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Cautions

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

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

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

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

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

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

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




Preface

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

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

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

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

Using this Manual:

¢ For an overall understanding of the SH7729R's functions
Follow the Table of Contents.This manual is broadly divided into sections on the CPU, systel
control functions, peripheral functions, and electrical characteristics.
* For a detailed understanding of CPU functions
Refer to the separate publication SH-3, SH-3E, SH3-DSP Programming Manual.
Note on bit notation:  Bits are shown in high-to-low order from left to right.

Related Material:  The latest information is available at our Web Site. Please make sure thaty
have the most up-to-date information available.
(http://ww.hitachi.cp.jp/Sicd/English/Products/micome.htm)
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User's Manuals on the SH7729R:

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

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

HITACHI



Contents

SECHON 1 OVEIVIEW.....oiiiiiiiiee ettt
1.1 FAIUIES ...ttt e e e et et ettt ettt e e e e e e e e e e e e e e e e e e e e e e e aaaaaaeeaeeane 1
1.2 BIOCK DIBOIAM ...ttt ettt ettt e e e e e e e e s et b b e e e e e e aeeeeeeaamennes 7.
R B 1 T B =T ox o] 1 o] o PRSPPI 8
1.3.1  PiN ASSIGNMENT ...eiiiiiiiiiie ettt e e e e s et e s e b e e e
T T o T o 1 o o PSR
SECHON 2 CPUL .ottt
2.1 REOISIEIS ittt e e e e e e e bbb e e e e e e e e e s aeeeaaaaen s 19
211 GeNeral REQISIEIS . ..cco ittt e e e e e e e eeaaa s
2.1.2  CONIOI REGISTEIS .ttt ettt e e e
2.1.3  SYSIEM REGISIEIS ...cii ittt ettt et e e s
2.1.4  DSP REQISIEIS ...uuttiiiiiiieee e e ie ettt e e e e e et e e e e e e e e e s s s st e e e e aaaeeeeaaannnreaaeen
2.2 DaAta FOIMMALS......coiiiiiiieiiieiie e e e e e e e e e e e e e e e e e 35
2.2.1 Register Data Format (NON-DSP TYPE)......cccuuuiiiiiiiiiieiaeieiiiiieeeee e |
2.2.2 DSP-Type Data FOMALS......c.cocoiiiiiiiiiiiiiiiieee et
2.2.3  Memory Data FOMMEALS.......couiiiiiiiiiiiieeet et
2.3 Features of CPU COre INSIUCHIONS .......uuuiiiiieieeeiie e e e e e e s e e e e e e e e e e snenaneeeee s
2.4 INSEIUCHION FOIMALS ..oiiiiiiiiii ittt e b e e st e e e e et s 41..
2.4.1 CPU Instruction AddresSing MOUES .........ccooiiiiiiiiiiiiiieeeee e
2.4.2 DSP Data AQUIrESSING ....uvreeeiiiiaeaiia ittt e e et e e e e e e e s s s srbbe e e e e eaaeeeee e
2.4.3  CPU INSIrUCION FOIMALS ......cuiiiiiiiiiiiiee ettt e e e e e e e e e eneeeeeees
2.4.4  DSP INSrUCtION FOMMALS....cccii ittt e e e e e e e s
P T 1S3 {0 od T o T SRR 60
251  CPU INSIIUCHON SEL.....uiiiiiiiiiiiiie ettt e s e e e e neee
2.6 DSP Extended-FUNCtion INSIIUCHIONS ........c.uvviiiiiiiiiie et e
2.6. 1 INIFOTUCTION ...ttt ettt e et e e e e e e e s e bbb e e e e e e e e e e e e e saneeneeen |
2.6.2 Added CPU System Control INStrUCHONS ...........uueiiiiiiiaaiiiiiiiieeee e
2.6.3 Single and Double Data Transfer for DSP Data Instructions .............c.cccccvvvveveeen.
2.6.4 DSP Operation INSrUCLION SEL........ccuvviiiiiiiiiiie e
Section 3  Memory Management Unit (MMU).............cccccoeveeieieiiiiccccce, 93
I 70 R @ V=T V1 RO PPPUPPUPRPTN 93
Tt O R =T 1 (0 | (=1 PP Q3.......
0 I (o ] L= o 1Y 1Y RS
R TR B Y o A 724 | Y11V O
3.1.4  Register CONfIQUIALION.........uuiiiiiieeei i e e e e e reaaaeeas
G721 153 (= g B LYY ol ] o) o o 1 UREUURR 99...
3.3 TLB FUNCHIONS ..eeteeiiieie ettt e e e e e e et e et e e e e e e e e e e annbbbbeeeeeeeens 101

HITACHI



3.3.1  Configuration 0f the TLB .......ccooiiiiiiiiiiiiceec e e e e e e e 101

3.3.2  TLB INUEXING...etttteeeiiiiee ettt e e e e e e et b e e e e e e e e e e e e e annebeeeees 10:.
3.3.3  TLB Address COMPAISON ......ceoiiieeiiiieieeiee e e e e e ettt eeeeeae e e e e s aannebeeeeeeaaaaaeeaaaannes 10
3.3.4 Page Management INfOrmMation .............eeveiiiiiiiiiiiiiiei e 1C
3.4 MMU FUNCHONS ...ttt e e e s e e s re e e e e e e e e s s s snssrnnaneeeaeeeeeesmnans 107...
3.4.1 MMU Hardware ManagemeENt........u.uueeeeeeeeesiiiierinireeeeeeeeessssssssssnnsnereesseesssnsnnsnnes 10
3.4.2 MMU Software ManagemMeENt ............ccevuvuuiuiiriiiiiiiiisis e ieeeeeeeeeaeeeeeereereeeeerrnnnnn.. 10
3.4.3  MMU INStrUCtiON (LDTLB)....cciiiiiiiiiiiiiiiee ettt e e e e e e 108
3.4.4  Avoiding Synonym Problems.............ueiiiiiiiii e 10
3.5 MMU EXCEPLONS ...ceieiiiiiiie ittt et e e e 112...
3.5.1  TLB MiSS EXCEPLON ...cuitiiiie ittt ettt e e ee e e 11:
3.5.2 TLB Protection Violation EXCEPLION ...........uviriiiieeeiiiiiiiiiiiiieer e e e e s essivenneeeeeee s 113
3.5.3  TLB Invalid EXCEPLION .....ccooiiiiiiieieeeee ettt e e e e e e s ae e e e e e e e e e e e e eanrneenen 114
3.5.4 Initial Page WIte EXCEPLION ... ....uuiiiiiiiieeeiee ittt 11t
3.5.5 Processing Flow in Event of MMU Exception
(Same Processing Flow for ADdress ErTOr) .........oocueeeieiiiiieeee e 11
3.5.6  MMU Exception in REPEAL LOOP......ciiiiiiiiieeiiiiiiie ittt 11¢
G I Y 1= o g To T V2 Y F= '] = I I 12
T 0 Vo [0 1T A 4 - Y PSRN 12
3.6.2  DALA AITAY ..eeeeieieiieitetitiiee e e e e e e e e e e e e e e e et et et eeeeeaeesbe bbb bbb b a e e e e e e e e e e e aeaeaaaaaaeaeeaee 12
3.6.3  USAge EXAMPIES.....ccoi i 1
3.7 USAQE NOLE ...t e e e e e e e e e e e e e 123
Section 4  Exception Handling............c.ooeveiiiiiiiiisiceeccee e 125
R O 1V =T V= TR PP RPT PP R 125
411 FEAIUIMNES ...oeiie ittt 125.....
4.1.2 Register CoNfIQUIatiON.........cc.euiiiiiiii e e e e e e 12
4.2  Exception HaNdliNG FUNCHON ......ouuiiiiiiiiiiee et 12
4.2.1  Exception HaNAIING FIOW .......cooouiiiiiiiiiiii et 12!
4.2.2  EXCeption VECtOr AdArESSES ........uuiiiiiiiiieeee e s it e e e e e e e e e s ssraer e e e e e e e e e s sennneeen 12
4.2.3  Acceptance of EXCEPLIONS........cccciiiiiiiiee e 12
4.2.4  EXCEPUON COURS ...eutiiiiiiiieiee ettt ettt e e e e e e e e e e b b e e e e e e e e e e e e e aannens K
4.2.5 EXCeption REQUESE MASKS ......ccoiiiiiiiiiiiiee ettt e e e K
4.2.6 Returning from Exception HaNdliNg ..........ccoooiiiiiiiiiiii e 13!
4.3  ReQISIEr DESCHPLONS ....eiiiiiiiiiiie ittt ettt e e e 132....
4.4  Exception HANAIING OPErAtiON .....cciiiieeiiis ittt e e e e se e ee e e e e e e e e s ss s eereeaaeeeeeaanns 13
441 RESEL....oiiiiiiiiii i 133....
N 1 1 (=1 U] o] £ TP PP TR PRPPPPPPPP 133.....
4.4.3  GENEral EXCEPLIONS .....ciiiiiiei ittt ettt e e e e e et ee e e e e e e e e e e annnns 1c
4.5  Individual EXCeption OPEratiONS .........cceeiiuriiieiiiiiite e st ee et et s e st e e e eeen 13
4.5, 1 RES IS .. ittt a e e e e ann 134......
4.5.2  GENEral EXCEPLIONS ...uvvieiiiieeee i e ittt e e e e s e s s e e e e e e e e e e s s st rnreraeaaeeeeeennnnnns 1:
R T 10 (=] ¢ (U] o) £ USSP PRSPPI 140......
1

HITACHI



G O 11 | o] PO OO PP RTOUPR N 141
SECHONS  CACNE ... 14
S0 A O 1 =T V= PP 143
.11 FAIUIES ..ttt e e e et e e e e e e r e e aee 143.......
5.1.2  CACNE SHUCTUIE ....coiiiciiee ettt e e :
5.1.3  Register CONfIQUIALION.........uuiiiiiiee e s e e e e e e e e e s s raraeeeeaaaeeas 1
5.2 RegISter DESCIIPLIONS ..cceiiiiiiitiie ettt e e e et e e e e e e s ennb e e eeens 145....
5.2.1 Cache Control RegIStEr (CCRY) ......ueiiiiiiiaeiiiiiiiiiee et a e e e e 1
5.2.2 Cache Control RegiSter 2 (CCR2) ......coiiuiiieiiiiiiiee ettt 1
LT B 07 Ted o = @ o =T =i o ] DS PPPPPP PP 148..
5.3.1 Searching the Cache............uuiiiiiiiii e |
B5.3.2  REAU ACCESS....oiiiiiiieiiie ittt sttt ettt st e bt e bt e s b e e e e b e s :
5.3.3  WWIIEE ACCESS ...iieiie ettt e e e e e e 1
5.3.4  WIrite-Back BUFfer ... 1t
5.3.5 Coherency of Cache and External MemOIY..........coovuiiieiiiiieeniiiiee e 1
5.4 Memory-Mapped CACE ........coiuiiiiiiiiiiiee et i
L T Vo [0 [ £ TST Y A - Y SRR 1
R D - | - N Y £ £\ O PPPPPPOTRPUPPPPN 1
5.5 USAQE EXAMPIES .. ..ttt e e e e e e 154...
5.5.1 Invalidating SPeCifiC ENIES.......cccoiiiiiiiiiiiiiiee et 1t
5.5.2 Reading the Data of @ SPecific ENtry........oocoviiiiiiiiiiii e 1
SECHON 6 X/Y MEMOIY......ocoiiiiiiiicieieeeeeee et 15!
6.1 OVEIVIEW ... etiieiiie ettt ettt ettt et b et e st et e e b e e e s be e e e ek b e e e bn e e s abbe e e nnr e e e asmneennnees 155
6.1.1  FRALUIES ...t 155......
6.2 X/IY Memory ACCESS frOM CPU ......c.uuiiiiiiiiiiiie it 1!
6.3 X/Y Memory ACCESS frOM DSP .......oooiiiiiiiiiiiiie e 1
6.4  X/IY Memory ACCESS fromM DIMAC .......uuiiiiiiiiiiee ettt 15
Section 7 Interrupt Controller (INTC)......ccooovoviiivoeeeeeeeee e 159
T.1 OVEIVIEW ...eeeiieiiieiee ettt ettt e e et e e s s et e e et e e s e b et e e e e s e e e e e e ennnas 159
T.1.1 FRATUIES ... e e e e e et et e e e e e e aetebe bbb bt 159......
7.1.2  BIOCK DIBOIAIM ...cciiiiiiiieiitieee ettt ettt ettt e e st e e s st b e e e s nnneeee s 1
7.1.3  Pin CONfIQUIALION. .....eiiiiiiiiiie e 1
7.1.4 Register CONfIQUIALION.........uuiiiiiiee i e e e s e e s eeeeaaeeas 1
7.2 INTEITUPE SOUICES ..cuttiiiiiiieiiiie et ettt ettt e e et e e e e et e s e e e e e bt e e e e e e bbb s e e s ennnaans 163
T.2.1  NMIINEEITUPDL. ettt ettt ettt e e e e e e e e e e e e aaaeaaeeeeeeennnes 1¢
7.2.2  IRQ INEEITUPES ..ot e e e e e e e e e e e e e e e eeeeeeaeeesnnbnnnens 1
T7.2.3  IRL INEEITUPDTS. ...ttt e e e e e e e e s e 1
T.2.4  PINT INEITUPES ..eeeeiiieie ettt ettt e e e e e e e e e e e e s e s s s e 1
7.2.5 On-Chip Peripheral Module INtErrUPLS .......ccceviiiiiiieieeee e 1¢
7.2.6 Interrupt Exception Handling and Priority .............cccccviiiiiiiie i 16
1l

HITACHI



0 T |V O = L= 1) 1= U 173.
7.3.1 Interrupt Priority Registers Ato E (IPRA—IPRE) ... 173
7.3.2 Interrupt Control Register 0 (ICRO).........oii e 17
7.3.3 Interrupt Control Register 1 (ICRL).......ccuiiiiiiiiieiiiiiie e 17!
7.3.4 Interrupt Control Register 2 (ICR2)........cooiiiiiiiiiiiiiiie e 17¢
7.3.5 PINT Interrupt Enable Register (PINTER) ......ccoeeeiiiiiiiiiiiiieeceeee e 17¢
7.3.6 Interrupt Request Register 0 (IRRO)........ccccuviiiiiiieeee e 18
7.3.7 Interrupt Request Register 1 (IRRL).......cccuuuiiiiiiiiiiiiiiiiieee e 18
7.3.8 Interrupt Request Register 2 (IRR2) ... 18
T4 INTC OPEIALION ..ueeeeeie ittt e ettt e e e st e e e e s kb e e e e e s anbbeeeeeansbeeeee s 185..
741  INTEITUPE SEQUENCE ....otiieiiiiieeeeee ittt e e e e s e e e e e e e s e s r e e e e e e e e e s e anas 1
T7.4.2  MURIPIE INTEITUPLS ...euiiiiiiiiee et e e e e e e s e s st er e e e e e e e e e annnnnns 18
7.5 INterrupt RESPONSE TiME....ccoiiiiiiiiiiiie it e e e e e e e e e e e e e e e e e e e s e nnnnnes 187.......
Section 8 User Break Controller............cocoooiiiiiieeceeeeeee s 191
S 0 I @ 1 =T V= PRSP 191
 F0 O R T - 1 =S 191......
S 700 7 =1 o Tod [ 1TV | = g SRS 19
8.1.3  Register CONfIQUIALION.........uuiiiiiiieeeiiiiciiiie e e e e e e s e rereaeeeas 19
8.2  RegiSter DESCIPLIONS ...ccoei ittt ettt e e e e e e e e e e e e e anne e neas 195....
8.2.1 Break Address Register A (BARA)..... .. i 19t
8.2.2 Break Address Mask Register A (BAMRA) .......c.ooeiiiiiiiiiiiiiiee e 196
8.2.3 Break Bus Cycle Register A (BBRA) ........ooiiiiiiiiieiiiiiee e 197
8.2.4 Break Address Register B (BARB) .......cccuuviiiiiieeie it 19¢
8.2.5 Break Address Mask Register B (BAMRB)...........ccoociiiiiiiieiieee e ccciiinieee e 20C
8.2.6 Break Data Register B (BDRB)........ccuiiiiiiiiiiiiiiiiieecee e 20
8.2.7 Break Data Mask Register B (BDMRB) ......cccccooiiiiiiiiiiiiiiieiaa e 202
8.2.8 Break Bus Cycle Register B (BBRB) .........cccouiuiiiiiiiiiiieeiiiiee e 20
8.2.9 Break Control Register (BRCR) ........coiiiiiiiiieiiiiiiee et 20
8.2.10 Break Execution Times Register (BETR) ......ccccuviiiiiiiieee e iiciiiiieeeee e e e e 20
8.2.11 Branch Source Register (BRSR) .....ccuiiiieiiiiiiiiiiiiieeeeeee et e e e e e snnnnes 2(
8.2.12 Branch Destination Register (BRDR) .......cccuiiiiiiiiiiiiiieee e 21
8.2.13 Break ASID Register A (BASRA) .....ouiiiiiiiiiiie ettt 212
8.2.14 Break ASID Register B (BASRB)........ccoiiiiiiiiiiiiiiie ettt 2172
8.3  Operation DESCHPLION ......ciuuuiiiei ittt ettt ettt e e s b e e s s eee s 213...
8.3.1 Flow of the User Break Operation.............cccccvuiiiiiiieeeeeie s e e e e e e snnsnnneees 21
8.3.2 Break on Instruction FEtch CYCle ........cccuiiiiiiiiiiie e 21
8.3.3 Break by Data ACCESS CYCIO.....uuuiiiiiiiiiiiiii et 21
8.3.4 Break on X/Y-Memory BUS CYCIE ........ccuiiiiiiiiiiiieeiiec et 215
8.3.5  SeqUENIAI BrEaK ......ccciiiiiiiiiiiiiiiiee et 2!
8.3.6  Value of Saved Program COUNLEN ..........cooiiiiiiiiiiiiieee i 21
8.3.7 PO TIACE...cii ittt ettt 16....... 2
8.3.8  EXAMPIES Of USE ...ttt e e e e e e e e 2]
v

HITACHI



8.0 NI S et 223.....

Section 9  Power-DOWNn MOAES.............ooiiiiiiiiieee e 225
S A @ 1= V= S PRSRPPRRRN 225
9.1.1  POWEIr-DOWN MOUES ...ooieeeeieiieiieiieiit e e s e s st ee e e e e e e e e e s asnbaaee e e e e e e e e e s e s nnnnsenneen 2
9.1.2  Pin CoNfiQUIAtION....ccciiieeeiie ittt e e e e e e e s e st e e e e e e e e e s e e nnnrnaneees 2
9.1.3  Register CONfIQUIALION.........uuiiiiiiee i e e e e e e e e s s s rae e eaaaeeas 2
9.2 ReQIStEr DESCIIPLIONS ...ceeeiiiiiitie ettt e e e e e et e e e e e e s e annb e e nens 221....
9.2.1 Standby Control Register (STBCR).......coiiiieiiiiiiieiie e 2
9.2.2 Standby Control Register 2 (STBCR2) .......couiiiiiiiiieiiiiieee et 2
9.3 SIEEP MOUE ...t ee e e 231
9.3.1  Transition t0 SIEEP MOUE.........ccuiiiiiiieeiee e e e 2
9.3.2  Canceling SIEEP MOUE .......uuiiiiiiiiee e e e e a e Z
9.4 SEANADY MOGE ...ttt e e e e e e e e e e e e e nb e b 232.
9.4.1  Transition t0 Standby MOUE........cooiiiiiie e 2
9.4.2 Canceling Standby MOE..........ccuuiiiiiiiiiiee e 2
9.4.3  ClOCK PAUSE FUNCLION .....uuiiiiiiieeeiie it e e e e e e e e e e s e s e e e e e e e e e e e aanns z
9.5 Module Standby FUNCHON........ciiiiiiii e e e e e e e e e e e e e 5. .
9.5.1 Transition to Module Standby FUNCHON ..........ccooiiiiiiiiiiiiceec e 2:
9.5.2 Clearing Module Standby FUNCLION...........cciiiiiiiiiiiii e 2.
9.6  Timing of STATUS PiN CRANQES ......ciiiiiiiiiiieiiiiiite ettt 2
9.6.1  TiMING fOF RESEIS...cciiiiiiiie ittt 2
9.6.2 Timing for Canceling Standby ..o 2.
9.6.3 Timing for Canceling SIeep MOUE..........ccuuviiiiiieeeieicccie e 24
9.7  Hardware Standby MOUE ........ueeiiiiieii i e e e e e s e e e e e e e e s s e annren :
9.7.1 Transition to Hardware Standby MOGe..........ccoiiiiiiiiiiiiiiiiiieeeec e 2
9.7.2 Canceling Hardware Standby MOe ............ccueiiiiiiiiiiiiiiiiiee e 2
9.7.3 Hardware Standby Mode TimiNg..........occuueieeiiiiiiieiiiiee e 2:
Section 10 On-Chip Oscillation CirCUILS.............cccceiiiieieiiieeeeceeeeee e 247
L0.1  OVEIVIEW .. iiiiiiiiee ettt ettt ettt ettt ettt et e e e be e ekt e e ek bt e e abe e e s aab e e e snb e e e anre e e smneeeanes 247
J1O.1.1 FAMUMES ..coiiiiieiiiiret ettt 247......
10.2 OVEINVIEW OFf CPG ...ttt e e e e e e e e e e e ammmes 248..
10.2.1 CPG BIOCK DIAGIAM .....uveiiiieiiiiiee ettt ettt e et e e e st ee e e s nnbaeeae e 2
10.2.2 CPG Pin CoNfigUIation .........coiueiiieiiiiiiee ettt e e niraeee e 2
10.2.3 CPG Register Configuration ...........ccccuiiieiiiiiee e s e s e e s s s ssierrereeee e e e e e e 2
10.3 Clock Operating MOAES ..........uuuiiiiiieie e a e e e e s e aee e 251.......
10.4 REQIStEr DESCHIPLIONS .....ueiiiiiiieieei ittt e e e e ettt e e e e e e e e e s ebbb e e e e eeaaaeeeaanns 255...
10.4.1 Frequency Control Register (FRQCR) ......ooiiiiiiiiiieiieeee e 2
10.5 Changing the FrEQUENCY .......cooiiiiiiiieiiiiiie ettt 257........
10.5.1 Changing the MUltiplication RaAtE..........cccoiiiiiiiiiiiiiie e 2¢
10.5.2 Changing the DiViSion RALIO ..........uuuiiiiiiieiiiiiiiiiieeie e e e e e 2!
10.6  OVEIVIEW Of WDT ..oiiiiiiiiiiiie ettt ettt st e n e 258...
\%

HITACHI



10.6.1 BIloCk Diagram Of WDT.......uuuiiiiiiei it e e e e e e e e e aneeeeaeaeas 25¢

10.6.2 Register CONfIQUIATION..........uuiiiiiiiiie ettt e e e e e s eeeeas 25
10.7 VDT REQISTEIS. .. eeeiiiiieaeie ittt e ettt e e e e e e e e e s e abe e e e e e e e e e e e e s e e annnn s e 259
10.7.1 Watchdog Timer Counter (WTCNT)...ccoiiiiiieeiiiiiie et 25¢
10.7.2 Watchdog Timer Control/Status Register (WTCSR) .......ccccvereiriiiiieeiiiieee e 25!
10.7.3 NOES ON REGISIEr ACCESS. .. .uuiiiiiiiiiiiee e e et e et e e e e e e e r e e e e e e e s e s anenerereeees 2
OIS I L= T o I T=TN AT PP 262.
10.8.1 Canceling STANADY .......cooiiiiiiii e 2
10.8.2 Changing the FrEQUENCY .......ccoiiiiiiiiiiiee et e ettt e e e e e e e e e e e e e e e e e 20
10.8.3 Using Watchdog Timer MOUE .......ccooiuiiiiiiiiiiiee et 26.
10.8.4 Using Interval TIMer MOE ........ccooiiiiiiiiiiiiiiee et 26:
10.9 Notes 0N BOArd DESIQN .....ccceeeeiiiiiiiiiiiieeee e e e s e e et e et e e e e e e s s s s rreeaee e e e e ennnnms 264......
Section 11 Bus State Controller (BSC).......ccccovviiiiiiiiieeeecese e 267
I R @)Y= V1 PRSP UPPPPTT 267
0 I R T (PP PPRRP 267......
0 O 2 =1 (o Tod Q) DI = Lo = 11 PP PP PRI 26
11.1.3 Pin CONfIQUIALION......eiiiiiii e e e e e e e e s s s st reeaaaaeeeseeennnnnes 27
11.1.4 Register CONfIQUIAtiON...........uuuiiiiiiiee e ee e e e e e s e s s e e e e e e e s e s s snnrrraeeeees 27
11.1.5 ATEA OVEIVIEW. .. .eeeiiiiiiieiie ettt e ettt e et e e ettt e e s st e e e e e b b e e e s sbr e e e s annreeeeenanns 27
11.1.6 PCMOCIA SUPPOIT ...ttt ettt ettt ettt et et e e sabe e e ssbe e e s be e e anbe e e s bbeeenee e 27
11.2 BSC REQISIEIS ....eeeiieiiiiiiie ettt ettt et s ettt e e e e bt e e s nbb b e e e e nb b e e semmmnens 279
11.2.1 Bus Control Register 1 (BCRL) ......occuueiiiiiiiiiie ettt ettt ee e sineee e 27
11.2.2 Bus Control Register 2 (BCR2) ....ccuiiieiiiicccieiieeee ettt e e e e e e e aanee s 28
11.2.3 Wait State Control Register 1 (WCRL) .....cccccuuiiiiiiieeie e 28
11.2.4 Wait State Control Register 2 (WCR2) ........uuuiiiiiiiieiiaiiiiiiiee e 28
11.2.5 Individual Memory Control Register (MCR) ........cccuuiiiiiiiiieaeeeeiiiieeee e 289
11.2.6 PCMCIA Control RegiSter (PCR) .....cocuuiiiieiiiiiiie it 29:
11.2.7 Synchronous DRAM Mode Register (SDMR) .......coovcuviieiiiiiiiieiiiiiee i 29¢
11.2.8 Refresh Timer Control/Status Register (RTCSR) ........ccoovcuvviiiierieeee e 29
11.2.9 Refresh Timer Counter (RTCNT) ..uuuiiiiiiiiieree it e e e e e s sssirrrrrer e e e e e e e e s 29
11.2.10 Refresh Time Constant Register (RTCOR).......ccooviiiiiiiiiiiiiiieieee e 3C
11.2.11 Refresh Count Register (RFCR) .........oiiiiiiiiiiiieee e 3(
11.2.12 Cautions on Accessing Refresh Control Related Registers..........ccccocvveeeiviineneen. 3
11.2.13 MCSO Control Register (MCSCRO) ........coiiiiiiiiieiiiiiiee ettt 30:
11.2.14 MCS1 Control Register (MCSCRL) .....cccoiiiiiiiiiiiiieiee e et e e 30:
11.2.15 MCS2 Control Register (MCSCR2) .......ccooiiiiiiiiiieeee et 30:
11.2.16 MCS3 Control Register (MCSCR3) .....ccooiiiiiiiiieieee et 30:
11.2.17 MCS4 Control Register (MCSCRA) .......oviiiiiiiiie it 30:
11.2.18 MCS5 Control Register (MCSCRD) ........coiiiiiiiiieiiiiiiee et 30:
11.2.19 MCS6 Control Register (MCSCRB) ........cccouiuiiiiiiiiiiiiee it 30:
11.2.20 MCS7 Control Register (MCSCRT7) ...ccvceei ittt a e 30:
G B = I O @ o =1 = 111 ISR 304.
\Y|

HITACHI



11.3.1 Endian/Access Size and Data Alignment ..........cccceeevieeeeri i 3

11.3.2 DeSCHPLON OF AFBAS ....uuteiiiiiiiiee ettt ettt e e e e e e e e e et b e eeeaaaaeee e 3
11.3.3 BASIC INEITACE ....oeiiiiiiiee et e e e e e e eaaaeas 3
11.3.4 Synchronous DRAM INEITACE ........ueieiiiiiiiiei e 3.
11.3.5 BUISt ROM INTEITACE .....cceii ittt e e e e e e s 3
11.3.6 PCMCIA INTEITACE ... ..eiiiiiie ittt 3
11.3.7 Waits between ACCESS CYCIES ....uuiiiiiiiiii i :
11.3.8 BUS AIDITIALION. ... .ceeiiiiiiiiiee e 3
11.3.9 BUS PUIFUD oottt e et e e e e e e e e e e e nnnee e 3
11.3.10MCS[0] to MCS[7] Pin CoNtrol ........ccoooiiiiiiiiirere e 365
Section 12 Direct Memory Access Controller (DMAC)..........ccccooeeiiierenenns 369
12,1 OVEIVIEW ..o iuiiiiiiiii ettt ettt ettt ettt s bt e ekt e ekt e e ek bt e e be e e s anb e e e anneeeanr e e e smreeennes 369
12,11 FEAMUIMES ..coiiiieiiiiir e 369......
2 = (0Tt QL = Yo | = T o TR PPRRRRRR 3
12.1.3  PiN CONfIQUIALION. .....itiiiieiiiiiiie et e e 3
12.1.4 Register CONfIQUIALION........cooiiiiiiiieiiiiie e e e 3
12.2 REQIStEr DESCHPUONS ....uvieiiiiiieeeeeiiiciiie e e e e e e e e s s s e e e ae e e e s e s s s ssanbrareeeeaaaeeesemns 315...
12.2.1 DMA Source Address Registers 0—3 (SARO-SAR3) .....ccceeiiiiiiiiiiiiiiiieecee e 3
12.2.2 DMA Destination Address Registers 0—3 (DARO-DARS3)......ccceeeriiiiiiiiirienennn. 37
12.2.3 DMA Transfer Count Registers 0—3 (DMATCRO-DMATCRS3) ......ccceviiieieiininn 377
12.2.4 DMA Channel Control Registers 0—3 (CHCRO—CHCRS3) .......ccccevvivieieiiiiiiieee 37
12.2.5 DMA Operation Register (DMAORY) ......occuuiiieiiiiiiee ettt 38
D2 T @ T o =1 = 11T o TR PSRRI ..387
12.3.1 DMA TranSfer FIOW .......c.cooiiiiiiiiieiiie et 3¢
12.3.2 DMA Transfer REQUESTS ..........uuiiiiiiiiieeei ettt e e e 3
12.3.3  CRANNE] PrIOMIY ....eeeieiiie ettt e e e e e e e e e e neneeeeees 3
12.3.4 DMA TranSTeI TYPES...eeiiei ittt ettt e eanaeas 3
12.3.5 Number of Bus Cycle States @RIEQ Pin Sampling Timing..........cccccveevvivveen 407
12.3.6 Source Address Reload FUNCHON..........cciiiiiieiiiieieee e .
12.3.7 DMA Transfer Ending Conditions...........cccuviiiiiieeeiii e 4]
12.4 Compare MatCh TIMEr (CMT) .cccic ittt e e e e e e e e eeeeeen 4
T2.4. 1 OVEIVIBW ...ttt ettt e e e e e e e e e e ettt e e e e e e e e e e e annbasbeeneeeaaaaaans 20...... 4
12.4.2 RegiSter DESCHIPONS.......iiiiiiiiiie ettt et e e e 4
12.4.3 OPEIALION c.coieeiieee ettt e ettt e e s e e s bbb e e rr e s 24...... :
12.4.4 Compare MatCh .......ccoiiiie e 4
12.5 EXamples Of USE .....cccciiiiiiiiiiii e ssinvneene e e e sssinnnnnnneee e e e e e ennnn  A20
12.5.1 Example of DMA Transfer between On-Chip IrDA and External Memory........ 427
12.5.2 Example of DMA Transfer between A/D Converter and External Memory
(AdAress RelOad ON) ......cooiiiiiiiiiiiiiee e 4
12.5.3 Example of DMA Transfer between External Memory and SCIF Transmitter
[ To T g=Tod X (o 1L =TST= 3@ o) I SSSPR 4z
12,6 USAQE NOES . .iiiiiiiieiiiiit et e e e e e e e e e et e e e e e e tes e e s s 431
VIl

HITACHI



Section 13 TIMer (TMU).......cooiiiiiieieeecee e 433

R T R O Y= V= PO PP PP PPPPPPPPPPRRRY” 2c 11
L13.1.1 FRALUIES ... ettt e e e e e e e e e e e e ettt e e et e et be b et bbb e e e e e e e e e 433......
R T 2 =1 (o Tod [ DI = Lo = 11 PP PP PO PP PPPPI 43
13.1.3 Pin CONfIQUIALION. ... .uuiiiiiiiiiiie et e e e eeeeas 43
13.1.4 Register CoNfiQUIatioN...........uuuiiiiiiieeeiei i e e e e e e e e e e s e s snnr e eeees 43
13.2 TIMU REQISIEIS .. uiiiiiiiiiiieee e e e e e e e e e e e e e s e e e e eeeeeeesssaaabeerereeaeaeess s s smmmmes 436
13.2.1 Timer Output Control Register (TOCR)........uuiiiiiiaiiiiiiiiiiieee e 43¢
13.2.2 Timer Start RegiSter (TSTR) ....iuueiiieiiieii ettt 43
13.2.3 Timer Control REgIStErS (TCR) ....ccciiiuiriiieiiiiiiie ettt 43
13.2.4 Timer Constant RegiSters (TCOR) .....cooiiiiiiiiiiiiiiee et 44
13.2.5 Timer CoUNErS (TCNT) wuuiiiiiieee e it ir e e e e e s s e e e e e e e s e s s eereeaeaeeeeaems 44
13.2.6 Input Capture RegiSter (TCPR2) .....uuuiiiiiiieeeie ittt e e e s sciarreae e e e e e e e e e annanes 44
13.3  TMU OPEIatiON......cuvuiiiiiiiiieeeiiiiiiiiieiieeee e e e esiiisieeee e e e e e e e e ssninnnnneeeeeeeeeeeeeennenn s D44,
13301 OVEIVIBW ...ttt e e e e e e e ettt e e e e e e e e e s anbnbe e e e e e eaaaeeeaaaannns 44..... 4
13.3.2 BASIC FUNCHONS ... ..uiiiiiiiiiiieee ettt e e e e e e e e s s st e e e e e e e e e e s e annnnren 44
R A [ 01 (T £ (U] o] £ TP PP PP 448
13.4.1 Status Flag Setting TiMiNg.........ccccciiiieiiieee e r e e e e e e s srreerr e e e e e e e e e ennnnes 44
13.4.2 Status Flag Clearing TimMiNg ........uueeeiiieeeeeiiiiciiiieeee e e e e e e e e e e e eannneen 44
13.4.3 Interrupt SOUrceS and PriOIIES ......ccciieeiiiiiiiiiiieiiee e 44
13.5  USAQE NOLES ... e e e e e e e e e e e e e et e e eeeeeaebebebee b e s i 450
13.5.1 WIItING 0 REGISIEIS ... .uiiiiiiiiiiie ettt e 45
13.5.2 ReAdING REGISIEIS .. .viiiiiiiiiii ettt e e s sbreeee e 4
Section 14 Realtime CloCK (RTC). ... 451
141 OVEIVIEW.....eeiiiieiiiieiee e iitieee et ee et e e e snree e e s ssnneeeeesnnnnneeessnnneeessnnnneeeessnnnneeessnnns 4D 1
LA.1.1 FEAIUIES ...ttt e e e e e e et e et et et e e et e et be bt bbb nt e a e e e e e e e e e s 451......
I S N =1 (o Tod QDI = Lo = 11 PP PO PP PRI 45
14.1.3 Pin CONfIQUIALION. ... .uuiiiiiiiiiiii et e s neeeas 45
14.1.4 RTC Register Configuration .............ceeeeeeiiiiiciiiiiieireeee e s e e e e e e e s ssneaeeeen 45
I = I O = To 153 (=T £ U UEURUR SRR Lo 101
14.2.1 64-HzZ CouNter (RBACNT) ..eeiiuiiiiiiie ittt ettt e e e e sneeas 45
14.2.2 Second Counter (RSECCNT) ..ccciiiiiiiiiiiiiie ettt 45
14.2.3 Minute Counter (RMINCNT) ...ooiiiiiiiieiiiiie ettt 456
14.2.4 Hour Counter (RHRCNT) ...oiiiiiiiiiiieiitiite ettt 45
14.2.5 Day of Week Counter (RWKCNT) ...cccuuiiiiiiiiieee et rr e e e e e e s e s snnnveneeeneea e 457
14.2.6 Date Counter (RDAYCNT) ...uiiiiiieiiiie ittt snnee e 45¢
14.2.7 Month Counter (RMONCNT) ....uuiiiiiie ettt 458
14.2.8 Year Counter (RYRCNT) ..uuuiiiiiiiiiea ettt e e e e e e eae e 45
14.2.9 Second Alarm Register (RSECAR)........uuiiiiiiiiieiiiiie e 45
14.2.10 Minute Alarm Redister (RMINAR).......coiiiiiiiiiiiiie e 460
14.2.11 Hour Alarm Register (RHRAR) .......uuiiiiiiiiiiee e e e e e e e e e 46(
14.2.12 Day of Week Alarm Register (RWKAR) ........cccouviiiiieeeeee e 461
VIl

HITACHI



14.2.13 Date Alarm Register (RDAYAR) ...ttt e e s ne e e e e 46

14.2.14 Month Alarm Register (RMONAR) .....ooiiiiiiii e 46
14.2.15 RTC Control Register 1 (RCRL) ...cooiiiiiiiiiiiiieiiiee e 4
14.2.16 RTC Control Register 2 (RCR2) .....coiuiiiiiiiiiiiie et 4
14.3 RTC OPEIALION ..cciitiiiee ettt ettt ettt e et b e e e s sbb e e e s abbe e e e e s st e e mmmmmas 466
14.3.1 Initial Settings of Registers after POWEr-ON ..........cvveeeiiiiiiiiiiiiiieeceee e 4
14.3.2 SettiNng the TiME. ... e e e e e e e e e e e e e e e e e e e e e e aanns 4
14.3.3 Reading the TiMe.......co e e e e £
I A AN -V g o I T To 1 o o PP 4
14.3.5 Crystal OSCIllAator CiFCUIL..........veeiiiiiiiiee it 4¢
14,4 USAQE NOES ...t e e e e e e e e e e et et e e e e e e e e e e e 470
14.4.1 Register Writing during RTC COUNL........cccuviiiiiiieie e e eee e 47
14.4.2 Use of Realtime Clock (RTC) Periodic INterrupts.........cccooeevvvivieeeeeee e 47
Section 15 Serial Communication Interface (SCL).......ccoooriiiiiiiiiniirecees 471
TR R © 1= V1 SRRSO PPPPRRPPRY ¥ 4i
I15.1.1 FRAIUIMES ..ottt e e e et s e e et e et e e e e e e ee b e e e e eeaes 471......
TR 2 = [ Yot I = Vo | = T EEEERR 4
15.1.3 Pin CONfIQUIAION......uuuiiiiiiiiie et e e e s s e st e e e e e e e e e s s st erreeeeeeeeeeseanans 4
15.1.4 Register CONfIQUIATION. ..ottt e e e e e e e e s nbeeeees 4
15.2 ReQiSter DESCHPIONS .....ueeiiiiiieeaeiiiiite it e e e ettt e e e e e e e e e e s e nenb e eeeeeaaaeeeeanns 416...
15.2.1 Receive Shift RegiSter (SCRSR) .....cciiuuiiiiiiiiiiiie it 4
15.2.2 Receive Data Register (SCRDR).......ccciiiiiiiieiiiiiie ettt 4
15.2.3 Transmit Shift Register (SCTSR) .....cccccviiiiiiiiie e e e ree e e e 4
15.2.4 Transmit Data Register (SCTDR) .....uuiiiiiiieiiiiiiiiiiiiee e e e e e e 4
15.2.5 Serial Mode RegiSter (SCSMR).....ccoiiiiiiiiiiiiitiiieeee e 4
15.2.6 Serial Control Register (SCSCRY)......cccoiiuiiiiiiiiiiiee ittt 4
15.2.7 Serial Status RegiSter (SCSSR) ....ccciiuiiiiieiiiiiie ittt .
15.2.8 SC Port Control Register (SCPCR)/SC Port Data Register (SCPDR) ................. 4
15.2.9 Bit Rate Register (SCBRR) ......uuuiiiiiiiiei i e e s e e e e e e e e 4
TG T @ T o =1 = 11 ] o TR U 497
15.3.1  OVEIVIEW ..eiiitiieiiiie ettt ettt ettt ettt e s it e e st e e sabe e e sab e e e s br e e anbn e e s anbeeeanes 97..... 4
15.3.2 Operation in ASYNChroNOUS MOUE.........eiiiiiiiiaiiiiiiiiiiiee e e 4
15.3.3 Multiprocessor COMMUNICALION. ........ciiurriieiiiiiite ettt 5
15.3.4 SYNChronOUS OPEration ..........eieiiiiiiieiiiiiie ettt e e e s eeees L
15.4 SCI Interrupts
155 USAQE NOES ...ooiiiiiiiiiiiiiiin e e e e e e e et e e e e e e e e e een
Section 16 Smart Card INterfacCe...........ccooiiiiiiiiiieeeee e 533
L168.1  OVEIVIEBW ...eiiiiiiiiiiete e e ettt e e e e e e e e e ettt e e et e e e e e e se e s st et eeeeeaeaeeeeessnannsbnrneenaaaanas 533
G0 N T B33......
T 2 = [ Yot I =V | = T EEERRR 5
16.1.3 Pin CONfIQUIALION.......uuiiiiiiiiie e e e e s r e e e e e e e e e s s rrr e e e e e eeaeeeseaaans 5

