconditional single data operation ALUop. Sx, Sy, Dz
instructions ALUop. Sx, Dz
ALUop. Sy, Dz

MLTop. Se, Sf, Dg
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Table3.18 Correspondence between DSP Instruction Operands and Registers

ALU Operations Multiply Operations
Register Sx Sy Dz Du Se Sf Dg
AO Yes Yes Yes Yes
A1 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 field-B instruction is written first, followed by the field-A
instruction. A sample parallel processing program is shown in figure 3.6.

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

Figure3.6 Sample Parallel Instruction Program
Square brackets mean that the contents can be omitted.

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

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

CS[2:0] Condition Mode

Description

0 0 O Carryorborrow
mode

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

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

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

0 0 1 Negative value
mode

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

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

0 1 0 Zerovalue mode

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

0 1 1 Overflow mode

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

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

1 0 O Signed greater-than
mode

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

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

DC = 0; In case of logical operation

1 0 1 Signed greater-or-
equal mode

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

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

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

DC = 0; In case of logical operation

1 1 0 Reserved (setting prohibited)

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

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

DCT PADD X0,Y0,A0 MOVX.W @GR4+,X0 MOVY.W AO0,@R6+R9

When condition is True

Before execution: X0=H'33333333, Y0=H'55555555, A0=H'123456789A,
R4=H'00008000, R6=H'00005000, RO9=H'00000004
(R4)=H'1111, (R6)=H'2222

After execution: X0=H'11110000, YO=H'55555555, AO0=H'0088888888,
R4=H'00008002, R6=H'00005004, R9=H'00000004
(R4)=H'1111, (R6)=H'3456

When condition is False

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

After execution: X0=H'11110000, YO=H'55555555, AO0=H'123456789A,
R4=H'00008002, R6=H'00005004, R9=H'00000004
(R4)=H'1111, (R6)=H'3456

Figure 3.7 Examplesof Conditional Operationsand Data Transfer Instructions

e Assignment of NOPX and NOPY Instruction Codes

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

Instruction Code
PADD X0,Y0,A0 MOVX.W @QR4+,X0 MOVY.W @R6+R9,YO0 1111100000001011
1011000100000111
PADD X0,Y0,AQ0 NOPX MOVY.W @R6+R9,Y0 1111100000000011
1011000100000111
PADD X0,Y0,AQ0 NOPX NOPY 1111100000000000
10110001000001112
PADD X0,Y0,AQ0 NOPX 1111100000000000
1011000100000111
PADD X0,YO0,AOQ0 1111100000000000
1011000100000111
MOVX.W @R4+,X0 MOVY.W @R6+R9,YO0 1111000000001011
MOVX.W @R4+,X0 NOPY 1111000000001000
MOVS.W @QR4+,X0 1111010010001000
NOPX MOVY.W @R6+R9,YO0 1111000000000011
MOVY.W @R6+R9,YO0 1111000000000011
NOPX NOPY 1111000000000000
NOP 0000000000001001
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353 DSP-Type Data Formats

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

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

The DSP-type fixed point data format has the binary point between bit 31 and bit 30. The DSP-
type integer format has the binary point between bit 16 and bit 15. The DSP-type logical format
does not have a binary point. The valid data lengths of the data formats depend on the instruction
and the DSP register.
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DSP type fixed point
39 31 30 0
With guard bits ~ [s| | | 2810 428 2%
4
31 30 0
Without guard bits |S | —1to+1—-2731
4
39 31 30 16 15 0
Multiplier input | s | 1t0+1-275
4
DSP type integer
39 32 31 16 15 0
With guard bits ~ [s| | | 22210 42231
A
31 16 15 0
Without guard bits ls] | -2%5t0 +215 -1
A
Shift amount for 31 22 16 15 0
arithmetic shift (PSHA) | s| | 3210 +32
A
Shift amount for 31 2116 15 0
logical shift (PSHL) | 5] | ~16t0+16
A
39 31 16 15 0
DSP type logical I |
CPU type integer
yp g 31 0
Longword |S| 23710 +281 — 1
A
S: Sign bit A : Binary point |:| : Does not affect the operations