HITACHI



16.1.4 Smart Card Interface REQISIEIS ........cccuviiiiiiiiee e 5

16.2 REQIStEr DESCHIPUIONS .....uteiiiiiieieeeiii ittt e e e e e e e e e s aiab bbb e e eeaaaeeeeanns 536...
16.2.1 Smart Card Mode Register (SCSCMR).......c.uuiiiiiiiiiiieiiiiee e 53
16.2.2 Serial Status Register (SCSSR) .....oouuiiiiiiiiiii e 5

L16.3  OPEIALION. .. eeeiie ittt e st e e s et e e e et e e e e e n bt 4 —— 538
16.3.1  OVEIVIEW ...ttt ittt ettt ettt e et e s nn e e s nnre e e e s 38...... 5
16.3.2 PN CONNECLONS ....eeiiiiiiiiieitiee ettt ettt e et sabe e e s e e e snb e e e snneeesnreeesnneeans 53
16.3.3 Data FOMMAL .........cviiiiiiiiiieiii e 5¢
16.3.4 REQISIEr SEIINGS ...eiiiiitiiiieiiiiii ettt e s e e s b e e 5
SR ST 1 o T PR R 542....
16.3.6 Data Transmission and RECEPLION .......ccoiiuiiiiiiiiiiiie e 5¢

G U LS Vo = AN [0 =S 551
16.4.1 Receive Data Timing and Receive Margin in Asynchronous Mode..................... 55!
16.4.2 Retransmission (Receive and Transmit MOUES) .......ccoooeeriiiiiiiiiiiiiiiieieeeee e 5t

Section 17 Serial Communication Interface with FIFO (SCIF).................... 555

A R © Y= V1 PSP 555
17.0.1 FEALUIES ...t 8555.....
I A = Y[ Tor T =T | = o SR 55
17.1.3 Pin CONfIQUIALTION. ....eeiiiiiiiee ittt e e e e e e e e eaneees 55
17.1.4 Register CONfIQUIAtION..........uuiiiiiiiii e e e e e e e ee s 56

17.2 ReQIiSter DESCHPLONS .....ciiiiiiiiiiei ittt e et 561...
17.2.1 Receive Shift Register (SCRSR) ......c..ouiiiiiiiiiiiiiiiie e 5€
17.2.2 Receive FIFO Data Register (SCFRDR)........uuuuiiiiieeeiiiiiiiiieeeee e 56
17.2.3 Transmit Shift Register (SCTSR) ....uuuuuiiiiiieeeii i e e e 56
17.2.4 Transmit FIFO Data Register (SCFTDR)......ccoiiiiiiiiiiiiiiiiieeeeeeiiieeee e 56
17.2.5 Serial Mode Register (SCSMR)........uuiiiiiiiiiiieiiii et 56
17.2.6 Serial Control RegiSter (SCSCRY).....ciiiiiuuiiiieiiiiiiie ettt 56
17.2.7 Serial Status Register (SCSSR) .....ocuuiiiiiiiiiiiie i 5
17.2.8 Bit Rate RegiSter (SCBRR) .....uiiiiieiiiiiicceeie e a e e e e e 57
17.2.9 FIFO Control Register (SCFCR) .....ccccuiiiiiiiiieee e snirrreen e e e e 57
17.2.10 FIFO Data Count Register (SCFDR)........cccuuiiiiieiiieeeeeiiiieeee e 58

S B O T 1= = 11T o USSP 581
L17.3.1 OVEIVIEW ...ttt e e ettt et e e e e e e s et e et e e e e e e e s s sansanbeeaneeeeaeeeesanannns 81..... 5
17.3.2  Serial OPEIatiON .....ccoiiuviiiiiiiiiie ettt et e et e e e e b 5¢

17.4 SCIF Interrupts

17.5 USAQE NOES ...oiiiiiiii it e s r e e e e e aab s

SECHON 18 IIDA ...ttt 59¢

L18.1  OVEIVIEBW .. uutteiieieiee e e e e e ettt e e e e e e e e e sttt et e teeeeessaaassbeeeeeeeeeaeeesaasnnrenteeeeaaaeeennnan 599
S R T PR B599......
RS B0 2 =1 (o Tod [ I 1 =V | = o SRR 60
18.1.3 Pin CONfIQUIALION. .. .cuiiiiiie et e e e e e e e e e s e e s st r e e e e e e e e e e s e e saannnnes 60

X

HITACHI



18.1.4 Register CoNfIQUIratiON...........ccuuiiiiiiieie e e e e e e s e s s e e e e e e e e e s e e eanrnreees 6
18.2 RegiSter DESCHPLION......cciiiiiiiiiieiie et e e e e e e e e e s snebn e 605..
18.2.1 Serial Mode RegiSter (SCSMR)......cocuuiiiiiiiiiiiee ittt 6
18.3  Operation DESCHPLON ......ciiiiiiiiie ittt 6Q7...
ST B0 R O 1V =T T PR 07...... 6
18.3.2 TranSMIttiNG.......cccceeiiiiie e e e e s r e e e e e e s e s s e e e e aaeeeas L. 6
18.3.3 RECEIVING .veeiiiiie e ettt e e e e e e e e s e st e e e e e e e e e e s e s snararraereeeaeas 08...... 6
Section 19 Pin Function Controller............cooiiiiiceeccee e 609
L1O.1  OVEIVIEBW ...uuiiiiiiiiieee e e ettt e e e e e e e e e ettt ee e e e e e e e e s sssnssbrsaeeeaeaaeeessssnnnsnsnennnenaneenes ] 609
19.2 Register CONfIgUIAtioN ..........ooueiiiiiiiiee e 613...
19.3 REQIStEr DESCHPUONS ....vvviiiiiiieee e e i ittt ee e e e e e e e s s s s e e e e ae e e e s e s e s snanbaraeeeeaaaeeeeemns 614...
19.3.1 Port A Control REGIStEr (PACR) .....uuiiiiiiiie ettt srrrrer e e e e e e e eennes 6!
19.3.2 Port B Control Register (PBCR)........uiiiiiiiaaiiiieiiieee e 6
19.3.3 Port C Control Register (PCCR)........uuiiiiiiiiiaa et a e 6
19.3.4 Port D Control Register (PDCRY) .......cociiiiiiiiiiiiiie it 6.
19.3.5 Port E Control Register (PECR) .......ccioiiiiiiiiiiiiiiee it 6
19.3.6 Port F Control Register (PFCR)......uuuiiiiie et a e 6
19.3.7 Port G Control RegiSter (PGCR) .......ccccuuiiiiiiiieee e e e 6
19.3.8 Port H Control Register (PHCR) ........uuuiiiiiiiiiiiiieie et 6.
19.3.9 Port J Control RegiSter (PICRY) .......ueiiiiiiaeieiiiiteieee e €
19.3.10 Port K Control Register (PKCR) ......uuiiiiiiiiiiiie ittt 6:
19.3.11 Port L Control Register (PLCR) .......uviiiiiiiiee ettt 6.
19.3.12 SC Port Control RegiSter (SCPCR) .....uuiiiiiiee it e e ssree e e e e e e e e e eeeanes 6
SECHON 20 1/O POIES ...t 63
20.1  OVEIVIBW. ...ttt ettt et e e e e e e e e ettt e e e aaaaeassaannnbanneeeeaaaaeasesannnrnnnnnneed 631
20.2 PO A et e et e et bt e ante e e s aneeesaaaeane 631
20.2.1 RegiSter DESCIIPLION. .....etiiiiiitiiie ittt ettt s et e s eabae e e e e aaees 6
20.2.2 Port A Data Register (PADR)........ciiiiciiiieeie et e e e e e e savaeaee e e e e e 6
20,3 POI B ittt re e nne e eanen 633
20.3.1 ReEQISIEr DESCIIPLION. ....uteiiiiiiee ettt e e e e e e e e e s abbbb e e e e e e e e e e e e aaaanes 6
20.3.2 Port B Data Register (PBDR) .....cccoiiiiiiiiiiii ittt 6
12 OB o ) A S 635
20.4.1 RegiSter DESCIIPLION. .....etiiiiiititie ittt ettt e st e e s aenes 6
20.4.2 Port C Data RegiSter (PCDR) .....uiiiiiiiee i i e ittt e e e s e s ee e e ae e e e e s sannaenaeen 6
205 PO D ittt e n e e nne e nen 637
20.5.1 ReEQISIEr DESCIIPLION. ....uteiiiiiiee ittt e e e e e e e e e e e e e e eaaaeeeeaaaanes 6
20.5.2 Port D Data Register (PDDR).......cooiiiiiiiiiiiiie et 6
20,6  POI E. .ottt et e et e e s bt e e et e e s smeemnmmeeannns 639
20.6.1 RegiSter DESCIIPLION. .....etiiiiiititie ittt ettt e e s bba e e s 6
20.6.2 Port E Data Register (PEDR)........cccoiiiiiiiiiiiiiiieee ettt e e e e e e eee e e e 6
20,7 POI F e e e e e s b e smemammmenanns 641
Xl

HITACHI



20.7.1 REQIStEr DESCIIPLON. .. .uiitiiiiiiii e e s e e e e e e e e s s e erreeaaeaeaean 64
20.7.2 Port F Data RegiSter (PFDR).....ccoiiiiiiiiiiiiiiiieeee et 64
20.8  POI G .ottt ettt e s be e st e emmeeanmmeeas 643
20.8.1 RegiSter DESCIIPLION. .....ciiiiiiiiiee ittt et snaeas 64
20.8.2 Port G Data RegiSter (PGDR)......ccciiiiiiiieiiiiiieee ittt 64
20.9 PO H e e e e e e e e e 645
20.9.1 ReEQIStEr DESCIIPLON. .. .uutiiiiiiiii e s e r e e e e e e s s e e e e e aaeaeeean 64
20.9.2 Port H Data Register (PHDR)........oooiiiiiiiiieiieeee et 64
20,10 POt J .ottt b et b e e et b e e ea et e et e e e ea b e st e 647
20.10.1 ReQIStEr DESCHIPLION. ..ccciitiiiiieiitte ettt ettt e e e snnneee s 64
20.10.2 Port J Data RegiSter (PIDR) .....ocuueiiiiiiiiiiie ittt 6
20.11 POt K ettt ettt e e e e e e et et e e e e s e e rrnaeeeeaen 649
20.11.1 ReQIStEr DESCIIPLION. ....iiiieei i et cciit e e e e e e e e e s eer e e e e e e e e e s e s sbn e arreeaeaeeeseesannnnes 64
20.11.2 Port K Data Register (PKDR)........uuiiiiiiiaaiiiiiiiieiee et 65
P20 I = o ¢ O O RO UPPP RPN 651
20.12.1 ReQIStEr DESCHIPLION. ..ccciittiiiie ittt e st e e s snnneee s 65
20.12.2 Port L Data RegiSter (PLDR).......cccoiiiiiiieiiiiiiee ettt eirnee e 65
20.13 SC POF .teteitrieiiite ettt ettt a ettt n e s mmne e 653
20.13.1 ReEQIStEr DESCIIPLION. ...ciiiiie it ettt e e e e e e e e e s eer e e e e e e e e e s e s sabnr e rereeaaeeeeseasnnnnnes 65
20.13.2 Port SC Data Register (SCPDR)........ooiiuiiiiiiiiiiee et 6!
SECHON 21 A/D CONVEIEL.......ccuiuiiiiieeieiee ettt 657
I T O 1YY YT USSR 657
2111 FRAIUIES ...ttt ettt ettt e e e e e s e e e e e e e e a e 657......
b4t N 7 = 1 (o T3 QB I= Vo | - o o SRR 65
21.1.3  INPUL PINS ettt e e e e e e e e e e e e 659.....
21.1.4 Register ConfigUIation......... .o e 66
21.2 RegiSter DESCIIPHONS ... ..uiiiiiiiiiieee ittt e et e e st e e e s sebneeee s 661...
21.2.1 A/D Data Registers A to D (ADDRA t0 ADDRD).......cueeveiiiiiiiieiiiiieee i 661
21.2.2 A/D Control/Status Register (ADCSR) ......uuiiiieeiiiiiiiiiiiee e e e sirnreeeeeaae e e 66°
21.2.3 A/D Control Register (ADCR) .....cccoiiiiiiiiiiieeeee e ettt e e e e e are e e e e e e 664
21.3 BUS MASEEr INTEITACE ....cciiiiei ittt r e e e e e e e e e ennnes 665...
P O o 1= =1 1 o] o FO U
21.4.1 Single Mode (MULTI = 0)
21.4.2 MUltiMOAE (MULTI = 1)..oevreeececeeeeeeeeetee e ee et en s en s eenannanan
21.4.3 Scan Mode (MULTI =1, SCN = 1)..ccccuuiiiiiieieeeeesiciiiiieieeee e e e e e e s s s snrannneeeaaaee e e 67C
21.4.4 Input Sampling and A/D ConVErsion TIME .........cccouviiiiiiiiiiieeee e cccinireeeeeee e e 67:
21.4.5 External Trigger INPUL TIMING........ueeiiiiiiaiiiiiiiiiee e 67:
A ST [ 1= ¢ U] o KPP UR S 674
21.6 Definitions of A/D CONVEISION ACCUIACY.........ceieiiuueieeiiitiieeeearitieeeessitreeeessaiireeeessrneeeesaes 67
217 USAQE NOLES ...ttt e e e e e e s et e e e e e e — 675
21.7.1 Setting Analog INPUL VOIAGE ....cevveeeeeeee i 67
21.7.2 Processing of Analog INPUL PiNS........uiiiiiiiiii e 67

i

HITACHI



21.7.3 Access Size and REAT Dat@.........cccuvuuuiiiiiiiiiiee et s e e e e e e eaen

SECtiON 22 D/A CONVEIEL.......c.oiuiiiieieeeeeee et 67¢
22,1 OVEIVIBW. .ttt e e e e e e ettt e et e e e e e e s as sttt eeeeaeeeeesssanssstssaeeenaaaeeesessnnnrnrensneesd 679
22. 0.1 FRATUIES ..ttt e e et ettt e ettt ettt ettt n e e e e s e e e e e e e e e aeaeaaaeeeeaaan 679......
b N = 1 (o Tod QD I Vo | - o o SRR 6
22.1.3 HO PINS ittt 680.....
22.1.4 Register CoNfIQUIAtION. ........ooi ittt a e e e 6
22.2 ReQiSter DESCHPLIONS ... ..utieiieiiieie e ettt e e e e e e e et e e e e e e e e e e s e e annbeereeeeaaaeeeaanns 681...
22.2.1 DJ/A Data Registers 0 and 1 (DADRO/L) ....cccoiiuiiiieiiiiiiee et 6¢
22.2.2 DIA Control Register (DACR) ....coiiuiiiieiiiiitee ettt 68
P T © 0T - o] o U 683
Section 23 Hitachi User Debugging Interface (H-UDL)...........ccccccoevviveiinnennn 685
23,1 OVEIVIBW . ...ttt ettt et e e e e e e e e ettt e e e aaeaeaesaannnbasneeeeaaaaeasesananrnnnneeeed 685
23.2 Hitachi User Debugging Interface (H-UDI) ...........ooiiiiiiiiieiiiieeeiieee e 6¢
23.2.1 PN DESCIIPLIONS ...ceeiittiitte ittt ettt s bt e et e e s e e s e ab e e e s e nb e e e e s e ennes 6
G T = 1 (o Tod QI Vo | - o o SRR 6
PG TR T = U= 1) (=l D= ] o) (o] o PR 686...
23.3.1 Bypass RegiSter (SDBPR) .....cccoiiiuiiiiiiiiiieie ettt a e €
23.3.2 Instruction RegiSter (SDIR) ......couiiiii it 6
23.3.3 Boundary Scan Register (SDBSR) ........uueiiiiiiiiiieiiiiiiee ittt 6
23.4  H-UDI OPEIAtION ..cuvviiiie ittt ettt e e e s sinre e e e nnssmee 695..
23.4.1 TAP CONOIET.....ciiiiiiiiiiie ittt e e 6
23.4.2 ReSEt CONfIQUIALION .....uuiiiiiiiee e e e e e e e s e e s e e e e e e e e e s serar e r e e e e e aaeeeeseananns 6
23.4.3 H-UDI RESEL ...ttt ettt ettt ettt st be e e sabe e e e bn e e 6
2344 H-UDI INTEITUPT ...ttt ettt e e e e e e e e e e e e e e aaeeaeeeeenenes 6¢
2345 BYPASS . ittt e 691......
23.4.6 Using H-UDI to Recover from Sleep Mode ..........cccooviiiiiiiiiiiie e 6¢
P2 IS = o 10 g o =T YA T o 697.
23.5.1 Supported INSITUCHIONS ........cccciiiiiiiiei e e e e e e e e e e e e e e nenreees €
23.5.2 POINtS fOr AENTION.......eiiiiiiiiiiee ettt 6
23.6  USAQE NOLES ...ttt e e e e e e e e e e e et et et e eee et e bebe b et a1 e 699
23.7 Advanced User Debugger (AUD)..........oii ittt 6
Section 24 Electrical CharacteristiCs..........coooviiirrrieeeeeee e 701
24.1 Absolute Maximum RAUNGS ......ccooiiiiiiiiiiiie e e e e s e e e e e e e e e e s eaanreaeeees 7
24.2 DC CharacCteriStiCS ........cuvveeeiiiiieieeiiiiiiee e ssirreee e e e snnnee e s snnneeeessnneeeeeeene e d O30
24.3  AC CharaCteriSLCS ....cciiieiiiiiiiiiitie ettt e e e e e e e e e e e e e e e e e e e e nnnneeman s 706..
P2 Tt R O (o Tox S 1 11 o OO PP PU T PPPPPP 7
24.3.2  Control SigNal TIMING ...ccoeiiiiiiieeiiiee e 7
24.3.3 AC BUS TIMINQG ..tttiiiiiiiieeeee ittt ee e e e e e e e e s s eaaeeeeaaaeeesessnnsnsaasarereaaeeessesnnnnnnreen 7
R B S = 7= U To i I ] o U PPSRRPRR 7
X1

HITACHI



24.3.5 BUrSt ROM TiMING ......oiiiiiiiiiieieie e e et e e e e e e e s e s e e e s e e e e e e s s s e sannnrnareeeaeaeaan 72
24.3.6  Synchronous DRAM TiMiNG.......ccccuuuiiiiiiiieaee et a e e e e 72
24.3.7 PCMCIA TIMING ttteiitiieiciie ettt ettt ete e e etae e s sabe e e eaae e s sabeeesareessabeeesaneeaas 74E
24.3.8 Peripheral Module Signal Timing .........cccueeiiiiiiii e 75.
24.3.9 H-UDI-Related Pin TiMING ...occuveiiiiiiiiiee ittt e rirnee e 75¢€
24.3.10 AC Characteristic TESt CONAILIONS ......covuvriiieiiiiiiie et 75
24.3.11 Delay Time Variation Due to Load Capacitance.............cccccvvvvveeeeeeeeeeeceecivvnne 75
24.4  A/D Converter CharaCteriStiCS ........uuuiiiauiiiiiiiiiiiiet et 60....... 7
24.5 DJ/A Converter CharaCteriStiCS .......eeiii it e e e e e e e 0...... 76
APPENIX A PiN FUNCHIONS. ...t 761
N R =10 IR = (L PP 761
A.2  Pin SPECIICALIONS......cci ittt s e e e e e e e e s s e eraaeaeans 165
A.3  Treatment of UNUSEA PiNS........oooiiiiiiiiiiiee et 69....... 7
A.4 Pin States in Access to Each AddreSs SPacCe........ccuueveeiiiiiiie i |
Appendix B Memory-Mapped Control Registers...........ccoooieenesnnnneenes 784
B.1 Register AddreSS Map......ccoceeiiiiiiiiiiiiiiiiieee e s eeciinieeeneese e e s e s snninnnnneeeseeeeessnnnsnnens d B
[ = To 153 (=T gl =1 £ UEPURRS 790
AppPeNndiX C ProdUCt LINGUP.........ovieeeiieee e 802
Appendix D Package DIMENSIONS. ... 803
Xiv

HITACHI



Figures
Figure 1.1
Figure 1.2
Figure 1.3
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 2.8
Figure 2.9
Figure 2.10
Figure 2.11
Figure 2.12
Figure 2.13
Figure 2.14
Figure 2.15
Figure 2.16
Figure 2.17
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15
Figure 4.1
Figure 4.2
Figure 4.3
Figure 5.1
Figure 5.2
Figure 5.3

121 [oTod 1l BT To | =10 [P PPUPRTRTRR 1.
Pin Assignment (FP-208C, FP-208E) .........cccoriuiiiiiiiiiieie it
Pin Assignment (BP-240A)
Register Configuration in Each Processing Mode (1)......ccuveeeeeiiiiiiiiiiieeineeeee s
Register Configuration in Each Processing Mode (2)......ccuvveveeiiiiiiiiiiiieiceeeeeeneein
General Purpose Registers (Not in DSP MOAE) ........cooiiiiiiiiiiiiiiiiee e
General Purpose Registers (DSP MOAE) ....ccoiiiiiiiiiiiiiiiiiiiee e
CONIOI REQISTEIS ...ttt 27......
SYSIEM REGISLEIS ..ot 30........
[ 1] = To 1] =] TSRS 32.....
Connections of DSP Registers and BUSES ...........ccccccivviiiiiiiie e ee e e
Longword Operand
Data FOMALS ... e e e e e e e e e e e e e eeeemmeees 36....
Byte, Word, and Longword AlIGNMENT .........ccuuiiiiiiiiiiiieiiice e K
X and Y Data Transfer AddreSSing .......cooov i
Single Data Transfer AAAreSSiNg ......ueevveeeeeiiiiiciiiiieeee e e
MOAUIO AAArESSING .......uiviiiiiiiee e e e e e e e s e e e e e e e e s e s s rn e e e e e eaeaeeeaanns
DSP INStrUCtiON FOMMALS ...ttt
Sample Parallel INStruction Program ...........cocceeeieiiiiiieieiiieeee e
Examples of Conditional Operations and Data Transfer Instructions.....................
MMU FUNCHONS ..cetieee e ettt e e s e e e e e e e e s s s st e e e e e e e e e s snnnnnntrnnneeaeaeees |
Virtual Address Space Mapping
MMU REQISIEr CONENTS ...vviiiieeee i ittt e e e e s e e e e e e e e e s s r e e e e e e e e e e s e nnnns 1
Overall Configuration of the TLB
Virtual Address and TLB STTUCKUIE ........ooiiiiiiiiiiieeee e 1
TLB INAEXING (IX = L) eetiiieiiiieiee ettt e s
TLB INAEXING (1X = 0) 1.ttttieiiiieiee ettt sttt et e b e s e 1C
Objects of ADdress COMPATISON.........cccccuiiiiiiiree e e e s e r e e e e e e e e ssanrrarrrraeaees i
Operation of LDTLB INSIIUCHION .....ccveeiiiiiiiiiiieeieeee e 1C
SYNONYM ProbIemM ... 1. :
MMU Exception Generation FIOWChart..............cccuueiiiiiiiiiiieeee e 1
MMU Exception Signals in INStruction FEtCh ...
MMU Exception Signals in Data ACCESS.......cccouiiiiiieiiiiiiee ettt 1
MMU EXception in REPEAL LOOP ... .ueeiieieeeiiiiciiiieiie et e e e e e e e sinieeee e e e e e e e e e s enanvnneeees 1
Specifying Address and Data for Memory-Mapped TLB ACCESS .........ccceevvunrnneee. 1
VECION TADI ..o 126...
Example of Acceptance Order of General EXCepLioNns.........cccuuveeeeiiiieeeiiiiiiiiiiiieeen, 1
Bit Configurations of EXPEVT, INTEVT, INTEVTZ2, and TRA Registers...........
(O Tt LTS | 1 o3 (1 PR 144......
CCR Register CONfIQUIatioN ..........ccoiiiiiiiiiiiiiiiieee e st e e e e e s e s rraeereeaee e 1
CCR2 Register CoNfIQUIation ..........c..ooiiiiiiiiiiieiee et e e e e e saanrrreeeeeaa e 1

HITACHI



Figure 5.4 Cache Search Scheme (Normal MOde) ...........cocciiiiiiieiiiee e 1

Figure 5.5 Write-Back Buffer Configuration .............cc.uuviiiiieiioiiiiieeeeee e 15(
Figure 5.6  Specifying Address and Data for Memory-Mapped Cache AcCess..........cccceeeeene... 1E
Figure 6.1 X/Y Memory Logical ADdress Mapping ........ccceeuurreeeeiiiiieeeniiiieeeeaieeeeessieeeee e 157
Figure 6.2  X/Y Memory Physical Address Mapping ........ccccueeeeiniiieeniiiiiiee e 15¢
Figure 7.1  Block Diagram Of INTC.......cooiciiiiiiii e e e e e e e e e e e s 16(
Figure 7.2 Example of IRL Interrupt CONNECLION .........ccooiiiiiiiiiiiiiciee e 16.
Figure 7.3 Interrupt Operation FIOWCNAIT.............uuiiiiiiiii e 18
Figure 7.4 Example of Pipeline Operations when IRL Interrupt is Accepted...........cccceveeeeeee. 19(
Figure 8.1 Block Diagram of User Break Controller ...........ccocveiiiiiiiiiiiiieec e 19:
Figure 8.2 When Interrupt Occurs before Branch Instruction is Executed ............ccccovvveeeeenns 21
Figure 9.1 Canceling Standby Mode with STBCR.STBY .....uuviiiiieiiiiiiiiciiiieeeee e 23:
Figure 9.2 Power-On Reset (Clock Modes 0, 1, 2, and 7) STATUS OUtput .......cccvveereeeenniinn 23
Figure 9.3 Manual Reset STATUS OULPUL .....oooiiiiiiiiiiiie et 23
Figure 9.4  Standby to INterrupt STATUS OULPUL ....ccoiiiiiiiiiiiiiieee et 23
Figure 9.5 Standby to Power-On Reset STATUS OUIPUL........cccoiiiiiiiiiiiiiiie e 28
Figure 9.6  Standby to Manual Reset STATUS OUIPUL ......ccoviiiiieeriiiiiee et 2/
Figure 9.7 Sleep to Interrupt STATUS OULPUL ....ooeeeiiiiiiiiiiiieeie e e 24
Figure 9.8  Sleep to Power-On Reset STATUS OULPUL......ccoeeiiiiiiiiiiiieeeceee e 2!
Figure 9.9 Sleep to Manual Reset STATUS OULPUL .......ccuuiiiiiiiiiiieeeeee e 2/
Figure 9.10 Hardware Standby Mode (When CA Goes Low in Normal Operation)................ 24/

Figure 9.11 Hardware Standby Mode Timing
(When CA Goes Low during WDT Operation on Standby Mode Cancellation) ... 245

Figure 10.1 Block Diagram of Clock PUlS@ GENEIatOr..........ceiveeeiiiiiiciiiiiiiieeeee e eescvreeee e e 24
Figure 10.2 BIOCK Diagram Of WD T .......cuiiiieeiiii it e e sttt r e e e e e e e s s s snbnrre e e e e e e e e e e e sanns 25
Figure 10.3 Writing to WTCNT and WTCSR......ccooiiiiiiiiiiiieeee ettt 26
Figure 10.4 Points for Attention when Using Crystal Resonator .............ccccceeveeeeiiiiiciiiiiineeeen 26
Figure 10.5 Points for Attention when Using PLL Oscillator Circuit...........cccocoveiciieniinennenn. 265
Figure 11.1 Block Diagram of Bus State CONrOIler ..........ccueeviiiiiiiiiiiiiiieee e 26
Figure 11.2 Correspondence between Logical Address Space and Physical Address Space.....
Figure 11.3 Physical Space AllOCALION .........ueiiiiiieeiiiiiciiir e e e e e e reraeeeen 2
Figure 11.4 PCMCIA SPace AlIOCALION .......cooiiiiiiiiiie ettt e e e 27
Figure 11.5 Writing to RFCR, RTCSR, RTCNT, and RTCOR ........cccoiiiiiiiiiieeiee e 301
Figure 11.6 Basic Timing of BASIC INTEIfACE..........occuiiiiiiiiiiie e 31
Figure 11.7 Example of 32-Bit Data-Width Static RAM CONNECHION...........covvvvvirrieinniie s 314
Figure 11.8 Example of 16-Bit Data-Width Static RAM Connection..........cccccceeeeevvivcvvnveennnnn. 315
Figure 11.9 Example of 8-Bit Data-Width Static RAM Connection..........ccccccceeeeeeiiiicvinnnennnn. 316
Figure 11.10 Basic Interface Wait Timing (Software Wait Only) ..o 317
Figure 11.11 Basic Interface Wait State Timing
(Wait State Insertion bWAIT Signal WAITSEL = 1) ..cccoiiiiiiiiiiiiiieeeieee e 318

Figure 11.12 Example of 64-Mbit Synchronous DRAM Connection (32-Bit Bus Width).......... 320
Figure 11.13 Example of 64-Mbit Synchronous DRAM (16-Bit Bus Width) .........ccccccceeiiiinnin 321
Figure 11.14 Basic Timing for Synchronous DRAM Burst Read...........cccccccovviviiiiiiiinieeeeeneeins 32
XVI

HITACHI



Figure 11.15 Synchronous DRAM Burst Read Wait Specification Timing ............ccccoceccvvvvnnenn. 32

Figure 11.16 Basic Timing for Synchronous DRAM Single Read...........ccccooviiiiiiiiiieiiiens 3.
Figure 11.17 Basic Timing for Synchronous DRAM BUIsSt WILE .........ccoiiiiiiiiiiiiiiiiiiiiieceeeeeee 32
Figure 11.18 Basic Timing for Synchronous DRAM Single Wrte ..........ccccoiiieiiiiiiiieiciiieeee 33
Figure 11.19 Burst Read Timing (NO PreCharge).......cccoooueiieiiiiiiiei e :
Figure 11.20 Burst Read Timing (Same ROW AdAreSS) ......cccuvvriiiiiirieeeeesiiiiiieeeeee e e e e e e s s ssnveneeen :
Figure 11.21 Burst Read Timing (Different ROW AdAreSSES)........ccuvieiiiiieeeiiiiiiiiiinieeeeee e e e e 3
Figure 11.22 Burst Write Timing (NO PreCharge)...........ueeeeiiieioiiiiiiiiiieeeeeeeee e 3
Figure 11.23 Burst Write Timing (Same ROW AdAress) ........ooiiiuuiiiiiiiiieieeee i 3
Figure 11.24 Burst Write Timing (Different ROW AddreSSES) .........cooviiiiiiieiiiiiiieeeiiieeee i 33
Figure 11.25 Auto-RefresSh OPEration ...........cooiiiiiiiiiiiiiiie e :
Figure 11.26 Synchronous DRAM Auto-Refresh Timing .....ccccveeviieeeiii i 3¢
Figure 11.27 Synchronous DRAM Self-Refresh Timing ..........oooociiiiiiieiiiiiie e 3
Figure 11.28 Synchronous DRAM Mode Write TimMiNg........oooiiiiiiiiiiiiiieeee i 34
Figure 11.29 Burst ROM Wait ACCESS TIMING .....uuutiiiiiiiaaaaeeiaiiitiiiee e e e e e e e e e ee e e e e e e e e e e aneees 3
Figure 11.30 Burst ROM BasiC ACCESS TIMING .......uviieiiiiiiieeeiiiie ettt 3
Figure 11.31 Example of PCMCIA INtEITACE .......ccoiiiiiiii i 3
Figure 11.32 Basic Timing for PCMCIA Memory Card Interface .........cccccccevveeeeiviiiccciiiieeeeeeen. 35
Figure 11.33 Wait Timing for PCMCIA Memory Card Interface.........cccccccceeeeeviiiiiiiniieeeceeeeeen, 35
Figure 11.34 Basic Timing for PCMCIA Memory Card Interface Burst ACCESS ..........cvveeeeeen.. 35
Figure 11.35 Wait Timing for PCMCIA Memory Card Interface Burst ACCESS.........ccccevveveeennn. 35
Figure 11.36 PCMCIA SPace AlIOCALION ......c.ciiuiiiiiiiiiiiie ettt 3
Figure 11.37 Basic Timing for PCMCIA 1/O Card Interface.........cccceveeiiiiieee e 35
Figure 11.38 Wait Timing for PCMCIA 1/O Card Interface........cccccveeeviiiciciiiiiieeiee e 35
Figure 11.39 Dynamic Bus Sizing Timing for PCMCIA I/O Card Interface..............cccccoecvvvne 36
Figure 11.40 Waits between ACCESS CYCIES .......uiiiiiiiiiiiiiie et

Figure 11.41 Pull-Up Timing for PiNS A25 10 AD........uiiiiiiiaaaii et 3€
Figure 11.42 Pull-Up Timing for Pins D31 to DO (Read CYCI)..........ccevviiiiieiiiiiieeieiieee e, 3¢
Figure 11.43 Pull-Up Timing for Pins D31 to DO (Write CYCIE) ......coviuvieiiiiiiiiiiiiiiieee e 36
Figure 12.1 BIlock Diagram Of DMAC ......ccciieeiiiiiciiieiie e e e s e e e e e e e e s e s st aneeeaaae e e e e 37
Figure 12.2 DMAC Transfer FIOWCHhAIT ...........c.ooi i 3
Figure 12.3 RoOUNA-RODIN MOGE........uuiiiiiiiiiiiie et a e e K
Figure 12.4 Changes in Channel Priority in Round-Robin Mode.............cccciiiiiii 3
Figure 12.5 Operation of Direct Address Mode in Dual Address Mode............ccccceevviiereennnnen. 3

Figure 12.6 Example of DMA Transfer Timing in the Direct Address Mode in Dual Mode
(Transfer Source: Ordinary Memory, Transfer Destination: Ordinary Memory)... 396
Figure 12.7 Example of DMA Transfer Timing in the Direct Address Mode in Dual Mode
(16-byte Transfer, Transfer Source: Ordinary Memory, Transfer Destination:
OrdiNAry MEMOIY) ..cceiiieeeiii ittt et e e e e e e e s et e e e e aaaaeaseeannnaneeeeeeas 39
Figure 12.8 Example of DMA Transfer Timing in the Direct Address Mode in Dual Mode
(16-byte Transfer, Transfer Source: Synchronous DRAM, Transfer Destination:
(@ 11 F-T A Y/ 1=T 1 4o V) I PSSR 3¢

HITACHI



Figure 12.9 Indirect Address Operation in Dual Address Mode

(When External Memory Space has a 16-Bit Width) ............ccccccoiiiiiiiii 399
Figure 12.10 Example of Transfer Timing in the Indirect Address Mode

iN DUl ADAreSS MOAE .....oeeiiiiiiee et e e e e e e e e e e e e e nnnes 40
Figure 12.11 Data Flow in Single ADdress MOGE .........ocuuiiiiiiiiiiieiiice e 4(
Figure 12.12 Example of DMA Transfer Timing in Single Address Mode............ccccccvvvveeeeeennn 402

Figure 12.13 Example of DMA Transfer Timing in Single Address Mode
(External Memory Space (Ordinary Memory) External Device with DACK).. 403

Figure 12.14 Example of Transfer in Cycle-Steal MOde............occviiiiiiiiiiiiiii e 4C
Figure 12.15 Example of Transfer in BUrst MOAE.............ocuiiiiiiiiiiiiiiiiee e 4C
Figure 12.16 Bus State when Multiple Channels Are Operating ...........ccceveeviiieeeeiiiiieeee e 4(
Figure 12.17 Cycle-Steal Mode, Level Input (CPU Access: 2 CYCIES)......uvvveeeviiiiiciiiiiiieeeeeeen, 40
Figure 12.18 Cycle-Steal Mode, Level Input (CPU Access: 3 CYCIeS)......veveeeviiiiiiiiiiieieeeeeeenn, 41
Figure 12.19 Cycle-Steal Mode, Level input

(CPU Access: 2 Cycles, DMA RD AcCesS: 4 CYCIES)...cuuuuiiiiiiiiiaeaaiiiiiiiieeeeeeee 411
Figure 12.20 Cycle-Steal Mode, Level input

(CPU Access: 2 Cycles, DREQ Input Delayed) .........cccoveiiiiiiiiiiiiiiiee e 41
Figure 12.21 Cycle-Steal Mode, Edge input (CPU Access: 2 CYCleS)........ccoovvcvvviieiiiiieeeeeiiiiens 4]
Figure 12.22 Burst Mode, LeVEl INPUL ... e e e e e 4]
Figure 12.23 Burst Mode, EAQe INPUL .......uueiiiiiiiiaiiiiie et e e e e 4
Figure 12.24 Source Address Reload FUNCtion Diagram ............coooiiiiiiiiiiiieieee e 4
Figure 12.25 Timing Chart of Source Address Reload FUNCLON ...........ccceeeviiiiiiiiiiiiiecc i 4]
Figure 12.26 BIOCK Diagram Of CMT ......coiiuiiiiiiiiiie ettt 42
Figure 12.27 CouNter OPEIAtiON ......ciiieeeiie it er e e e e e e s s s st r e e e e e e e e e s s s snearraeereeaeeeems 424......
Figure 12.28 COoUNt TIMING .uuviriiiiieeeiieiiiiiiiiee e e e e e e e s s s st ereeeee e e e e s s s ssasbarrrereeeeeeesesannsnnns 425...
Figure 12.29 CMF Setting TIMING ......uueeieiiiiaiaiiiiiiiii e e e e e e e eeeeaaaaeeas 6..... 472
Figure 12.30 Timing of CMF Clearing by the CPU ... 42
Figure 13.1 Block Diagram Of TIMU ........cuueiiiiiiiiiieiiiiite ettt e s 43
Figure 13.2 Setting the Count OPeration............coiiiiieiiiiiiie e e e ee e 4.
Figure 13.3 Auto-Reload Count OPEration ...........cccuuriiiiiiiieee e r e e e e e e s srrrreerraaeeea e 44
Figure 13.4 Count Timing when Operating on Internal ClocK ............ccccooiiiiiiiiiiiiiee i, 44
Figure 13.5 Count Timing when Operating on External Clock (Both Edges Detected)............ 44
Figure 13.6 Count Timing when Operating on On-Chip RTC ClocK ..., 44
Figure 13.7 Operation Timing when Using Input Capture Function

(Using TCLK RISING EAQE) ...ceiuriiieeiiiiiiee ettt ettt ettt e ninaee e 448
Figure 13.8 UNF Setting TimiNg......ccccuuiiiiiiiiee et e e e e e e s s s snienee e e e e e e e e s e s snnnnenaneees 8...... 44
Figure 13.9 Status Flag Clearing TiMING .......uueiiiieeeri e sscre e e e e e e saarrereeeee e 44
Figure 14.1 BIlock Diagram Of RTC .......eeiiiiiiiiiiiiiiiiei ettt e e e e e e e e e e 45
Figure 14.2 Setting the TIiMe ......ooii i 466....
Figure 14.3 Reading the TiMe ........uuiiiiiiiiiec e 461.......
Figure 14.4 Using the Alarm FUNCHION ..........ooouiiiiiiiii e 46
Figure 14.5 Example of Crystal Oscillator Circuit Connection ..........cccccceveveeeeveiiicciiiiiieeeeeeee 46¢
Figure 14.6 Using Periodic INterrupt FUNCHON.........cviiiiiiei it e e 47
XVl

HITACHI



Figure 15.1 BI0ock Diagram Of SCl.......ccooiiiiiiiiiiiiiiiccc e e e e e e e e 4

Figure 15.2 SCPT[L]/SCKO PN ..couiiiiiiieiiiie ettt et s e e sbreesnnne e 4
Figure 15.3 SCPT[O/TXDO PiN......cuiiiiiiiiiiiieiiiiiie ettt 4. 4
Figure 15.4 SCPT[O]/RXDO PiN....ccciiiiiiiieiiiiiiie ettt ST 4
Figure 15.5 Example of Data Format in Asynchronous Communication

(8-Bit Data with Parity and TWo Stop BitS).........cccccvviiiiiieee e e 49
Figure 15.6 Output Clock and Serial Data Timing (Asynchronous Mode).........cccccccceeevinvnnnnee. 5(
Figure 15.7 Sample Flowchart for SCI Initialization ...............cccoieeiiiiiiiiiee e 5(
Figure 15.8 Sample Flowchart for Transmitting Serial Data ...........cccoveeeeiiiiiiiiiiiiiieee e 5
Figure 15.9 Example of SCI Transmit Operation in Asynchronous Mode

(8-Bit Data with Parity and One Stop Bit) ........ccuueviiiiiiiiii e 50
Figure 15.10 Sample Flowchart for Receiving Serial Data.........cccccvveeeiiiiiiciiiiiieieeeee e 5

Figure 15.11 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit) .... 5C
Figure 15.12 Communication Among Processors Using Multiprocessor Format

(Sending Data H'AA to Receiving ProCeSSOr A) ......ceueiiiiiieeeiiiiiieeeiiiieeeesniieeee e 51
Figure 15.13 Sample Flowchart for Transmitting Multiprocessor Serial Data..............ccccceeenneee. 5
Figure 15.14 Example of SCI Multiprocessor Transmit Operation

(8-Bit Data with Multiprocessor Bit and One Stop Bit)............cccccvviiviiiiieeeeeciiens 51z
Figure 15.15 Sample Flowchart for Receiving Multiprocessor Serial Data...........cccccccvveeeeeeiiinn 5
Figure 15.16 Example of SCI Receive Operation

(8-Bit Data with Multiprocessor Bit and One Stop Bit).............occciviiiiiiiieieiiiins 516
Figure 15.17 Data Format in Synchronous CommuniCatioN ...........ccuviieiiiiiiiee e E
Figure 15.18 Sample Flowchart for SCI INitialization .............cooiviiiiiiiiieie e Y
Figure 15.19 Sample Flowchart for Transmitting Serial Data ...........cccceeevevicviiiiiieeiie e 5
Figure 15.20 Example of SCI Transmit OPeration ..........ccccueeeieeeeeiiiiiiiiiiiriee e e e e e e sessirrrreeeeeeaee s 5
Figure 15.21 Sample Flowchart for Receiving Serial Data............cccceeiiiiiiiiiiiiiiieiieeee e 5
Figure 15.22 Example of SCI ReCeIiVE OPEratioN .........cccoiuiriieiiiiiieeeiiiiiee e stieee e e siieeee e srneeee e L
Figure 15.23 Sample Flowchart for Transmitting/Receiving Serial Data.............cccccoevvvveeennnne. 5.
Figure 15.24 Receive Data Sampling Timing in Asynchronous Mode...........ccccccveeeiniineeennne. 5
Figure 16.1 Block Diagram of Smart Card Interface ...........cccccvvieeeiiee e 5
Figure 16.2 Pin Connection Diagram for Smart Card Interface..............occcvvvveveeeeeee e 5
Figure 16.3 Data Format for Smart Card INtErface ..........coooviiiiiiiiiiiiiiiii e !
Figure 16.4 Waveform of Start CharacCter..............uueeiiiiiiaiii e !
Figure 16.5 Initialization Flowchart (EXample) .........cccuiiiiiiiiiii e 5¢
Figure 16.6 TransmisSion FIOWCHAIT............oiiiiiiiiiii e !
Figure 16.7 Reception Flowchart (EXamPIE).........ccuuvriiiiiiieeeeie it e e e e raaa e e e E
Figure 16.8 Receive Data Sampling Timing in Smart Card MOde ..............ocoevciiiiieiieeee e, 5
Figure 16.9 Retransmission in SCI RECEIVE MOUE .........eeeiiiiiiiiiiiiiiiiiiiieee e L
Figure 16.10 Retransmission in SCI Transmit MOOE ..........cccooiiiiieiiiiiiiee e £
Figure 17.1 Block Diagram Of SCIF .......cooiuiiiiiiiiiee e 5
Figure 17.2 SCPT[S]/SCK2Z PN ..ccoiiiiiiie ittt ettt 5
Figure 17.3 SCPT[A/TXD2 PiN...cciiee ittt te et e e e e e e s s e ne e e e e e e s e e ennnnes 8...... 5
Figure 17.4 SCPT[A)/RXD2 PiMN....cccuuiiiiiieiiiie ittt 9...... 5

XIX

HITACHI



Figure 17.5 Sample Flowchart for SCIF Initialization ..........cccccceeeeiiiiiiiiiiiieeeee e 58¢

Figure 17.6 Sample Flowchart for Transmitting Serial Data ..............eeeeiiiiiiiiiiiiiiiiieeeee 58
Figure 17.7 Example of Transmit Operation (8-Bit Data, Parity, One Stop Bit)..................cc.. 58¢
Figure 17.8 Example of Operation Using Modem Control (CTS) ......cuveveiiiiieeiiiiiiiiiee e 58
Figure 17.9 Sample Flowchart for Receiving Serial Data.............coooiiiiieieiiiiiieeeiiiieee e 5¢
Figure 17.10 Sample Flowchart for Receiving Serial Data (CONt) ........cceveeeeeiiiiiiiiiiiiiieeeeeeieiiin 59
Figure 17.11 Example of SCIF Receive Operation (8-Bit Data, Parity, One Stop Bit) ............... 50:
Figure 17.12 Example of Operation Using Modem Control (RTS) .......ccoovviiiiiiiiiiiiieeeeeniii 59
Figure 17.13 Receive Data Sampling Timing in Asynchronous Mode...........cccoccveeiiiiieeeinnnnen. 59
Figure 18.1 Block Diagram Of IIDA ......coo it e e 60(
Figure 18.2 SCPT[]/SCKIL PN ..ccciiiiiiiie ittt ettt ettt e st s et e e e 6(
Figure 18.3 SCPT[2J/TXDL PiN...coiiiiiiie ittt r e e e e e e sranaee e e e e e e e e e e e nnnnes 2., 60
Figure 18.4 SCPT[2]//RXDL PiN...ccoitiiiiiiieiiiie ettt 3. 6C
Figure 18.5 Transmit/ReCeIVe OPEIration .............eceiiiiiiiiiiiiiiiiiiiiee e e e e e et ee e e e e e e aeaaeeeen 6(
FIGUIE 20.1 PO A ettt ettt e e e e e et ettt et e e e e e e e e e e e nnnebeseeeeeeeeeeennns 631
FIQUIe 20.2 POIE B ...t 633
FIGUIE 20.3  POIE C ettt e e et e e e e ae s i 635
LT T2 0 R S o T 0 U 637
FIQUrE 20.5 POt E..ceeeeee it e e e e et e e e e e s s e nan e e e eee e e e e s s 639
FIQUPE 20.6 PO F ..t e e e e e e s e st e et e e e e e+ 641
Figure 20.7 Port G . .643
FIQUIe 20.8 POI H ..ot 645
FIGUIE 20.9 PO Jueeeieiiiiieiee ettt e e st e e e st e e e e s eemmmmnnee 647
LT T 12 0 0 O I o o A U 649
[T T 12 0 0 5 R o o ISP 651
FIQUIE 20.12 SC POIT ...eiiiiiiiieiiii ittt ettt e et e e e e e e e e e e e s sannbbnnnnnneesd 653
Figure 21.1 Block Diagram Of A/D CONVEITET .......c.uuiiiiiiiiiiee ettt e e 65!
Figure 21.2 A/D Data Register Access Operation (Reading H'AA40) ........cccovivvieieiiiiieeeenee, 66!
Figure 21.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected) ........... 66
Figure 21.4 Example of A/D Converter Operation

(Multi Mode, Channels ANO to AN2 Selected)........ccceeeeviiiiiiiiiiiiiiieeeee e 669
Figure 21.5 Example of A/D Converter Operation

(Scan Mode, Channels ANO to AN2 Selected) ........ccouveeeiiiiiiiiiiiiiieeieee e 67
Figure 21.6 A/D CONVEISION TIMING....uettieiiiiiieeeiiiiiee e iitiee e st e e e st e e e s sbbee e e e s ssbreeeessbneeeeeaaes 67
Figure 21.7 External Trigger INPUL TIMING ......eeeiiiiiiiiiieiieie e 67
Figure 21.8 Definitions of A/D CONVEIrSION ACCUIACY ......uuverrereeeereiiiiinrieieeereesaeessssssssnnneeeeeeeen 67"
Figure 21.9 Example of Analog Input Protection CirCUit..........cccevveeeeeiiiiiiiiiiiieeeee e 67
Figure 21.10 Analog Input Pin Equivalent CirCUIL...........cooiiiiiiiiiiiieeee e 67
Figure 22.1 Block Diagram Of D/A CONVEITET .......c.uuiiiiiiiiiiee ettt 67
Figure 22.2 Example of D/A Converter OPeration ...........coooiuureieiiiiieeeniiiiee e 68
Figure 23.1 Block Diagram Of H-UDI.........ocuiiiiiiiiiiii et e e 68¢
Figure 23.2 TAP Controller State TranSitioNS.........ccc.uuviiiiiiiie e a e e 6¢
FIgure 23.3 H-UDI RESEL........cc ottt ettt e e e e e e e e e s e e st e ae e e e e s s 696...
XX

HITACHI



Figure 24.1 EXTAL Clock INPUt TIMING ......cccuviiiiiiiiieee e e e ee e e e e e e e s sannreen 71

Figure 24.2 CKIO ClOCK INPUL TIMING «..vtttiiiiiiieeaiei ettt e e e e e e e e e 71
Figure 24.3 CKIO Clock OULPUL TIMING.....ciiiiiiiiiiieeiie et e e e e e eeaeaa e e e e e aenneees 7’
Figure 24.4 Power-on Oscillation Settling TiMe..........oviiiiiiiiiiii e 7
Figure 24.5 Oscillation Settling Time on Return from Standby (Return by Reset) .................. 7
Figure 24.6 Oscillation Settling Time on Return from Standby (Return by NMI) .................... 71
Figure 24.7 Oscillation Settling Time on Return from Standby
(Return byIRQ4 to IRQO, PINTO0/1 andRL3 tO IRLO)..........cccceveveevererrereeereenenenes 713

Figure 24.8 PLL Synchronization Settling Time in Case of Reset or NMI .........cccccccoiiiinnnen 71
Figure 24.9 PLL Synchronization Settling Time in Case of IRQ/IRL Interrupt............ccccou.e. 71
Figure 24.10 PLL Synchronization Settling Time in Case of IRQ/IRL Interrupt..........c.ccocuvveeen. 71
Figure 24.11 Reset INPUL TIMING......cccuviiiiiiii e e e e e s s e e e e e e e e e s e eeemes 717.....
Figure 24.12 Interrupt Signal INPUL TIMING ....vvviiiiiiiiee e e e e e saaarraeeen 7
Figure 24.13RQOUT TIMING ...etttitiieeiieiiiietieee e e e e e e e e e aebbebe e et e e e e e e s s s aaabbab e e et e aaaeeeeesaannnbeeseeeeean 71
Figure 24.14 BUs Release TiMiNG .........eeeiiiiiiaiiiiiiie e e e e e e eee s 18....... |
Figure 24.15 Pin Drive Timing at Standby ..........cceeiiiiiiiiiiiiee e 7
Figure 24.16 Basic BUS Cycle (NO WaAL) .......cooiiiiiiiiiiiiie e 7
Figure 24.17 Basic Bus Cycle (ONe WaL) .......cuvviiiiiiiiiee et e et are e e e e e e s 1
Figure 24.18 Basic Bus Cycle (External Wait, WAITSEL = 1) ....cccoiiiiiiiiieeeeee i 72
Figure 24.19 Burst ROM BuUS Cycle (NO WaAIL) .......uuiiiiiiiiieiiiiiiiiiiee e 7.
Figure 24.20 Burst ROM BuUS Cycle (TWO WaILS) ......eeeiiiiiaeiiiiiiiiiiiieiie e e e 7.
Figure 24.21 Burst ROM Bus Cycle (External Wait, WAITSEL = 1)......ccccccoviiiiiiiiiiiiieiiien 72

Figure 24.22 Synchronous DRAM Read Bus Cycle (ROM CAS Latency 1, TPC=0)..... 727
Figure 24.23 Synchronous DRAM Read Bus Cycle (RCH CAS Latency 2, TPC=1)..... 728
Figure 24.24 Synchronous DRAM Read Bus Cycle

(Burst Read (Single Read4), RCD= 0, CAS Latency 1, TPC=1).......cccc....... 729
Figure 24.25 Synchronous DRAM Read Bus Cycle

(Burst Read (Single Read4), RCD= 1, CAS Latency 3, TPC=0).................. 730
Figure 24.26 Synchronous DRAM Write Bus Cycle (RED, TPC=0, TRWL = 0).............. 731
Figure 24.27 Synchronous DRAM Write Bus Cycle (RED, TPC=1, TRWL = 1).............. 732
Figure 24.28 Synchronous DRAM Write Bus Cycle (Burst Write (Single Wrig

RCD =0, TPC=1, TRWL = 0).c.uetiiiiiieeiiieenitieestie e st ettt e st e sineessnne e sinee e 733
Figure 24.29 Synchronous DRAM Write Bus Cycle

(Burst Mode (Single Writex 4), RCD=1, TPC=0, TRWL = 0)....ccecvvrrrrirernnnne 734
Figure 24.30 Synchronous DRAM Burst Read Bus Cycle

(RAS Down, Same Row Address, CAS Latency = 1) ...cccccceeeeieiiiciiiiiiiiieeeeeeee e 73!
Figure 24.31 Synchronous DRAM Burst Read Bus Cycle

(RAS Down, Same Row Address, CAS LatenCy = 2) .....ccceeeeeiiiiiiiiiviiiiieeieeeeeeneane 73
Figure 24.32 Synchronous DRAM Burst Read Bus Cycle

(RAS Down, Different Row Address, TPC =0, RCD =0, CAS Latency =1)...... 737
Figure 24.33 Synchronous DRAM Burst Read Bus Cycle

(RAS Down, Different Row Address, TPC =1, RCD =0, CAS Latency =1)...... 738

XXi

HITACHI



Figure 24.34 Synchronous DRAM Burst Write Bus Cycle

(RAS Down, Same ROW AArESS) .....ccoiiueiiiiiiieiee ettt e e 73
Figure 24.35 Synchronous DRAM Burst Write Bus Cycle

(RAS Down, Different Row Address, TPC =0, RCD =0) .....cceeevvivvrriiiieeiieneeennnn 740
Figure 24.36 Synchronous DRAM Burst Write Bus Cycle

(RAS Down, Different Row Address, TPC =1, RCD = 1) ........ccoovvvvvviriinieeneeennn 741
Figure 24.37 Synchronous DRAM Auto-Refresh Timing (TRAS =1, TPC =1)........cccccvvvvveeeen. 742
Figure 24.38 Synchronous DRAM Self-Refresh Cycle (TRAS TPC =1).....cccccvvieeeieeeeennn. 743
Figure 24.39 Synchronous DRAM Mode Register Write CYCle..........uueeiieiiiiiiiiiiiiiiiiieieeeeeee 74
Figure 24.40 PCMCIA Memory Bus Cycle (TED =0, TEH = 0, NO Walit)..........ccoveeerriiieennnns 745
Figure 24.41 PCMCIA Memory Bus Cycle

(TED = 2, TEH = 1, One Wait, External Wait, WAITSEL = 1) .......ccccccvvvvverreeennn. 746
Figure 24.42 PCMCIA Memory Bus Cycle (Burst Read, TED =0, TEH = 0, No Wait)............ 747

Figure 24.43 PCMCIA Memory Bus Cycle
(Burst Read, TED =1, TEH =1, Two Waits, Burst Pitch = 3, WAITSEL = 1)..... 748

Figure 24.44 PCMCIA I/O Bus Cycle (TED =0, TEH = 0, NO Wait) ......cccooeeiiiiriniieiiiieeiieene 749
Figure 24.45 PCMCIA 1/O Bus Cycle

(TED = 2, TEH = 1, One Wait, External Wait, WAITSEL = 1) .......ccccccvvvvverreeennn. 750
Figure 24.46 PCMCIA 1/O Bus Cycle

(TED =1, TEH = 1, One Wait, Bus Sizing, WAITSEL = 1) .....cocoeeriiieiiiieninees 751
Figure 24.47 TCLK INPUE TIMINQ -..uuttiiiiiiieeaae et e e e e e e e e e e s eneneeeeeeeaaaaeas 3..... 75
Figure 24.48 TCLK CIOCK INPUL TIMING. . .uuiiiiiiiiiiie it 75:
Figure 24.49 RTC Crystal Oscillator Oscillation Settling Time at Power-On.........ccccccovvcvveeeenn 75¢
Figure 24.50 SCK Input CIOCK TimMiNg ....cccoiiiiiiiieiiee et e e e e e e e e e e e e e e ennnes 75
Figure 24.51 SCI I/O Timing in Synchronous MOAE ..........ccccviiieiiieee e 75
Figure 24.52 1/O POt TIMING «..uutteiiiiiiiaea ettt e e e e e e e e e e s aibbeb e e eaaeaeeaen s 154...
Figure 24.53DREQ INPUL TIMING ... .uuutiiiiiiieaie et e e e e e e e e e e e s e annebeseeeeaaaaeeeeean 755
Figure 24.54 DRAK OULPUL TIMING ....eveiiiiiiiiiieeeiieee ettt e e e e e 75!
Figure 24.55 TCK INPUL TIMING .vtvtiiiiiiiiiie ettt e st e e s nibaeee e aaes 56..... 7
Figure 24.56 TRST Input Timing (ReSet HOId) .........ucuiiiieeeiiiiiiiiieeiee e 75
Figure 24.57 H-UDI Data Transfer TimMiNg........ccccuiiiiirieee it e e e e e e e s s sinnreee e e e e e e e e s e snnnnes 75
Figure 24.58ASEMDO INPUE TIMING ...eutttiiiiiieiee ettt e e e e e e e e e s s e sibbabaeeeeeaaee e e s 757
Figure 24.59 OUtpUt LOAA CIrCUIL ......eei ittt et e e e e e e e e e 158......
Figure 24.60 Load Capacitance vs. Delay TiMe .........ooiiiiiiiiiiiiiiieee e 7
Figure D.1 Package DIMensions (FP-208C) ........cccuiiiiiiiiiiiiiiie et 8
Figure D.2 Package DImensions (FP-208E)............cccccuuuiiiiieie s ciirireeee e e e e s sinenaereeaa e 8
Figure D.3 Package DImensions (BP-240AV).......uuiiii i iciiiiieeee e e e e e e essivsaeeee e e e e e e e e e snannns 8C
XXii

HITACHI



Tables
Table 1.1
Table 1.2
Table 1.3
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
Table 2.13
Table 2.14
Table 2.15
Table 2.16
Table 2.17
Table 2.18
Table 2.19
Table 2.20
Table 2.21
Table 2.22
Table 2.23
Table 2.24
Table 2.25
Table 2.26
Table 2.27
Table 2.28
Table 2.29
Table 2.30
Table 2.31
Table 2.32
Table 2.33
Table 2.34
Table 3.1
Table 3.2
Table 4.1
Table 4.2

SHT7T29R FEALUIES ...ttt e e et e e e s et e s e e st s st e e s asaas

(O g T = Toa (=] €11 (01T (5}

SHT7729R Pin FUNCHONS ....ccevi ettt ettt e et e et e et et e s e eaaeeeeatasesetaseassnaaees

INitial REQISIEr VAIUBS .....ccviiiee ittt e e r e e e e e

Operation of SR Bits in Each SH-3 DSP MOdE........ccuvviiiieiiiiiiciiiireeeeee e

Destination Register in DSP INSrUCHIONS..........oociviiiiiiiiieeeeeiieeee e
Source Register in DSP OPerations ..........occveeieiiiiiiieeiiiiie e

DSR REQISIEN BILS ....eeiiiiitiiiii ettt e e e e

Word Data Sign EXIENSION.........ciiiiiiiiiieiiiiieee et

Delayed Branch INSITUCHIONS ........ceeeiiiiiiiiiieeiee ettt e e e e e

Immediate Data ReferenCing.........coov it
Absolute Address ReferenCing........coovioiiiiiiiiiiie e
Displacement ReferenCing ..........ueeeiiiiiiiiiiiiiee e
Addressing Modes and Effective Addresses for CPU Instructions ..................

Overview of Data Transfer INSIrUCHIONS........coiiviiveiieieeieeee e eeaans

CPU INStrUCLION FOIMMALS ....uuiiiiiiiiie ettt e e s et e e e s ee b e e e e s aeba s e eaaens
Double Data Transfer INStruction FOrmMatsS.........coocuvivieiiiiiiieieie e

Single Data Transfer INStruction FOrMAatS ...........ccooviiiiiiiiiiiiie e

A-Field Parallel Data Transfer INStrUCHIONS .......ccuuiviveiiiiee e

B-Field ALU Operation Instructions and Multiply Instructions..............ccccceeevnee 5¢

CPU INStIUCHION TYPES it iiiiieiieiie e e e e s e e st e e et e e e e e e s s e e e e e e e e e s s e annnenneees
Data Transfer INStrUCHONS ........cuvviiiiiiiii e
Arithmetic Operation INSIIUCLIONS .........ooiiiiiiiiiiiiei e
Logic Operation INSIUCHIONS .........cviiiiiiiiiiiiiiie e ee e e e eneeees
Shift INSLIUCLIONS ...t e 7Q
Branch INSIIUCHIONS ......uvuiiiiiiiici e 1
System Control INSIUCHIONS .......uvviiiiiee e
Added CPU System Control INStrucCtions.............ccccuveviriieee e
Double Data Transfer INSIrUCLIONS ...........uiiiiiiiiiiiiiiiieee e

Single Data Transfer INSIIUCHIONS. .......coouviiiiiiiiiie e

Correspondence between DSP Data Transfer Operands and Registers.........

DSP Operation INStruction FOMMALS .........ocviiieiiiiiiieeeiiiee e
Correspondence between DSP Instruction Operands and Registers............ccceee....
DSP Operation INSIIUCLIONS .........cccuiiiiiiiie e e e e e e e e e e e e e s e eaaes

DC Bit Update DefinitiONS.........ceiiiiiiiiiiiiiiiiiieiet e

Examples of NOPX and NOPY INStruction COdes...........eeviiiieiiiiiiiiiiiiiiieeieeaeeeea

Register ConfiQUuIration ............oeeiiiiiii et

Access States Designated by D, C, and PR BitS .........ccoovviiiiiiiiiiiii e

Register ConNfigUIatioN ...........ceeiiieeeiii i e e e

EXCEPLION EVENE VECIOIS .....uuiiiiiiiiie e e ccciiitee ettt e e e e e e e s ae e e e e e e e e i

HITACHI



Table 4.3
Table 4.4
Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6
Table 6.1
Table 7.1
Table 7.2
Table 7.3
Table 7.4
Table 7.5
Table 7.6
Table 7.7
Table 7.8
Table 8.1
Table 8.2
Table 8.3

Table 9.1
Table 9.2
Table 9.3
Table 9.4
Table 10.1
Table 10.2
Table 10.3
Table 10.4
Table 10.5
Table 11.1
Table 11.2
Table 11.3
Table 11.4
Table 11.5
Table 11.6
Table 11.7
Table 11.8
Table 11.9
Table 11.10
Table 11.11
Table 11.12
Table 11.13

XXIV

EXCEPLION COUES........uviiiiiieiieee et e e e e et eee s 30....... 1
TYPES OF RESEL ...ttt 135......
Cache SPECITICALIONS ........eiiiiiiiiiie e 1
LRU and Way ReplaCemMENL........oc.uuiiieiiiiiiiee ittt 1
Register ConfIQUIAtioN ..........cooiiiiiiii e 14
LRU and Way Replacement (wWhen W2LOCK=1) ......cccovviviciviiiiiiiiee e 14
LRU and Way Replacement (when W3LOCK=1) .......ccooovviiiiiiiiiiieeee e 14
LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1).............ccu.... 148
XIY Memory SPeCIfiCatiONS........ccciiiiiiiieiiiiie et 15!
AV IO = S PR PURRR 161...
INTC REQISTEIS.....ciiiiiiiiiie ettt 162......

IRL3-IRLO/IRLS3—IRLSO0 Pins and Interrupt LeVeIS.........vveeeiiiiiicciiiiiiieeeeeeen, 165
Interrupt Exception Handling Sources and Priority (IRQ Mode) ...........cccccvvveeeeen. 16¢
Interrupt Exception Handling Sources and Priority (IRL Mode)..........cccceeeeviinnnee 170
Interrupt Levels and INTEVT COAES.........uuuiiiiiiiiieaaiie et 17
Interrupt Request Sources and IPRA—IPRE............ccoociiiiiiie e 1
INErTUPt RESPONSE TIMIE .eiiiiiiiiiiiie et e sbae e e 1
(0] 2] O = L= 1] (= PR 194.......
Data Access Cycle Addresses and Operand Size Comparison Conditions............. 2
BSA Values Stored in Exception Handling before Execution

of Branch Destination INSrUCHION ...........coiiiiiiiiiiiieeee e 217
POWEI-DOWN MOUES. .....ccoi ittt ettt e e e e e e s st e e e e e e e e e e s e st nraeeeees 2:
PiN CoNfIQUIALION ......coiviiiieiiiece e 27...... 2
Register CoNfigUIAtioN .........ciiieee i e e e e e e e e e e e e e e e s e e 22
Register States in Standby MOGE ... 2
CPG PiNS @nNd FUNCLIONS. ......coiiiiiiiiiieiie ittt e e e e e e e e e s e e sanneees 2
(O R {0 111 (= U UPU PRSPPI 250.....
Clock Operating MOUES .......coiuuiiiieiiiiiie ettt 2t
Available Combinations of Clock Mode and FRQCR Values.............c.cccoeevvvvnneen. 25:
Register CoNfigUIAtioN ..........iiieiii i e e e e e e e e e e e e e e e e e ennnnes 2t
BSC PINS ettt 270...
BSC REQISIEIS ...ttt e e e e e e 272......
Physical AdreSS SPACE MAP .....vuiiiiiiiiieaaie it e e e e e e eeeee s 2
Correspondence between External Pins (MD4 and MD3) and Memory Size......... 27
PCMCIA Interface CharaCteriStiCS......uuuueiiiiieiiiiieiieire e e eereeer e e e 27
PCMCIA SUupport INtErfaCE .......ooicieiieeieeee et e e e ennnes 27
32-Bit External Device/Big-Endian Access and Data Alignment...............cccveee... 30¢
16-Bit External Device/Big-Endian Access and Data Alignment ................oooeeeee 30¢
8-Bit External Device/Big-Endian Access and Data Alignment..............cccceeeveee. 30¢
32-Bit External Device/Little-Endian Access and Data Alignment........................ 307
16-Bit External Device/Little-Endian Access and Data Alignment........................ 307
8-Bit External Devicel/Little-Endian Access and Data Alignment .............cccccee... 30¢
Relationship between Bus Width, AMX Bits, and Address Multiplex Output ...... 322

HITACHI



Table 11.14

Table 11.15
Table 12.1
Table 12.2
Table 12.3
Table 12.4
Table 12.5
Table 12.6

Table 12.7
Table 12.8

Table 12.9

Table 12.10
Table 12.11

Table 13.1
Table 13.2
Table 13.3
Table 14.1
Table 14.2
Table 14.3
Table 14.4
Table 14.5
Table 15.1
Table 15.2
Table 15.3
Table 15.4
Table 15.5
Table 15.6

Table 15.7
Table 15.8
Table 15.9
Table 15.10
Table 15.11
Table 15.12
Table 15.13
Table 15.14
Table 16.1
Table 16.2

Example of Correspondence between SH7729R and Synchronous DRAM

Address Pins (AMX2-0 = 011 (32-Bit Bus Width)) .........ccccoveiiiiiiniiinieceeee 323
MCSCRXx Settings aMICS[x] Assertion Conditions (X: 0=7) ......cccvvviieveniiineen 366
DY O = LSRR 372.....
DIMAGC REQISIEIS ..ceiiiiiiiiie ittt ettt e e e nanaeeeas S 3
Selecting External Request Modes With RS BitS.........cccvveeiiiiiiiiiiiiiieeeee e :
Selecting On-Chip Peripheral Module Request Modes with RS BitS..................... 3
SUppPOrted DMA TraNSTEIS.....cuiii ettt e e :
Relationship between Request Modes and Bus Modes

DY DMA Transfer CAt@QOIY .......ocuueiiiiiiiiieie ettt 40
Register CoNfIQUIALION ..........eiieiiiiiiie e £
Transfer Conditions and Register Settings for Transfer

between On-Chip SCI and External MemOrY ..........ccoooviiiiiiiiieieeeee e cecinieeeeeeee e 4z
Transfer Conditions and Register Settings for Transfer

between On-Chip A/D Converter and External MEmMOIY.........cccoovviiiieiiniieneennenn 42
Values in DMAC after End of Fourth Transfer.........ccccccooviiiiiiii e, 4
Transfer Conditions and Register Settings for Transfer

between External Memory and SCIF TranSmitter ........cccccvveeeeevieiicciiiiieieeeee e e 4:
TIMU PNttt et e e 435..
TMU REQISIEIS ...ttt e e e e e e e e e e e e e aened 435......
TMU INTEITUPE SOUICES ...t e e e e e e e e e e e e e e eeeeeeeeererebanns 4
RTC REGISIEIS ...ttt 454......
Day-of-Week Codes (RWKCNT) ....ccooiiiiiiiiieiiree e csiee e e e e e e e e s eeeeee e 4!
Day-of-Week Codes (RWKAR) ......coooiiiiiiieeie ettt e et ee e e e 4
Recommended Oscillator Circuit Constants (Recommended Values) ................... £
SCI REQISIEIS ....eeeie ettt 476....
SCSMR SELNGS. ..eveiieeiiiiiee ettt sabee e e e aQ....... A
Bit Rates and SCBRR Settings in Asynchronous Mode...............cccccvviiiiieiieeenenin 4
Bit Rates and SCBRR Settings in Synchronous Mode .........cccccceeeeeiiiiiiiiiiiiineeeeee .
Maximum Bit Rates for Various Frequencies with Baud Rate Generator

(ASYNCHIONOUS MOOE) ......ueiiiiiiiie ettt e e e e e e e e e 4
Maximum Bit Rates with External Clock Input (Asynchronous Mode)................ 49
Maximum Bit Rates with External Clock Input (Synchronous Mode)................... 49
Serial Mode Register Settings and SCI Communication Formats..........ccccccveeenn. £
SCSMR and SCSCR Settings and SCI Clock Source Selection...........ccccccvveeeeee.n |
Serial Communication Formats (Asynchronous Mode)..........cccccccouviiiiiiiiieeennneennn. 5
Receive Error Conditions and SCI Operation ............occueeeeiriiiiieeiniieeeessiieee e f
SCIINEITUPE SOUICES ...ttt e e e e 28....... |
SCSSR Status Flags and Transfer of Receive Data............ccccovvvvvvveeiee e,
Smart Card INtErface PiNS .......c.ooiiiiiiiiiie e !
=T o153 (=1 £ 535.

HITACHI



Table 16.3
Table 16.4
Table 16.5
Table 16.6
Table 16.7
Table 16.8
Table 16.9
Table 17.1
Table 17.2
Table 17.3
Table 17.4
Table 17.5

Table 17.6
Table 17.7
Table 17.8
Table 17.9
Table 17.10
Table 18.1
Table 18.2
Table 19.1
Table 19.2
Table 20.1
Table 20.2
Table 20.3
Table 20.4
Table 20.5
Table 20.6
Table 20.7
Table 20.8
Table 20.9
Table 20.10
Table 20.11
Table 20.12
Table 20.13
Table 20.14
Table 20.15
Table 20.16
Table 20.17
Table 20.18
Table 20.19
Table 20.20
Table 20.21

XXVi

Register Settings for Smart Card Interface ..........cccoooecciiiiiiie e 5.
Relationship of N t0 CKS1 and CKSO..........uuuiiiiiiiiiiiiiiiiieiie e 54
Examples of Bit Rate B (Bits/s) for SCBRR SettingsN...........ccceeevrviieeeninn 543
Examples of SCBRR Settings for Bit Rate B (BitS/S)AN..........cccvveeerriiiieeennnn 543
Maximum Bit Rates for Frequencies (Smart Card Interface Mode).............c......... 54
Register Set Values and SCK PiN ..o e e 5
Smart Card Mode Operating State and Interrupt SOUrCeS...........ccoevveecvvviieeeeeeeeenn 5
SCIF PINS ..ttt ettt et e et e e e et e e e e snbae e e e e arbaeaaeans 559...
SCIF REQISTEIS ...eeieiiiiitee ettt 560......
SCSMR SELNGS. . ..teeeieiitiiiee ettt e e e e e e s abreeeeeaees 1. 5
Bit Rates and SCBRR SEttNgS........ovuviiiiiiiiiie ettt 5
Maximum Bit Rates for Various Frequencies with Baud Rate Generator
(ASYNCHIONOUS MOME)......uuuiiiiiiiee it e e e e e s e s s r e e e e e e e e e s 571
Maximum Bit Rates with External Clock Input (Asynchronous Mode)................. 577
SCSMR Settings and SCIF Communication FOrmats ...........cccceevviveveeiniiieee s, 5¢
SCSCR Settings and SCIF Clock Source Selection..........cccccevvvviiiiiiiiiiiiieeeee s 5
Serial CommuNICatioN FOIMALS ......cviiiieeiiii e e e 5¢
SCIF INTEITUPE SOUICES...uuutuiiiiiieieie e e et e e ee e e e e et et e et s e e s e e e e e e aeaaaed ... 5
ITDA PINS 1ottt e et e e st e e e e st e e e e e nnbae e e e s enand 603..
ITDA REQISTEIS ...ttt ettt e e e e e e e e e e e e e e b e b e e e e ans 604.....
List of MUItIpleXed PiNS..........uuiiiieeei e 60
Pin Function Controller REQISLEIS ........covuuiiiiiiiiiiiee e 6]
POIt A REGISTEN ...ttt seree e e e e 631....
Port A Data Register (PADR) Read/Write Operations ........cccccveeevveveccvvvineeeeeeeeenen 63
POt B REQISIEN ...ttt e e e e e e e e 633.....
Port B Data Register (PBDR) Read/Write Operations.............cooouvviiiieeeieieeennnnnne 6
POt C REQISTEN ...ttt e e e e e e e e e e e e e e e e 635.....
Port C Data Register (PCDR) Read/Write Operations...........cccccevvvvveeeeiniieeeeeennne 6:
POI D REGISIEN ...eiiiiiieiiie ettt 637.....
Port D Data Register (PDDR) Read/Write Operations ..........ccccveeeeeeeieiiccvvvvneneneeeen 63
o] = =T 1) (=] RS 639.....
Port E Data Register (PEDR) Read/Write Operations...........cccccceveeeeiiiiiiiviieeeneenn. 6
POM F REQISTEN ...ttt e e e e 641....
Port F Data Register (PFDR) Read/Write Operations ..........ccccccveeeeeiiincvinneeeneneennn 6
POt G REGISTEN ...ttt emnes 643....
Port G Data Register (PGDR) Read/Write Operations...........cccccvvveeveeeeeeeeesccvvnnnen 64
oL =T o 1 (= PP EUURRR: 645....
Port H Data Register (PHDR) Read/Write Operations ............ccceveeeeieiiiiivvieeeeeeean 64
POM J REQISIEN .. e e e e e 647....
Port J Data Register (PJDR) Read/Write Operations..........ccccccvvveeeveiiiicnviiieeeneenenn 6
POrt K REGISIEN ...ttt 6409....
Port K Data Register (PKDR) Read/Write Operations ..........ccccceeeeeeveiicvvvnneeeeeneeen 65
o] I 2 LT 1) (=] USSR 65.1...

HITACHI



Table 20.22
Table 20.23
Table 20.24
Table 21.1
Table 21.2
Table 21.3
Table 21.4
Table 21.5
Table 21.6
Table 22.1
Table 22.2
Table 23.1
Table 23.2
Table 23.3
Table 23.4
Table 24.1
Table 24.2
Table 24.3
Table 24.4
Table 24.5
Table 24.5
Table 24.5
Table 24.6
Table 24.7
Table 24.8
Table 24.9
Table 24.10
Table 24.11
Table A.1
Table A.2
Table A.3
Table A.4
Table A.5
Table A.6
Table A.7
Table A.8
Table A.9
Table A.10
Table B.1
Table B.2
Table C.1

Port L Data Register (PLDR) Read/Write Operation............ccccceveeeeeeeeiieiiccvnnnennenn. 6

SC POM REGISIEI ...ttt e e e e mmes 653.....
Read/Write Operation of the SC Port Data Register (SCPDR) .........ccccceevviiiieeeenns €
A/D CONVEIEE PINS ..ottt e e e e e e e e s s s 9.... €
AID CONVEIEr REGISLEIS ...ueiiiiiiiiiiee ettt et e et e e e e abbeeee e e {
Analog Input Channels and A/D Data RegISters..........cccciviviiiiiieeeeeiiisiiiiieeeeeaee e €
A/D Conversion Time (SiNgle MOUE) .......cuuviiieieiiiiiiiiiieeee e 6
ANAIOG INPUL PIN RAUNGS ....eeiieiiiiiiie ittt e e e e e e €
Relationship between Access Size and Read Data...........c.ccoocvveeeiiiiiiie e
D/A CONVEIEE PINS .eiiiiiiiiii ittt e e e e e r e e e e e e e e e e 80....... €
D/A CONVErter REGISLEIS .....uviiiii ittt ettt saaee e ¢
H-UDI REQISIEIS. ...t ee et e e e s e e e e e e e e e s e s e e e e 687.....
H-UDI COMMANTS .....oiviiiiieiiieiie ettt s st e e stee e e st e e s s bt e e e s e sbaeeeeesnsbeeeeeanees €
SH7729R Pins and Boundary Scan Register BitS..........ccccuveiiiiiiiiiiiiiiiiiieeeeeeen |
Reset Configuration ...............coiii i 9%6....... (
Absolute Maximum RaLINGS......ccooiuuiiiieiiiiiie e 7
DC CharacteriStiCS ....uuuuiiiiieeeii it e e e e e e e e s rreeeeeeee s 203.......
Permissible Output CUrrent ValUES..........cccuuiiiiiiiiiee ettt e e e e e |
Maximum Operating FrEQUENCIES .........uuuuuiiiieeeeeeeiiiiiiiireeer e e e e e e s e s siarrnrrerreeeeeeeeeanans |
ClOCK TIMING (L) +eeeteiieeeeiiiiiite ettt e e e e e e e e e e e e e e e e e s e annes 707.....
ClOCK TIMING (2) +eeeteteeeeeie ittt ettt e e e e e e e e s e eeeeaaaaeesaaannns 709.....
ClOCK TIMING (B) c-veeeeeiiitiie e e 710.....
Control Signal TIMING ......eeeeiiiiie e 7
Peripheral Module Signal TimMiNg .........eevieiioiiiiiiiieeecee e 7
H-UDI-Related Pin TimiNg .........eeeiiiioiiiieeiceee e ee e 7!
A/D Converter CharacteriStiCS ........uuiiuiaa i e e |
D/A Converter CharacCteriStiCS ........uuuuueiiiiiiie et e e e e e e e e |
Pin States during Resets, Power-Down States, and Bus-Released State ................
Pin SPeCIfiCatioNS.........cccieiieiicece e 165.....
Pin States (Ordinary Memory/Little Endian)........cccccccoovviiiiiiiiiiiieiecee e 71
Pin States (Ordinary Memory/Big Endian) .............cceieiieiiiiiiiiiiiiiiiceeeeeeee i 7
Pin States (Burst ROM/Little ENAIAN) ........ccvviiiiiiiiiiee e 7
Pin States (Burst ROM/Big ENAIAN) .......cccoiuiiiiiiiiiiiiiciiiiee e 7
Pin States (Synchronous DRAM/Little ENdian) ..........cccceeviiiiieiiniiiieciecee e 7
Pin States (Synchronous DRAM/BIig ENdian) ..........cccooeeiiiiiiiiiiieee e T
Pin States (PCMCIA/Little ENAIAN)......cciiiiieeiiiiiiiiiiiiiee et e e e e e e sineees 78
Pin States (PCMCIA/BIQ ENIAN) ........uiiiiiiiaiiiiiiiieiie e 7
Memory-Mapped Control REQISIEIS. ........uuiiiiiiiiieee e 7
REGISTEN BIS ...eeiiiiiiiiiiii ettt 790..
SHT7T729R MOEIS ....ceeeiiiee ettt e e e e e e e e e s s nnnrenee e {
XXVii

HITACHI



XXviii

HITACHI



Section 1 Overview

1.1 Features

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

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

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

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

Item Features

CPU » Original Hitachi SuperH architecture
e Compatible with SH-1, SH-2 and SH-3 (SH7708) at object code level
* 32-bit internal data bus
* General-registers
0 Sixteen 32-bit general registers (eight 32-bit shadow registers)
O Eight 32-bit control registers
O Four 32-bit system registers
* RISC-type instruction set
O Instruction length: 16-bit fixed length for improved code efficiency
O Load/store architecture
O Delayed branch instructions
O Instruction set based on C language
< Instruction execution time: one instruction/cycle for basic instructions
» Logical address space: 4 Gbytes
e Space identifier ASID: 8 bits, 256 logical address spaces

* Five-stage pipeline

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

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

e Zero-overhead repeat loop control
» Conditional execution instructions
e User DSP mode and privileged DSP mode
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Table 1.1 SH7729R Features (cont)

Item Features
Clock pulse + Clock mode: Input clock can be selected from external input (EXTAL or
generator (CPG) CKIO) or crystal oscillator

* Three types of clocks generated:

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

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

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

0 Sleep mode

0 Standby mode

0 Module standby mode

* One-channel watchdog timer

Memory * 4 Gbytes of address space, 256 address spaces (8-bit ASID)
management . .
unit (MMU) Page unit sharing

» Supports multiple page sizes: 1 kbyte or 4 kbytes
» 128-entry, 4-way set associative TLB

« Supports software selection of replacement method and random-replacement
algorithms

» Contents of TLB are directly accessible by address mapping

Cache memory  « 16-kbyte cache, mixed instruction/data
» 256 entries, 4-way set associative, 16-byte block length
*  Write-back, write-through, LRU replacement algorithm
» 1-stage write-back buffer

e Maximum 2 ways of the cache can be locked

XIY memory » User-selectable mapping mechanism

0 Fixed mapping for mission-critical realtime applications
0 Automatic mapping through TLB for ease of use

» Three independent read/write ports
0 8-/16-/32-bit access from the CPU
0 Maximum two 16-bit accesses from the DSP
0 8-/16-/32-bit access from the DMAC

e 8-kbyte RAM each for X and Y memory

Interrupt » 23 external interrupt pins (NMI, IRQ5—IRQO, PINT15—-PINTO)

controller (INTC) On-chip peripheral interrupts: Priority level set for each module
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Table 1.1 SH7729R Features (cont)

Item

Features

User break
controller (UBC)

Two break channels

Addresses, data values, type of access, and data size can all be set as break
conditions

Supports a sequential break function

Bus state
controller (BSC)

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

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

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

O Supports PCMCIA interface (2 channels)

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

O Programmable refresh interval

O Supports self-refresh mode

Synchronous DRAM burst access function

Big or little endian can be set

User debugging
Interface (H-UDI)

E10A emulator support

JTAG-standard pin assignment

Realtime branch trace

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

Timer (TMU)

3-channel auto-reload-type 32-bit timer
Input capture function

Selection of six counter input clocks
Maximum resolution: 2 MHz

Realtime clock
(RTC)

Built-in clock, calendar functions, and alarm functions

On-chip 32-kHz crystal oscillator circuit with a maximum resolution (cycle
interrupt) of 1/256 second

Serial communi-
cation interface 0
(SCI0)

Asynchronous mode or clock synchronous mode can be selected
Full-duplex communication

Supports smart card interface

Serial communi-
cation interface 1
(SCI1)

16-byte FIFO for transmission/reception
DMA transfer capability
IrDA: interface based on 1.0
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Table 1.1 SH7729R Features (cont)

Item

Features

Serial communi-
cation interface 2
(SCI2)

» 16-byte FIFO for transmission/reception

DMA transfer capability

* Hardware flow control

Direct memory
access controller
(DMAC)

¢ Four channels

Burst mode and cycle-steal mode

1/0O port

* Twelve 8-bit ports

A/D converter
(ADC)

* 10 bits + 4 LSB, 8 channels
e Conversion time: 10 us

e Input range: 0—Vcc (max. 3.6 V)

D/A converter
(DAC)

* 8 bits + 4 LSB, 2 channels

« Conversion time: 16 us

e OQutput range: 0—Vcc (max. 3.6 V)

Product lineup

Power Supply Voltage

Abbr. 110

Internal

Operating
Frequency Model Name Package

SH7729R 3.3+0.3V

2.0+ 0.15Vv* 200 MHz

HD6417729RHF200  208-pin plastic
HQFP (FP-208E)

19+0.15V 167 MHz

HD6417729RF167  208-pin plastic
LQFP (FP-208C)

HD6417729RBP167V 240-pin CSP
(BP-240A)

1.8+0.25V 133 MHz
1.8-0.15v

HD6417729RF133  208-pin plastic
LQFP (FP-208C)

HD6417729RBP133V 240-pin CSP
(BP-240A)

1.7+0.25V 100 MHz
1.7-0.15v

HD6417729RF100  208-pin plastic
LQFP (FP-208C)

HD6417729RBP100V 240-pin CSP
(BP-240A)

Note: * 2.0 + 0.15V, - 0.1 V when using IRL and IRLS interrupts.
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Table 1.2  Characteristics

Item Characteristics

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

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

» External frequency: maximum 66.67 MHz

Process ¢ 0.25-ym CMOS/5-layer metal

Note: * 2.0 + 0.15 V, - 0.1 V when using IRL and IRLS interrupts.
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1.2

Block Diagram
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Figure 1.1 Block Diagram
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1.3 Pin Description

13.1 Pin Assignment

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

191:0000000000000000000 |19
1800000000000 00000000 ;|18
171i0000000000000000000 ;|17
16|:0000000000000000000 |16
1510 QQQ iy : 0000 |15
140000 : 0000 i|14
130000 0000|183
120000 : 0000 |12
110000 SH7729R : 0000 |11
10:0000: BP-240A : 0000 |10
9i0000: (Top View) : 00009
810000 : 00008
7[i0000 ! : 00007
6:0000: : 00006
50000 trmmmmmmmmseeeeeeeeeee. 0000 i 5
410000000000 000000000:| 4
30000000000 000000000 3
2:0000000000000000000 |2
1000000000000 0000000 !