Figure 3.8 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 a logical shift operation has a 6-bit field, but —16 to +16 are valid numbers for the
instruction.
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354 ALU Fixed-Point Arithmetic Operations

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

39

31

Guard

Source 1

|GT| Z | N |V [DC|

0 39 31 0
Guard| Source 2
\ \
ALU |
DSR
Y
Guard| Destination
39 31 0

Figure3.9 ALU Fixed-Point Arithmetic Operation Flow

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

ALU fixed-point operations are executed between registers. Each source and destination operand
are selected independently from one of the DSP registers. When a register providing guard bits is
specified as an operand, the guard bits are activated for this type of operation. These operations
are executed in the DSP stage, as shown in figure 3.10. The DSP stage is the same stage as the
MA stage in which memory access is performed.
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Table3.21 Variation of ALU Fixed-Point Operations

Mnemonic Function Source 1 Source 2 Destination
PADD Addition Sx Sy Dz (Du)
PSUB Subtraction Sx Sy Dz (Du)
PADDC Addition with carry Sx Sy Dz
PSUBC Subtraction with borrow  Sx Sy Dz
PCMP Comparison Sx Sy —
PCOPY Data copy Sx All O Dz

AllO Sy Dz
PABS Absolute Sx AllO Dz

All O Sy Dz
PNEG Negation Sx AllO Dz

All O Sy Dz
PCLR Clear AllO All 0 Dz

Table3.22 Correspondence between Operands and Registers

Register SX Sy Dz Du
AO Yes Yes Yes
A1 Yes Yes Yes
MO Yes Yes

M1 Yes Yes

X0 Yes Yes Yes
X1 Yes Yes

YO Yes Yes Yes
Y1 Yes Yes

As shown in figure 3.10, data loaded from the memory at the MA stage, which is programmed at
the same line as the ALU operation, is not used as a source operand for this operation, even
though the destination operand of the data load operation is identical to the source operand of the
ALU operation. In this case, previous operation results are used as the source operands for the
ALU operation, and then updated as the destination operand of the data load operation.
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PADD X0, YO, AO

Operation Sequence Example

MOVX.W @R4 + X0
MOVX.W @R4 + X0

Previous cycle result is used.

Stags Slot 1 2 3 4 5 6
IF MOVX MOVX & PADD
ID MOVX  |MOVX & PADD
EX Addressing | Addressing
MA/DSP MOVX MQOVX & PADD

Figure3.10 Operation Sequence Example

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bits in DSR are
basically updated in accordance with the operation result. However, in case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of a DC bit is selected by CS[2:0] (condition selection) bits in
DSR. The DC bit result is as follows:
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Section 3 DSP Operating Unit

(1) Carryor Borrow Mode: C§2:0] = B'000

The DC bit indicates that carry or borrow is generated from the most significant bit of the
operation result, except the guard-bit parts. Some examples are shown in figure 3.11. This mode is
the default condition. When the input data is negative in a PABS or PNEG instruction, carry is

generated.

Example 1

Guard bits

1
0000 0000 1111111111111 111
+) 0000 0000 0000 0000 0000 0001

0000 0001 0000 0000 0000 0000

Carry detecting point

Carry is detected

Example 3

Guard bits
 —
0000 0000 0000 0000 0000 0001

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

Borrow detecting point

Borrow is not detected

Example 2

Guard bits

1
1111111101110000 0000 0000
+) 001111110001 0000 0000 0000

(1)001111101000 0000 0000 0000

Carry detecting point

Carry is not detected

Example 4

Guard bits
 —
0000 0000 0001 0000 0000 0001

—) 0000 0000 0001 0000 0000 0010
1111111 11111111111111 111

Borrow detecting point

Borrow is detected
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Section 3 DSP Operating Unit

(2) NegativeValue Mode: CS[2:0] = B'001

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

Example 1 Example 2

Guard bits Guard bits

1 I

1100 0000 0000 0000 0000 0000 0011 0000 0000 0000 0000 0000
+) 0000 0000 0000 0000 0000 0001 +) 0000 0000 1000 0000 0000 0001

1100 0000 0000 0000 0000 0001 0011 0000 1000 0000 0000 0001

Sign bit Sign bit
Negative value Positive value

Figure3.12 DC Bit Generation Examplesin Negative Value Mode
(3 ZeroValueMode: CS[2:0] =B'010

The DC flag indicates whether the operation result is O or not. When the result is 0, the DC bit
shows 1. When it is not 0, the DC bit shows 0.