ABCDEFGHIJKLMNPRTUVW

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

Figure 1.3 Pin Assignment (BP-240A)
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1.3.2

Pin Function

Table 1.3 shows the pin functions.

Table 1.3  SH7729R Pin Functions
Pin No.

FP-208C, BP-240A Pin Name 110 Description

FP-208E

1 D2 MD1 I Clock mode setting

2 C2 MD2 I Clock mode setting

3 E2 Vce-RTC™ — RTC power supply V**

4 D1 XTAL2 (0] On-chip RTC crystal oscillator pin

5 D3 EXTAL2 I On-chip RTC crystal oscillator pin

6 El Vss-RTC™ — RTC power supply (0 V)

7 C3 NMI I Nonmaskable interrupt request

8 E3 IRQO/IRLO/PTHI0] I External interrupt request/input
port H

9 E4 IRQ1/IRLT/PTHI1] External interrupt request/input
port H

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

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

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

13 F4 D31/PTBJ[7] I/O Data bus / I/O port B

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

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

16 G3 D28/PTB[4] I/O Data bus / I/O port B

17 G4 D27/PTBJ[3] I/O Data bus / /O port B

18 H1 D26/PTB[2] 110 Data bus / /0 port B

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

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

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

22 Ji D24/PTBJ[0] I/0 Data bus / 1/0 port B

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

24 J4 D22/PTA[6] 110 Data bus / /0 port A

10
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Table 1.3

SH7729R Pin Functions (cont)

Pin No.
FP-208C, BP-240A Pin Name /0 Description
FP-208E
25 J3 D21/PTA[5] I/0 Data bus / I/O port A
26 K2 D20/PTA[4] I/0 Data bus / I/O port A
27 K3 Vss — Power supply (0 V)
— K4 Vss — Power supply (0 V)
28 K1 D19/PTA[3] I/0 Data bus / I/O port A
29 L3 Vee — Power supply **
— L4 Vee — Power supply **
30 L2 D18/PTA[2] I/0 Data bus / I/O port A
31 L1 D17/PTA[1] 1/0 Data bus / I/0O port A
32 M4 D16/PTA[O] I/0 Data bus / I/O port A
33 M3 VssQ — Input/output power supply (0 V)
34 M2 D15 I/0 Data bus
35 M1 VeeQ — Input/output power supply (3.3 V)
36 N4 D14 11O Data bus
37 N3 D13 I/0 Data bus
38 N2 D12 I/0 Data bus
39 N1 D11 11O Data bus
40 P4 D10 I/0 Data bus
41 P3 D9 I/0 Data bus
42 P2 D8 I/1O Data bus
43 P1 D7 I/0 Data bus
44 R4 D6 I/0 Data bus
45 R3 VssQ — Input/output power supply (0 V)
46 T4 D5 I/0 Data bus
47 R1 VeeQ — Input/output power supply (3.3 V)
48 T3 D4 11O Data bus
49 T1 D3 I/0 Data bus
50 R2 D2 I/0 Data bus
51 u2 D1 110 Data bus
52 T2 DO I/0 Data bus
53 V4 AO o Address bus

HITACHI
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Table 1.3 SH7729R Pin Functions (cont)

Pin No.
FP-208C, BP-240A Pin Name 110 Description
FP-208E
54 V3 Al o Address bus
55 V5 A2 (0] Address bus
56 W4 A3 o Address bus
57 u4 VssQ — Input/output power supply (0 V)
58 W5 A4 (0] Address bus
59 u3 VeeQ — Input/output power supply (3.3 V)
60 U5 A5 o Address bus
61 T5 A6 (0] Address bus
62 W6 A7 o Address bus
63 V6 A8 o Address bus
64 u6 A9 (0] Address bus
65 T6 Al0 o Address bus
66 w7 All O Address bus
67 V7 Al12 (0] Address bus
68 u7 Al3 o Address bus
69 T7 VssQ — Input/output power supply (0 V)
70 w8 Al4 (0] Address bus
71 V8 VeeQ — Input/output power supply (3.3 V)
72 us A15 o Address bus
73 T8 A16 (0] Address bus
74 W9 Al7 o Address bus
75 V9 A18 o Address bus
76 T9 A19 (0] Address bus
77 U9 A20 o Address bus
78 V10 A21 O Address bus
79 ui10 Vss — Power supply (0 V)
— T10 Vss — Power supply (0 V)
80 w10 A22 o Address bus
81 U1l Vce — Power supply **
— T11 Vce — Power supply **
82 Vil A23 O Address bus

12
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Table 1.3

SH7729R Pin Functions (cont)

Pin No.

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

FP-208E

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

84 T12 A24 (0] Address bus

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

86 V12 A25 (0] Address bus

87 w12 BS/PTK[4] O/1/0  Bus cycle start signal / I/O port K

88 T13 RD o} Read strobe

89 uU13 WEOQ/DQMLL (0] D7-DO0 select signal / DQM
(SDRAM)

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

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

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

1/0 port K

92 T14 WE3/DQMUU/ICIOWR/ O /110 D31-D24 select signal / DQM

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

1/0 port K

93 ul4 RD/WR o} Read/write

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

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

96 T15 CS0/MCSJ[0] (0] Chip select 0/mask ROM chip
select 0

97 u15 VeeQ — Input/output power supply (3.3 V)

98 T16 CS2/PTK]0] o/llo Chip select 2/ 1/O port K

99 W15 CS3/PTK]1] O/l/o Chip select 3/1/0 port K

100 ui6 CS4/PTK][2] O/10 Chip select 4 / 1/0O port K

101 W16 CS5/CE1A/PTK]3] o/llo Chip select 5/CE1 (area 5
PCMCIA) / /O port K

102 V15 CS6/CE1B (0] Chip select 6/CE1 (area 6
PCMCIA)

103 V17 CE2A/PTE[4] o/llo Area 5 PCMCIA card enable / /0
port E

104 V16 CE2B/PTE[5] O/10 Area 6 PCMCIA card enable / I/O
port E

105 T18 CKE/PTK[5] O/1/0  CK enable (SDRAM) / I/O port K

HITACHI
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Table 1.3

SH7729R Pin Functions (cont)

Pin No.

FP-208C, BP-240A Pin Name 110 Description

FP-208E

106 u1s RAS3L/PTJ[0] O/1/0  Lower 32/64 MB address
(SDRAM) RAS / 1/0 port J

107 u19 PTJ[1] 110 I/0 port J°°

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

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

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

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

112 u17 PTJ[4] 110 I/0 port J

113 R17 PTJ[5] 110 I/0 port J

114 R16 DACKO/PTD[5] Oo/10 DMA acknowledge 0/ I/O port D

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

116 P18 PTE[6] 110 I/O port E

117 P17 PTE[3] 110 I/O port E

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

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

120 N18 TDO/PTE[OQ] O/10 Test data output / 1/0O port E

121 N17 BACK o) Bus acknowledge

122 N16 BREQ [ Bus request

123 M19 WAIT I Hardware wait request

124 M18 RESETM [ Manual reset request

125 M17 ADTRG/PTH[5] | Analog trigger / input port H

126 M16 10IS16/PTG[7] | Area 6 16-bit input/output /
input port G

127 L19 ASEMDO/PTG[6] I ASE mode*® / input port G

128 L18 ASEBRKAK/PTG[5] o/l ASE break acknowledge / input
port G

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

130 L17 AUDATA[3]/PTGI3] ol AUD data / input port G

131 K18 AUDATA[2]/PTG[2] ol AUD data / input port G

14
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Table 1.3 SH7729R Pin Functions (cont)

Pin No.

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

FP-208E

132 K17 Vss — Power supply (0 V)

— K16 Vss — Power supply (0 V)

133 K19 AUDATA[1])/PTGI[1] ol AUD data / input port G

134 J17 Vee — Power supply ™

— Ji6 Vee — Power supply *

135 Ji8 AUDATAI0])/PTGIO0] ol AUD data / input port G

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

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

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

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

140 H19 IRLS3/PTF[3]/ External interrupt request / input

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

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

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

144 G19 MDO I Clock mode setting

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

146 F17 CAP1 — PLL1 external capacitance pin

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

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

149 E16 CAP2 — PLL2 external capacitance pin

150 E17 Vce-PLL2'? — PLL2 power supply"*

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

152 E19 Vss — Power supply (0 V)

153 D17 Vss — Power supply (0 V)

— D19 Vss — Power supply (0 V)

HITACHI

15



Table 1.3

SH7729R Pin Functions (cont)

Pin No.

FP-208C, BP-240A Pin Name 110 Description

FP-208E

154 E18 Vce — Power supply™*

— C19 Vce — Power supply™*

155 C18 XTAL (0] Clock oscillator pin

156 D18 EXTAL I External clock / crystal oscillator
pin

157 B16 STATUSO/PTJ[6] O/l/o Processor status / I/O port J

158 B17 STATUS1/PTI[7] O/10 Processor status / I/O port J

159 B15 TCLK/PTHI7] I/O TMU or RTC clock input/output /
1/0 portH

160 A16 TRQOUT o] Interrupt request notification

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

162 Al5 CKIO I/O System clock input/output

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

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

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

166 Al4 TxD1/SCPT[2] (0] Transmit data 1 / SCI output port

167 B14 SCK1/SCPTI[3] I/0 Serial clock 1 / SCI I/O port

168 Cl4 TxD2/SCPT[4] (0] Transmit data 2 / SCI output port

169 D14 SCK2/SCPT[5] I/0 Serial clock 2 / SCI I/O port

170 Al13 RTS2/SCPT[6] O/10 Transmit request 2 / SCI 1/O port

171 B13 RxDO/SCPTIO0] I Transmit data 0 / SCI input port

172 C13 RxD1/SCPTI[2] I Transmit data 1 / SCI input port

173 D13 Vss — Power supply (0 V)

— Al12 Vss — Power supply (0 V)

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

175 C12 Vce — Power supply ™

— D12 Vce — Power supply

176 Al1l CTS2/IRQ5/SCPTI[7] Transmit clear 2 / external interrupt
request / SCI input port

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

1/0 port C / port interrupt

16
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Table 1.3

SH7729R Pin Functions (cont)

Pin No.
FP-208C, BP-240A Pin Name 1/0 Description
FP-208E
178 D11 MCSI[6])/PTC[6]/PINT[6] O/I1/O/1 Mask ROM chip select/
1/0 port C / port interrupt
179 Ci11 MCSI[5)/PTCI5]/PINT[5] O/1/O/1 Mask ROM chip select /
1/0O port C / port interrupt
180 B10 MCS[4]/PTC[4])/PINT[4] O/1/O/1 Mask ROM chip select/
1/0 port C / port interrupt
181 C10 VssQ — Input/output power supply (0 V)
182 D10 WAKEUP/PTD[3] O/10 Standby mode interrupt request
notification / 1/0 port D
183 Al10 VeeQ — Input/output power supply (3.3 V)
184 C9 RESETOUT/PTD[2] O/1/0  Resetoutput/ I/O port D
185 D9 MCS[3J/PTC[3]/PINT[3] O/1/O/1 Mask ROM chip select/
1/0 port C / port interrupt
186 B9 MCSI[2)/PTC[2]/PINT[2] O/I1/O/1 Mask ROM chip select/
1/0O port C / port interrupt
187 A9 MCS[1/PTC[1)/PINT[1] O/1/O/1 Mask ROM chip select/
1/0O port C / port interrupt
188 D8 MCSI[OJ/PTCIO/PINT[0] O/I1/O/1 Mask ROM chip select/
1/0O port C / port interrupt
189 C8 DRAKO/PTD[1] Oo/10 DMA request acceptance /
1/0 port D
190 B8 DRAK1/PTDI[0] O/l/o DMA request acceptance /
1/0 port D
191 A8 DREQO/PTD[4] I DMA request / input port D
192 D7 DREQ1/PTD[6] I DMA request / input port D
193 c7 RESETP I Power-on reset request
194 B7 CA I Chip activate / hardware standby
request
195 A7 MD3 I Area 0 bus width setting
196 D6 MDA4 I Area 0 bus width setting
197 C6 MD5 I Endian setting
198 B6 AVss — Analog power supply (0 V)
199 A6 ANJ[O0])/PTLI[O] I A/D converter input / input port L
200 D5 AN[1])/PTL[1] I A/D converter input / input port L

HITACHI
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Table 1.3 SH7729R Pin Functions (cont)

Pin No.
FP-208C, BP-240A Pin Name 110 Description
FP-208E
201 C5 AN[2]/PTL[2] I A/D converter input / input port L
202 D4 AN[3]/PTL[3] I A/D converter input / input port L
203 A5 AN[4])/PTL[4] I A/D converter input / input port L
204 C4 AN[5]/PTL[5] I A/D converter input / input port L
205 A4 AVcc — Analog power supply (3.3 V)
206 B5 ANI[6]/DA[1])/PTL[6] I A/D converter input / input port L
207 B3 AN[7]/DA[O]/PTL[7] I A/D converter input / input port L
208 B4 AVss — Analog power supply (0 V)
Notes: *1 Must be connected to the power supply even when the RTC is not used.

*2 Must be connected to the power supply even when the on-chip PLL circuits are not
used (except in hardware standby mode).

*3 Except in hardware standby mode, all power supply pins must be connected to the
system power supply. (Supply power constantly.) In hardware standby mode, power
must be supplied at least to V..—RTC and V¢ —RTC. If power is not supplied to power
supply pins other than V..—RTC and V4—RTC, hold the CA pin low.

*4 2.0V in 200 MHz models, 1.9 V in 167 MHz models, 1.8 V in 133 MHz models, 1.7 V in
100 MHz models

*5 Drive high when using the user system alone, and not using an emulator or the H-UDI.

*6 B2, B1, C1, Ul, V1, W1, V2, W2, W3, W17, W18, W19, V18, V19, B19, A19, B18, A18,

18

A17, A3, A2, and Al are NC pins. No connection should be made to these pins.
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Section 2 CPU

2.1 Registers

The SH7729R has the same registers as the SH-3. In addition, the SH7729R also supports the
same DSP-related registers as in the SH2-DSP. The basic software-accessible registers are div
into four distinct groups:

* General registers
« Control registers
e System registers
« DSP registers

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

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

« SR: Status register

e SSR: Saved status register

e SPC: Saved program counter

¢ GBR: Global base register

* VBR: Vector base register

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

The system registers are accessed by the LDS/STS instructions (the PC is software-accessible,
is included here because its contents are saved in, and restored from, SPC in exception handlin
The system registers are:

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

e PC: Program counter

19
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This section explains the usage of these registers in different modes.
Figures 2.1 and 2.2 show the register configuration in each processing mode.

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

The DSP mode is switched by means of the DSP bit in the status register.

20
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31 0 31 0 31 0

RO_BANKO*1 *2 RO_BANK1*1 *3 RO_BANKO*1 *4
R1_BANKO0*2 R1_BANK1*3 R1_BANKO*4
R2_BANKO0*2 R2_BANK1*3 R2_BANKO*4
R3_BANK0*2 R3_BANK1*3 R3_BANKO*4
R4_BANKO*2 R4_BANK1*3 R4_BANKO*4
R5_BANKO*2 R5_BANK1*3 R5_BANKO*4
R6_BANKO0*2 R6_BANK1*3 R6_BANKO*4
R7_BANKO0*2 R7_BANK1*3 R7_BANKO*4

R8 R8 RS
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
SR SR SR
SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
PC PC PC
SPC SPC
RO_BANKO*1, *4 RO_BANK1*1 *3
R1_BANKO*4 R1_BANK1*3
R2_BANKO*4 R2_BANK1*3
R3_BANKO*4 R3_BANK1*3
R4_BANKO*4 R4_BANK1*3
R5_BANKO*4 R5_BANK1*3
R6_BANKO*4 R6_BANK1*3
R7_BANKO*4 R7_BANK1*3
(a) User mode register (b) Privileged mode register (c) Privileged mode register
configuration configuration (RB = 1) configuration (RB = 0)

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

*2 Bank register

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

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

Figure 2.1 Register Configuration in Each Processing Mode (1)
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39 3231 0
A0G A0
Al1G Al
MO
M1
X0
X1
YO
Y1

DSR

MS
ME
MOD

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

Figure 2.2 Register Configuration in Each Processing Mode (2)
Register values after a reset are shown in table 2.1.

Table 2.1 Initial Register Values

Type Registers Initial Value *
General registers RO to R15 Undefined
Control registers SR MD bit=1, RB bit=1, BL bit=1, 13

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

GBR, SSR, SPC Undefined
VBR H'00000000
RS, RE Undefined
MOD Undefined
System registers MACH, MACL, PR Undefined
PC H'A0000000
DSP registers A0, AOG, Al, A1G, MO, M1, Undefined
X0, X1, YO0, Y1
DSR H'00000000

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

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

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

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

To access X memory, R4 and R5 are used as the X address register [AX] and R8 is used as the
index register [Ix]. To access Y memory, R6 and R7 are used as the Y address register [Ay] anc
R9 is used as the Y index register [ly]. To access single data that uses the L-bus, R2, R3, R4, a
R5 are used as the single data address register [As] and R8 is used as the single data index rec

[Is].

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

31 0
RO"12 General Registers (when not in DSP mode)
R1"2
R2*2 Notes: *1 RO functions as an index register in the
R3'2 indexed register-indirect addressing mode
R and indexed GBR-indirect addressing mode.
. In some instructions, only RO can be used as
R5™ the source register or destination register.
R6"2 *2 RO-R7 are banked registers. In user mode,
R7*2 BANKO is used. In privileged mode, SR.RB
RS specifies BANK.
SR.RB = 0; BANKO is used
R9 SR.RB = 1; BANK1 is used
R10
R11
R12
R13
R14
R15

Figure 2.3 General Purpose Registers (Not in DSP Mode)
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On the other hand, registers R2—R9 are also used for DSP data address calculation when DSP
extension is enabled (see figure 2.4). Other symbols that represent the purpose of the registers i
DSP type instructions is shown in [ ].

31 0
RO General Registers (DSP mode enabled)
R1
R2|iES] X orY data transfer operation
R3 [As] R4, 5 [Ax]: Address register set for X data memory.
R4 [As, Ax] R8 [x]: Index register for address register set Ax.
R5 [As, AX .

L ] R6, 7 [Ay]: Address register set for Y data memory.
R6 [AY] RO[ly]l:  Index register for address register set Ay.
R7 [Ay]

R8 [I, Is] Single data transfer operation

: R2-5 [As]: Address register set for memory.

RO [ly] R8 [Is]: Index register for address register set As.
R10

R11

R12

R13

R14

R15

Figure 2.4 General Purpose Registers (DSP Mode)

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

R8[Ix], R4,5[Ax] for X memory access, and R9[ly], R6,7[Ay] for Y memory access.

The symbols R2—R9 are used by the assembler, but users can use other register names (aliases
that indicate the purpose of the register in the DSP instruction. The coding in assembler is as
follows.

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

A&X0: .REG (R4
A&1: .REG (R5)
I x: .REG (RB)
Ay0: .REG (Rp)
Ayl: .REG (R7)

ly: .REG (R9)
AsO: .REG (R4 ; Thisis optional, if another alias is required for single data transfer.
Asl: .REG (R5) ; Thisis optional, if another alias is required for single data transfer.

As2: .REG (Rp)
As3: .REG (RB)
I's: .REG (R8) ; Thisis optional, if another alias is required for single data transfer.

2.1.2 Control Registers

The SH7729R has 8 control registers: SR, SSR, SPC, GBR, VBR, RS, RE, and MOD (figure 2.t
SSR, SPC, GBR and VBR are the same as the SH-3 registers. The DSP mode is activated only
when SR.DSP = 1. Repeat start register RS, repeat end register RE, and repeat counter RC (12
part of SR) and repeat control bits RFO and RF1 are new registers and control bits which are us
for repeat control. Modulo register MOD and modulo control bits DMX and DMY in SR are also
new register and control bits.

In SR, there are six additional control bits: RC[11:0], RFO, RF1, DMX, DMY and DSP. Bits
DMX, DMY, RC[11:0], and RF[1:0] can be modified in supervisor mode, supervisor DSP mode,
and use DSP mode. DMX and DMY are used for modulo addressing control. If DMX is 1, the
modulo addressing mode is effective for the X memory address pointer, Ax (R4 or R5). If DMY i
1, the modulo addressing mode is effective for the Y memory address pointer, Ay (R6 or R7).
However, both X and Y address pointers cannot be operated in modulo addressing mode even
though both DMX and DMY bits are set. The case where DMX = DMY = 1 is reserved for future
expansion. If both DMX and DMY are set simultaneously, the hardware will provisionally treat
only the Y address pointer as the modulo addressing mode pointer. Modulo addressing is availe
for X and Y data transfer operations (MOVX and MOVY), but not for a single data transfer
operation (MOVS).

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

Although RC[11:0] and RF[1:0] can be changed by a store/load to SR, use of the dedicated
manipulation instruction SETRC is recommended.
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SR also has a 12-bit repeat counter, RC, which is used for efficient loop control. The repeat start
register (RS) and repeat end register (RE) are also provided for loop control. They hold the start

and end addresses of a loop (the contents of the RS and RE registers are slightly different from t
actual loop start and end addresses). The modulo register, MOD, is provided to implement modu
addressing for circular data buffering. MOD holds the modulo start address (MS) and modulo enc
address (ME).

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

LDC Rm RS; Rm-> RS
LDC L @+, RS; (R -> RS, Rm4 -> Rm
STC RS, Rn; RS -> R
STCL RS @Rn; R1-4 -> R, RS -> (Rn)

Address set instructions for RS and RE are also provided.

LDRS @disp,PQ; disp x2 + PC->RS
LDRE @disp,PQ; disp x2 + PC->RE
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31 2827 1615 1312 11 10 9 8 7 6 5 4 3 2 1 0
0 MD RB BL RC 0-0 EDSP DMYDMXM Q I3 12 11 10 RFIRFO S T | SR (Status register)
MD bit: Processor operation mode
MD = 1: Privileged mode
MD = 0: User mode
RB bit: Register bank bit; used to define the general registers in privileged mode.
RB =1: RO_BANK1to R7_BANK1 are used as general registers.
RO_BANKO to R7_BANKO accessed by LDC/STC instructions.
RB =0: RO_BANKO to R7_BANKO are used as general registers.
RO_BANK1 to R7_BANK1 accessed by LDC/STC instructions.
BL bit: Block bit; used to mask exception in privileged mode.
BL = 1: Interrupts are masked (not accepted)
BL = 0: Interrupts are accepted
RC [11:0]: 12-bit repeat counter
DSP bit:  DSP operation mode
DSP = 1: DSP instructions (LDS Rm, DSR/A0/X0/X1/Y0/Y1,
LDS.L @Rm+, DSR/A0/X0/X1/Y0/Y1, STS DSR/A0/X0/X1/Y0/Y1, Rn,
STS.L DSR/A0/X0/X1/Y0/Y1, @-Rn, LDC Rm, RS/RE/MOD,
LDC.L @Rm+, RS/RE/MOD, STC RS/RE/MOD,Rn, STC.L RS/RE/MOD, @-Rn,
LDRS, LDRE, SETRC, MOVS, MOVX, MOVY, Pxxx) are enabled.
DSP = 0: All DSP instructions are treated as illegal instructions; only SH3 instructions are
supported.
DMY bit:  Modulo addressing enable for Y side
DMX bit:  Modulo addressing enable for X side
Q, M bit:  Used by DIVOU/S and DIV1 instructions.
1[3:0]: 4-bit field indicating the interrupt request mask level.
RF [1:0]:  Used for repeat control
S bit: Used by the MAC instructions and DSP data.
T bit: The MOVT, CMP/cond, TAS.TST, BT, BF, SETT, CLRT and DT instructions use the T bit to

indicate true (logic one) or false (logic zero). The ADDV/C, SUBV/C, DIVOU/S, DIV1, NEGC,
SHARI/L, SHLR/L, ROTR/L and ROTCRI/L instructions also use the T bit to indicate a carry,
borrow, overflow, or underflow.

Reserved bits: Always read as 0, and should always be written with 0.

Figure 2.5 Control Registers
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MOD

31 0

| SSR | Saved status register (SSR)
31 0

| SPC | Saved program counter (SPC)
31 0

| GBR | Global base register

31 0

| VBR | Vector base register

31 0

| RS | Repeat start register

31 0

| RE | Repeat end register

31 16 15 0

| ME MS | Modulo register

ME: Modulo end address, MS: Modulo start address

Saved status register (SSR)
Stores current SR value at time of exception to indicate processor status when returning to instruction
stream from exception handler.

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

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

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

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

Repeat end register (RE)

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

Modulo register

Used in DSP mode only.

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

In X/Y operand address generation, the CPU compares the address with ME, and if it is the same,
loads MS in either the X or Y operand address register (depending on bits DMX and DMY in the SR
register).
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Details of the status register (SR) when STC/LDC instructions are used are shown below.

1. When the DSP is not operating, operation is the same as for the SH-3.
2. In supervisor DSP mode, operation is the same as in supervisor mode.
3. Inuser DSP mode, SR can be read with an STC instruction.
4

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

Table 2.2  Operation of SR Bits in Each SH-3 DSP Mode

Access to

Supervisor Supervisor User DSP DSP-Related
Mode User Mode DSP Mode Mode Bit with
MD=1& MD=0& MD=1& MD=0& Dedicated Initial Value after
Field DSP =0 DSP =0 DSP =1 DSP =1 Instruction Reset
MD S:OK,L:OK S, L: Invalid S:OK,L:OK S: 0K, L:NG 1
instruction
RB S:OK,L:OK S, L: Invalid S:OK,L:OK  S: 0K, L:NG 1
instruction
BL S:OK,L:OK S, L: Invalid S:OK,L:OK S:OK, L: NG 1
instruction
RC S:OK,L:OK S, L: Invalid S:OK,L:OK R:OK,L:OK SETRC 0b000000000000
[11:0] instruction instruction
DSP S:OK,L: OK S, L:Invalid S:OK,L:OK S:OK,L:NG 0
instruction
SMX S:OK, L: OK S, L: Invalid S:OK,L:OK R:OK,L:OK 0
instruction
SMY 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: 0K, L:NG X
instruction
M S: 0K, L: OK S, L: Invalid S:OK, L: OK  S:OK, L: NG X
instruction
1[3:0] S: OK,L: OK S, L: Invalid S:OK,L:OK S: 0K, L:NG 1111
instruction
RF[1:0] S:OK,L:OK S, L:Invalid S:OK,L:OK R:OK,L:NG SETRC X
instruction instruction
S S:OK, L: OK S, L: Invalid S:OK,L: OK S:OK,L:NG X
instruction
T S:OK,L:OK S, L: Invalid S:OK,L:OK S: 0K, L:NG X
instruction

Legend

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

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

OK: STC/LDC operation is enabled.

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

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

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

Figure 2.6 System Registers

The DSR, A0, X0, X1, YO and Y1 registers are also treated as system registers. Therefore,
instructions for data transfer between general registers and system registers are supported for th
registers.

2.14 DSP Registers

The SH7729R has eight data registers and one control register as DSP registers (figure 2.7). The
data registers are 32-bit width 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.

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

The second kind of operation is an X or Y data transfer operaitidy X.W MOVY.W”. This
operation accesses the X and Y memories through the 16-bit X and Y data buses (figure 2.8). Th
register to be loaded or stored by this operation always comprises the upper 16 bits (bits 31-16).
X0 or X1 can be the destination of an X memory load and YO or 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 31-16), the lower 16 bits of the register (bits 15-0)
are automatically cleared. A0 and Al can be stored in the X or Y memory by this operation, but n
other registers can be stored.
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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 2.8). All DSP registers connec
to the LDB and can be the source or destination register of the data transfer. These instructions
have word and longword access modes. In word mode, registers to be loaded or stored by this

instruction comprise the upper 16 bits (bits 31-16) for DSP registers except AOG and A1G. Whe
data is loaded into a register other than AOG and A1G in word mode, the lower half of the regist
is cleared. When A0 or Al is used, the data is sign-extended to bits 39—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 A
it is sign-extended to bits 39-32.

Tables 2.3 and 2.4 show the data type of registers used in DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitations. For
example, PMULS can use Al as the source register, but cannot use AO. These tables ignore de
of register selectability.

Table 2.3  Destination Register in DSP Instructions

Guard Bits Register Bits
Registers Instructions 39 3231 16 1# 0
AO, Al DSP Fixed-point, PSHA, Sign-extended 40-bit result
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
MOVS.L Sign-extended | 32-bit data
AOG, A1G |Data MOVS.W Data No update
transfer MOVS.L Data No update
X0, X1 DSP Fixed-point, PSHA, 32-bit result
YO, Y1 PMULS
MO, M1 Integer, logical, 16-bit result  |Cleared
PDMSB, PSHL
Data MOVX/Y.W, MOVS.W 16-bit result Cleared
transfer  fmovs.L 32-bit data
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Table 2.4

Source Register in DSP Operations

Guard Bits Register Bits
Registers Instructions 39 3231 16 1#
A0, Al DSP Fixed-point, PDMSB, 40-bit data
PSHA
Integer 24-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVX/Y.W, MOVS.W 16-bit data
ransfer  yovs.L 32-bit data
AO0G, A1G |Data MOVS.W Data
ransfer  yiovs.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
ransfer  yiovs.L 32-bit data
Note: * The data is sign-extended and input to the ALU.
39 3231
AOG A0
AlG Al
MO
M1
X0
X1
YO
Y1
(a) DSP Data Registers
31 8,7,6,5,4,3 2 1,0
---------------------------- GT|z|N| V| cs[20] [pc]

(b) DSP Status Register (DSR)

Reset status
DSR: All zeros

Others: Undefined
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Table 2.5

DSR Register Bits

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

designated by the CS bits
0: Designated mode status has not occurred (false)
1: Designated mode status has occurred
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- LDB
16 bit
: XDB
16 bit
_ _ YDB
8 bit A 32 bit
MOVS.W, MOVX.W MOVY.W MOVS.W,
MOVS.L 31 16 MOVS.L
39 | 32 ] 0
AOG AO
ALG Al
MO
DSR Vi
7 0 -~ 0
et X1
> Y0
- Y1

Figure 2.8 Connections of DSP Registers and Buses

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

reflected in the DC bit.

Unconditional DSP type data operations, except PMULS, MOVX, MOVY and MOVS, update the
condition flags and DC bit, but no CPU instructions, including MAC instructions, update the DC
bit. Conditional DSP type instructions do NOT update DSR either.

DSR is assigned as a system register and the following load/store instructions are provided:

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

When DSR is read by an STS instruction, the upper bits (bits 31 to 8) are all 0.
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2.2 Data Formats

221 Register Data Format (Non-DSP Type)

Register operands are always longwords (32 bits) (figure 2.9). When the memory operand is on
a byte (8 bits) or a word (16 bits), it is sign-extended into a longword when loaded into a registel

| Longword

Figure 2.9 Longword Operand

222 DSP-Type Data Formats

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

Figure 2.10 shows three DSP-type data formats with different binary point positions. A CPU-type
data format with the binary point to the right of bit O 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 instructic
and the DSP register.
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DSP type fixed point
39 31 30 0
With guard bits S| | | 2810 +28 - 231
A
31 30 0
Without guard bits |S| | —1to+1-2731
A
39 31 30 16 15 0
Multiplier input | |S | ~1to+1-2715
A
DSP type integer
39 32 31 16 15 0
With guard bits  |S] | | 2% t0+28-1
A
31 16 15 0
Without guard bits |s| | 2510 +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) | [s] | —161t0 +16
A
39 31 16 15 0
DSP type logical | |
CPU type integer
P 9 31 0
Longword |S| 2810 +231 1
A
S: Sign bit A : Binary point I:I : Does not affect the operations

Figure 2.10 Data Formats

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

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

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

Figure 2.11 Byte, Word, and Longword Alignment

Either big-endian or little-endian byte order can be selected for the data format, according to the
MDS5 pin at reset. When MD5 is low at reset, the processor operates in big-endian mode. When
MDS5 is high at reset, the processor operates in little-endian mode.

2.3 Features of CPU Core Instructions
The CPU core instructions are RISC-type instructions with the following features:

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

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

Data Size:The basic data size for operations is longword. Byte, word, or longword can be
selected as the memory access size. Memory byte or word data is sign-extended and operated
as longword data. Immediate data is sign-extended to longword size for arithmetic operations or
zero-extended to longword size for logical operations.
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Table 2.6  Word Data Sign Extension

SH7729R CPU Description Example of Other CPU

MOV.W  @(disp,PC),R1 Sign-extended to 32 bits, R1 ADD.W  #H'1234,R0
ADD R1,RO becomes H'00001234, and is
then operated on by the ADD
-------- instruction.
.DATAW H'1234

Note: Immediate data is referenced by @(disp,PC).

Load/Store Architecture: 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.

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

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

Table 2.7  Delayed Branch Instructions

SH7729R CPU Description Example of Other CPU
BRA TRGET ADD is executed before branch to ADD.W R1,R0O
ADD RL1,RO TRGET. BRA  TRGET

Multiply/Multiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operation is
executed in 1 to 3 states, and ax1B6 + 64— 64 multiply-and-accumulate operation in 2 to 3
states. A 3% 32 . 64 multiply operation and a 3232 + 64— 64 multiply-and-accumulate
operation are each executed in 2 to 4 states.
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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 sp¢
has been improved by keeping the number of instructions that modify the T bit to a minimum.

Table 2.8 T Bit

SH7729R CPU

Description

Example of Other CPU

CMP/GE R1,RO

If RO = R1, the T bit is set.

CMP.W R1,RO

BT TRGETO A branch is made to TRGETO BGE TRGETO
ADD #-1,R0 The T bit is not set by ADD. SUB.W #1,R0
CMP/EQ #0,R0O If RO =0, the T bit is set. BEQ TRGET
BT TRGET A branch is made if RO = 0.

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

addressing mode with displacement.

Table 2.9 Immediate Data Referencing

Type

SH7729R CPU

Example of Other CPU

8-bit immediate

MOV #H'12,R0O

MOV.B #H'12,R0O

16-bit immediate

MOV.W  @(disp,PC),RO

.DATA.W H'1234

MOV.W  #H'1234,R0

32-bit immediate

MOV.L  @(disp,PC),RO

.DATA.L H'12345678

MOV.L  #H'12345678,R0

Note: Immediate data is referenced by @(disp,PC).

HITACHI
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Absolute AddressesWhen data is referenced by absolute address, the absolute address value is
placed in a table in memory beforehand. 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.

Table 2.10 Absolute Address Referencing

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

.DATA.L H'12345678

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
immediate data is loaded when an instruction is executed, this value is transferred to a register a
the data is referenced using indexed register indirect addressing mode.

Table 2.11 Displacement Referencing

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

.DATA.W H'1234
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2.4 Instruction Formats

24.1 CPU Instruction Addressing Modes

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

Table 2.12 Addressing Modes and Effective Addresses for CPU Instructions

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register Rn Effective address is register Rn. —

direct (Operand is register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn

indirect

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

indirect with constant is added to Rn after instruction

After instruction
execution

Byte:Rn+1 - Rn
Word: Rn+2 - Rn
Longword: Rn + 4

post-increment execution: 1 for a byte operand, 2 for a word
operand, 4 for a longword operand.

n

QL
H

- Rn
1/2/4
Register @-Rn Effective address is register Rn contents, Byte:Rn—-1 - Rn
indirect with decremented by a constant beforehand: 1 fora  \yorq: Rn—2 - Rn
pre-decrement byte operand, 2 for a word operand, 4 for a
longword operand. Lor;?word: Rn—-4
- Rn

(Instruction
executed with Rn
after calculation)

Rn —1/2/4
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Table 2.12 Addressing Modes and Effective Addresses for CPU Instructions (cont)

Addressing Instruction Calculation
Mode Format Effective Address Calculation Method Formula
Register @(disp:4, Effective address is register Rn contents with Byte: Rn + disp
indirect with Rn) 4-bit displacement disp added. After disp is

displacement

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

disp
(zero-extended)

Rn
+ disp x 1/2/4

Word: Rn + disp x 2

Longword: Rn +
disp x 4

Indexed
register indirect

@(RO, Rn) Effective address is sum of register Rn and RO

contents.

Rn + RO

GBR indirect
with
displacement

@(disp:8,
GBR)

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

disp
(zero-extended)

GBR
+ disp x 1/2/4

Byte: GBR + disp

Word: GBR + disp
x 2

Longword: GBR +
disp x
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Table 2.12 Addressing Modes and Effective Addresses for CPU Instructions (cont)

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

GBR + RO

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

+disp x 4

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

*: With longword operand
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Table 2.12 Addressing Modes and Effective Addresses for CPU Instructions (cont)

Addressing

Mode Format

Instruction

Calculation

Effective Address Calculation Method Formula

PC-relative disp:8

Effective address is PC with 8-bit displacement
disp added after being sign-extended and
multiplied by 2.

PC + disp x 2

disp
(sign-extended)

PC +disp x 2

disp:12

Effective address is PC with 12-bit displacement PC + disp x 2
disp added after being sign-extended and
multiplied by 2

disp
(sign-extended)

PC + disp x 2

Rn

PC +Rn

Immediate #imm:8

8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.

#imm:8

8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.

#imm:8

8-bit immediate data imm of TRAPA instruction —
is zero-extended and multiplied by 4.
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2.4.2 DSP Data Addressing

Two different memory accesses are made with DSP instructions. The two kinds of instructions a
X and Y data transfer instructions (MOVX.W, MOVY.W) and single data transfer instructions
(MOVS.W, MOVSL). The data addressing is different for these two kinds of instruction. An
overview of the data transfer instructions is given in table 2.13.

Table 2.13 Overview of Data Transfer Instructions

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

Address register Ax: R4, R5, Ay: R6, R7 As: R2, R3, R4, R5

Index register Ix: R8, ly: R9 Is: R8

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

— Dec (-2, —4): pre-decrement

Modulo addressing Possible Not possible

Data bus XDB, YDB LDB

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

Bus contention No Yes

Memory X/Y data memory Entire memory space

Source register Dx, Dy: AO, A1 Ds: AO/A1, MO/M1, X0/X1, YO/Y1,
AO0G, A1G

Destination register Dx: X0/X1, Dy: YO/Y1 Ds: AO/A1, MO/M1, X0/X1, YO/Y1,
AOG, A1G

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

1. Non-update address register addressing:
The Ax and Ay registers are address pointers. They are not updated.
2. Addition index register addressing:

The Ax and Ay registers are address pointers. After a data transfer, the value of the Ix or ly
register is added to each (post-increment).
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3. Increment address register addressing:

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

There is an index register for each address pointer. The R8 register is the index register (Ix) for tt
X memory address register (Ax), and the R9 register is the index register (ly) for the Y memory
address register (Ay).

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

X/Y data transfer addressing is shown in figure 2.12. When accessing X and Y memory using the
X and Y buses, the upper word of Ax (R4 or R5) and Ay (R6 or R7) 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.

| Re[x RA[AX] EY R6[AY]
+2 (INC) —————— R5[AX] +2 (INC) ————— R7[AY]
+0 (no update) — +0 (no update) —
ALU AU
| |

. AU: Adder provided
Note: Three address processing methods: for DSIFD, addressing
1. Increment

2. Index register addition (Ix/ly)

3. No increment

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

Figure 2.12 X and Y Data Transfer Addressing

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

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

2. Addition index register addressing:
The As register is an address pointer. After a data transfer, the value of the Is register is add
to the As register (post-increment).

3. Increment address register addressing:
The As register is an address pointer. After a data transfer, the As register is incremented by
or 4 (post-increment).

4. 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).

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

31 0
R2[As]
31 0 R3[As]
| Rals] R4[As]
—2/-4 (DEC)————— R5[As]
+2/+4 (INC)
+0 (no update) ——
31
ALU MAB
' —» CAB
0
Note: Four address processing methods:
1. No update
2. Index register addition (Is) ’
3. Increment } Post-increment
4. Decrement Pre-decrement

Figure 2.13 Single Data Transfer Addressing

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

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

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

MOV. L ModAddr, Rn; Rn=ModEnd, MbdStart

LDC R, MDD, ME=MbdENnd, MS=MbdSt art
ModAddr: . DATA W nEnd; ModEnd

.DATA W nBtart; MbdSt ar t

MdStart: . DATA

MbdEnd: . DATA

The start and end addresses are specified in MS and ME, then the DMX or DMY bit is set to 1.
The address register contents are compared with ME, and if they match, start address MS is stor
in the address register. The lower 16 bits of the address register are compared with ME.

The maximum modulo size is 64 kbytes. This is sufficient to access the X and Y data memory. A
block diagram of modulo addressing is shown in figure 2.14.

Instruction (MOVX/MOVY)
31 1615 0  DMX | DMY 31 1615 0
31 0 R4[AX] R6[AY] 31 0
[ Reix | R5[AX] R7[Ay] [ ROyl |
| CONT |
+2 e R +2
+0 — 15 1| L 0
[ ms | =
L MS |
ALU AU
CMP
[ aex | [mMe | [ Aey |
15 + 1 15 1 15 + 1
XAB YAB

Figure 2.14 Modulo Addressing
An example of modulo addressing is given below.
M5 = H 7008; Me=H 700C, R4=H A5007008;

DMK = 1; DW = 0: (Modulo addressing setting for address register Ax (R4, R5))

48
HITACHI



As a result of the above settings, the R4 register changes as follows.

I nc.
I nc.

I nc.

R4: H A5007008
R4: H AS00700A
R4: H A500700C
R4: H A5007008  (Reaches modulo end address, so becomes modulo start address

Place the data so that the upper 16 bits of the modulo start and end addresses are the same. Ti
because the modulo start address overwrites only the lower 15 bits of the address register,
excluding bit 0.

Note:

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

DSP Addressing OperationsDSP addressing operations in the pipeline execution stage (EX),
including modulo addressing, are shown below.

if ( Qperation is MOVX WMIVY. W) {
ABX=AX; ABy=Ay,

/* menory access cycle uses ABx and ABy. The addresses to be used have not
been updated */

/* AX is one of R4,5 */

if ( DW==0 || ==1 & DW == 1 )} Ax=Ax+(+2 or RB[IX] or +0);
/* Inc, | ndex, Not - Updat e */

else if (! not-update) Ax=nodul o( Ax, (+2 or RB[IX]) );

/* Ay is one of R6,7 */
if ( DW==0 ) Ay=Ay+(+2 or RO[ly] or +0); /* Inc,|ndex, Not-Update */
else if (! not-update) Ay=nodul o( Ay, (+2 or RO[ly]) );

}

elseif ( Qperationis MWS Wor MWS.L ) {
if ( Addressing is Nop, Inc, Add-index-reg ) {

MAB=As;

/* menory access cycle uses MAB. The address to be used has not been

updat ed */

/* As is one of RR-5 */
As=As+(+2 or +4 or R8[Is] or +0); /* Inc,|ndex, Not-Update */
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else { /* Decrement, Pre-update */
/* As is one of R2~5 */
As=As+(-2 or -4);
MAB=As;
/* menory access cycle uses MMB. The address to be used has been
updated */

}

/* The val ue to be added to the address regi ster depends on addressing
operati ons.

For exanple, (+2 or R8[Ix] or +0) means that
+2 : if operation is increnent
R3[I1x] : if operation is add-index-reg
+0 : if operation is not-update
*/

function nodulo ( AddrReg, Index ) {
if ( AdrReg[15:0]==ME ) AdrReg[ 15: 0] ==M5;
el se Adr Reg=Adr Reg+l ndex;
return AddrReg;

243 CPU Instruction Formats

Table 2.14 shows the instruction formats, and the meaning of the source and destination operant
for instructions executed by the CPU core. The meaning of the operands depends on the
instruction code. The following symbols are used in the table.

XXXX: Instruction code
mmmm: Source register
nnnn: Destination register
iiii: Immediate data
dddd: Displacement
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Table 2.14 CPU Instruction Formats

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

HITACHI
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Table 2.14 CPU Instruction Formats (cont)

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

increment register
indirect (multiply-
and-accumulate
operation)

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

operation)
nmmm post- nnnn: register MOV.L @Rm+,Rn
increment register direct
indirect
nmmm register nnnn: pre- MOV.L Rm,@-Rn
direct decrement register
indirect
nmm register nnnn: indexed MOV.L Rm,@(RO,Rn)
direct register indirect
md type mmmdddd: RO (register direct) MOV.B @(disp,Rm),R0
15 0 registgr indirect
| XXXX  XXXX |mmmm| dddd | with displacement
nd4 type RO (register direct) nnnndddd: MOV.B RO,@(disp,Rn)
15 0 register indirect

| XXXX  XXXX | nnnn | dddd | with displacement

nmd type nmmm register nnnndddd:
15 o direct register indirect
with displacement

| XXXX | nnnn|mmmm| dddd |

MOV.L Rm,@(disp,Rn)

mmmdddd: nnnn: register
register indirect direct
with displacement

MOV.L @(disp,Rm),Rn

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

52
HITACHI



Table 2.14 CPU Instruction Formats (cont)

Source Destination
Instruction Format Operand Operand Sample Instruction
d type dddddddd: GBR RO (register direct)y MOV.L @@(disp,GBR),R0
15 o indirect with

XXXX  XxxX | dddd dddd|

displacement

RO (register direct)

dddddddd: GBR
indirect with
displacement

MOV.L @RO,@(disp,GBR)

dddddddd:
PC-relative with
displacement

RO (register direct)

MOVA @(disp,PC),RO

dddddddd: — BF label
PC-relative
d12 type dddddddddddd: — BRA label
15 o PC-relative (label=disp+PC)
| %00 | dddd  dddd  dddd |
nd8 type dddddddd: PC- nnnn: register MOV.L @(disp,PC),Rn
15 o relative with direct
| XXXX | nnnn | dddd dddd| displacement
i type piiiiiii: Indexed GBR AND.B #imm,@(R0,GBR)
15 o immediate indirect
|xxxx xxxx| Pl i |
Piiiiiii: RO (register direct) AND  #imm,R0
immediate
Piiiiiii: — TRAPA #imm
immediate
ni type Piiiiiii: nnnn: register ADD  #imm,Rn
15 o immediate direct
|xxxx|nnnn| P i

HITACHI
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24.4 DSP Instruction Formats

The SH7729R includes new instructions for digital signal processing. The new instructions are of
the following two kinds.

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

The instruction formats are shown in figure 2.15.

15 0
0000
CPU core instructions :
1110
15 109 0
Double data transfer A field
instructions 111100 1€
15 10 9 0
Single data transfer ]
instructions 111101 A field
31 26 25 16 15 0
Parallel processing 111110 A field B field
instructions
Figure 2.15 DSP Instruction Formats
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Double and Single Data Transfer Instructions:The format of double data transfer instructions
is shown in table 2.15, and that of single data transfer instructions in table 2.16.

Table 2.15 Double Data Transfer Instruction Formats

Type Mnemonic 15 14 131211 109 8 7 6 |5 4 3 21 |0
X memory INOPX 11 1 1 0 00 0 0
data MOVX.W @AXx,Dx AX Dx 0

transfer MOVX.W @Ax+,Dx
MOVX.W @AX+Ix,Dx
MOVX.W Da,@Ax Da 1
MOVX.W Da,@Ax+
MOVX.W Da,@AXx+Ix

R P Ol P OO
m O R|lFk O R|O

Y memory INOPY 11 1 1 0 O 0 0 0
data MOVY.W @Ay,Dy Ay Dy 0
transfer |MOVY.W @Ay+,Dy

MOVY.W @Ay+ly,Dy
MOVY.W Da,@Ay Da 1
MOVY.W Da,@Ay+

MOVY.W Da,@Ay+ly

P P O|Rr B O|O
P, O RP|RPr O L |O

Note: Ax: 0=R4,1=R5
Ay: 0=R6,1=R7
Dx: 0=X0,1=X1
Dy: 0=Y0,1=VY1
Da: 0=A0,1=A1
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Table 2.16 Single Data Transfer Instruction Formats

Type Mnemonic 15 14 13 12 11 10 9 |8 |7 [6 |5 |4 3 |2 [1 |o
Single MOVS.W @-As,Ds 11 1 1 0 1| As Ds 0:(*) 0 0|0]|O
data MOVS.W @As,Ds 0:R4 1:(*) 0 1
transfer MOVS.W @As+,Ds 1:R5 2:(*) 1 0

MOVS.W @As+Ix,Ds 2:R2 3:(*) 1 1
MOVS.W Ds,@-As 3:R3 4:(*) 0 0]0]|1
MOVS.W Ds,@As 5:A1 0 1
MOVS.W Ds,@As+ 6:(*) 1 0
MOVS.W Ds,@As+Ix 7:A0 1 1
MOVS.L @-As,Ds 8:X0 0 0|10
MOVS.L @As,Ds 9:X1 0 1
MOVS.L @As+,Ds A:YO 1 0
MOVS.L @As+Ix,Ds B:Y1l 1 1
MOVS.L Ds,@-As C:MO 0O 0|11
MOVS.L Ds,@As D:A1G 0 1
MOVS.L Ds,@As+ E:M1 1 0
MOVS.L Ds,@As+Ix F:A0G 1 1

Note: * Codes reserved for system use.

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

Parallel processing instructions are divided into an A field and a B field. The A field defines data
transfer instructions and the B field an ALU operation instruction and multiply instruction. These
instructions can be defined independently, and the processing is executed in parallel,
independently and simultaneously. A-field parallel data transfer instructions are shown in table
2.17, and B-field ALU operation instructions and multiply instructions in table 2.18.
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Table 2.18 B-Field ALU Operation Instructions and Multiply Instructions (cont)
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25 Instruction Set

251 CPU Instruction Set

The SH-1/SH-2/SH-3 compatible instruction set consists of 66 basic instruction types divided intc
seven functional groups, as shown in table 2.19. Tables 2.20 to 2.25 show the instruction notatio
machine code, execution time, and function.

Table 2.19 CPU Instruction Types

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

Peripheral module data transfer
Structure data transfer

MOVA Effective address transfer

MOVT T bit transfer

SWAP Upper/lower swap

XTRCT Extraction of middle of linked registers
Arithmetic 21 ADD Binary addition 33
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 hits)
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Table 2.19

CPU Instruction Types (cont)

Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 MULS Signed multiplication (16 x 16 bits) 34
operation MULU Unsigned multiplication (16 x 16 bits)
instructions NEG Sign inversion

NEGC Sign inversion with borrow

SUB Binary subtraction

SUBC Binary subtraction with carry

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

TAS Memory test and bit setting

TST Logical AND and T bit setting

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

ROTCL 1-bit left shift with T bit

ROTCR 1-bit right shift with T bit

SHAL Arithmetic 1-bit left shift

SHAR Arithmetic 1-bit right shift

SHLL Logical 1-bit left shift

SHLLn Logical n-bit left shift

SHLR Logical 1-bit right shift

SHLRn Logical n-bit right shift

SHAD Arithmetic dynamic shift

SHLD Logical dynamic shift
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Table 2.19 CPU Instruction Types (cont)

Kinds of Number of

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

BT Conditional branch, delayed conditional

branch (T =1)

BRA Unconditional branch

BRAF Unconditional branch

BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRT T bit clear 75
control CLRMAC MAC register clear
instructions CLRS S bit clear

LDC Load into control register

LDS Load into system register

LDTLB PTEH/PTEL load into TLB

NOP No operation

PREF Data prefetch to cache

RTE Return from exception handling

SETS S bit setting

SETT T bit setting

SLEEP Transition to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling
Total: 68 189
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The instruction code, operation, and number of execution states of the CPU instructions are shc
in the following tables, classified by instruction type, using the format shown below.

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

instruction.  states are instruction is
inserted*'  executed

Explanation of Symbols Explanation of Symbols Explanation of Symbols Explanation
f Symbol

OP.Sz SRC, DEST mmmm: Source register -, <. Transfer direction o symbols

OP:  Operation code S . —: No

sz Size nnnn: Destination register  (xx): Memory operand change

. 0000: RO
RC: . Lo
SRC: Source 0001: R1 M/QIT: Flag bits in SR

DEST: Destination i i
--------- &: 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:
(1) When there is contention between an instruction fetch and a data access

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

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

Table 2.20 Data Transfer Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

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

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

MOV.L @disp,PO),Rn (disp x4+ PC) - Rn 1101nnnndddddddd — 1 —

MoV Rm Rn Rm - Rn 0110nnnnmMmmm®O011 — 1 —

MOV.B  Rm @un Rm - (Rn) 0010nnnnmMmmMMO000  — 1 —

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

MOV.L Rm @un Rm - (Rn) 0010nnnnmMmmMm®O010 — 1 —

MOV.B  @m Rn (Rm) - Sign extension 0110nnnnmMmmmO000 — 1 —
- Rn

MOV. W @m Rn (Rm) - Sign extension 0110nnnnmmm0001  — 1 —
- Rn

MOV.L @Rm Rn (Rm) - Rn 0110nnnnmMmmmD010 — 1 —

MOV. B Rm @Rn Rn-1 - Rn,Rm - (Rn) 0010nnnnnmmm0100 — 1 —

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

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

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

MOV. W @ mt, Rn (Rm) - Sign extension 0110nnnnmMmm®0101 — 1 —
- Rn,Rm+2 -~ Rm

MOV.L @Rm+, Rn (Rm) -~ Rn,Rm+4 - Rm 0110nnnnmmm0110 — 1 —

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

MOV. W RO, @di sp, Rn) RO - (disp x 2 + Rn) 10000001nnnndddd — 1 —

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

MOV.B @disp,Rn),R0 (disp+Rm) - Sign 10000100mmmdddd — 1 —
extension - RO

MOV. W @disp,R1),R0O (disp X2+ Rm) - Sign 10000101mmmdddd — 1 —
extension - RO

MOV.L @disp,Rm,Rn (disp x4+ Rm) - Rn 0101nnnnmmmdddd — 1 —

MOV.B  Rm @ RO, Rn) Rm - (RO + Rn) 0000nnnnmMMMD100 — 1 —
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Table 2.20 Data Transfer Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
MV. W Rm @ RO, Rn) Rm - (RO + Rn) 0000nnNnnmMmM®O101 — 1 —
MOV.L Rm @ RO, Rn) Rm - (RO + Rn) 0000nnnnmMMMO110 — 1 —
MOV.B @RO,RM, Rn (RO + Rm) - Sign 0000nnnNnmMmMML100 — 1 —
extension - Rn
MOV. W @RO, Rm, Rn (RO + Rm) - Sign 0000nnnnmMMM1101  — 1 —
extension — Rn
MOV.L @RO,RM, Rn (RO+Rm) -~ Rn 0000nnnnmMmMM1110 — 1 —
MOV. B RO, @di sp, BR) RO - (disp + GBR) 11000000dddddddd  ~ — 1 —
MOV. W RO, @di sp, BR) RO - (disp x2 + GBR) 11000001dddddddd  — 1 —
MOV.L RO, @disp, GBBR) RO - (disp x4 + GBR) 11000010dddddddd  — 1 —
MOV. B @di sp, BBR), RO (disp + GBR) - Sign 11000100dddddddd  ~ — 1 —
extension - RO
MOV. W @di sp, GBR), RO (disp x2+ GBR) - 11000101dddddddd  — 1 —
Sign extension - RO
MOV.L @disp, GBBR), RO (disp x4+ GBR) - RO 11000110dddddddd  — 1 —
MOVA @disp, PO, R0 dispx4+PC - RO 11000111dddddddd — 1 —
MOVT Rn T - Rn 0000nnnn00101001 — 1 —
SWAP. B Rm Rn Rm - Swap lowest two 0110nnnnmMmmm1000 — 1 —
bytes -~ REG
SWAP. W Rm Rn Rm - Swap two 0110nnnnmmmi001 — 1 —
consecutive words —» Rn
XTRCT Rm Rn Rm: Middle 32 bits of 0010nnnnmmm1101 — 1 —
Rn - Rn
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Arithmetic Operation Instructions

Table 2.21 Arithmetic Operation Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
ADD Rm Rn Rn+Rm - Rn 0011nnnnmmmll00 — 1 —
ADD #i mm Rn Rn +imm - Rn ollinnnniiiiiiii — 1 —
ADDC Rm Rn Rn+RmMm+T - Rn, 0011innnnmMmmm1110 — 1 Carry
Carry - T
ADDV Rm Rn Rn+Rm - Rn, 001lnnnnmmmmilll — 1 Overflow
Overflow —» T
CWP/EQ #imm RO IfRO=imm,1 T 10001000i iiiiiii — 1 Comparison
result
CW/ EQ Rm Rn IfRn=Rm,1 - T 0011nnnnmmmmD000 — 1 Comparison
result
CWP/HS Rm Rn If Rn =2 Rm with 001lnnnnmmm0010 — 1 Comparison
unsigned data, 1 - T result
CW/ GE RmRn If Rn = Rm with signed ~ 0011nnnnmmm0011  — 1 Comparison
data,1 - T result
CW/H RmRn If Rn > Rm with 001lnnnnmmm0110 — 1 Comparison
unsigned data, 1 - T result
CW/ GT Rm Rn If Rn > Rm with signed ~ 0011nnnnmmm0111 — 1 Comparison
data,1 - T result
CW/ PZ Rn fRN=20,1-T 0100nnnn00010001 — 1 Comparison
result
CW/ PL Rn IfRNn>0,1 - T 0100nnnn00010101 — 1 Comparison
result
CVMP/ STR Rm Rn If Rn and Rm have an 0010nnnnmmm1100 — 1 Comparison
equivalent byte, 1 - T result
DI V1 Rm Rn Single-step division 0011nnnnmmmm0100 — 1 Calculation
(Rn/Rm) result
DIVOS RmRn MSB of Rn - Q, MSB 0010nnnnnmmm®0111 — 1 Calculation
of Rm - M,M"Q - T result
DI VOU 0 - M/IQ/T 0000000000011001 — 1 0
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Table 2.21 Arithmetic Operation Instructions (cont)

Instruction

Operation

Code

Privileged
Mode

Cycles T Bit

DMULS. LRm Rn

Signed operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmmi101

2(5)*1

DMULU. L Rm Rn

Unsigned operation of
Rn x Rm - MACH,
MACL 32 x 32 - 64 bits

0011nnnnmmm0101

2(5)*1

DT Rn

Rn-1 - Rn,ifRn =
0,1 -5 T,else0 - T

0100nnnn00010000

Comparison

result

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmmi110

EXTS. W Rm Rn

A word in Rm is sign-
extended - Rn

0110nnnnnmmil111

EXTU. B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmmmi100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnnmmmmil101

MAC.L @m+, @rn+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+4 - Rn,

Rm+4 - Rm

32 x 32+ 64 - 64 bits

0000nnnnmMmMM1111

2(5)*1

MAC. W  @mt+, @rn+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+2 - Rn,

Rm+2 - Rm

16 x 16 + 64 - 64 bits

0100nnnnmmMm1111

2(5)*1

MIUL.L RmRn

Rn xRm - MACL
32 x 32 - 32 bits

0000nnnnmMmMMOD111

2(5)*1

MJLS. W Rm Rn

Signed operation of Rn
xRm - MAC
16 x 16 — 32 hits

0010nnnnnmmml111

1(3)*2

MJULU. W Rm Rn

Unsigned operation of
Rn xRm - MAC
16 x 16 — 32 bits

0010nnnnmmm1110

1(3)*2

Notes: *1 The normal minimum number of execution cycles is two, but five cycles are required
when the operation result is read from the MAC register inmediately after the

instruction.

*2 The normal minimum number of execution cycles is one, but three cycles are required

when the operation result is read from the MAC register immediately after the MUL

instruction.
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Table 2.21 Arithmetic Operation Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

NEG Rm Rn 0-Rm - Rn 0110nnnnmmmi011 — 1 —

NEGC Rm Rn 0-RmMm-T - Rn, 0110nnnnmmm1010 — 1 Borrow
Borrow - T

SuB Rm Rn Rn—-Rm - Rn 0011nnnnnmmmm1000 — 1 —

SUBC Rm Rn Rn-Rm-T - Rn, 0011nnnnmmmi010 — 1 Borrow
Borrow - T

SUBY Rm Rn Rn—-Rm - Rn, 001lnnnnmmmi01l — 1 Underflow

Underflow - T
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Logic Operation Instructions

Table 2.22 Logic Operation Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
AND Rm Rn Rn & Rm - Rn 0010nnnnmmmmi001 — 1 —
AND #i mm RO RO & imm - RO 1100100%iiiiiiii — 1 —
AND. B #i mm @ RO, GBR) (RO + GBR) & imm - 1100110%iiiiiiii — 3 —
(RO + GBR)
NOT Rm Rn ~Rm - Rn 0110nnnnmmm0111 — 1 —
R Rm Rn Rn|Rm - Rn 0010nnnnmmmi011 — 1 —
R #i nm RO RO | imm - RO 1100101%iiiiiiii — 1 —
OR B #inm @ RO, GBR) (RO + GBR) | imm - 1100111%iiiiiiii — 3 —
(RO + GBR)
TAS. B @Rn If(Rn)is 0,1 - T, 0100nnnn00011011 — 3 Test
1 - MSB of (Rn) result
TST Rm Rn Rn & Rm; if the result 0010nnnnmmmi000 — 1 Test
is0,1 - T result
TST #i mm RO RO & imm; if the result 11001000iiiiiiii — 1 Test
is0,1 - T result
TST. B #i mm @ RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii — 3 Test
iftheresultis0,1 - T result
XOR Rm Rn Rn”~*Rm - Rn 0010nnnnmmm1.010 — 1 —
XOR #i mm RO RO~ imm - RO 11001010iiiiiiii — 1 —
XOR. B #i mm @ RO, GBR) (RO + GBR) ~imm - 11001110iiiiiiii — 3 —
(RO + GBR)
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Shift Instructions

Table 2.23 Shift Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit
ROTL Rn T « Rn - MSB 0100nnnn00000100  — 1 MSB
ROTR Rn LSB - Rn - T 0100nnnNn00000101 — LSB
ROTCL Rn T-Rn T 0100nnnn00100100 — 1 MSB
ROTCR Rn T-Rn T 0100nnnn00100101 — 1 LSB
SHAD Rm Rn Rn>0: Rn<<Rm - Rn 0100nnnnmMM1100 — 1 —

Rn<0: Rn>>Rm -

[MSB - Rn]
SHAL Rn T<Rn-0 0100nnnn00100000 — 1 MSB
SHAR Rn MSB - Rn - T 0100nnnNn00100001 — 1 LSB
SHLD Rm Rn Rn=0:Rn<<Rm - Rn 0100nnnnmmMM1101 — 1 —

Rn <0: Rn>>Rm -

[0 - Rn]
SHLL Rn T<Rn<0 0100nnnNn00000000  — 1 MSB
SHLR Rn 0O-Rn-T 0100nnnn00000001 — 1 LSB
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 — 1 —
SHLR2 Rn Rn>>2 - Rn 0100nnnNn00001001 — 1 —
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 — 1 —
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 — 1 —
SHLL16 Rn Rn<<16 - Rn 0100nnnNn00101000 — 1 —
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 — 1 —
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Branch Instructions

Table 2.24 Branch Instructions

Privileged

Instruction Operation Code Mode Cycles T Bit

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

BF/' S | abel Delayed branch, if T =0, 10001111dddddddd — 2/1* —
disp x2 + PC - PC;
if T=1, nop

BT | abel Delayed branch, if T =1, 10001001dddddddd — 3/1* —
disp x2 + PC - PC;
if T=0, nop

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

BRA | abel Delayed branch, 1010dddddddddddd — 2 —
disp x2 + PC - PC

BRAF Rm Delayed branch, 0000mMmMMD0100011 — 2 —
Rm+PC - PC

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

BSRF Rm Delayed branch, PC - PR, 0000mMmMmMD0000011 — 2 —
Rm+PC - PC

JWP @Rm Delayed branch, Rm - PC 0100mmD0101011 — 2 —

JSR @Rm Delayed branch, PC - PR, 0100mMmmD0001011 — 2 —
Rm - PC

RTS Delayed branch, PR - PC 0000000000001011 — 2 —

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

HITACHI
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System Control Instructions

Table 2.25 System Control Instructions

Privileged
Instruction Operation Code Mode Cycles T Bit
CLRVAC 0 — MACH, MACL 0000000000101000 — —
CLRS 0-S 0000000001001000 — 1 —
CLRT 0-T 0000000000001000 — 1 0
LDC Rm SR Rm - SR 0100mmMMD0001110 vV 5 LSB
LDC Rm GBR Rm - GBR 0100mMMD0011110 — 1 —
LDC Rm VBR Rm - VBR 0100mMmMMOD0101110 v 1 —
LDC  Rm SSR Rm - SSR 0100mmMD0111110 V 1 —
LDC Rm SPC Rm - SPC 0100mmMmD1001110 V 1 —
LDC Rm RO_BANK Rm - RO_BANK 0100mMmmMM10001110 v 1 —
LDC RmRL_BANK Rm - R1_BANK 0100mmMmM10011110 v 1 —
LDC Rm R2_BANK Rm - R2_BANK 0100mmMM 0101110 V 1 —
LDC RmR3_BANK Rm - R3_BANK 0100mmM0111110 v 1 —
LDC RmR4_BANK Rm - R4_BANK 0100mmMM11001110 V 1 —
LDC RmR5_BANK Rm - R5 BANK 0100mmMM 1011110 V 1 —
LDC RmR6_BANK Rm - R6_BANK 0100mmMM11101110 V 1 —
LDC RmR7_BANK Rm - R7_BANK 0100mmMmM11111110 v 1 —
LDC. L @m+, SR (Rm) -~ SR,Rm+4 _ Rm 0100mmMmMD0000111 v 7 LSB
LDC. L @m+, GBR (Rm) ~ GBR,Rm+4 -~ Rm  0100mm00010111 — 1 —
LDC. L @m+, VBR (Rm) - VBR,Rm+4 — Rm 0100mmMD0100111 vV 1 —
LDC. L @m+, SSR (Rm) -~ SSR,Rm+4 — Rm 0100mmMO00110111 v 1 —
LDC. L @m+, SPC (Rm) - SPC,Rm+4 - Rm 0100mMmmMOD1000111 v 1 —
LDC. L @Rm+, (Rm) -~ RO_BANK, 0100mmMmM10000111 vV 1 —
RO_BANK Rm+4 -~ Rm
LDC. L @Rmt, (Rm) — R1_BANK, 0100mmMM 0010111 v 1 —
R1_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) — R2_BANK, 0100mmMM10100111 v 1 —
R2_BANK Rm+4 -~ Rm
LDC. L @Rmt, (Rm) -~ R3_BANK, 0100mmMMM 0110111 v 1 —
R3_BANK Rm+4 - Rm
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Table 2.25 System Control Instructions (cont)

Privileged
Instruction Operation Code Mode Cycles T Bit
LDC. L @m+, (Rm) - R4_BANK, 0100mMmMM11000111 v 1 —
R4_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) - R5_BANK, 0100mmm11010111 Vv 1 —
R5_BANK Rm+4 - Rm
LDC. L @m+, (Rm) - R6_BANK, 0100mmMM11100111 v 1 —
R6_BANK Rm+4 - Rm
LDC. L @rm+, (Rm) - R7_BANK, 0100mMmMm11110111 v 1 —
R7_BANK Rm+4 - Rm
LDS Rm MACH Rm - MACH 0100mmmD0001010 — 1 —
LDS Rm MACL Rm - MACL 0100nMmmMmMD0011010 — 1 —
LDS Rm PR Rm - PR 0100mmMmD0101010 — 1 —
LDS. L @mt+, MACH (Rm) - MACH,Rm+4 -~ Rm 0100mmm0D0000110 — 1 —
LDS. L @m+, MACL (Rm) -~ MACL,Rm+4 -~ Rm 0100mmm00010110 — 1 —
LDS. L @mt, PR (Rm) - PR,Rm+4 -, Rm 0100mmMmMD0100110 — 1 —
LDTLB PTEH/PTEL - TLB 0000000000111000 v 1 —
NOP No operation 0000000000001001 — 1 —
PREF  @m (Rm) - cache 0000MmMML0000011 — 1 —
RTE Delayed branch, 0000000000101011 4 —
SSR/SPC - SR/PC
SETS 1-.S 0000000001011000 — 1 —
SETT 1-T 0000000000011000 — 1 1
SLEEP Sleep 0000000000011011 4* —
STC SR Rn SR - Rn 0000nNNN00000010 1 —
STC GBR, Rn GBR - Rn 0000nnnn00010010 — 1 —
STC  VBR Rn VBR - Rn 0000nnNN00100010 v 1 —
STC SSR, Rn SSR - Rn 0000nNNN00110010 1 —
STC SPC, Rn SPC - Rn 0000nnnn01000010 v 1 —
STC  RO_BANK, Rn  RO_BANK- Rn 0000nnNNN10000010 v 1 —
STC R1_BANK, Rn  R1_BANK- Rn 0000nnnn10010010 v 1 —
STC R2_BANK, Rn R2_BANK- Rn 0000nnnn10100010 v 1 —
STC R3_BANK, Rn  R3_BANK- Rn 0000nNNN10110010 V 1 —
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Table 2.25 System Control Instructions (cont)

Privileged

Instruction Operation Code Mode Cycles T Bit

STC R4_BANK, Rn R4_BANK- Rn 0000nNNN11000010 vV —_

STC R5_BANK, Rn  R5 BANK- Rn 0000nnNnNn11010010 V 1 —

STC R6_BANK, Rn  R6_BANK- Rn 0000nnNNN11100010 v 1 —

STC R7_BANK, Rn R7_BANK- Rn 0000nnNN11110010 v 1 —_

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

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

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

STC. L SSR, @Rn Rn-4 - Rn, SSR - (Rn) 0100nnnn00110011 vV 2 —

STC.L SPC, @Rn Rn-4 - Rn, SPC - (Rn) 0100nnnNn01000011 v 2 —

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

imm << 2 - TRA,
VBR + H'0100 - PC
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Note: * Number of states before the chip enters the sleep state.

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

2.6 DSP Extended-Function Instructions

2.6.1 Introduction
The newly added instructions are classified into the following three groups:

1. Additional system control instructions for the CPU unit
2. DSP unit memory-register single and double data transfer
3. DSP unit parallel processing

Group 1 instructions are provided to support loop control and data transfer between CPU core
registers or memory and new control registers added to the CPU core. DSP operations employ
multi-level nested-loop structure. With a single-level loop, use of the decrement and test, DTRn,
and conditional delayed branch BF/S instructions supported by the SH-3 is adequate. However,
with nested loops, DSP performance can be improved by means of a zero-overhead loop contrc
function.

The RS, RE, and MOD registers have been added to support loop control and modulo addressi
functions. Instructions are supported for data transfer between these new control registers and
general registers or memory. In addition, the LDRS and LDRE address calculation registers hav
been added to reduce the code size for the initial settings for zero-overhead loop control.

An independent control register, DSR, is provided for the DSP engine. This register is treated as
system register such as MACL and MACH. The AQ, X0, X1, YO, and Y1 registers are treated as
system registers from the CPU side, and LDS/STS instructions are supported for the same
purpose. Table 2.26 shows the instruction code map for the new system control instructions for
CPU core.

Group 2 instructions are provided to reduce DSP operation program code size. Data transfer
instructions that perform no data processing are frequently executed by the DSP engine. In this
case, a 32-bit instruction code is unnecessarily long, and wastes space in the program memory
area. All instructions in this class have a 16-bit code length, the same as conventional SH core
instructions. Single data transfer instructions have greater flexibility in terms of operands than th
double data transfer instruction or parallel instruction class.

Group 3 instructions are provided for fast execution of digital signal processing operations using
the DSP unit. These instructions have a 32-bit instruction code, so that a maximum of four
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instructions—an ALU operation, multiplication, and two data transfer instructions—can be
executed in parallel.

2.6.2 Added CPU System Control Instructions

The new instructions in this class are treated as part of the CPU core functions, and therefore all
the added instructions have a 16-bit code length. All the additional instructions belong to the
system control instruction group. Table 2.26 summarizes the added system instructions. New
control registers—RS, RE, and MOD—have been added to the CPU core to support loop control
and modulo addressing functions, and LDC and STS type instructions have been provided for
these registers.

The DSP engine’s DSR, A0, X0, X1, YO, and Y1 registers are treated as system registers such a
MACH and MACL, and therefore STS and LDS instructions are supported for these registers. As
digital signal processing operations usually employ a multi-level nested-loop structure, DSP
performance can be improved by means of a zero-overhead loop control function. SETRC type
instructions are provided to set the repeat count in the RC field in SR[27:16]. When an immediate
operand type SETRC instruction is executed, the 8-bit immediate operand data is set in SR[23:1¢
and 0 is set in the remaining bits, SR[27:24]. When a register operand type SETRC instruction is
executed, Rn[11:0] is set in SR[27:16]. The start address and end address of the repeat loop are
in the RS register and RE register. There are two ways of setting the addresses: by using an LD(
type instruction, or by using the LDRS and LDRE instructions.
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Table 2.26 Added CPU System Control Instructions

Execu-
tion
Instruction Instruction Code Operation States T Bit
SETRC  #i mm 10000010iiiiiiii imm - RC (of SR) 3 —
SETRC R 0100nnnn00010100  Rn[11:0] - R C (of SR) 3 —
LDRS @di sp, PO 10001100dddddddd ~ (disp x2 + PC) - RS 3 —
LDRE  @di sp, PO 10001110dddddddd  (disp x2 + PC) - RE 3 —
STC MZD, Rn 0000nnnn01010010 MOD - Rn 1 —
STC RS, Rn 0000nnNnNn01100010 RS - Rn 1 —
STC RE, Rn 0000nnNnn01110010 RE - Rn 1 —
STS DSR Rn 0000nnnn01101010 DSR - Rn 1 —
STS AD, Rn 0000nnnNn01111010 A0 - Rn 1 —
STS X0, R 0000nnNNn10001010 X0 - Rn 1 —
STS X1, R 0000nnnNn10011010 X1 - Rn 1 —
STS YO, R 0000nnNnNn10101010 YO - Rn 1 —
STS Y1, R 0000nnNnNn10111010 Y1 - Rn 1 —
SIS L DSR @Rn 0100nnnn01100010 Rn-4 - Rn, DSR - (Rn) 1 —
SIS L A0, @Rn 0100nnnn01110010 Rn—-4 - Rn, A0 - (Rn) 1 —
SIS L X0, @Rn 0100nnnn10000010 Rn-4 - Rn, X0 - (Rn) 1 —
STSL X1, @R 0100nnnn10010010 Rn-4 - Rn, X1 - (Rn) 1 —
SIS L Y0, @Rn 0100nnnNn10100010 Rn—-4 - Rn, YO - (Rn) 1 —
STSL Yl @R 0100nnnn10110010 Rn—-4 - Rn, Y1 - (Rn) 1 —
STICL MD @Rn 0100nnnn01010011 Rn-4 - Rn,MOD - (Rn) 2 —
STICL RS @Rn 0100nnnn01100011 Rn—-4 - Rn, RS - (Rn) 2 —
STICL RE @Rn 0100nnnn01110011 Rn-4 - Rn, RE - (Rn) 2 —
LDS. L @+, DSR 0100nnnn01100110 (Rn) - DSR,Rn+4 - Rn 1 —
LDS.L @+ AD 0100nnnn01110110 (Rn) - AO,Rn+4 - Rn 1 —
LDS.L @+, X0 0100nnnn10000110 (Rn) - X0,Rn+4 - Rn 1 —
LDS.L @+ X1 0100nnnn10010110 (Rn) - X1,Rn+4 - Rn 1 —
LDS.L @+ YO 0100nnnn10100110 (Rn) - YO,Rn+4 - Rn 1 —
LDS.L @+, Y1l 0100nnnn10110110 (Rn) - Y1,Rn+4 - Rn 1 —
LDC. L @+, MD 0100nnnn01010111 (Rn) - MOD, Rn+4 - Rn 5 —
LDC L @+ RS 0100nnnn01100111 (Rn) 5 RS,Rn+4 - Rn 5 —
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Table 2.26 Added CPU System Control Instructions (cont)

Execu-

tion
Instruction Instruction Code Operation States T Bit
LDC L @+ RE 0100nnnn01110111 (Rn) - RE,Rn+4 - Rn 5 —
LDS Rn, DSR 0100nnnn01101010 Rn - DSR 1 —
LDS Rn, AO 0100nnnn01111010 Rn - AO 1 —
LDs R, X0 0100nnnn10001010  Rn - X0 1 —
LDS Rn, X1 0100nnnn10011010 Rn - X1 1 —
LDS Rn, YO 0100nnnn10101010 Rn - YO 1 —
LDS Rn, Y1 0100nnnn10111010 Rn - Y1 1 —
LDC Rn, MDD 0100nnnn01011110 Rn - MOD 3 —
LDC Rn, RS 0100nnnn01101110 Rn - RS 3 —
LDC Rn, RE 0100nnnn01111110 Rn - RE 3 —

2.6.3 Single and Double Data Transfer for DSP Data Instructions

The new instructions in this class are provided to reduce the program code size for DSP
operations. All the new instructions in this class have a 16-bit code length. Instructions in this
class are divided into two groups: single data transfer instructions and double data transfer
instructions. The operand flexibility of the double data transfer instructions is the same as with the
A field in parallel instruction class data transfer instructions described in section 4.3.4. However,
conditional load instructions cannot be used with these 16-bit instructions. In single transfer, the
AXx pointer and two other pointers are used as the As pointer, but the Ay pointer is not used. Tabl
2.26 and 2.27 list the single and double data transfer instructions.