(4) Overflow Mode: CS[2:0] = B'011

The DC bit indicates whether or not overflow occurs in the result. When an operation yields a
result beyond the range of the destination register, except the guard-bit parts, the DC bit is set.
Even though guard bits are provided in the destination register, the DC bit always indicates the
result of when no guard bits are provided. So, the DC bit is always set to 1 if the guard-bit parts
are used for large number representation. Some DC bit generation examples in overflow mode are
shown in figure 3.13.

Example 1 Example 2

Guard bits Guard bits

. .

111111111 11111 1111111111 11111111111 1111111111111
+) 111111111000 0000 0000 0000 +) 111111111000 0000 0000 0001

1111111101111 11111111111 111111111000 0000 0000 0000

Overflow detecting field Overflow detecting field
Overflow case Non overflow case

Figure 3.13 DC Bit Generation Examplesin Overflow Mode
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Section 3 DSP Operating Unit

(5 Signed Greater Than Mode: CS2:0] = B'100

The DC bit indicates whether or not the source 1 data (signed) is greater than the source 2 data
(signed) as the result of compare operation PCMP. The PCMP operation should be executed
before executing the conditional operation under this condition mode. This mode is similar to the
Negative Value Mode described before, because the result of a compare operation is a positive
value if the source 1 data is greater than the source 2 data. However, the signed bit of the result
shows a negative value if the compare operation yields a result beyond the range of the destination
operand, including the guard-bit parts (called “Over-range”), even though the source 1 data is
greater than the source 2 data. The DC bit is updated concerning this type of special case in this
condition mode. The equation below shows the definition of getting this condition:

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

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

(6) Signed Greater Than or Equal Mode: CS2:0] =B'101

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

DC = ~ (Negative A Over-range)

When the PCMP operation is executed under this condition mode, the result of the DC bit is the
same as the T bit’s result of a CMP/GE operation of the CPU instruction.

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

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

e Overflow Protection

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

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

39 31 0 39 31 0
Guard| Source 1 Guard | Source 2
Y Y
ALU | [GT[ Z[ N[V [DC]
DSR
Y
|:| Ignored
Guard Destination
|:| Clearedto 0
39 31 0

Figure3.14 ALU Integer Arithmetic Operation Flow

Table3.23 Variation of ALU Integer Operations

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

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

-1 Sy Dz

Note: The ALU integer operations are basically 24-bit operation, the upper 16 bits of the base
precision and 8 bits of the guard-bits parts. So the signed bit is copied to the guard-bit parts
when a register not providing the guard-bit parts is specified as the source operand. When
a register not providing the guard-bit parts is specified as a destination operand, the upper
word excluding the guard bits of the operation result are input into the destination register.
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In ALU integer arithmetic operations, the lower word of the source operand is ignored and the
lower word of the destination operand is automatically cleared. The guard-bit parts are effective in
ALU integer arithmetic operations if they are supported. Others are basically the same operation
as ALU fixed-point arithmetic operations. As shown in table 3.23, however, this type of operation
provides two kinds of instructions only, so that the second operand is actually either +1 or —1.
When a word data is loaded into one of the DSP unit’s registers, it is input as an upper word data.
When a register providing guard bits is specified as an operand, the guard bits are also activated.
These operations, as well as fixed-point operations, are executed in the DSP stage, as shown in
figure 3.10. The DSP stage is the same stage as the MA stage in which memory access is
performed.