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

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

R2:As2, R3:As3, R4:Ax0 (As0), R5:Ax1 (Asl), R6:Ay0, R7:Ayl, R8:1x, RO:ly
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Table 2.27

Double Data Transfer Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
X' memory  NOPX 1111000* 0* 0* 00* * X memory no access 1 —
data MOVX. W @, Dx 111100A* DF0*01** (AX) - MSW of Dx, 1 —
transfer 0 - LSW of Dx
MOVX. W @+, Dx 111100A* D*0* 10** (AX) - MSW of Dx, 1 —
0 - LSW of Dx,
AX+2 - AX
MOVX. W @x+1 x, Dx 111100A*D*0*11** (AX) - MSW of Dx, 1 —
0 - LSW of Dx,
AX + IX - AX
MOVX. W Da, @ 111100A*Dr1*01** MSW of Da - (Ax) 1 —
MOVX. W Da, @X+ 111100A*D* 1* 10** MSW of Da - (Ax), 1 —
AX + 2 - AX
MOVX. W Da, @+ x 111100A*DF1*11** MSW of Da - (Ax), 1 —
AX + IX - AX
Y memory  NCPY 111100*0*0*0**00 Y memory no access 1 —
data MOVY. W @y, Dy 111100* A*D*0**01 (Ay) - MSW of Dy, 1 —
transfer 0 - LSW of Dy
MOVY. W @y +, Dy 111100*A*DF0** 10 (Ay) - MSW of Dy, 1 —
0 - LSW of Dy,
Ay +2 - Ay
MOVY. W @y +l y, Dy 111100* A*D*0** 11 (Ay) - MSW of Dy, 1 —
0 - LSW of Dy,
Ay +1ly — Ay
MOVY. W Da, @Yy 111100* A*DF1**01 MSW of Da - (Ay) 1 —
MOVY. W Da, @y + 111100*A*D*1** 10 MSW of Da - (Ay), 1 —
Ay +2 - Ay
MOVY. W Da, @y+l y 111100*A*DF1** 11 MSW of Da - (Ay), 1 —
Ay +ly - Ay
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Table 2.28 Single Data Transfer Instructions

Execu-
tion DC
Instruction Instruction Code Operation States
MOVS. W @ As, Ds 111101AADDDDO000 As—2 - As, (As) — 1 —
MSW of Ds, 0 — LSW of Ds
MOVS. W @s, Ds 111101AADDDD0100  (As) — MSW of Ds, 1 —
0 - LSW of Ds
MOVS. W @\s+, Ds 111101AADDDD1000  (As) — MSW of Ds, 1 —
0 - LSWofDs,As+2 - As
MOVS. W @s+l x, Ds 111101AADDDD1100  (Asc) - MSW of Ds, 1 —
0 - LSWofDs, As + Ix - As
MOVS. W Ds, @ As* 111101AADDDD0001 As -2 - As, 1 —
MSW of Ds - (As)
MOVS. W Ds, @s* 111101AADDDD0101  MSW of Ds - (As) 1 —
MOVS. W Ds, @s+* 111101AADDDD1001  MSW of Ds - (As), 1 —
As+2 - As
MOVS. W Ds, @s+l x* 111101AADDDD1101 MSW of Ds - (As), 1 —
As +IX - As
MOVS. L @As, Ds 111101AADDDD0010 As—4 - As, (As) — Ds 1 —
MOVS. L @s, Ds 111101AADDDD0110  (As) — Ds 1 —
MOVS. L @s+, Ds 111101AADDDD1010  (As) —» Ds,As+4 - As 1 —
MOVS. L @s+l x, Ds 111101AADDDD1110  (As) - Ds, As + Ix - As 1 —
MOVS. L Ds, @As 111101AADDDD0011  As—4 - As, Ds — (As) 1 —
MOVS. L Ds, @s 111101AADDDD0111  Ds - (As) 1 —
MOVS. L Ds, @s+ 111101AADDDD1011  Ds - (As), As+4 - As 1 —
MOVS. L Ds, @s+l x 111101AADDDD1111  Ds - (As), As + Ix - As 1 —
Note: * If guard bit registers AOG and A1G are specified in source operand Ds, the data is output
to the LDBJ[7:0] bus and the sign bit is copied into the upper bits, [31:8].
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The correspondence between DSP data transfer operands and registers is shown in table 2.29.
core registers are used as a pointer address that indicates a memory address.

Table 2.29 Correspondence between DSP Data Transfer Operands and Registers

Register Ax Ix Dx Ay ly Dy Da As Ds
SH RO
register | pq
R2 (As2) Yes
R3 (As3) Yes
R4 (Ax0) Yes Yes
R5 (Ax1) Yes Yes
R6 (Ay0) Yes
R7 (Ayl) Yes
R8 (Ix) Yes
R9 (ly) Yes
DSP A0 Yes Yes
register | a1 Yes Yes
MO Yes
M1 Yes
X0 Yes Yes
X1 Yes Yes
YO Yes Yes
Y1l Yes Yes
AOG Yes
AlG Yes
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2.6.4 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
parallel. The instruction code is divided into an A field and B field; a parallel data transfer
instruction is specified in the A field, and a single or double data operation instruction in the B
field. Instructions can be specified independently, and are also executed independently. The
parallel data transfer instruction specified in the A field is exactly the same as a double data
transfer instruction. The function of the A field—that is, the data transfer instruction field—is
basically the same as in the double data transfer instructions described in section 2.6.3, Single al
Double Data Transfer for DSP Data Instructions, but has a special function in load instructions.

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

Table 2.30 DSP Operation Instruction Formats

Type Instruction Formats

Double data operation instructions ALUop.
M.Top.

FRREPD

Conditional single data operation ALUop.
instructions ALUop.
ALUop.
ALUop.
ALUop.
ALUop.
ALUop.
ALUop.
ALUop.

g 9

QRP/LEFRRIRROQQ2Q92/00

548 §9

Unconditional single data operation ALUop.
instructions ALUbp.

N

ALUop.
M.Top.

QL QLQRLLYLYLYLYLRRLEQ

&
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Table 2.31 Correspondence between DSP Instruction Operands and Registers

ALU/BPU Operations Multiply Operations
Register SX Sy Dz Du Se Sf Dg

AO Yes Yes Yes Yes
Al Yes Yes Yes Yes Yes Yes
MO Yes Yes Yes
M1 Yes Yes Yes
X0 Yes Yes Yes Yes Yes

X1 Yes Yes Yes

YO Yes Yes Yes Yes Yes

Y1 Yes Yes Yes

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

PADD A0, M), A0 PMJULS X0, YO, MD MOWX W @4+, XO MOVY. W @6+, YO [;]
DCF PINC X1, Al MOVX. W AO, @R5+R8 MOVY.W @R7+, YO [;]
PCWP X1, M MOVX. W @r4 [NOPY] [;]

Figure 2.16 Sample Parallel Instruction Program
Square brackets mean that the contents can be omitted.

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

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

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 bits CS0 to CS2 in the DSR register. The DC bit update rules are shown in table 2.33.
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Table 2.32 DSP Operation Instructions

Execu-
tion
Instruction Instruction Code Operation States DC
PMLS Se, Sf, Dg 111110**********x  Se* Sf _, Dg (signed) 1 —
0100eef f 0000gg00
PADD Sx, Sy, Du  11111Q********** Sy + Sy _, Du 1 *
PMLLS Se, Sf, Dy Ollleeffxxyygguu o€ Sf - Dg (signed)
PSUB Sx, Sy, Du  11111Q**********  SQy_ Sy _, Du 1 *
PMLLS Se, Sf, Dy 0l10eef fxxyygguu ¢ *Sf - Dg(signed)
PADD Sx, Sy, Dz 11111Q**********  Sx + Sy _, Dz 1 *
10110001xxyyzzzz
DCT  PADD S, Sy, Dz 111110Q*******xx* IfDC=1,Sx+Sy - Dz 1 *
10110010xxyyzzzz If DC =0, nop
DCOF  PADD SX, Sy, Dz 111110%****x*x*x IfDC=0,Sx+Sy - Dz 1 *
10110011xxyyzzzz If DC =1, nop
PSUB SX, Sy, Dz 11111Q******x*x* Sy _ Sy _, Dz 1 *
10100001xxyyzzzz
DCT PSUB SX, Sy, Dz 111110*****x*x*x fDC=1,Sx-Sy - Dz 1 *
10100010xxyyzzzz If DC =0, nop
DOF PSUB SX, Sy, Dz 111110*****x*x%x IfDC=0,Sx—-Sy - Dz 1 *
10100011xxyyzzzz If DC =1, nop
PSHA Sx, Sy, Dz 111110*******xx* If Sy >=0, Sx<< Sy - Dz 1 *
1010001xxyyzzz7 (arithmetic shift)
If Sy<0, Sx>>Sy - Dz
DCT  PSHA Sx, Sy, Dz 111110*******x** fDC=1&Sy>=0, 1 *
10010010xxyyz2z22 Sx << Sy - Dz (arithmetic

shift)

IfDC=1&Sy<0,
Sx>>S8y - Dz

If DC =0, nop

Note: * See table 2.33.
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Table 2.32 DSP Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation States DC
DOF PSHA SX, Sy, Dz 111110%****x*x*x fDC=0&Sy>=0, 1 *
10010011xxyyzz22 Sx_ << Sy - Dz (arithmetic
shift)
fDC=0&Sy<0,
Sx>>Sy - Dz
If DC =1, nop
PSHL Sx, Sy, Dz 111110%******%xx If Sy >=0, Sx<< Sy - Dz 1 *
10000001xxyyzzzz (logical shift)
If Sy <0, Sx>>Sy - Dz
DCT  PSHL Sx, Sy, Dz 111110Q%******x*x fDC=1&Sy>=0, 1 *
10000010xxyyzZz22 Sx << Sy - Dz (logical shift)
fDC=1&Sy<0,
Sx>>8Sy - Dz
If DC =0, nop
DOF PSHL SX, Sy, Dz 111110*******x*x fDC=0&Sy>=0, 1 *
10000011xxyyzz22 Sx << Sy - Dz (logical shift)
IfDC=0&Sy<0,
Sx>>Sy - Dz
If DC =1, nop
POCPY Sx, Dz 111210%***kxkxskx Sx - Dz 1 *
11011001xx00zzzz
PQCPY Sy, Dz 111210%***kxkxskx Sy - Dz 1 *
1111100100yyzzzz
DCT  PCCPY Sx, Dz 111210%***kxkxkx fDC=1, Sx - Dz 1 *
11011010xx00zzzz If DC =0, nop
DCT  PCCPY Sy, Dz 111210% ***kxkxkx fDC=1,Sy - Dz 1 *
1111101000yyzzzz If DC =0, nop
DOF  PCCPY Sx, Dz 112100*****kxkkx IfDC =0, Sx - Dz 1 *
11011011xx00zzzz If DC =1, nop
DO PCCPY Sy, Dz 111110******kkkxx IfDC=0, Sy - Dz 1 *
1111101100yyzzzz If DC =1, nop

Note: * See table 2.33.
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Table 2.32 DSP Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation States DC
PDVBB Sx, Dz 111110*****xxxx% Sx - Dz normalization count 1 *
10011101xx00zzzz ~ Shift value
PDVEB Sy, Dz 111110* *****xxxx% Sx - Dz normalization count 1 *
1011110100yyzzzz shift value
DCT PDVBB Sx, Dz 111110* ******x*x* If DC = 1, normalization count 1 *
10011110xx00zzzz ~ Shiftvalue Sx - Dz
If DC =0, nop
DCT PDVBB Sy, Dz 111110* ******x*x* If DC = 1, normalization count 1 *
1011111000yyzzzz shift value Sy - Dz
If DC =0, nop
DCF  PDVBB Sx, Dz 111110* ******x*x* If DC = 0, normalization count 1 *
10011111xx00zzzz ~ Shiftvalue Sx - Dz
If DC =1, nop
DCF PDVBB Sy, Dz 111110* ******x*x* If DC = 0, normalization count 1 *
1011111100yyzzzz ~ Shiftvalue Sy - Dz
If DC =1, nop
PI NC Sx, Dz 1110100%****xxskx* MSW of Sx - Dz 1 *
10011001xx00zzzz
PINC Sy, Dz 112110***xx*kxs* MSW of Sy - Dz 1 *
1011100100yyzzzz
DCT PINC Sx, Dz 111170*****xxxxx fDC=1, MSWofSx+1 - Dz 1 *
10011010xx00zzzz If DC =0, nop
DCT PINC Sy, Dz 111100*****xxkx* IfDC=1, MSWofSy+1 - Dz 1 *
1011101000yyzzzz If DC =0, nop
DCOF  PINC Sx, Dz 111100*****xxkx* IfDC=0,MSWofSx+1 - Dz 1 *
10011011xx00zzzz If DC =1, nop
DOF PINC Sy, Dz 111100%****xxkx* IfDC=0,MSWofSy+1 - Dz 1 *
1011101100yyzzzz If DC =1, nop
PNEG Sx, Dz 1110100%****xxskx* 0-Sx - Dz 1 *
11001001xx00zzzz

Note: * See table 2.33.
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Table 2.32 DSP Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation States DC
PNEG Sy, Dz 111020% *****xkx* 0-Sy - Dz 1 *
1110100100yyzzzz
DCT PNEG SX, Dz 111210% ***kxkxkx fDC=1,0-Sx - Dz 1 *
11001010xx00zzzz If DC =0, nop
DCT PNEG Sy, Dz 111210% ***kxkxkx fDC=1,0-Sy - Dz 1 *
1110101000yyzzzz If DC =0, nop
DCF PNEG SX, Dz 11110Q*****kxkkx fDC=0,0-Sx - Dz 1 *
11001011xx00zzzz If DC =1, nop
DOF PNEG Sy, Dz 111110*****Hkkkxx fDC=0,0-Sy - Dz 1 *
1110101100yyzzzz If DC =1, nop
POR Sx, Sy, Dz 111110*******kxx Sx|Sy - Dz 1 *
10110101xxyyzzzz
DCT PCOR SX, Sy, Dz 111110%****x*x*x fDC=1,Sx|Sy - Dz 1 *
10110110xxyyzzzz If DC =0, nop
DOF POR SX, Sy,Dz 111110%****x*x*x IfDC=0,Sx|Sy - Dz 1 *
10110111xxyyzzzz If DC =1, nop
PAND Sx, Sy, Dz = 111110%******s%xx Sx & Sy - Dz 1 *
10010101xxyyzzzz
DCT  PAND SX, Sy, Dz 111110Q*******x*x fDC=1,Sx&Sy - Dz 1 *
10010110xxyyzzzz If DC =0, nop
DOF PAND S, Sy, Dz 111110Q******xx*x* IfDC=0,Sx&Sy - Dz 1 *
10010111xxyyzzzz If DC =1, nop
PXOR SX, Sy, Dz 111110%******kx Sx"Sy - Dz 1 *
10100101xxyyzzzz
DCT PXCR SX, Sy, Dz 111110%******x*x fDC=1,Sx"Sy - Dz 1 *
10100110xxyyzzzz If DC = 0, nop
DOF PXCR SX, Sy, Dz 111110%****x*x*x fDC=1,Sx"Sy - Dz 1 *
10100111xxyyzzzz If DC =0, nop
PDEC Sx, Dz 1111010Q% ****kxknk Sx [39:16] -1 - Dz 1 *
10001001xx00zzzz

Note: * See table 2.33.
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Table 2.32 DSP Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation States DC
PDEC Sy, Dz 111100*****xxkx* Sy [31:16] -1 - Dz 1 *
1010100100yyzzzz
DCT PDEC Sx, Dz 1110100%****xxkx* IfDC=1, Sx[39:16]-1 -~ Dz 1 *
10001010xx00zzzz If DC =0, nop
DCT PDEC Sy, Dz 111200%****xxskx* fDC=1,Sy[31:16]-1 - Dz 1 *
1010101000yyzzzz If DC =0, nop
DCOF  PDEC SX, Dz 111100%***kxkskx* IfDC=0,Sx[39:16]-1 -~ Dz 1 *
10001011xx00zzzz If DC =1, nop
DO PDEC Sy, Dz 111200 *****xxxk IfDC=0,Sy[31:16]-1 - Dz 1 *
1010101100yyzzzz If DC =1, nop
PCLR Dz 111100*****xxskx* h'00000000 - Dz 1 *
100011010000zzzz
DCT POLR Dz 111100*****xxkx* If DC =1, h'00000000 - Dz 1 *
100011100000zzzz If DC =0, nop
DOF POR Dz 111100Q%****xxkx* If DC = 0, h'00000000 - Dz 1 *
100011110000zzzz If DC =1, nop
PSHA #imm Dz = 111110Q******x**x Ifimm>=0,Dz<<imm - Dz 1 *
00010iiiiiiizzzz (arithmetic shift)
If imm<0, Dz>>imm - Dz
PSH. #immDz  111110Q******=x*%x Ifimm>=0,Dz<<imm - Dz 1 *
00000iiiiiiizzzz (logical shift
Ifimm <0, Dz >>imm - Dz
PSTS MACH Dz = 11111Q******=x*%x MACH - Dz 1 —
110011010000zzzz
DCT PSTS MACH Dz = 111110*******xx% If DC =1, MACH - Dz 1 —
110011100000zzzz
DOF  PSTS MACH Dz 111200 ****xxxxk If DC =0, MACH - Dz 1 —
110011110000zzzz
PSTS MACL, Dz = 11111Q********%x MACL - Dz 1 —
110111010000zzzz

Note: * See table 2.33.
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Table 2.32 DSP Operation Instructions (cont)

Execu-
tion
Instruction Instruction Code Operation States DC
DCT PSTS MACL, Dz 111110******%x*% IfDC =1, MACL - Dz 1 —
110111100000zzzz
DOF PSTS MACL, Dz 111110%***x*%x*% If DC =0, MACL - Dz 1 —
110111110000zzzz
PLDS Dz, MACH  11111Q******=x*%x Dz - MACH 1 —
111011010000zzzz
DCT PLDS Dz, MACH = 111110Q*******x** IfDC =1, Dz -~ MACH 1 —
111011100000zzzz
DOF PLDS Dz, MACH  111110Q******xxx* If DC =0, Dz -~ MACH 1 —
111011110000zzzz
PLDS Dz, MACL  11111Q******x*%x Dz - MACL 1 —
111111010000zzzz
DCT PLDS Dz, MMCL  111110******%x*x IfDC =1, Dz - MACL 1 —
111111100000zzzz
DCOF  PLDS Dz, MMCL  111110%*****%=x*% If DC =0, Dz - MACL 1 —
111111110000zzzz
PADDC Sx, Sy, Dz 111110Q******=x*%x Sx+Sy+DC - Dz 1 Carry
10110000xxyyzzzz Carry - DC
PSUBC Sx, Sy, Dz 111110Q*********x Sx—-Sy—-DC - Dz 1 Borrow
10100000xxyyzzzz Borrow — DC
POWP Sx, Sy 111110********xx Sy _ Sy _, DC update* 1 *
10000100xxyy0000
PABS Sx, Dz 1110100%****x*skx* IfSx<0,0-Sx - Dz 1 *
10001000xx00zzzz If Sx > =0, nop
PABS Sy, Dz 1117170%****x*kx* IfSy<0,0-Sy - Dz 1 *
1010100000yyzzzz If Sx > =0, nop
PR\D Sx, Dz 1117100%****x sk x* Sx + h'00008000 - Dz 1 *
10011000xx00zzzz LSW of Dz - h'0000
PR\D Sy, Dz 121200%****xskx* Sy + h'00008000 - Dz 1 *
1011100000yyzzzz LSW of Dz - h'0000

Note:

* See table 2.33.
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Table 2.33 DC Bit Update Definitions

CS[2:0] Condition Mode

Description

0 O 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 Overflowmode

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

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

DCT PADD X0, YO, AO MOVX. W @4+, X0 MOVY. W A0, @R6+R9 ;

When condition is True

Before execution: X0=H 33333333, YO=H 55555555, AO=H 123456789A,
R4=H 00008000, R6=H 00008233, R9=H 00000004
(R4)=H 1111, (R6)=H 2222

After execution:  X0=H 11110000, YO=H 55555555, AO=H 0088888888,
R4=H 00008002, R6=H 00008237, R9=H 00000004
(R4)=H 1111, (R6)=H 3456

When condition is False

Before execution: X0=H 33333333, YO=H 55555555, AO0=H 123456789A,
R4=H 00008000, R6=H 00008233, R9=H 00000004
(R4)=H 1111, (Re6)=H 2222

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

Figure 2.17 Examples of Conditional Operations and Data Transfer Instructions

Assignment of NOPX and NOPY Instruction CodesWhen 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 |
omitted. Examples of NOPX and NOPY instruction codes are shown in table 2.34.
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Table 2.34 Examples of NOPX and NOPY Instruction Codes

Instruction Code
PADD X0, YO, A0 MOVX. W @4+, X0 MOVY. W @6+R9, YO 1111100000001011
1011000100000111
PADD X0, YO, A0 NCPX MOVY. W @6+R9, YO 1111100000000011
1011000100000111
PADD X0, YO, AO  NCPX NCPY 1111100000000000
1011000100000111
PADD X0, YO, A0 NCPX 1111100000000000
1011000100000111
PADD X0, YO, AD 1111100000000000
1011000100000111
MOVX. W @4+, X0 MOVY. W @6+R9, YO 1111000000001011
MOVX. W @4+, X0  NCPY 1111000000001000
MOVS. W @4+, X0 1111010010001000
NCPX MOVY. W @6+R9, YO 1111000000000011
MOVY. W @6+R9, YO 1111000000000011
NCPX NCPY 1111000000000000
NCP 0000000000001001
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Section 3 Memory Management Unit (MMU)

3.1 Overview

3.1.1 Features

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

3.1.2 Role of MMU

The MMU is a feature designed to make efficient use of physical memory. As shown in figure 3.
if a process is smaller in size than the physical memory, the entire process can be mapped ontc
physical memory. However, if the process increases in size to the extent that it no longer fits int
physical memory, it becomes necessary to partition the process and to map those parts requirin
execution onto memory as occasion demands ((1)). Having the process itself consider this
mapping onto physical memory would impose a large burden on the process. To lighten this
burden, the idea of virtual memory was born as a means of performing en bloc mapping onto
physical memory ((2)). In a virtual memory system, substantially more virtual memory than
physical memory is provided, and the process is mapped onto this virtual memory. Thus a proce
only has to consider operation in virtual memory. Mapping from virtual memory to physical
memory is handled by the MMU. The MMU is normally controlled by the operating system,
switching physical memory to allow the virtual memory required by a process to be mapped ontt
physical memory in a smooth fashion. Switching of physical memory is carried out via secondar
storage, etc.

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

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

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

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

In the following text, the SH7729R address space in virtual memory is referred to as virtual
address space, and address space in physical memory as physical memory space.
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3.1.3 SH7729R MMU

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

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

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

Mapping of the P2 area is fixed in physical address space (H'00000000 to H'1FFFFFFF). In the F
area, setting the top three virtual address bits (bits 31, 30, and 29) to 0 generates the correspond
physical address. P2 area access cannot be cached.

The P1 and P2 areas are not mapped by the address translation table, so the TLB is not used an
no exceptions such as TLB misses occur. Initialization of MMU-related registers, exception
handling, and the like are located in the P1 and P2 areas. Because the P1 area is cached, handl
that require high-speed processing are placed there.

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

The P4 area is used for mapping on-chip control register addresses.

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

2-Ghyte physical space, .
2-Ghyte physical space,
cacheable Area PO cacheable Area UO

(write-back/write-through) (write-back/write-through)

H'80000000 0.5-Gbyte fixed physical H'80000000

space, cacheable Area P1 Address error
(write-back/write-through)

H'A0000000 0.5-Gbyte fixed Area Uxy

physical space, Area P2 (Exists only
non-cacheable when
Address error SR.DSP=1)

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

H'E0000000
0.5-Gbyte control space,

non-cacheable Area P4
H'FFFFFFFF H'FFFFFFFF

Privileged mode User mode

Figure 3.2 Virtual Address Space Mapping

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

Address Translation: When the MMU is enabled, the virtual address space is divided into units
called pages. Physical addresses are translated in page units. Address translation tables in exte
memory hold information such as the physical address that corresponds to the virtual address a
memory protection codes. When an access to an area other than P4 occurs, if the accessed virt
address belongs to area P1 or P2 there is no TLB access and the physical address is uniquely
defined. If it belongs to area PO, P3 or UO, the TLB is searched by virtual address and, if that
virtual address is registered in the TLB, the access hits the TLB. The corresponding physical
address and the page control information are read from the TLB and the physical address is
determined.
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If the virtual address is not registered in the TLB, a TLB miss exception occurs and processing
will shift to the TLB miss handler. In the TLB miss handler, the TLB address translation table in
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction that causec
the TLB miss is re-executed. When the MMU is enabled, address translation information that
results in a physical address space of H'80000000—-H'FFFFFFFF should not be registered in the
TLB.

When the MMU is disabled, the virtual address is used directly as the physical address. As the
SH7729R supports a 29-bit address space as the physical address space, the top 3 bits of the
physical address are ignored, and constitute a shadow space (see section 11, Bus State Controll
(BSC)). For example, addresses H'00001000 in the PO area, H'80001000 in the P1 area,
H'A0001000 in the P2 area, and H'C0001000 in the P3 area are all mapped onto the same physi
address. When access to these addresses is performed with the cache enabled, an address with
top 3 bits of the physical address masked to 0O is stored in the cache address array to ensure dat:
congruity.

Single Virtual Memory Mode and Multiple Virtual Memory Mode: There are two virtual

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

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

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

Table 3.1  Register Configuration

Name Abbreviation R/W Size Initial Value* 1 Address
Page table entry register high PTEH R/W Longword Undefined H'FFFFFFFO
Page table entry register low PTEL R/W Longword Undefined H'FFFFFFF4
Translation table base TTB R/W Longword Undefined H'FFFFFFF8
register

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

MMU control register MMUCR R/W Longword *2 H'FFFFFFEO

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

3.2 Register Description

There are five registers for MMU processing. These are all peripheral module registers, so they
located in address space area P4 and can only be accessed from privileged mode by specifying
address. These registers consist of:

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

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

3. The translation table base register (TTB) residing at address H'FFFFFFF8, which points to tt
base address of the current page table. The software does not set any value in TTB
automatically. TTB is available to software for general purposes.
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4. The TLB exception address register (TEA) residing at address H'FFFFFFFC, which stores the
virtual address corresponding to a TLB or address error exception. This value remains valid
until the next exception or interrupt.

5. The MMU control register (MMUCR) residing at address H'FFFFFFEO, which makes the
MMU settings described in figure 3.3. Any program that modifies MMUCR should reside in
the P1 or P2 area.

The MMU registers are shown in figure 3.3.

31 10 7 0
| VPN |0 | ASID |
PTEH
31 109876 4 3210
| PPN |ﬂvhﬂkazk4Dka|
PTEL
31 0
| TTB |
TTB
31 0

Virtual address causing MMU exception
or address error exception

TEA
31 8 765432 1 0

0 |SV| OO|RC|O|TF|IX|AT|

MMUCR

0: Reserved bits. Always read as 0. Writing is ignored. However, 0 should also be
specified in a write to MMUCR only.

SV: Single virtual memory mode bit. Set to 1 for the single virtual memory mode,
cleared to 0 for the multiple virtual memory mode.

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

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

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

AT: Address translation bit. Enables/disables the MMU.

0: MMU disabled
1: MMU enabled

Figure 3.3 MMU Register Contents
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3.3

3.3.1

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

overall TLB configuration. The TLB is 4-way set associative with 128 entries. There are 32 entri

TLB Functions

Configuration of the TLB

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

Way 0-3 Way 0-3
[ I I I [ I I I
[ I I I [ I I I

[ I I I || [ I I I I |

Entry 0 | VPN(31-17) [VPN(11-10)| ASID(7-0) | V | Entry 0 |PPN(31-10) [PR(1-0)|SZ SH|H
Entry 1 LH Entry 1 H
Entry 31 _-_ Entry 31 _-_

Address array Data array
Figure 3.4 Overall Configuration of the TLB
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31 10 9 0
| VPN | Offset |

Virtual address (1-kbyte page)

31 12 11 0
| VPN | Offset |

Virtual address (4-kbyte page)

(15) 2 CIOROLO) (22) 2 1)@
VPN (31-17)| VPN (11-10)| ASID [SH|SZ| V| | PPN [PR|C[D]|
TLB entry
Legend
VPN: Virtual page number. Upper 22 bits of virtual address for a 1-kbyte page, or upper 20 bits of

ASID:

SH:

SZ:

PPN:

PR:

virtual address for a 4-kbyte page. Since VPN bits 16-12 are used as the index number, they
are not stored in the TLB entry.

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

0 = Page not shared between processes

1 = Page shared between processes

Page-size bit

0 = 1-kbyte page

1 = 4-kbyte page

Valid bit. Indicates whether entry is valid.

0 = Invalid

1 = Vvalid

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

Physical page number. Upper 22 bits of physical address. PPN bits 11-10 are not used in
case of a 4-kbyte page. Attention must be paid to the synonym problem in case of a 1-kbyte
page (see section 3.4.4, Avoiding Synonym Problems).

Set the most significant bit to 0.

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

00: Reading only is possible in privileged mode.

01: Reading/writing is possible in privileged mode.

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

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

Cacheable bit. Indicates whether the page is cacheable.

0: Non-cacheable

1: Cacheable

. Dirty bit. Indicates whether the page has been written to.

0 = Not written to
1 = Written to
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3.3.2 TLB Indexing

The TLB uses a 4-way set associative scheme, so entries must be selected by index. VPN bits |
to 12 and ASID bits 4 to 0 in PTEH are used as the index number. The index number can be

generated in two different ways depending on the setting of the IX bit in MMUCR.

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

2. When IX = 1, VPN bits 16-12 are EX-ORed with ASID bits 4-0 to generate the index numbe

The second method is used to prevent lowered TLB efficiency that results when multiple

processes run simultaneously in the same virtual address space (multiple virtual memory) and &
specific entry is selected by indexing of each process. Figures 3.6 and 3.7 show the indexing

schemes.

Virtual address
31

PTEH register
1716 1211 0 31

0 7 0
| | VPN | 0 | ASID |

ASID(4-0
Exclusive-OR )« (4-9)
Index

Way 0 to 3

0| VPN@31-17)

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

31

Address array Data array

Figure 3.6 TLB Indexing (IX = 1)
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Virtual address
31 1716 1211 0

Index

Way 0to 3

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

31

Address array Data array

Figure 3.7 TLB Indexing (IX = 0)

3.3.3 TLB Address Comparison

A TLB address comparison is performed when an instruction is fetched from a program in
external memory or data in external memory is referenced. The items used in the comparison are
VPN and ASID. The VPN of the virtual address that accesses external memory is compared to th
VPN of the TLB entry selected with the index number. The ASID within the PTEH is compared to
the ASID of the indexed TLB entry. All four ways are searched simultaneously. If the compared
values match, and the indexed TLB entry is valid (\&Hij, the hit is registered.

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

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

The page-size information determines whether VPN (11-10) is compared. VPN (11-10) is
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).
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The sharing information (SH) determines whether PTEH.ASID and the ASID in the TLB entry ar
compared. ASIDs are compared when there is no sharing between process&j fbiHnot
when there is sharing (SH1).

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

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

No (4 kbytes) No (4 kbytes)

Yes (1 kbyte) Yes (1 kbyte)

A4 A\ 4

Bits compared: Bits compared: Bits compared: Bits compared:

VPN (31-17) VPN (31-17) VPN (31-17) VPN (31-17)

VPN (11-10) VPN (11-10) ASID (7-0)
ASID (7-0)

Figure 3.8 Objects of Address Comparison
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3.34 Page Management Information

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

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

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

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

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

Table 3.2  Access States Designated by D, C, and PR Bits
Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial page write
exception exception
Permitted Permitted Permitted Permitted
C bit 0 Permitted Permitted Permitted Permitted
(no caching) (no caching) (no caching) (no caching)
1 Permitted Permitted Permitted Permitted
(with caching) (with caching) (with caching) (with caching)
PRbit 00 Permitted TLB protection TLB protection TLB protection
violation exception violation violation exception
exception
01 Permitted Permitted TLB protection TLB protection
violation violation exception
exception
10  Permitted TLB protection Permitted TLB protection
violation exception violation exception
11 Permitted Permitted Permitted Permitted
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34 MMU Functions

341 MMU Hardware Management

There are two kinds of MMU hardware management as follows:

1.

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

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

34.2 MMU Software Management

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

1.

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

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

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

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

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

The load TLB instruction (LDTLB) is used to record TLB entries. When the IX bitin MMUCR is
0, the LDTLB instruction changes the TLB entry in the way specified by the RC bit in MMUCR
to the value specified by PTEH and PTEL, using VPN bits 16-12 specified in PTEH as the index
number. When the IX bitin MMUCR is 1, the EX-OR of VPN bits 16—12 specified in PTEH and
ASID bits 4-0 in PTEH is used as the index number.

Figure 3.9 shows the case where the IX bitin MMUCR is 0.

When an MMU exception occurs, the virtual page number of the virtual address that caused the
exception is set in PTEH by hardware. The way is set in the RC bit of MMUCR for each exceptiol
according to the rules shown in figure 3.9. Consequently, if the LDTLB instruction is issued after
setting only PTEL in the MMU exception handling routine, TLB entry recording is possible. Any
TLB entry can be updated by software rewriting of PTEH and the RC bits in MMUCR.

As the LDTLB instruction changes address translation information, there is a risk of destroying
address translation information if this instruction is issued in the PO, U0, or P3 area. Make sure,
therefore, that this instruction is issued in the P1 or P2 area. Also, an instruction associated with
access to the PO, UOQ, or P3 area (such as the RTE instruction) should be issued at least two
instructions after the LDTLB instruction.
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MMUCR
31 9 0
0 ‘SV‘O‘O‘RC‘O‘TF‘IX‘AT|
Index T Way selection
PTEH register —L— PTEL register
31 17 12 108 0 31 10 0
VPN ‘ ‘VPN ‘ 0 ‘ ASID | ’ PPN ‘O‘V‘O‘PR‘SZ‘C‘D‘SH‘O|
Write Write
v v v
Way Oto 3
I I I m— I
I I I m— I I I
I I I I I I I
0| VPN(31-17) VPN(11-10) | ASID(7-0) |V [ PPN(31-10) |PR(1-0)|SZ SH
_>
31
Address array Data array
Figure 3.9 Operation of LDTLB Instruction
3.4.4 Avoiding Synonym Problems

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

To achieve high-speed operation of the SH7729R cache, an index number is created using virtu
address bits 11-4. When a 4-kbyte page is used, virtual address bits 11-4 are included in the
offset, and since they are not subject to address translation, they are the same as physical addr
bits 11-4. In cache-based address comparison and recording in the address array, since the ca
tag address is a physical address, physical address bits 31-10 are recorded.

When a 1-kbyte page is used, also, a cache index number is created using virtual address bits ]
However, in case of a 1-kbyte page, virtual address bits 11 and 10 are subject to address
translation and therefore may not be the same as physical address bits 11 and 10. Consequentl
the physical address is recorded in a different entry from that of the index number indicated by t
physical address in the cache address array.
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Note: When multiple address information items use the same physical memory to provide for
future expansion of the SuperH RISC engine family, it is recommended that VPN[20:10]
be made equal. Also, the same physical addresses should not be used with different pag
size address conversion information.

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

Virtual address 1  H'00000000- physical address H'00000C00
Virtual address 2 H'00000C00-> physical address H'00000C00

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

Virtual address

31 121110 0
VPN N offset |

g

Virtual address (11-4)

Physical address
31 121110 0

PPN R Offset |

Physical address (31-10) >

Cache address
array

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

VPN N Offset |

>

Physical address
31 11109 0

PPN N Offset |

Physical address (31-10) q

Cache address
array

Figure 3.10 Synonym Problem
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3.5 MMU Exceptions

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

3.5.1 TLB Miss Exception

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

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

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

2. The virtual address causing the exception is written to the TEA register.

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

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

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

status register (SSR).

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

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

The register bank (RB) bit in SR is set to 1.

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

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

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

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

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

© © N o

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

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

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

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

3.5.2 TLB Protection Violation Exception

A TLB protection violation exception occurs when the virtual address and the address array of tt
selected TLB entry are compared and a valid entry is found to match, but the type of access is r
permitted by the access rights specified in the PR field. TLB protection violation exception
handling includes both hardware and software operations.

Hardware Operations: In a TLB protection violation exception, the SH7729R hardware executes
a set of prescribed operations, as follows:

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

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

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

The contents of SR at the time of the exception are written to SSR.
The MD bitin SR is set to 1 to place the SH7729R in privileged mode.
The BL bit in SR is set to 1 to mask any further exception requests.
The register bank (RB) bit in SR is set to 1.

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

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

© 0N oo

Software (TLB Protection Violation Handler) Operations: Software resolves the TLB

protection violation and issues an RTE (return from exception handler) instruction to terminate tl
handler and return to the instruction stream. The RTE instruction should be issued after two
LDTLB instructions.
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3.5.3 TLB Invalid Exception

A TLB invalid exception occurs when the virtual address is compared to a selected TLB entry
address array and a match is found but the entry is not valid (the V bit is 0). TLB invalid exceptior
handling includes both hardware and software operations.

Hardware Operations: In a TLB invalid exception, the SH7729R hardware executes a set of
prescribed operations, as follows:

A owbdpR

© ©o N o

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

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

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

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

The mode (MD) bit in SR is set to 1 to place the SH7729R in privileged mode.
The block (BL) bit in SR is set to 1 to mask any further exception requests.
The register bank (RB) bitin SR is setto 1.

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

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

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

1.

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

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

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

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

An initial page write exception occurs in a write access when the virtual address and the addres
array of the selected TLB entry are compared and a valid entry with the appropriate access righ
is found to match, but the D (dirty) bit of the entry is 0 (the page has not been written to). Initial
page write exception handling includes both hardware and software operations.

Hardware Operations: In an initial page write exception, the SH7729R hardware executes a set
of prescribed operations, as follows:

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

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

The contents of SR at the time of the exception are written to SSR.
The MD bit in SR is set to 1 to place the SH7729R in privileged mode.
The BL bitin SR is set to 1 to mask any further exception requests.
The register bank (RB) bit in SR is set to 1.

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

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

P wbdPE

© o N o,

Software (Initial Page Write Handler) Operations: The software must execute the following
operations:

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

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

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

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

6. Issue an RTE instruction to terminate the handler and return to the instruction stream. The R
instruction should be issued after two LDTLB instructions.

N

Figure 3.11 shows the flowchart for MMU exceptions.
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and (MMUCR.SV =0
or SR.MD = 0)?

No
VPNs
and ASIDs
Yes match?
No
v .
TLB miss TLB invalid
exception exception

User or Privileged mode

privileged?

User mode

A4 A4

PR check | PR check |
00/01 10 01/11 00/10
w
RIW? @
R R

Yy \i A\

TLB protection

TLB protection
exception

violation

exception

A\

Initial page No (noncacheable) Yes (cacheable)

write
exception Memory Cache
access access

Figure 3.11 MMU Exception Generation Flowchart
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3,55 Processing Flow in Event of MMU Exception (Same Processing Flow for Address
Error)

MMU Exception in Instruction Fetch Mode

TLB-related exception signals in an instruction fetch

B

| IF | ID| EX| MA

ID EX | MA | WB
ID | EX | MA | WB

NOP

Handler transition
processing

NOP
MMU exception handler —» | IF | ID | EX MA| \NB|

I:I : Exception source stage

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

Figure 3.12 MMU Exception Signals in Instruction Fetch
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MMU Exception in Data Access Mode

TLB-related exception signals in a data access

Handler transition
processing

IF| ID| EX
IF| ID
IF
WB
MA | WB |
NOP ]

NOP

MMU exception handier —> | IF | 1D [EX [ MA| wa |

|:| : Exception source stage

- : Stage cancellation for instruction
that has begun execution

IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

Figure 3.13 MMU Exception Signals in Data Access
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3.5.6 MMU Exception in Repeat Loop

When an MMU exception or CPU address error occurs immediately before or within a repeat
loop, the PC of the instruction that generated the exception cannot be saved in SPC correctly ar
the repeat loop cannot be restarted after returning from the exception handler. EXPEVT is set tc
H'070 in cases of TLB miss, TLB invalid, and CPU address error. EXPEVT is set to H'ODO in ca:
of TLB protection violation. Figure 3.14 shows where such cases occur.

In a repeat loop of 4 or more instructions, only the last 4 instructions are relevant (see figure 3.1

(4)).

(1) 1instruction repeated (instl, SR.RC=2)

inst-1 [ IF | ID [ EX[MA[wB

inst0 | IF | 1D | EX|MA|WB

instl IF | ID | EX|MA|WB

inst1 IF [ D [ EX[MA] wB]
inst2 IF | 1D | EX[MA]wB]

(2) 2 instructions repeated (instl and inst2, SR.RC=2)

inst-1 [ IF | ID | EX|MA|WB

inst0 IF | ID | EX|MA|WB

instl IF | ID | EX[MA| WB

inst2 IF | D [ EX [MA] wB]

inst1 IF | ID [ EX[MA[wB

inst2 IF | ID | EX[MA|WB]
inst3 IF [ 1o | Ex|mMA[ws]

(3) 3instructions repeated (instl, inst2 and inst3, SR.RC=2)

inst-1 [ IF | ID | EX|MA|WB

insto IF [ D [ EX[MA[wB

inst1 LIF | D | Ex|MA|WB

inst2 IF | ID | EX|MA|[WB

inst3 IF | ID | EX|MA|WB

instl IF | ID | EX|MA|WB

inst2 IF | D [ EX[MA] wB]

inst3 IF | D [Ex[MA]wB
inst4 IF [ ID [ EX|MA|WB]

[ ]: Exception source stage where SPC is not correct
and repeat loop can not be restarted

Figure 3.14 MMU Exception in Repeat Loop
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(4) 4 or more instructions repeated (inst1, inst2, ..., instN, SR.RC=2)
inst-1 [ IF [ D [ EX|MA[WB
inst0 \—\ IF | ID |EX|MA|WB
instl IF [ ID | EX|MA[wB]
inst2 IF | ID | EX| MA| WB]
instN-3 IF | ID | EX|MA|WB
instN-2 IF | ID | EX|[MA| wB]
instN-1 IF [ D [ EX[MA]WB
instN IF [ D [ Ex[MA]wB]
instl IF | ID [EX|[MA[WB
inst2 IF [ b [ex|mAwB
instN-3 [IF [ D [EX[MA]WB
instN-2 IF | 10| Ex|[MA]wB]
instN-1 IF | ID [ EX[MA]wB
instN IF | 1D | Ex[MA]wB]
instN+1 IF [ D [ EX[MA]wB]
|:|: Exception source stage where SPC is not correct
and repeat loop can not be restarted

Figure 3.14 MMU Exception in Repeat Loop (cont)

3.6 Memory-Mapped TLB

In order for TLB operations to be managed by software, TLB contents can be read or written to ir
privileged mode using the MOV instruction. The TLB is assigned to the P4 area in the virtual
address space. The TLB address array (VPN, V bit, and ASID) is assigned to H'F2000000—
H'F2FFFFFF, and the data array (PPN, PR, SZ, C, D, and SH bits) to H'F3000000-H'F3FFFFFF
The V bit in the address array can also be accessed from the data array. Only longword access i
possible for both the address array and the data array.

3.6.1 Address Array

The address array is assigned to H'F2000000-H'F2FFFFFF. To access an address array, the
32-bit address field (for read/write operations) and 32-bit data field (for write operations) must be
specified. The address field specifies information for selecting the entry to be accessed; the data
field specifies the VPN, V bit and ASID to be written to the address array (figure 3.15 (1)).

In the address field, specify VPN (16-12) as the index address for selecting the entry (bits 16-12
the W bits for selecting the way (bits 9-8), and H'F2 to indicate address array access (bits 31-24
The IX bit in MMUCR indicates whether the EX-OR of VPN (16-12) and ASID (4-0) in the

PTEH register is used as the index address.
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When writing, the write is performed to the entry selected with the index address and way.

When reading, the VPN, V bit, and ASID of the entry selected with the index address and way ir
the format of the data field in figure 3.12 without comparing addresses. 0 is written to data field
bits 16-12.

To invalidate a specific entry, specify the entry and way, and write 0 to the corresponding V bit.

3.6.2 Data Array

The data array is assigned to H'F3000000-H'F3FFFFFF. To access a data array, the 32-bit add
field (for read/write operations), and 32-bit data field (for write operations) must be specified. Thi
address section specifies information for selecting the entry to be accessed; the data section
specifies the longword data to be written to the data array (figure 3.15 (2)). Longword data has t
same bit configuration as PTEL.

In the address field, specify VPN (16—12) as the index address for selecting the entry (bits 16—1
the W bits for selecting the way (bits 9-8), and H'F3 to indicate data array access (bits 31-24).
The IX bit in MMUCR indicates whether the EX-OR of VPN (16-12) and ASID (4-0) in the
PTEH register is used as the index address.

Both reading and writing use longword data of the data array specified by the entry address and
way number.
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(1) TLB Address Array Access

¢ Read access

31 24 23 17 16 12111098 7 6 0

Address field [ 11110010 [ %| VPN [k[x wofs x|

31 1716 12111098 7 0

Data field | VPN [o-- o]ven[olv][  AsiD |

» Write access

31 24 23 1716 121110987 6 0

Address field | 11110010 gor e *| VPN |*|*| w |0|* ........... *|

31 1716 12111098 7 0

Data field | VPN l% - %[vPN|x|v]  AsiD |
VPN: Virtual page number ASID: Address space identifier

V: Valid bit + Don't care bit

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

(2) TLB Data Array Access

* Read/write access

31 24 23 17 16 12111098 7 0
Address field | 11110011 g *l VPN |*|*| W |* .............. *l
31 109 8 7654 3 2 1 O
Data field | PPN [x|v[x|PR[sz|c[D[sH]|X]
PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page-size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit . Don't care bit

VPN: Virtual page number
X: 0 for read, don't care bit for write
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

Figure 3.15 Specifying Address and Data for Memory-Mapped TLB Access
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3.6.3 Usage Examples

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

RO=H 1547 381C Ri1=H F201 30

; MMUCR | X=0

VPN(31-17) =B 0001 0101 0100 011 VPN(11-10)=B 10 ASI D=B 0001 1100
correspondi ng entry association is nade fromthe entry sel ected by

; the VPN(16-12)=B' 1 0011 index, the V bit of the hit way is cleared to

; 0,achieving invalidation.
MOV.L RO, @1

Reading the Data of a Specific EntryThis example reads the data section of a specific TLB
entry. The data is read in the bit order indicated in the data field in figure 3.15 (2) is read. RO
specifies the address and the data section of a selected entry is read to R1.

Rl=H F300 4300 VPN 16-12)=B 00100 Wy 3
MOV, L @0, RL

3.7 Usage Note

Instructions that manipulate the MD or BL bit in register SR (the LDC Rm, SR instruction, LDC
@Rm+, SR instruction, and RTE instruction) and the following instruction, or the LDTLB
instruction, should be used with the TLB disabled or in a fixed physical address space (the P1 o
P2 space).
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Section 4 Exception Handling

4.1 Overview

41.1 Features

Exception handling is separate from normal program processing, and is performed by a routine
separate from the normal program. In response to an exception handling request due to abnorr
termination of the executing instruction, control is passed to a user-written exception handler.
However, in response to an interrupt request, normal program execution continues until the end
the executing instruction. Here, all exceptions other than resets and interrupts will be called
general exceptions. There are thus three types of exceptions: resets, general exceptions, and
interrupts.

4.1.2 Register Configuration

Table 4.1 lists the registers used for exception handling. A register with an undefined initial valu
should be initialized by software.

Table 4.1 Register Configuration

Register Abbr. R/W  Size Initial Value Address

TRAPA exception register TRA R/W Longword  Undefined H'FFFFFFDO

Exception event register EXPEVT R/W Longword Power-on reset: H'000 H'FFFFFFD4
Manual reset: H'020**

Interrupt event register INTEVT R/W Longword Undefined H'FFFFFFD8
Interrupt event register2 INTEVT2 R Longword  Undefined H'04000000
(H'A4000000)*

Notes: *1 H'000 is set in a power-on reset, and H'020 in a manual reset.

*2 When address translation by the MMU does not apply, the address in parentheses
should be used.

4.2 Exception Handling Function

4.2.1 Exception Handling Flow

In exception handling, the contents of the program counter (PC) and status register (SR) are sa
in the saved program counter (SPC) and saved status register (SSR), respectively, and executit
the exception handler is invoked from a vector address. The return from exception handler (RTE
instruction is issued by the exception handler routine on completion of the routine, restoring the
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contents of PC and SR to return to the processor state at the point of interruption and the addres:
where the exception occurred.

A basic exception handling sequence consists of the following operations:

The contents of PC and SR are saved in SPC and SSR, respectively.

The block (BL) bit in SR is set to 1, masking any subsequent exceptions.

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

The register bank (RB) bit in SR is set to 1.

An exception code identifying the exception event is written to bits 11-0 of the exception
event (EXPEVT) or interrupt event (INTEVT or INTEVT2) register.

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

a s wbdE

42.2 Exception Vector Addresses

The reset vector address is fixed at H'A0000000. The other three events are assigned offsets fro
the vector base address by software. Translation look-aside buffer (TLB) miss exceptions have a
offset from the vector base address of H'00000400. The vector address offset for general excepti
events other than TLB miss exceptions is H'00000100. The interrupt vector address offset is
H'00000600. The vector base address is loaded into the vector base register (VBR) by software.
The vector base address should reside in P1 or P2 fixed physical address space. Figure 4.1 sho
the relationship between the vector base address, the vector offset, and the vector table.

».
>

'

VBR + Vector offset ———»

(Vector base address)

H'A000 0000 ——»

Vector table

Figure 4.1 Vector Table

In table 4.2, exceptions and their vector addresses are listed by exception type, instruction
completion state, relative acceptance priority, relative order of occurrence within an instruction
execution sequence and vector address for exceptions and their vector addresses.
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Table 4.2

Exception Event Vectors

Exception  Current Exception Vector Vector
Type Instruction Exception Event  Priority* * Order Address Offset
Reset Aborted Power-on 1 — H'A00000000 —
Manual reset 1 — H'A00000000 —
H-UDI reset 2 — H'A00000000 —
General Aborted CPU address error 2 1 — H'00000100
exception and retried  (instruction access)
events TLB miss 2 2 — H'00000400
(instruction access
not in repeat loop)
TLB miss 2 2 — H'00000100
(instruction access in
repeat loop)**
TLB invalid 2 3 — H'00000100
(instruction access)
TLB protection 2 4 — H'00000100
violation
(instruction access)
Reserved instruction 2 5 — H'00000100
code exception
lllegal slot 2 5 — H'00000100
instruction exception
CPU address error 2 6 — H'00000100
(data access)
TLB miss 2 7 — H'00000400
(data access not in
repeat loop)
TLB miss 2 7 — H'00000100
(data access in
repeat loop)**
TLB invalid (data 2 8 — H'00000100
access)
TLB protection 2 9 — H'00000100
violation
(data access)
Initial page write 2 10 — H'00000100
Completed Unconditional trap 2 5 — H'00000100
(TRAPA instruction)
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Table 4.2  Exception Event Vectors (cont)

Exception  Current Exception Vector Vector
Type Instruction Exception Event Priority* * Order Address Offset
General Completed User breakpoint trap 2 n*? — H'00000100
exception
events
DMA address error 2 12 — H'00000100
General Completed Nonmaskable 3 — — H'00000600
interrupt interrupt
requests External hardware ~ 4*° — — H'00000600
interrupt
H-UDI interrupt 43 — — H'00000600

Notes: *1 Priorities are indicated from high to low, 1 being the highest and 4 the lowest.

*2 The user defines the break point traps. 1 is a break point before instruction execution
and 11 is a break point after instruction execution. For an operand break point, use 11.

*3 Use software to specify relative priorities of external hardware interrupts and peripheral
module interrupts (see section 7, Interrupt Controller (INTC)).

*4 See section 4.5.2, General Exceptions, for details.

4.2.3 Acceptance of Exceptions

Processor resets and interrupts are asynchronous events unrelated to the instruction stream. All

exception events are prioritized to establish an acceptance order whenever two or more exceptio
events occur simultaneously. The power-on reset and manual reset do not occur simultaneously,
they have the same priority.

All general exception events occur in a relative order in the execution sequence of an instruction
(i.e. execution order), but are handled at priority level 2 in instruction-stream order (i.e. program

order), where an exception detected in a preceding instruction is accepted prior to an exception

detected in a subsequent instruction.

Three general exception events (reserved instruction code exception, unconditional trap, and
illegal slot instruction exception) are detected in the decode stage (ID stage) of different
instructions and are mutually exclusive events in the instruction pipeline. They have the same
execution priority. Figure 4.2 shows the order of general exception acceptance.
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Pipeline Sequence:

Instruction n | F [ D [ Ex [ mA [ wa |

i A TLB miss (data access)
Instruction n + 1 | IF | o | Ex | mA [ wB |

i A TLB miss (instruction access)
Instruction n + 2 | IF | o | Ex | MmA [ wB |

RIE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

y

TLB miss (instruction n) and RIE (instruction n + 2) = simultaneous detection
Handling Order: Program Order:

TLB miss (instruction n)

¢ 1

Re-execution of instruction n

y

TLB miss (instruction n + 1)

¢ 2

Re-execution of instruction n + 1

y

RIE (instruction n + 2) 3

IF = Instruction fetch

ID = Instruction decode
EX = Instruction execution
MA = Memory access

WB = Write back

Figure 4.2 Example of Acceptance Order of General Exceptions

All exceptions other than a reset are detected in the pipeline ID stage, and accepted at instructic
boundaries. However, an exception is not accepted between a delayed branch instruction and tl
delay slot. A re-execution type exception detected in a delay slot is accepted before execution o
the delayed branch instruction. A completion type exception detected in a delayed branch

instruction or delay slot is accepted after execution of the delayed branch instruction. The delay
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slot here refers to the next instruction after a delayed unconditional branch instruction, or the nex
instruction when a delayed conditional branch instruction is true.

42.4 Exception Codes

Table 4.3 lists the exception codes written to bits 11-0 of the EXPEVT register (for reset or
general exceptions) or the INTEVT and INTEVT2 registers (for general interrupt requests) to
identify each specific exception event. An additional exception register, the TRAPA (TRA)
register, is used to hold the 8-bit immediate data in an unconditional trap (TRAPA instruction).

Table 4.3  Exception Codes

Exception Type Exception Event Exception Code
Reset Power-on reset H'000
Manual reset H'020
H-UDI reset H'000
General exception events TLB miss/invalid (read) H'040
TLB miss/invalid (write) H'060
TLB miss/invalid/CPU Address error in H'070
repeat loop
Initial page write H'080
TLB protection violation (read) H'0AO0
TLB protection violation (write) H'0CO
TLB protection violation in repeat loop H'0DO
CPU address error (read) H'OEO
CPU address error (write) H'100
Unconditional trap (TRAPA instruction) H'160
lllegal general instruction exception H'180
lllegal slot instruction exception H'1A0
User breakpoint trap H'1EQ
DMA address error H'5C0
General interrupt requests Nonmaskable interrupt H'1CO0
H-UDI interrupt H'SEOQ
External hardware interrupts:
IRL3-IRLO = 0000 H'200
IRL3-IRLO = 0001 H'220
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Table 4.3  Exception Codes (cont)

Exception Type Exception Event Exception Code

General interrupt requests External hardware interrupts (cont):

(cont) IRL3-IRLO = 0010 H'240
IRL3-IRLO = 0011 H'260
IRL3—-IRLO = 0100 H'280
IRL3—-IRLO = 0101 H'2A0
IRL3-IRLO = 0110 H'2CO
IRL3-IRLO = 0111 H'2EO0
IRL3-IRLO = 1000 H'300
IRL3-IRLO = 1001 H'320
IRL3—-IRLO = 1010 H'340
IRL3—-IRLO = 1011 H'360
IRL3-IRLO = 1100 H'380
IRL3—-IRLO = 1101 H'3A0
IRL3—-IRLO = 1110 H'3CO

Note: Exception codes H'120, H'140, and H'3EQ are reserved.

4.2.5 Exception Request Masks
When the BL bit in SR is 0, exceptions and interrupts are accepted.

If a general exception event occurs when the BL bit in SR is 1, the CPU’s internal registers are ¢
to their post-reset state, other module registers retain their contents prior to the general exceptic
and a branch is made to the same address (H'A0000000) as for a reset.

If a general interrupt occurs when BlL1, the request is masked (held pending) and not accepted
until the BL bit is cleared to 0 by software. For reentrant exception handling, SPC and SSR mus
be saved and the BL bit in SR cleared to O.

4.2.6 Returning from Exception Handling

The RTE instruction is used to return from exception handling. When RTE is executed, the SPC
value is set in PC, and the SSR value in SR, and the return from exception handling is performe
by branching to the SPC address.

If SPC and SSR have been saved in external memory, set the BL bit in SR to 1, then restore SF
and SSR, and issue an RTE instruction.
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4.3 Register Descriptions

There are four registers related to exception handling. These are peripheral module registers, an
therefore reside in area P4. They can be accessed by specifying the address in privileged mode
only.

1.

The exception event register (EXPEVT) resides at address H'FFFFFFD4, and contains a 12-k
exception code. The exception code set in EXPEVT is that for a reset or general exception
event. The exception code is set automatically by hardware when an exception occurs.
EXPEVT can also be modified by software.

Interrupt event register 2 (INTEVT2) resides at address H'04000000, and contains a 12-bit
exception code. The exception code set in INTEVT2 is that for an interrupt request. The
exception code is set automatically by hardware when an exception occurs.

The interrupt event register (INTEVT) resides at address H'FFFFFFD8, and contains a 12-bit
interrupt exception code or a code indicating the interrupt priority. Which is set when an
interrupt occurs depends on the interrupt source (see tables 7.4 and 7.5, Interrupt Exception
Sources and Priority). The exception code or interrupt priority code is set automatically by
hardware when an exception occurs. INTEVT can also be modified by software.

The TRAPA exception register (TRA) resides at address H'FFFFFFDO, and contains 8-bit
immediate data (imm) for the TRAPA instruction. TRA is set automatically by hardware when
a TRAPA instruction is executed. TRA can also be modified by software.

The bit configurations of the EXPEVT, INTEVT, INTEVT2, and TRA registers are shown in
figure 4.3.

EXPEVT register, INTEVT and INTEVT2 registers TRA register

31 11 0 31 9 20
0 0| Exception code | |O 0 imm |OO|
0: Reserved bits, always read as 0

imm: 8-bit immediate data in TRAPA instruction

Figure 4.3 Bit Configurations of EXPEVT, INTEVT, INTEVT2, and TRA Registers
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4.4 Exception Handling Operation

4.4.1 Reset

The reset sequence is used to power up or restart the SH7729R from the initialization state. The

RESETP andRESETM signals are sampled every clock cycle, and in the case of a power-on rese
all processing being executed (excluding the RTC) is suspended, all unfinished events are
canceled, and reset processing is executed immediately. In the case of a manual reset, howeve
processing to retain external memory contents is continued. The reset sequence consists of the
following operations:

1.
2.

The MD bitin SR is set to 1 to place the SH7729R in privileged mode.

The BL bitin SR is set to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bit is 1).

The RB bitin SR is set to 1.

An encoded value of H'000 in a power-on reset or H'020 in a manual reset is written to bits 1
0 of the EXPEVT register to identify the exception event.

Instruction execution jumps to the user-written exception handler at address H'A0000000.

4.4.2 Interrupts

An interrupt handling request is accepted on completion of the current instruction. The interrupt
acceptance sequence consists of the following operations:

1.
2.

The contents of PC and SR are saved to SPC and SSR, respectively.

The BL bitin SR is set to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bit is 1).

The MD bitin SR is set to 1 to place the SH7729R in privileged mode.
The RB bitin SR is set to 1.

An encoded value identifying the exception event is written to bits 11-0 of the INTEVT and

INTEVTZ registers.

Instruction execution jumps to the vector location designated by the sum of the value of the
contents of the vector base register (VBR) and H'00000600 to invoke the exception handler.
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4.4.3 General Exceptions

When the SH7729R encounters any exception condition other than a reset or interrupt request, it
executes the following operations:

1.
2.

The contents of PC and SR are saved to SPC and SSR, respectively.

The BL bitin SR is set to 1, masking any subsequent exceptions (except the NMI interrupt
when the BLMSK bit is 1).

The MD bit in SR is set to 1 to place the SH7729R in privileged mode.

The RB bitin SR is set to 1.

An encoded value identifying the exception event is written to bits 11-0 of the EXPEVT
register.

Instruction execution jumps to the vector location designated by either the sum of the vector
base address and offset H'00000400 in the vector table in a TLB miss trap, or by the sum of tl
vector base address and offset H'00000100 for exceptions other than TLB miss traps, to invol
the exception handler.

4.5 Individual Exception Operations

This section describes the conditions for specific exception handling, and the processor operatior

45.1 Resets

Power-On Reset
0O Conditions:RESETP low

O Operations: EXPEVT set to H'000, VBR and SR initialized, branch te R&0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set to
1 and the interrupt mask bits (I3 to 10) are setto 1111. The CPU and on-chip peripheral
modules are initialized. See the register descriptions in the relevant sections for details. A
power-on reset must always be performed when powering on. A low level is output from
theRESETOUT pin, and a high level is output from the STATUSO and STATUSL1 pins.

Manual Reset

0 Conditions:RESETM low

O Operations: EXPEVT set to H'020, VBR and SR initialized, branch te H@0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB, and BL bits are set
to 1 and the interrupt mask bits (13 to 10) are set to 1111. The CPU and on-chip peripheral
modules are initialized. See the register descriptions in the relevant sections for details. A
low level is output from th@ESETOUT pin, and a high level is output from the
STATUSO and STATUSL pins.
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* H-UDI Reset
0 Conditions: H-UDI reset command input (see section 23.4.3, H-UDI Reset)

O Operations: EXPEVT set to H'000, VBR and SR initialized, branch te A@0000000.
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL bits are set
1 and the interrupt mask bits (13 to 10) are setto 1111. The CPU and on-chip peripheral
modules are initialized. See the register descriptions in the relevant sections for details.

Table 4.4  Types of Reset

Internal State

Conditions for Transition

Type to Reset State CPU On-Chip Peripheral Modules
Power-on RESETP = Low Initialized (See register configuration in
reset relevant sections)

Manual RESETM = Low Initialized

reset

H-UDI H-UDI reset command input Initialized

reset

45.2 General Exceptions

e TLB miss exception
O Conditions: Comparison of TLB addresses shows no address match.

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The RC bit in MMUCR is
incremented by one for replacement.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,

respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the exceptio

occurred during a write, H'060 is set in EXPEVT. The BL, MD and RB bits in SR are setto 1

and a branch occurs to PC = VBR + H'0400.

To speed up TLB miss processing, the offset differs from other exceptions.
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TLB invalid exception
O Conditions: Comparison of TLB addresses shows address match but V = 0.

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bits in MMUCR.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,
respectively. If the exception occurred during a read, H'040 is set in EXPEVT; if the exception
occurred during a write, H'060 is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1
and a branch occurs to RG/BR + H'0100.

TLB exception/CPU address error in repeat loop

0 Conditions: TLB miss, TLB invalid or CPU address error in the last several instructions of
repeat loop (see section 3.5.6, MMU Exception in Repeat Loop)

O Operations: TEA, PTEH and RC bit in MMUCR are set in the way of the type of exception.
SR of the instruction that generated the exception is saved to SSR, but SPC is not the PC of t
instruction that generated the exception. A repeat loop cannot be restarted after returning fron
the exception handler. In order to complete a repeat loop, ensure that a TLB exception or CPL
address error does not occur in the last several instructions of the repeat loop (see section 3.t
MMU Exception in Repeat Loop). If a TLB exception or CPU address error occurs in the last
several instructions of a repeat loop, H'070 is set in EXPEVT. The BL, MD, and RB bits in SR
are setto 1 and a branch occurs to=P¢BR + H'0100.

Initial page write exception

0 Conditions: A hit occurred to the TLB for a store access, batOD
This occurs for initial writes to the page registered by the load.

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bit in MMUCR.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,

respectively. H'080 is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1 and a
branch occurs to PEVBR + H'0100.
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TLB protection exception

0 Conditions: When a hit access violates the TLB protection information (PR bits) shown
below:

PR Privileged mode User mode

00 Only read enabled No access

01 Read/write enabled No access

10 Only read enabled Only read enabled
11 Read/write enabled Read/write enabled

O Operations: The virtual address (32 bits) that caused the exception is set in TEA and the
corresponding virtual page number (22 bits) is set in PTEH (31-10). The ASID of PTEH
indicates the ASID at the time the exception occurred. The way that generated the
exception is set in the RC bits in MMUCR.

PC and SR of the instruction that generated the exception are saved to SPC and SSR,

respectively. If the exception occurred during a read, H'0OAO is set in EXPEVT; if the exceptio

occurred during a write, H'OCO is set in EXPEVT. The BL, MD, and RB bits in SR are set to ]

and a branch occurs to RG/BR + H'0100.

TLB protection violation in repeat loop

0 Conditions: TLB protection violation in the last several instruction of a repeat loop (see
section 3.5.6, MMU Exception in Repeat Loop)

O Operations: TEA, PTEH, and RC bit in MMUCR are set in the way of the type of
exception.

SR of the instruction that generated the exception is saved to SSR, but SPC is not the PC of

instruction that generated the exception. A repeat loop cannot be restarted after returning fro

the exception handler. In order to complete a repeat loop, ensure that a TLB exception or CF

address error does not occur in the last several instructions of the repeat loop (see section 3

MMU Exception in Repeat Loop). If a TLB protection violation occurs in an instruction

immediately before or during a repeat loop, H'ODO is set in EXPEVT. The BL, MD, and RB

bits in SR are set to 1 and a branch occurs to PC = VBR + H'0100.

CPU address error

0 Conditions:

a. Instruction fetch from odd address (4n + 1, 4n + 3)

b. Word data accessed from addresses other than word boundaries (4n + 1, 4n + 3)

c. Longword accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
4n + 3)
d. Virtual space accessed in user mode in the area H'80000000 to H'FFFFFFFF
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Operations: The virtual address (32 bits) that caused the exception is set in TEA. PC and
SR of the instruction that generated the exception are saved to SPC and SSR, respectivel
If the exception occurred during a read, H'OEO is set in EXPEVT,; if the exception occurred
during a write, H'100 is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1 and a
branch occurs to PEVBR + H'0100. See section 3.5.5, Processing Flow in Event of

MMU Exception, for more information.

Unconditional trap

Conditions: TRAPA instruction executed

Operations: The exception is a processing-completion type, so PC of the instruction after
the TRAPA instruction is saved to SPC. SR from the time when the TRAPA instruction
was executing is saved to SSR. The 8-bit immediate value in the TRAPA instruction is
quadrupled and set in TRA (9-0). H'160 is set in EXPEVT. The BL, MD, and RB bits in
SR are set to 1 and a branch occurs to PC = VBR + H'0100.

lllegal general instruction exception

Conditions:

When undefined code not in a delay slot is decoded

Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S

Undefined instruction: H'Fxxx

When a privileged instruction not in a delay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that access GBR

with LDC/STC are not privileged instructions.

When a DSP instruction not in a delay slot is decoded without DSP extension (SR.DSP=0

DSP instructions: LDS Rm, DSR/A0/X0/X1/Y0/Y1, LDS.L @Rm+,

DSR/AQ/X0/X1/Y0/Y1, STS DSR/A0/X0/X1/YO/Y1, Rn, STS.L DSR/A0/X0/X1/Y0/Y1,

@-Rn, LDC Rm, RS/RE/MOD, LDC.L @Rm+, RS/RE/MOD, STC RS/RE/MOD, Rn,

STC.L RS/RE/MOD, @-Rn, LDRS, LDRE, SETRC, MOVS, MOVX, MOVY, Pxxx

When an instruction that rewrites PC/SR/RS/RE in the last three instructions of repeat looj

is decoded.

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

Instructions that rewrite SR: LDC Rm, SR, LDC.L @Rm+, SR, SETRC

Instructions that rewrite RS: LDC Rm, RS, LDC.L @Rm+, RS, LDRS

Instructions that rewrite RE: LDC Rm, RE, LDC.L @Rm+, RE, LDRE

Operations: PC and SR of the instruction that generated the exception are saved to SPC a

SSR, respectively. H'180 is set in EXPEVT. The BL, MD, and RB bits in SR are setto 1

and a branch occurs to PC = VBR + H'0100. When an undefined instruction other than

H'Fxxx is decoded, operation cannot be guaranteed.
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lllegal slot instruction

O

a.

Conditions:

When undefined code in a delay slot is decoded

Delay branch instructions: JMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
When an instruction that rewrites PC in a delay slot is decoded

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

When a privileged instruction in a delay slot is decoded in user mode

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

When a DSP instruction in a delay slot is decoded without DSP extension (SR.DSP=0)
DSP instructions: LDS Rm, DSR/A0/X0/X1/Y0/Y1, LDS.L @Rm+,
DSR/AO0/X0/X1/YO/Y1, STS DSR/A0/X0/X1/YO/Y1, Rn, STS.L DSR/A0/X0/X1/Y0/Y1,
@-Rn, LDC Rm, RS/RE/MOD, LDC.L @Rm+, RS/RE/MOD, STC RS/RE/MOD, Rn,
STC.L RS/RE/MOD, @-Rn, LDRS, LDRE, SETRC, MOVS, MOVX, MOVY, Pxxx
Operations: PC of the previous delay branch instruction is saved to SPC. SR of the
instruction that generated the exception is saved to SSR. H'1AQ is set in EXPEVT. The B
MD, and RB bits in SR are set to 1 and a branch occurs to\FBR + H'0100. When an
undefined instruction other than H'Fxxx is decoded, operation cannot be guaranteed.

User break point trap

O
g

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

Operations: When a post-execution break occurs, PC of the instruction immediately after
the instruction that set the break point is set in SPC. If a pre-execution break occurs, PC
the instruction that set the break point is set in SPC. SR when the break occurs is set in
SSR. H'1EOQ is set in EXPEVT. The BL, MD, and RB bits in SR are set to 1 and a branch
occurs to PG VBR + H'0100. See section 8, User Break Controller (UBC), for more
information.

DMA address error

O

a.
b.

Conditions:

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

4n + 3)

Operations: PC of the instruction immediately after the instruction executed before the
exception occurs is saved to SPC. SR when the exception occurs is saved to SSR. H'5C(
setin EXPEVT. The BL, MD, and RB bits in SR are set to 1 and a branch occursto PC
VBR + H'0100.
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4.5.3 Interrupts

1. NMmI
Conditions: NMI pin edge detection

Operations: PC and SR after the instruction that receives the interrupt are saved to SPC and
SSR, respectively. H'01CO is set to INTEVT and INTEVT2. The BL, MD, and RB bits of the
SR are set to 1 and a branch occurs to PC = VBR + H'0600. This interrupt is not masked by tt
interrupt mask bits in SR and is accepted with top priority when the BL bit in SR is 0. When
the BL bit is 1, the interrupt is masked. See section 7, Interrupt Controller (INTC), for more
information.

2. IRL Interrupts

Conditions: The value of the interrupt mask bits in SR is lower than the IRL3—-IRLO level and
the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the time the interrupt is accepted is saved to SSR. The code corresponding to the
IRL3—IRLO level is set in INTEVT and INTEVT2. The corresponding code is given as H'200

+ [IRL3—IRLO] x H'20. See table 7.5, Interrupt Exception Sources and Priority, for the
corresponding codes. The BL, MD, and RB bits in SR are set to 1 and a branch occurs to VBF
+ H'0600. The received level is not set in the interrupt mask bits in SR. See section 7, Interrur
Controller (INTC), for more information.

3. IRQ Pin Interrupts

Conditions: The IRQ pin is asserted, the interrupt mask bits in SR are lower than the IRQ
priority level, and the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the point the interrupt is accepted is saved to SSR. The code corresponding to the
interrupt source is setin INTEVT and INTEVT2. The BL, MD, and RB bits in SR are setto 1
and a branch occurs to VBR + H'0600. The received level is not set in the interrupt mask bits
in SR. See section 7, Interrupt Controller (INTC), for more information.

4. PINT Pin Interrupts

Conditions: The PINT pin is asserted, the interrupt mask bits in SR are lower than the PINT
priority level, and the BL bit in SR is 0. The interrupt is accepted at an instruction boundary.

Operations: The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the point the interrupt is accepted is saved to SSR. The code corresponding to the
interrupt source is setin INTEVT and INTEVT2. The BL, MD, and RB bits of SR are setto 1
and a branch occurs to VBR + H'0600. The received level is not set in the interrupt mask bits
in SR. See section 7, Interrupt Controller (INTC), for more information.
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5. On-Chip Peripheral Interrupts

Conditions: The interrupt mask bits in SR are lower than the on-chip module (TMU, RTC,
SCI0, SCI1, SCI2, A/ID, DMAC, CPG, REF) interrupt level and the BL bit in SR is 0. The
interrupt is accepted at an instruction boundary.

Operations: The PC value after the instruction at which the interrupt is accepted is saved to
SPC. SR at the point the interrupt is accepted is saved to SSR. The code corresponding to tl
interrupt source is setin INTEVT and INTEVT2. The BL, MD, and RB bits in SR are setto 1
and a branch occurs to VBR + H'0600. See section 7, Interrupt Controller (INTC), for more
information.

H-UDI Interrupt

Conditions: An H-UDI interrupt command is input (see section 23.4.4, H-UDI Interrupt),
SR.IMASK is lower than 15, and the BL bit in SR is 0. The interrupt is accepted at an
instruction boundary.

Operations: The PC value after the instruction that accepts the interrupt is saved to SPC. SR
the point the interrupt is accepted is saved to SSR. H'5EQ is set to INTEVT and INTEVT2. Tt
BL, MD, and RB bits in SR are set to 1 and a branch occurs to VBR + H'0600. See section 7
Interrupt Controller (INTC), for more information.

4.6 Cautions

Return from exception handling
0 Check the BL bit in SR with software. When SPC and SSR have been saved to external
memory, set the BL bit in SR to 1 before restoring them.

O Issue an RTE instruction, which sets SPC in PC and SSR in SR, and causes a branch to
SPC address, and return from exception handling.

Operation when exception or interrupt occurs while SR=AL

O Interrupt: Acceptance is suppressed until the BL bit in SR is cleared to 0 by software. If
there is a request and the reception conditions are satisfied, the interrupt is accepted afte
the execution of the instruction that clears the BL bit in SR to 0. In sleep or standby mode
however, the interrupt will be accepted even when the BL bit in SR is 1.

NMI is accepted when BLMSK in ICR1 is 1.

O Exception: No user break point trap will occur even when the break conditions are met.
When one of the other exceptions occurs, a branch is made to the fixed address of the re
(H'A0000000). In this case, the values of the EXPEVT, SPC, and SSR registers are
undefined. Differently from general reset processing, no signal is outpuRIESETOUT,
STATUSO, and STATUSL1.
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SPC when exception occurs: The PC saved to SPC when an exception occurs is as shown
below:

g

Re-executing-type exceptions: PC of the instruction that caused the exception is set in SP(
and re-executed after return from exception handling. If the exception occurred in a delay
slot, however, PC of the immediately prior delayed branch instruction is set in SPC. If the
condition of the conditional delayed branch instruction is not satisfied, the delay slot PC is
setin SPC.

Completed-type exceptions and interrupts: PC of the instruction after the one that caused
the exception is set in SPC. If the exception was caused by a delayed conditional
instruction, however, the branch destination PC is set in SPC. If the condition of the
conditional delayed branch instruction is not satisfied, the delay slot PC is set in SPC.

Initial register values after reset

g

Undefined registers

RO_BANKO0/1-R7_BANKO/1, R8-R15, GBR, SPC, SSR, MACH, MACL, PR
Initialized registers

VBR = H'00000000

SR.MD =1, SR.BL =1, SR.RB =1, SR.I3-SR.I0 = H'F. Other SR bits are undefined.
PC = H'A0000000

Ensure that an exception is not generated at an RTE instruction delay slot, as operation is not
guaranteed in this case.

When the BL bit in the SR register is set to 1, ensure that a TLB-related exception or address
error does not occur at an LDC instruction that updates the SR register and the following
instruction. This will be identified as the occurrence of multiple exceptions, and may initiate
reset processing.
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Section 5 Cache

51 Overview

51.1 Features
The cache specifications are listed in table 5.1.

Table 5.1  Cache Specifications

Parameter Specification

Capacity 16 kbytes

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

Line size 16 bytes

Number of entries 256 entries/way

Write system PO, P1, P3, UO: Write-back/write-through selectable
Replacement method Least-recently-used (LRU) algorithm

5.1.2 Cache Structure

The cache mixes data and instructions and uses a 4-way set associative system. It is composec
four ways (banks), each of which is divided into an address section and a data section. Each of
address and data sections is divided into 256 entries. The data section of the entry is called a lir
Each line consists of 16 bytes (4 byke4). The data capacity per way is 4 kbytes (16 by@s6
entries), with a total of 16 kbytes in the cache as a whole (4 ways). Figure 5.1 shows the cache
structure.
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Address array (ways 0-3) Data array (ways 0-3) LRU
| . : | . :
Entry 0| v | U [Tag address O two | twi | Lw2 | Lw3
Entry 1 1 1
Entry 255 | 255 | 255
24 (1 + 1 + 22) bits 128 (32 x 4) bits 6 bits
- B St -
LWO-LW3: Longword data 0-3

Figure 5.1 Cache Structure

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

In the SH7729R, the top three of 32 physical address bits are used as shadow bits (see section 1
Bus State Controller (BSC)), and therefore in a normal replace operation the top three bits of the
tag address are cleared to 0.

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

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

LRU: With the 4-way set associative system, up to four instructions or data with the same entry
address (address bits 11-4) can be registered in the cache. When an entry is registered, LRU
shows which of the four ways it is recorded in. There are six LRU bits, controlled by hardware. A
least-recently-used (LRU) algorithm is used to select the way.

In normal operation, four ways are used as cache and six LRU bits indicate the way to be replace
(table 5.2). If a bit pattern other than those listed in table 5.2 is set in the LRU bits by software, th
cache will not function correctly. When modifying the LRU bits by software, set one of the
patterns listed in table 5.2.

The LRU bits are initialized to 0 by a power-on reset, but are not initialized by a manual reset.
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Table 5.2 LRU and Way Replacement

LRU (5-0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 0111112 1
111000, 111001, 111011, 111100, 111110, 111111 0

5.1.3 Register Configuration

Table 5.3 shows details of the cache control registers.

Table 5.3  Register Configuration

Register Abbr. R/W Initial Value  Address Access Size
Cache control register CCR R/W H'00000000 HFFFFFFEC 32
Cache control register 2 CCR2 w H'00000000 H'040000B0O 32
(H'A40000B0)*
Note: * When address translation by the MMU does not apply, the address in parentheses should
be used.

5.2 Register Descriptions

5.2.1 Cache Control Register (CCR)

The cache is enabled or disabled using the CE bit in the cache control register (CCR). CCR alsc
has a CF bit (which invalidates all cache entries), and WT and CB bits (which select either write
through mode or write-back mode). Programs that change the contents of the CCR register sho
be placed in address space that is not cached. When updating the contents of the CCR register
4 must always be cleared to 0. Figure 5.2 shows the configuration of the CCR register.
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31 6 5 4 3 2 1 0
— oo o o — | o | 0| cF|cB|wr]|cE]

Bit 5, 4: Always set to 0 when setting the register.

CF: Cache flush bit. Writing 1 flushes all cache entries (clears the V, U, and LRU bits of all
cache entries to 0). Always reads 0. Write-back to external memory is not performed when
the cache is flushed.

CB: Cache write-back bit. Indicates the cache’s operating mode for area P1.
1 = write-back mode, 0 = write-through mode.

WT: Write-through bit. Indicates the cache’s operating mode for areas PO, UO and P3.
1 = write-through mode, 0 = write-back mode.

CE: Cache enable bit. Indicates whether the cache function is used.
1 = cache used, 0 = cache not used.

Figure 5.2 CCR Register Configuration

5.2.2 Cache Control Register 2 (CCR2)

CCR2 register is used to enable or disable the cache locking mechanism in DSP mode (set by C
status register bit 12) only. Executing a prefetch instruction (PREF) in DSP mode will bring the
line of data pointed to by Rn into the cache, according to the setting of CCR2 [9:8] (W3LOAD,
W3LOCK) and [1:0] (W2LOAD, W2LOCK).

When CCR2[9:8]=11, in DSP mode PREF @Rn will bring the data into way 3. When
CCR2[9:8]=00, 01, or 10 in DSP mode, or any setting in non-DSP mode, PREF @Rn will place
the data into the way pointed to by LRU.

When CCR2[1:0]=11, in DSP mode PREF @Rn will bring the data into way 2. When
CCRZ2[1:0]=00, 01, or 10 in DSP mode, or any setting in non-DSP mode, PREF @Rn will place
the data into the way pointed to by LRU.

CCR2 must be set before the cache is enabled (CCR.CE = 1).
When a PREF instruction is issued and there is a cache hit, the operation is treated as NOP.
Figure 5.3 shows the configuration of the CCR2 register.

CCR2 is a write-only register; if read, an undefined value will be returned.

146
HITACHI



31 9 8 7 2 1 0
W3 | W3 w2 | w2

LOAD|LOCK LOAD|LOCK|

W2LOCK: Way 2 lock bit. W2LOAD: Way 2 load bit.

When W2LOCK =1 & W2LOAD =1 & DSP = 1, the prefetched data will always be loaded
into way 2. In all other conditions the prefetched data will be loaded into the way pointed to
by LRU.

W3LOCK: Way 3 lock bit. W3LOAD: Way 3 load bit.

When W3LOCK =1 & W3LOAD =1 & DSP = 1, the prefetched data will always be loaded
into way 3. In all other conditions the prefetched data will be loaded into the way pointed to
by LRU.

Note: W2LOAD and W3LOAD should not be set high at the same time.

Figure 5.3 CCR2 Register Configuration

Whenever CCR2 bit 8 (W3LOCK) or bit 0 (W2LOCK) is high the cache is locked. The locked
data will not be overwritten unless the W3LOCK bit and W2LOCK bit are reset or the PREF
condition in DSP mode matches. In cache locking mode, the LRU values in table 5.2 will be
replaced by those in tables 5.4 to 5.6.

Table 5.4 LRU and Way Replacement (when W2LOCK=1)

LRU (5-0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 11112122 0

Table 5.5 LRU and Way Replacement (when W3LOCK=1)

LRU (5-0) Way to be Replaced
000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2

000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1

110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table 5.6 LRU and Way Replacement (when W2LOCK=1 and W3LOCK=1)

LRU (5-0) Way to be Replaced

000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0
111011, 111100, 111110, 111111

5.3 Cache Operation

5.3.1 Searching the Cache

If the cache is enabled, whenever instructions or data in memory are accessed the cache will be
searched to see if the desired instruction or data is in the cache. Figure 5.4 illustrates the methoc
by which the cache is searched. The cache is a physical cache and holds physical addresses in i
address section.