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

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

e Overflow Protection

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

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

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

39 31 0 39 31 0
Source 1 Source 2

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

|:| Ignored

Destination I:I
39 31 o Clearedto 0

Figure3.15 ALU Logical Operation Flow

Table3.24 Variation of ALU Logical Operations

Mnemonic Function Source 1 Source 2 Destination
PAND Logical AND Sx Sy Dz
POR Logical OR Sx Sy Dz
PXOR Logical exclusive OR  Sx Sy Dz
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Every time an ALU logical operation is executed, the DC, N, Z, V, and GT bits in the DSR
register are basically updated in accordance with the operation result. In case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of the DC bit is selected by the CS[2:0] (condition selection) bits
in DSR. The DC bit result is:

(1) Carryor Borrow Mode: CS[2:0] =000

The DC bit is always cleared.

(2) Negative ValueMode: CY2:0] = 001

Bit 31 of the operation result is loaded into the DC bit.

(3) ZeroValueMode: CS[2:0] =010

The DC bit is set when the operation result is zero; otherwise it is cleared.
(4) Overflow Mode: CS[2:0] =011

The DC bit is always cleared.

(5 Signed Greater Than Mode: CS[2:0] = 100

The DC bit is always cleared.

(6) Signed Greater Than or Equal Mode: CS2:0] = 101
The DC bit is always cleared.

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

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

If a double-precision multiply operation is needed, the CPU standard double-word multiply
instructions can be made of use.

39 31 0 39 31 0
S 1 Source 1 S Source 2
l Y l
MAC
I T I
—~-— S| Destination 10 [ Ignored
39 31 10

Figure3.16 Fixed-Point Multiply Operation Flow

Table3.25 Variation of Fixed-Point Multiply Operation

Mnemonic Function Source 1 Source 2 Destination
PMULS Signed multiplication Se St Dg
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Table3.26 Correspondence between Operands and Registers

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

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

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

0.

The fixed-point multiply operation is executed in one cycle. Multiply is always unconditional, but
does not affect any condition code bits, DC, N, Z, V, and GT , in DSR.

e Overflow Protection
The S bit in SR is effective for this multiply operation in the DSP unit. See section 3.5.11,
Overflow Protection, for details.
If the S bit is 0, overflow occurs only when H'8000*H'8000 ((-1.0)*(-1.0)) operation is
executed as signed fixed-point multiply. The result is H'00 8000 0000 but it does not mean
(+1.0). If the S bit is 1, overflow is prevented and the result is H'O0 7FFF FFFF.
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3.5.8 Shift Operations

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

Table 3.27 Variation of Shift Operations

Mnemonic Function Source 1 Source 2 Destination

PSHA Sx, Sy, Dz  Arithmetic shift Sx Sy Dz

PSHL Sx, Sy, Dz Logical shift Sx Sy Dz

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

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

=32 <= Imm1 <= +32, =16 <= Imm2 <= +16

(1) Arithmetic Shift

Figure 3.17 shows the arithmetic shift operation flow.

Left shift Right shift
39 32 31 16 15 0 39 32 31 16 15 0
= + -~ [ F \
’ (MSB copy) ‘
Shift out \ / Shift out
>=0 <0
\ /
+32 10 -32 Updated | [GT[ z [N ]V [DC]
39 32 31 2322 16 15 0 DSR
Shift amount data Sy
(source 2) 6 0
[ gnorea

Figure3.17 Arithmetic Shift Operation Flow
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Note: The arithmetic shift operations are basically 40-bit operation, that is, the 32 bits of the
base precision and eight bits of the guard-bit parts. So the signed bit is copied to the guard-
bit parts when a register not providing the guard-bit parts is specified as the source
operand. When a register not providing the guard-bit parts is specified as a destination
operand, the lower 32 bits of the operation result are input into the destination register.

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

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

1. Carry or Borrow Mode: CS[2:0] = B'000
The DC bit indicates the last shifted out data as the operation result.
2. Negative Value Mode: CS[2:0] = B'001

The DC bit is set to 1 when the operation result is a negative value, and cleared to O when the
operation result is zero or a positive value.

3. Zero Value Mode: CS[2:0] =B'010
The DC bit is set when the operation result is zero; otherwise it is cleared.
4. Overflow Mode: CS[2:0] =B'011
The DC bit is set to 1 when an overflow occurs.
5. Signed Greater Than Mode: CS[2:0] = B'100
The DC bit is always cleared to O.
6. Signed Greater Than or Equal Mode: CS[2:0] = B'101
The DC bit is always cleared to 0.
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The N bit always indicates the same state as the DC bit set in negative value mode by the CS[2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state as the DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT bit always indicates the same state as the DC bit set in signed
greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

e Overflow Protection

The S bit in SR is also effective for arithmetic shift operation in the DSP unit. See section
3.5.11, Overflow Protection, for details.

(2) Logical Shift

Figure 3.18 shows the logical shift operation flow.

[ clearedto0 Left shift Right shift
39 32 31 16 15 0 39 32 31 16 15 0
/b
Shift out 0 0 Shift out
>=0 <0
N S Updated | [GT] z[NT Vv ]DC]
+16 to -16 DSR
39 32 31 2221 16 15 0
Shift amount data Sy
(source 2) — I:I lgnored
Imm2

Figure3.18 Logical Shift Operation Flow

As shown in figure 3.18, the logical shift operation uses the upper word of the source 1 operand
and the destination operand. The lower word and guard-bit parts are ignored for the source
operand and those of the destination operand are automatically cleared as in the ALU logical
operations. The shift amount is specified by the source 2 operand as an integer data. The source 2
operand can be specified by either the register or immediate operand. The available shift range is
from —16 to +16. Here, a negative value means the right shift, and a positive value means the left
shift. It is possible for any source 2 operand to specify from —32 to +31, but the result is unknown
if an invalid shift value is specified. In case of a shift with an immediate operand instruction, the
source 1 operand must be the same register as the destination’s. These operations are executed in
the DSP stage, as shown in figure 3.10. The DSP stage is the same stage as the MA stage in which
memory access is performed.
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Every time a logical shift operation is executed, the DC, N, Z, V, and GT bits in DSR are basically
updated in accordance with the operation result. In case of a conditional operation, they are not
updated even though the specified condition is true and the operation is executed. In case of an
unconditional operation, they are always updated in accordance with the operation result. The
definition of the DC bit is selected by the CS[2:0] (condition selection) bits in DSR. The DC bit
result is:

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

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

Bit 31 of the operation result is loaded into the DC bit.
3. Zero Value Mode: CS[2:0] =B'010

The DC bit is set to 1 when the operation result is zero; otherwise it is cleared to 0.
4. Overflow Mode: CS[2:0] =B'011

The DC bit is always cleared to 0.
5. Signed Greater Than Mode: CS[2:0] = B'100

The DC bit is always cleared to 0.
6. Signed Greater Than or Equal Mode: CS[2:0] = B'101

The DC bit is always cleared.

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

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

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

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

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

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

updated, even though the specified condition is true, and the operation is executed. In case of an
unconditional operation, they are always updated with the operation result.

39 31 0
Guard Source 1 or 2
Y
Priority encoder l |GT| Z | N | v |DC|
DSR
Y
Guard [] Cleared to 0

39 31 0

Figure3.19 PDM SB Operation Flow
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The definition of the DC bit is selected by the CSO to CS2 (condition selection) bits in DSR. The
DC bit result is

(1) Carryor Borrow Mode: C§2:0] = B'000
The DC bit is always cleared to O.
(2) Negative Value Mode: CS[2:0] = B'001

The DC bit is set when the operation result is a negative value, and cleared to 0 when the
operation result is zero or a positive value.

(3 ZeoValueMode CS[2:0] =B'010

The DC bit is set when the operation result is zero; otherwise it is cleared to 0.

(4) Oveflow Mode: C52:0] =B'011

The DC bit is always cleared to 0.

(5 Signed Greater Than Mode: C§2:0] = B'100

The DC bit is set to 1 when the operation result is a positive value; otherwise it is cleared to 0.
(6) Signed Greater Than or Equal Mode: C§[2:0] =B'101

The DC bit is set to 1 when the operation result is zero or a positive value; otherwise it is cleared
to 0.
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Table3.28 Operation Definition of PDM SB

Source Data Result for DST
Guard
Guard Bit Upper Word Lower Word Bit Upper Word
3938 |... |33|32|31(30(29|28|... |3 |2 |1 |0 |39to [31to |21|20|19|18 (17|16 |Decimal
32 22

0 O .0 0|0 0 0 O 0O 00 O |AIO |AIO IO 1T 1 1 1 1 [+31
0 O .0 0|0 0O O O 0O 0 0O 1 |AIO |AIO IO 1 1 1 1 0 |+30
0 O .0 0|0 0O 0 O O o1 *= |AIO |AIO O 1T 1 1 0 1 [+29
0 O .0 0|0 0 0 O o 1 *= * JAlO |AIO IO 1 1 1 0 0 |+28
0 O .0 0|0 OO 1 .. = = = = A0 |AIO [0 O O 0 1 0 |+2
0 O .0 00 0 1 = .. * * *= = A0 |AIO [0 O O 0 O 1 |+1
0 0 .0 OO0 1 * * . ® *x x * A0 (AIO O O O O O O |O
0 O .0 0 |1 == * ook o o AN AT 11T 11 1|
0 O S0 R ks AL A 1111 1 0 |2
0 S O * ook oo o AT JAIT 111 0 0 0 |-8

0 ... x & |k oowk owok o ow ok ok o A] AT |11 1 0 0 O |-8
1 1 1 0 |* =+ * % ox ok ow ok AL AT |11 1 1 1 0 |-2
1 1 1 1 |0 * =* = % % o ox AT AT 11 1 1 1 1 |-
1 1 1 11 0 = = . * =*= = * A0 |AIO [0 O 0 0 O O |O
1 1 1 11 1 0 * ... * *= = = A0 |AIO [0 O 0O 0 O 1 |+1
1 1 111 1 1 0 ... * *= * = A0 |AIO [0 O 0 0 1 0 [+2
1 1 111 1 1 1 1 0 * *= |AIO (AIO [0 1 1 1 0 0O [+28
1 1 11 |1 1 1 1 i1 0 * |[AIO |AIO |0 1 1 1 0 1 [+29
1 1 1 11 1 1 1 i1 1 0 |AlO (AIO (O 1T 1 1 1 0 [+30
1 1 1 11 1 1 1 1 1 1 AlO |AlO |0 1 1 1 1 1 [+31

Note: * means don't care.
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Section 3 DSP Operating Unit

Table3.29 Variation of PDMSB Operation

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

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

3.5.10 Rounding Operation

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

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

The rounding operation is always executed unconditionally, so that the DC, N, Z, V, and GT bits
in DSR are always updated in accordance with the operation result. The definition of the DC bit is
selected by the CSO to CS2 (condition selection) bits in DSR. The result of these condition code
bits is the same as the ALU-fixed point arithmetic operations.
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39 31 0
Guard Source 1 or2 H'00008000
Y
ALU |GT| z [ N | v [DC]
DSR
Guard [] Cleared to 0
39 31 0

Figure3.20 Rounding Operation Flow
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Figure3.21 Definition of Rounding Operation

Table3.30 Variation of Rounding Operation

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

e Overflow Protection

The S bit in SR is effective for any rounding operations in the DSP unit. See section 3.5.11,
Overflow Protection, for details.
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3511 Overflow Protection

The S bit in SR is effective for any arithmetic operations executed in the DSP unit, including the
SH’s standard multiply and MAC operations. The S bit in SR is used as the overflow protection
enable bit. The arithmetic operation overflows when the operation result exceeds the range of
two’s complement representation without guard-bit parts. Table 3.31 shows the definition of
overflow protection for fixed-point arithmetic operations, including fixed-point signed by signed
multiplication described in section 3.5.7, Fixed-Point Multiply Operation. Table 3.32 shows the
definition of overflow protection for integer arithmetic operations. The lower word of the
saturation value of the integer arithmetic operation is don’t care. Lower word value cannot be
guaranteed.

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

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

Sign Overflow Condition Fixed Value Hex Representation
Positive Result > 1 -27" 1-2" H'00 7FFF FFFF
Negative Result < —1 -1 H'FF 8000 0000

Table3.32 Definition of Overflow Protection for Integer Arithmetic Operations

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

Note: * means don’t care.
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Section 3 DSP Operating Unit

35.12 Local Data Movelnstruction

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

MACH
MACL
A
PSTS PLDS
\
X0 X1
YO Y1
MO M1
A0 A1
[A0G | A1G/| DSR

[ ] Cannot be used

Figure3.22 Local Data Move Instruction Flow

Table3.33 Variation of Local Data M ove Oper ations

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

This instruction is very similar to other transfer instructions. If either the AO or Al register is
specified as the destination operand of PSTS, the signed bit is sign-extended and copied into the
corresponding guard-bit parts, AOG or A1G. The DC bit in DSR and other condition code bits are
not updated regardless of the instruction result. This instruction can operate as a conditional. This
instruction can operate with MOVX and MOVY in parallel.
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Section 3 DSP Operating Unit

3.5.13 Operand Conflict

When an identical destination operand is specified with multiple parallel instructions, data conflict
occurs. Table 3.34 shows the correspondence between each operand and registers.

Table3.34 Correspondence between Operands and Registers

X-Memory Y-Memory 6-Instruction  3-Instruction  3-Instruction
Load Load ALU Multiply ALU
Ax Ix Dx Ay ly Dy Sx Sy Du Se Sf Dg Sx Sy Dz
DSP AO ! *2 k2 !
Registers " . . "
MO 1 1 1 1
M1 #1 1 1 #1
X0 e 1 % 1 1 1 #2
X1 %2 #1 1 #1 e
YO %2 #1 A2 ! ! 1 %2
Y1 *2 1 *! 1 %2

Notes: 1. Registers available for operands
2. Registers available for operands (when there is operand conflict)

There are three cases of operand conflict problems.

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

Dg)

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

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

In these cases above, the result is not guaranteed.
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3.6 DSP Extended Function I nstruction Set

3.6.1 CPU Extended Instructions

Table3.35 DSP Mode Extended System Control Instructions

Instruction Instruction Code Operation Execution States T Bit
SETRC #imm 10000010iiiiiiii  imm — RC (of SR) 1 -
SETRC Rn 0100nnnn00010100  Rn[11:0] - RC(of SR) 1 -
LDRS @(disp,PC) 10001100dddddddd  (disp x 2 + PC) — RS 1 -
LDRE @(disp,PC) 10001110dddddddd  (disp x 2 + PC) —» RE 1 -
STC MOD,Rn 0000nnnN01010010 MOD —Rn 1 -
STC RS,Rn 0000nnnN01100010 RS — Rn 1 -
STC RE,Rn 0000nnnn01110010  RE — Rn 1 -
STS DSR,Rn 0000nnnn01101010 DSR — Rn 1 -
STS AO0,Rn 0000nnnn01111010 A0 — Rn 1 -
STS X0,Rn 0000nnnn10001010 X0 — Rn 1 -
STS X1,Rn 0000nnnn10011010 X1 — Rn 1 -
STS YO,Rn 0000nnnn10101010 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 0100nnnn10000010  Rn-4 — Rn, X0 — (Rn) 1 -
STS.L X1,@-Rn 0100nnnn10010010 Rn-4 — Rn, X1 — (Rn) 1 -
STS.LYO0,@-Rn 0100nnnn10100010 Rn-4 — Rn, YO — (Rn) 1 -
STS.LY1,@-Rn 0100nnnn10110010 Rn-4 — Rn, Y1 —(Rn) 1 -
STC.L MOD, @-Rn 0100nnnn01010011  Rn-4 - Rn, MOD — (Rn) 1 —
STC.L RS,@-Rn 0100nnnn01100011 Rn-4 — Rn, RS — (Rn) 1 -
STC.L RE,@-Rn 0100nnnn01110011 Rn-4 — Rn, RE — (Rn) 1 -
LDS.L @Rn +,DSR  0100nnnn01100110 (Rn) - DSR, Rn + 4—>Rn 1 -
LDS.L @Rn + ,A0 0100nnnn01110110 (Rn) > A0,Rn+4 —>Rn 1 -
LDS.L @Rn + ,X0 0100nnnn10000110 (Rn) > X0,Rn+4 —>Rn 1 -
LDS.L @Rn + ,X1 0100nnnn10010110 (Rn) > X1,Rn+4 ->Rn 1 -
LDS.L @Rn +,Y0 0100nnnn10