Entries are selected using bits 11-4 of the address (virtual) of the access to memory and the
address tag of that entry is read. In parallel to reading of the address tag, the virtual address is
translated to a physical address in the MMU. The physical address after translation and the
physical address read from the address section are compared. The address comparison uses all
ways. When the comparison shows a match and the selected entry is valid (V = 1), a cache hit
occurs. When the comparison does not show a match or the selected entry is not valid (V =0), a
cache miss occurs. Figure 5.4 shows a hit on way 1.
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Virtual address

31 12 11 43210
[ [ ]
- -
Entry selection | Longword (LW) selection
Ways 0-3 Ways 0-3
MMU 0 | V| U|Tag address LWO | LW1 | Lw2 | Lw3
1
255 | T
Physical address ; J ; * L,

CMPO|CMP1|CMP2|CMP3

l

Hit signal 1

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

Figure 5.4 Cache Search Scheme (Normal Mode)
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5.3.2 Read Access

Read Hit: In a read access, instructions and data are transferred from the cache to the CPU. The
transfer unit is 32 bits. LRU is updated.

Read Miss: An external bus cycle starts and the entry is updated. The way replaced is the one
least recently used. Entries are updated in 16-byte units. When the desired instruction or data the
caused the miss is loaded from external memory to the cache, the instruction or data is transferre
to the CPU in parallel with being loaded to the cache. When it is loaded in the cache, the U bit is
cleared to 0 and the V bit is set to 1.

5.3.3 Write Access

Write Hit: In a write access in write-back mode, the data is written to the cache and the U bit of
the entry written is set to 1. Writing occurs only to the cache; no external memory write cycle is
issued. In write-through mode, the data is written to the cache and an external memory write cycl
is issued.

Write Miss: In write-back mode, an external write cycle starts when a write miss occurs, and the
entry is updated. The way to be replaced is the one least recently used. When the U bit of the en
to be replaced is 1, the cache fill cycle starts after the entry is transferred to the write-back buffer.
The write-back unit is 16 bytes. Data is written to the cache and the U bit is set to 1. After the
cache completes its fill cycle, the write-back buffer writes the entry back to the memory. In write-
through mode, no write to cache occurs in a write miss; the write is only to the external memory.

5.3.4 Write-Back Buffer

When the U bit of the entry to be replaced in the write-back mode is 1, it must be written back to
the external memory. To increase performance, the entry to be replaced is first transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
external memory. During the write-back cycles, the cache can be accessed. The write-back buffe
can hold one line of cache data (16 bytes) and its physical address. Figure 5.5 shows the
configuration of the write-back buffer.

PA (31-4)|Longword 0 [Longword 1 | Longword 2 | Longword 3

PA (31-4): Physical address written to external memory
Longword 0-3: The line of cache data to be written to
external memory

Figure 5.5 Write-Back Buffer Configuration
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5.35 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LSI and another device is accessed, the latest data may be in a write-back mode
cache, so invalidate the entry that includes the latest data in the cache, generate a write-back, &
update the data in memory before using it. When the caching area is updated by a device other
than the SH7729R, invalidate the entry that includes the updated data in the cache.

5.4 Memory-Mapped Cache

To allow software management of the cache, cache contents can be read and written by means
MOV instructions in privileged mode. The cache is mapped onto the P4 area in virtual address
space. The address array is mapped onto addresses H'FO000000 to H'FOFFFFFF, and the data
array onto addresses H'F1000000 to H'F1FFFFFF. Only longword can be used as the access si
for the address array and data array, and instruction fetches cannot be performed.

54.1 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array, th
32-bit address field (for read/write accesses) and 32-bit data field (for write accesses) must be

specified. The address field specifies information for selecting the entry to be accessed; the dat:
field specifies the address, V bit, U bit, and LRU bits to be written to the address array (figure 5.

@)

In the address field, specify the entry address selecting the entry (bits 11-4), W for selecting the
way (bits 12—-11: in normal mode (8-kbyte cache), 00 is way 0, 01 is way 1, 10 is way 2, and 11
way 3), and H'FO to indicate address array access (bits 31-24).

When writing, specify bit 3 as the A bit. The A bit indicates whether addresses are compared
during writing. When the A bit is 1, the addresses of four entries selected by the entry addresse:
are compared to the addresses to be written into the address array specified in the data field.
Writing takes place to the way that has a hit. When a miss occurs, nothing is written to the addre
array and no operation occurs. The way number (W) specified in bits 12-11 is not used. When t
A bitis 0, it is written to the entry selected with the entry address and way number without
comparing addresses. The address specified by bits 31-10 in the data specification in figure 5.€
(1), address array access, is a virtual address. When the MMU is enabled, the address is transl:
into a physical address, then the physical address is used in comparing addresses when the A |
1. The physical address is written into the address array.

When reading, the address tag, V bit, U bit, and LRU bits of the entry specified by the entry
address and way number (W) are read using the data format shown in figure 5.6 without
comparing addresses. To invalidate a specific entry, specify the entry by its entry address and w
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number, and write 0 to its V bit. To invalidate only an entry for an address to be invalidated,
specify 1 for the A bit.

When an entry for which 0 is written to the V bit has a U bit set to 1, it will be written back. This
allows coherency to be achieved between the external memory and cache by invalidating the
entry. However, when 0 is written to the V bit, 0 must also be written to the U bit of that entry.

In the SH7729R, the upper 3 bits of the 32-bit physical address are treated as a shadow field (se
section 11, Bus State Controller (BSC)). Therefore, when a cache miss occurs, 0 is stored in the
upper 3 bits of the address array address tag.

When using an MOV instruction to modify the address array directly, a nonzero value must not b
written to the upper 3 bits of the address tag.

54.2 Data Array

The data array is mapped onto H'F1000000 to H'F1FFFFFF. To access a data array, the 32-bit
address field (for read/write accesses) and 32-bit data field (for write accesses) must be specifiec
The address field specifies information for selecting the entry to be accessed; the data field
specifies the longword data to be written to the data array (figure 5.6 (2)).

Specify the entry address for selecting the entry (bits 11-4), L indicating the longword position
within the (16-byte) line (bits 3—2: 00 is longword 0, 01 is longword 1, 10 is longword 2, and 11 is
longword 3), W for selecting the way (bits 12—11: in normal mode, 00 is way 0, 01 is way 1, 10 is
way 2, and 11 is way 3), and H'F1 to indicate data array access (bits 31-24).

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

Address specification

Read access

31 24 23 14 13 12 11 3 2 0
[ 1111 0000 Koo * W Entry o] = =
Write access
31 24 23 14 13 12 11 3 2 0
[ 1111 o000 P * W Entry [A] » * *
Data specification
31 30 29 10 9 3 2 1 0
[o]o]o] Address tag (31-10) LRU X X |ul v]
2. Data array access (both read and write accesses)
Address specification
31 24 23 14 13 12 11 3 2 1 0
[ 11110000 | s * W Entry * *

Data specification
31

| Longword

X: 0 for read, don'’t care for write
*: Don't care bit

Figure 5.6 Specifying Address and Data for Memory-Mapped Cache Access
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55 Usage Examples

55.1 Invalidating Specific Entries

Specific cache entries can be invalidated by writing O to the entry’s V bit. When the A bit is 1, the
address tag specified by the write data is compared to the address tag within the cache selected
the entry address, and data is written when a match is found. If no match is found, there is no
operation. RO specifies the write data and R1 specifies the address. When the V bit of an entry in
the address array is set to 0, the entry is written back if the entry’s U bit is 1.

RO=H 01100010; VPN=B' 0000 0001 0001 0000 0000 00, U=0, V=0
; R1=H FO000088; address array access, entry=B 00001000, A=l

MOV. L RO, @l

5.5.2 Reading the Data of a Specific Entry

This example reads the data section of a specific cache entry. The longword indicated in the date
field of the data array in figure 5.6 is read into the register. RO specifies the address and R1 is re:

R1=H F100 004C, data array access, entry=B 00000100, Wy = O,
| ongword address = 3

MOV.L @0,RL ; Longword 3 is read.
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Section 6 X/Y Memory

6.1 Overview

The SH7729R has on-chip X-RAM and Y-RAM. It can be used by the CPU, DSP and DMAC to
store instructions or data.

6.1.1 Features
The X/Y memory features are listed in table 6.1.

Table 6.1  X/Y Memory Specifications

Parameter Features
Addressing User selectable mapping mechanism
method

» Fixed mapping for mission-critical realtime applications (P2/Uxy area)
» Automatic mapping through TLB for easy to use (PO/P3/UQ area)

Ports Three independent read/write ports
e 8-/16-/32-bit access from the CPU

» Maximum of two simultaneous 16-bit accesses, or 16/32-bit accesses,
from the DSP

* 8-/16-/32-bit access from the DMAC

Size 8-kbyte RAM each for X and Y memory
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6.2 XY Memory Access from CPU

The X/Y memory can be located in either a mappable area or fixed-mapped area, depending on
mode bit (MD) and DSP bit (DSP) setting in the status register (SR). Figure 6.1 shows X/Y
memory logical mapping.

1. Privileged Mode
MD =1, DSP = 0: Any physical address in space PO or P3 can map to X/Y memory through
TLB translation. Addresses ranging from H'A500 0000 to H'A5FF FFFF in the P2 space can
also fixed-map to X/Y memory. Since the DSP extension is disabled, the DSP instruction set
and registers are not available to the programmer.

2. User Mode
MD = 0, DSP = 0: Any physical address in the U0 space can access X/Y memory through TLE
translation. Any access to addresses beyond the UO space will cause an address error. Since
DSP extension is disabled, the DSP instruction set and registers are not available to the
programmer.

3. Privileged-DSP Mode
MD =1, DSP = 1: Any physical address in space PO or P3 can map to X/Y memory through
TLB translation. Addresses ranging from H'A500 0000 to H'ASFF FFFF in the P2 space can
also fixed-map to X/Y memory. Since the DSP extension is enabled, the DSP instruction set
and registers are available to the programmer.

4. User-DSP Mode
MD = 0, DSP = 1: Any physical address in space U0 can map to X/Y memory through TLB
translation. Addresses ranging from H'A500 0000 to H'ASFF FFFF in the Uxy spaces can alsc
fixed-map to X/Y memory. Any access outside U0 and Uxy space will cause an address error.
Since the DSP extension is enabled, the DSP instruction set and registers are available to the
programmer.

For the mappable area, the C (cacheable) bit in the TLB entry must be cleared to 0 to guarantee
two-cycle access.

Mapping through TLB translation provides a flexible X/Y memory addressing scheme but takes
two cycles even when the C bit in the TLB entry is cleared to 0. Fixed mapping provides a one-
cycle access for read and two-cycle access for write, which is the appropriate method for mission
critical realtime operations.

The X/Y memory resides in the second 16 Mbytes of physical address space area 1, from H'A50(
0000 to H'A5FF FFFF. This 16-Mbyte address space is shadowed and maps to the same 128-kb
XY ROM/RAM. Figures 6.1 and 6.2 show X/Y memory physical mapping.

156
HITACHI



MD=1,DSP =0

Privileged mode

Same as SH-3
PO When MD =1, CPU can
change DSP flag

P1

P2
P3

P4

MD =0,DSP =0

User mode

uo

Address error

Same as SH-3

When MD = 0, user cannot

change DSP flag

MD=1,DSP=1

Privileged DSP mode

When MD =1, CPU can

PO change DSP flag

Lx JL v |
P1
— / Address range
T e From H'A500 0000
P3 To H'ASFF FFFF
P4

MD=0,DSP =1

User DSP mode

uo

Address error

Address error

I

/ Uxy: Address range

From H'A500 0000
To H'ASFF FFFF

Figure 6.1 X/Y Memory Logical Address Mapping
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4000000

5000000
5020000
XIY Memory

6000000

7FFFFFF

Area 1, 64 Mbytes

I/O register space
16 Mbytes

Reserved area
16 Mbytes

Reserved area
32 Mbytes

5000000

5007000
5008FFF

5010000

5017000
5018FFF

501FFFF

128-kbyte X/Y Memory

X-ROM/X-RAM
Reserved space

X-RAM, 8 kbytes

X-ROM/X-RAM
Reserved space

Y-ROM/X-RAM
Reserved space

Y-RAM, 8 kbytes

Y-ROM/X-RAM
Reserved space

Figure 6.2 X/Y Memory Physical Address Mapping

6.3 X/Y Memory Access from DSP

The X/Y memory can be accessed by the DSP through the X bus and Y bus. Accesses via the X
bus/Y bus are always 16-bit, while accesses via the L bus are either 16-bit or 32-bit. Accesses vi

the X bus and Y bus cannot be specified simultaneously.

6.4 XY Memory Access from DMAC

The X/Y memory also exists on the | bus and can be accessed by the DMAC. DMAC access use
an 8-/16-/32-bit unit. If the | bus accesses X/Y memory simultaneously with an access from the X

bus/Y bus or L bus, the | bus master has a higher priority.

When accessing X/Y memory from the DMAC, use physical addresses in the range H'05000000

H'05FFFFFF.
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Section 7 Interrupt Controller (INTC)

7.1 Overview

The interrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to process interrupt requests according to the user-set priority.

7.1.1 Features
The INTC has the following features:

« 16 levels of interrupt priority can be set: By setting the five interrupt-priority registers, the
priorities of on-chip peripheral module, IRQ, and PINT interrupts can be selected from 16
levels for individual request sources.

« NMI noise canceler function: An NMI input-level bit indicates the NMI pin state. By reading
this bit in the interrupt exception service routine, the pin state can be checked, enabling it to |
used as a noise canceler.

< External devices can be notified that an interrupt has been recEN@@((T): When the
SH7729R has released the bus, the external bus master can be notified that an external
interrupt, an on-chip peripheral module interrupt, or a memory refresh request has occurred,
enabling the bus to be requested.

159
HITACHI



7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the INTC.

[ |
IRQOUT ::
_ NME ——>
IRL3-IRLO —:T> Inout/output »
TRLS3-TRLS0 ———~—»f PO Pu
[ control
IRQO-IRQ5 —:—»6L> »
PINTO-PINT15 —+—~—
116 A
Interrupt request;
DMAC pt request) >
(Interrupt request)
IrDA > .
SCIF (Interrupt request) Priority
o (Interrupt request) identifier
ADC (Ilnterrupt request) .
Interrupt request;
™y pt request) .
c (Interrupt request) 4
RT (Interrupt request) 4
VI\?lEl (Interrupt request/ q
I'refresh request) "
Interrupt r
H-UDI (I terrupt request) >
| A
|
|
|
|
| PR
BRI = ]
|
: IPRA-IPRE
|
|
|
| < Bus
: interface
|
Legend e e
T™MU : Timer unit INTC
RTC : Realtime clock unit
SCI : Serial communication interface
IrDA : Serial communication interface (with IrDA)
SCIF : Serial communication interface (with FIFO)
WDT : Watchdog timer
REF : Refresh requests in the bus state controller
ICR : Interrupt control register
IPRA-IPRE : Interrupt priority registers A—E
SR : Status register
DMAC : Direct memory access controller
ADC : Analog-to-digital converter
H-UDI : Hitachi user-debugging interface

Interrupt
request

SR
13[12]12]io]

CPU

Internal bus

Figure 7.1 Block Diagram of INTC
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7.1.3 Pin Configuration
Table 7.1 shows the INTC pin configuration.

Table 7.1 INTC Pins

Name Abbreviation /O  Description
Nonmaskable interrupt input pin NMI I Input of interrupt request signal, not
maskable by the interrupt mask bits in
SR
Interrupt input pins IRQ5-IRQO0 | Input of interrupt request signals,
IRL3-IRLO maskable by the interrupt mask bits in
IRLS3-IRLSO SR
Port interrupt input pins PINTO-PINT15 | Input of port interrupt request signals,
maskable by the interrupt mask bits in
SR
Interrupt request output pin IRQOUT O Output of signal that notifies external

devices that an interrupt source or
memory refresh has occurred
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7.1.4 Register Configuration

The INTC has the 12 registers listed in table 7.2.

Table 7.2  INTC Registers
Access
Name Abbr. R/W Initial Value *' Address Size
Interrupt control register O ICRO R/W  *2 H'FFFFFEEO 16
Interrupt control register 1 ICR1 R/W  H'0000 H'04000010 16
(H'A4000010)**
Interrupt control register 2 ICR2 R/W  H'0000 H'04000012 16
(H'A4000012)*°
PINT interrupt enable register PINTER R/W H'0000 H'04000014 16
(H'A4000014)*3
Interrupt priority register A IPRA R/W  H'0000 H'FFFFFEE2 16
Interrupt priority register B IPRB R/W  H'0000 H'FFFFFEE4 16
Interrupt priority register C IPRC R/W  H'0000 H'04000016 16
(H'A4000016)*?
Interrupt priority register D IPRD R/W  H'0000 H'04000018 16
(H'A4000018)**
Interrupt priority register E IPRE R/W  H'0000 H'0400001A 16
(H'A400001A)*3
Interrupt request register 0 IRRO R/W H'00 H'04000004 8
(H'A4000004)**
Interrupt request register 1 IRR1 R H'00 H'04000006 8
(H'A4000006)**
Interrupt request register 2 IRR2 R H'00 H'04000008 8
(H'A4000008)**

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

*2 H'8000 when the NMI pin is high, H'0000 when the NMI pin is low.
*3 When address translation by the MMU does not apply, the address in parentheses

should be used.
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7.2 Interrupt Sources

There are five types of interrupt sources: NMI, IRQ, IRL,PINT, and on-chip peripheral modules.
Each interrupt has a priority level (0-16), with O the lowest and 16 the highest. Priority level O
masks an interrupt.

7.2.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BLMSK bit in the interrupt
control register (ICR1) is 1 or the BL bit in the status register (SR) is 0, NMI interrupts are
accepted when the MAI bit in the ICR1 register is 0. NMI interrupts are edge-detected. In sleep
standby mode, the interrupt is accepted regardless of the BL setting. The NMI edge select bit
(NMIE) in the interrupt control register 0 (ICRO) is used to select either rising or falling edge
detection. When the NMIE bit in the ICRO register is changed, an NMI interrupt is not detected fi
20 cycles after changing ICR0O. NMIE to avoid a false detection of NMI. NMI interrupt exception
handling does not affect the interrupt mask level bits (I13—10) in the status register (SR).

When the BL bit is 1 and the BLMSK bit in the ICRL1 register is set to 1 and only NMI interrupts
are accepted, the SPC register and SSR register are updated by the NMI interrupt handler, mak
it impossible to return to the original processing from exception handling initiated prior to the
NMI interrupt. Use should therefore be restricted to cases where return is not necessary.

It is possible to wake the chip up from the standby state with an NMI interrupt (except when the
MAI bit in the ICR1 register is set to 1).

7.2.2 IRQ Interrupts

IRQ interrupts are input by level or edge from pins IRQO-IRQ5. The priority level can be set by
interrupt priority registers C-D (IPRC—IPRD) in a range from 0 to 15.

When using edge-sensing for IRQ interrupts, clear the interrupt source by having software read
from the corresponding bit in IRRO, then write O to the bit.

When the ICR1 register is rewritten, IRQ interrupts may be mistakenly detected, depending on t
pin states. To prevent this, rewrite the register while interrupts are masked, then release the ma
after clearing the illegal interrupt by writing O to interrupt request register 0 (IRRO).

Edge input interrupt detection requires input of a pulse width of more than two cycles on a P clo
basis.

The interrupt mask bits (13—10) in the status register (SR) are not affected by IRQ interrupt
handling.
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Interrupts IRQ4—-IRQO can wake the chip up from the standby state when the relevant interrupt
level is higher than the setting of 13—10 in the SR register (but only when the RTC 32-kHz
oscillator is used).

7.2.3 IRL Interrupts

IRL interrupts are input by level at piiRL3—IRL0O andIRLS3—IRLS0. IRLS3-IRLSO are

enabled when the IRQLVL bit and IRLSEN bit in interrupt control register 1 (ICR1) are both 1.
The priority level is the higher level indicated by piR$.3—IRLO andIRLS3-IRLS0. An IRL3—
IRLO/IRLS3-IRLSO value of 0 (0000) indicates the highest-level interrupt request (interrupt
priority level 15). A value of 15 (1111) indicates no interrupt request (interrupt priority level 0).
Figure 7.2 shows an example of IRL interrupt connection. Table 7.3 SROARLS pins and
interrupt levels.

SH7729R
E—
Interrupt —————— | Priority 4 _
request % encoder ————»={ IRL3 to IRLO
— IRL3 to IRLO
E—
. 4 L
E—
oot 5 prionty ———={ IRLS3 to IRLSO
request ————— encoder
—— IRLS3 to IRLSO

Figure 7.2 Example of IRL Interrupt Connection
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Table 7.3 IRL3-IRLO/IRLS3-IRLS0 Pins and Interrupt Levels

IRL3/ IRL2/ IRL1/ IRLO/
IRLS3 IRLS2 IRLS1 IRLSO Interrupt Priority Level Interrupt Request

0 0 0 0 15 Level 15 interrupt request

14 Level 14 interrupt request

13 Level 13 interrupt request

12 Level 12 interrupt request

11 Level 11 interrupt request

=
o

Level 10 interrupt request

Level 9 interrupt request

Level 8 interrupt request

Level 7 interrupt request

Level 6 interrupt request

Level 5 interrupt request

Level 4 interrupt request

Level 3 interrupt request

Level 2 interrupt request

Level 1 interrupt request

RPlRr|Rr|RPr|RPr|Rr|r|r|o]lo|]o|o|o|o]|o
Rlkr|Rr|lFP|lOojlOo|lO|O|R|FRP|R|FR|O|O|O
Rr|lkr|lolO|Rr|FP|O|O|R|RPR|O|O|R|FL|O
Rrlo|lRr| lO|lRPR| O|RPR|O|R|O|R|O|R|O|R

OIRPIN W Al OO |N|©|©O©

No interrupt request

A noise-cancellation feature is built in, and the IRL interrupt is not detected unless the levels
sampled at every peripheral module clock cycle remain unchanged for two consecutive cycles,
that no transient level on tARL/IRLS pin change is detected. In standby mode, as the peripheral
clock is stopped, noise cancellation is performed using the 32-kHz clock for the RTC instead.
Therefore when the RTC is not used, interruption by means of IRL interrupts cannot be perform:
in standby mode.

The priority level of the IRL interrupt must not be lowered until the interrupt is accepted and
interrupt handling starts. However, the priority level can be changed to a higher one.

The interrupt mask bits (13—10) in the status register (SR) are not affeci®LHRLS interrupt
handling.

If the interrupt level of an IRL interrupt is higher than the setting in bits 13-10 in the SR register, it
can be used to recover from the standby state (but only when using the RTC 32-kHz oscillator).
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724 PINT Interrupts

PINT interrupts are input by level from pins PINTO—PINT15. The priority level can be set by
interrupt priority register D (IPRD) in a range from O to 15, in groups of PINTO—PINT7 and
PINT8—PINT15.

The PINT interrupt level should be held until the interrupt is accepted and interrupt handling is
started.

The interrupt mask bits (I13-10) in the status register (SR) are not affected by PINT interrupt
handling.

PINT interrupts can wake the chip up from the standby state when the relevant interrupt level is
higher than the setting of I3—10 in the SR register (but only when the RTC 32-kHz oscillator is
used).

7.25 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the following ten modules:

* Timer unit (TMU)

e Realtime clock (RTC)

» Serial communication interfaces (SCI, IrDA, SCIF)
e Bus state controller (BSC)

* Watchdog timer (WDT)

« Direct memory access controller (DMAC)

* Analog-to-digital converter (ADC)

« Hitachi user-debugging interface (H-UDI)

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

A priority level (from 0 to 15) can be set for each module except H-UDI by writing to interrupt
priority registers A, B and E (IPRA, IPRB, and IPRE). The priority level of the H-UDI interrupt is
15 (fixed).

The interrupt mask bits (13—10) in the status register are not affected by on-chip peripheral module
interrupt handling.

TMU and RTC interrupts can wake the chip up from the standby state when the relevant interrup
level is higher than the setting of I13—10 in the SR register (but only when the RTC 32-kHz
oscillator is used).
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7.2.6 Interrupt Exception Handling and Priority

Tables 7.4 and 7.5 list the codes for the interrupt event registers (INTEVT and INTEVT2), and tt
order of interrupt priority. Each interrupt source is assigned a unique code. The start address of
interrupt service routine is common to each interrupt source. This is why, for instance, the value
INTEVT or INTEVT2 is used as offset at the start of the interrupt service routine and branched ti
in order to identify the interrupt source.

The priority of the on-chip peripheral module, IRQ, and PINT interrupts is set within priority
levels 0—-15 as required by using interrupt priority registers A—E (IPRA-IPRE). The priority of the
on-chip peripheral module, IRQ, and PINT interrupts is set to 0 by a reset.

When the priorities of multiple interrupt sources are set to the same level and such interrupts are
generated simultaneously, they are handled according to the default order shown in tables 7.4 &
7.5.
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Table 7.4  Interrupt Exception Handling Sources and Priority (IRQ Mode)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
NMI H'1CO (H'1CO0) 16 — — High
H-UDI H'SEQ (H'5EQ) 15 — — 4
IRQ  IRQO H'200-3C0* (H'600)  0-15 (0) IPRC (3-0) —

IRQ1 H'200-3C0* (H'620)  0-15 (0) IPRC (7-4) —

IRQ2 H'200-3C0* (H'640)  0-15 (0) IPRC (11-8) —

IRQ3 H'200-3C0* (H'660)  0-15 (0) IPRC (15-12) —

IRQ4 H'200-3C0* (H'680) 0-15 (0) IPRD (3-0) —

IRQ5 H'200-3C0* (H'6A0) 0-15 (0) IPRD (7-4) —
PINT  PINTO-7 H'200-3C0* (H'700)  0-15 (0) IPRD (15-12) —

PINT8-15  H'200-3CO0* (H'720) 0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0* (H'800)  0-15 (0) IPRE (15-12) High

DEI1 H'200-3C0* (H'820)

DEI2 H'200-3C0* (H'840) I

DEI3 H'200-3C0* (H'860) Low
I'DA  ERI1 H'200-3C0* (H'880)  0-15 (0) IPRE (11-8) High

RXI1 H'200-3C0* (H'8A0)

BRI1 H'200-3C0* (H'8CO0)

TXI1 H'200-3CO0* (H'8EO) Low
SCIF  ERI2 H'200-3C0* (H'900)  0-15 (0) IPRE (7-4)  High

RXI2 H'200-3C0* (H'920)

BRI2 H'200-3C0* (H'940)

TXI2 H'200-3C0* (H'960) Low
ADC  ADI H'200-3C0* (H'980)  0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMU1 TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2  TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High v

TICPI2 H'460 (H'460) Low Low
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Table 7.4  Interrupt Exception Handling Sources and Priority (IRQ Mode) (cont)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
RTC  ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High High

PRI H'4A0 (H'4A0) ¢

CuUl H'4CO0 (H'4C0) Low
SCI0  ERI H'4EQ (H'4E0) 0-15 (0) IPRB (3-0)  High

RXI H'500 (H'500)

TXI H'520 (H'520)

TEI H'540 (H'540) Low
WDT Tl H'560 (H'560) 0-15 (0) IPRB (15-12) —
REF  RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High

ROVI H'5A0 (H'5A0) Low Low
Note: * The code corresponding to an interrupt level shown in table 7.6 is set.
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Table 7.5 Interrupt Exception Handling Sources and Priority (IRL Mode)
Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
NMI H'1CO (H'1CO0) 16 — — High
H-UDI H'5EQ (H'5E0) 15 — — i
IRL  TRL(3:0) ** = 0000 H'200 (H'200) 15 — —

IRL(3:0)* = 0001 H'220 (H'220) 14 — —

TRL(3:0) *2 = 0010 H'240 (H'240) 13 — —

TRL(3:0)* = 0011 H'260 (H'260) 12 — —

IRL(3:0) ** = 0100 H'280 (H'280) 11 — —

TRL(3:0) ** = 0101 H'2A0 (H'2A0) 10 — —

TRL(3:0) *2 = 0110 H'2CO (H'2CO) 9 — —

IRL(3:0) ** = 0111 H'2E0 (H'2E0) 8 — —

TRL(3:0) **= 1000 H'300 (H'300) 7 — —

TRL(3:0) *2 = 1001 H'320 (H'320) 6 — —

IRL(3:0) ** = 1010 H'340 (H'340) 5 — —

TRL(3:0) ** = 1011 H'360 (H'360) 4 — —

TRL(3:0) *2 = 1100 H'380 (H'380) 3 — —

IRL(3:0) ** = 1101 H'3A0 (H'3A0) 2 — —

TRL(3:0) ** = 1110 H'3CO0 (H'3C0) 1 — —
IRQ IRQ4 H'200-3C0** (H'680) 0—15 (0) IPRD (3-0) —

IRQ5 H'200-3C0*! (H'6A0) 0-15 (0) IPRD (7-4) —
PINT  PINTO-7 H'200-3C0*! (H'700) 0-15 (0) IPRD (15-12) —

PINT8-15 H'200-3C0** (H'720) 0-15 (0) IPRD (11-8) —
DMAC DEIO H'200-3C0*! (H'800) 0-15 (0) IPRE (15-12) High

DEI1 H'200-3C0** (H'820)

DEI2 H'200-3C0** (H'840)

DEI3 H'200-3C0** (H'860) Low
I'DA  ERI1 H'200-3C0** (H'880) 0-15 (0) IPRE (11-8) High

RXI1 H'200-3C0*! (H'8A0)

BRI1 H'200-3C0** (H'8CO0) I v

TXI1 H'200-3C0** (H'8EQ) Low Low
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Table 7.5

Interrupt Exception Handling Sources and Priority (IRL Mode) (cont)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IPR  Default
Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting Unit  Priority
SCIF  ERI2 H'200-3C0*! (H'900) 0-15 (0) IPRE (7-4)  High High
RXI2 H'200-3C0** (H'920) A
BRI2 H'200-3C0*! (H'940)
TXI2 H'200-3C0** (H'960) Low
ADC  ADI H'200-3C0** (H'980) 0-15 (0) IPRE (3-0) —
TMUO TUNIO H'400 (H'400) 0-15 (0) IPRA (15-12) —
TMU1 TUNI1 H'420 (H'420) 0-15 (0) IPRA (11-8) —
TMU2 TUNI2 H'440 (H'440) 0-15 (0) IPRA (7-4)  High
TICPI2 H'460 (H'460) Low
RTC ATI H'480 (H'480) 0-15 (0) IPRA (3-0)  High
PRI H'4A0 (H'4A0) i
CuUl H'4CO0 (H'4CO0) Low
SCI0  ERI H'4EQ (H'4E0) 0-15 (0) IPRB (7-4)  High
RXI H'500 (H'500)
TXI H'520 (H'520)
TEI H'540 (H'540) Low
WDT Tl H'560 (H'560) 0-15 (0) IPRB (15-12) —
REF RCMI H'580 (H'580) 0-15 (0) IPRB (11-8) High v
ROVI H'5A0 (H'5A0) Low Low
Notes: *1 The code corresponding to an interrupt level shown in table 7.6 is set.

*2 When IRLS3-IRLSO0 are enabled, IRL is the higher level of IRL3—-IRL0 and IRLS3-

IRLSO.

HITACHI
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Table 7.6  Interrupt Levels and INTEVT Codes
Interrupt level INTEVT Code
15 H'200

14 H'220

13 H'240

12 H'260

11 H'280

10 H'2A0

9 H'2CO0

8 H'2EO0

7 H'300

6 H'320

5 H'340

4 H'360

3 H'380

2 H'3A0

1 H'3CO
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7.3 INTC Registers

7.3.1 Interrupt Priority Registers A to E (IPRA-IPRE)

Interrupt priority registers A to E (IPRA to IPRE) are 16-bit readable/writable registers in which
priority levels from 0 to 15 are set for on-chip peripheral module, IRQ, and PINT interrupts. Thes
registers are initialized to H'0000 by a power-on reset or manual reset, but are not initialized in
standby mode.

Bit: 15 14 13 12 11 10 9 8

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Table 7.7 lists the relationship between the interrupt sources and the IPRA—IPRE bits.

Table 7.7  Interrupt Request Sourcesand IPRA-IPRE

Register Bits 15to 12 Bits 11t0 8 Bits 7to 4 Bits 3to 0
IPRA TMUO TMU1L T™MU2 RTC

IPRB WDT REF SCIO Reserved*
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTO to PINT7 PINT8 to PINT15 IRQ5 IRQ4
IPRE DMAC IrDA SCIF ADC

Note: * Always read as 0. Only 0 should be written.

As shown in table 7.7, on-chip peripheral module, IRQ, or PINT interrupts are assigned to four 4
bit groups in each register. These 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 t
0) are set with values from H'0 (0000) to H'F (1111). Setting H'O means priority level 0 (masking
is requested); H'F is priority level 15 (the highest level). A reset initializes IPRA-IPRE to H'0000
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7.3.2 Interrupt Control Register 0 (ICRO)

ICRO is a register that sets the input signal detection mode of external interrupt input pin NMI, an
indicates the input signal level at the NMI pin. This register is initialized to H'0000 or H'8000 by a
power-on reset or manual reset, but is not initialized in standby mode.

Bit: 15 14 13 12 11 10 9 8
o | — = ] = = [ = [ — ] NmE
Initial value: 0/1* 0 0 0 0 0 0 0
R/W: R R R R R R R R/W
Bit: 7 6 5 4 3 2 1 0
-l -l -1 -1-]T=-17T-1=1
Initial value: 0 0 0 0 0 0 0 0
R/W: R R R R

Note: * when NMI input is high, 0 when NMI input is low.

Bit 15—NMI Input Level (NMIL): Sets the level of the signal input at the NMI pin. This bit can
be read to determine the NMI pin level. This bit cannot be modified.

Bit 15: NMIL Description

0 NMI input level is low

1 NMI input level is high

Bit 8—NMI Edge Select (NMIE): Selects whether the falling or rising edge of the interrupt
request signal at the NMI pin is detected.

Bit 8: NMIE Description

0 Interrupt request is detected on falling edge of NMI input

1 Interrupt request is detected on rising edge of NMI input

Bits 14 to 9 and 7 to 0—Reservedfhese bits are always read as 0. The write value should
always be 0.
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7.3.3 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pins IRQO f
IRQS individually: rising edge, falling edge, or low level. This register is initialized to H'4000 by a
power-on reset or manual reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
| MAI | IRQLVL| BLMSK | IRLSEN| IRQ51S | IRQ50S | IRQ41S| IRQ40S |
Initial value: 0 1 0 0 0 0 0 0

R/W: R/W R/W R/W RwW R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ IRQ31$‘ IRQ3OS‘ IRQZlS‘ IRQZOS‘ IRQllS‘ IRQlOS‘ IRQOlS‘ IRQOOS‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15—Mask All Interrupts (MAI): When set to 1, all interrupt requests are masked while a
low level is being input to the NMI pin. Masks NMI interrupts in standby mode.

Bit 15: MAI Description
0 All interrupt requests are not masked when NMI pin is low level (Initial value)
1 All interrupt requests are masked when NMI pin is low level

Bit 14—Interrupt Request Level Detect (IRQLVL): Selects whether the IRQ3—-IRQO pins are
used as four independent interrupt pins or as 15-level interrupt pins encaég-dRL0.

Bit 14: IRQLVL Description

0 Used as four independent interrupt request pins IRQ3-IRQ0

1 Used as 15-level interrupt pins encoded as IRL3-IRLO (Initial value)

Bit 13—BL Bit Mask (BLMSK): Specifies whether NMI interrupts are masked when the BL bit
in the SR register is 1.

Bit 13: BLMSK Description

0 NMI interrupts are masked when BL bit is 1 (Initial value)

1 NMI interrupts are accepted regardless of BL bit setting
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Bit 12—IRLS Enable (IRLSEN): Enables pin$RLS3-IRLSO0. This bit is valid only when the
IRQLVL bit is 1.

Bit 12: IRLSEN Description
0 Pins IRLS3-IRLSO disabled (Initial value)
1 Pins IRLS3-IRLSO0 enabled

Bits 11 and 10—IRQ5 Sense Select (IRQ51S, IRQ50Select whether the interrupt signal to
the IRQ5 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 11: IRQ51S Bit 10: IRQ50S Description

0 0 An interrupt request is detected at IRQ5 input falling edge
(Initial value)
1 An interrupt request is detected at IRQS5 input rising edge
1 0 An interrupt request is detected at IRQ5 input low level
1 Reserved

Bits 9 and 8—IRQ4 Sense Select (IRQ41S, IRQ40Select whether the interrupt signal to the
IRQ4 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 9: IRQ41S Bit8:IRQ40S Description

0 0 An interrupt request is detected at IRQ4 input falling edge
(Initial value)
1 An interrupt request is detected at IRQ4 input rising edge
1 0 An interrupt request is detected at IRQ4 input low level
Reserved

Bits 7 and 6—IRQ3 Sense Select (IRQ31S, IRQ30Jelect whether the interrupt signal to the
IRQ3 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 7: IRQ31S Bit6: IRQ30S Description

0 0 An interrupt request is detected at IRQ3 input falling edge
(Initial value)

An interrupt request is detected at IRQ3 input rising edge

1 0 An interrupt request is detected at IRQ3 input low level

Reserved
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Bits 5 and 4—IRQ2 Sense Select (IRQ21S, IRQ20[elect whether the interrupt signal to the
IRQ2 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 5: IRQ21S Bit4: IRQ20S Description
0 0 An interrupt request is detected at IRQ2 input falling edge
(Initial value)
An interrupt request is detected at IRQ2 input rising edge
1 0 An interrupt request is detected at IRQ2 input low level

Reserved

Bits 3 and 2—IRQ1 Sense Select (IRQ11S, IRQ10elect whether the interrupt signal to the
IRQ1 pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 3: IRQ11S Bit2: IRQ10S Description
0 0 An interrupt request is detected at IRQ1 input falling edge
(Initial value)
An interrupt request is detected at IRQ1 input rising edge
1 0 An interrupt request is detected at IRQ1 input low level
1 Reserved

Bits 1 and 0—IRQO Sense Select (IRQO1S, IRQO0Select whether the interrupt signal to the
IRQO pin is detected at the rising edge, at the falling edge, or at the low level.

Bit 1: IRQO1S Bit0: IRQO0S Description
0 0 An interrupt request is detected at IRQO input falling edge
(Initial value)
An interrupt request is detected at IRQO input rising edge
1 0 An interrupt request is detected at IRQO input low level
1 Reserved
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7.3.4 Interrupt Control Register 2 (ICR2)

ICR2 is a 16-bit readable/writable register that sets the detection mode for external interrupt inpu
pins PINTO to PINT15. This register is initialized to H'0000 by a power-on reset or manual reset,
but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSS‘PINTMS‘PINT13S‘PINT14S‘PINTllS‘PINTlOS‘ PINTQS‘ PINTSS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
‘ PINT?S‘ PINTGS‘ PINTSS‘ PINT4S‘ PINT3S‘ PINTZS‘ PINTlS‘ PINTOS‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 0—PINT15 to PINTO Sense Select (PINT15S to PINTOS3elect whether interrupt
request signals to PINT15 to PINTO are detected at the low level or high level.

Bit 15-0:
PINT15S to PINTOS Description
0 Interrupt requests are detected at low level input to the PINT pin
(Initial value)
1 Interrupt requests are detected at high level input to the PINT pin
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7.3.5 PINT Interrupt Enable Register (PINTER)

PINTER is a 16-bit readable/writable register that enables interrupt requests input to external
interrupt input pins PINTO to PINT15. This register is initialized to H'0000 by a power-on reset ol
manual reset, but is not initialized in standby mode.

Bitt 15 14 13 12 11 10 9 8
‘PINTlSE‘PINT14E‘PINT13E‘PINT12E‘PINTllE‘PINTlOE‘ PINTQE‘ PINTSE \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
‘ PINT7E‘ PINTGE‘ PINTSE‘ PINT4E‘ PINT3E‘ PINTZE‘ PINTlE‘ PINTOE‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bits 15 to 0—PINT15 to PINTO Interrupt Enable (PINT15E to PINTOE): Enable or diable
interrupt request input to pins PINT15 to PINTO.

Bit 15-0:

PINT15E to PINTOE Description

0 PINT input interrupt requests disabled (Initial value)
1 PINT input interrupt requests enabled

When all or some of pins PINTO-PINT15 are not used for interrupt input, bits corresponding to
pins not used as interrupt request pins should be cleared to 0.
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7.3.6 Interrupt Request Register 0 (IRRO)

IRRO is an 8-bit register that indicates interrupt requests from external input pins IRQO to IRQ5
and PINTO to PINT15. This register is initialized to H'00 by a power-on reset or manual reset, but
is not initialized in standby mode.

Bitt 7 6 5 4 3 2 1 0
| PINTOR | PINTIR| IRQSR | IRQ4R | IRQ3R | IRQ2R | IRQIR | IRQUR |
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW RW RW RW RW RW

When clearing an IRQ5R—-IRQOR bit to 0, read the bit while bit set to 1, and then write 0. Only O
can be written to bits IRQ5R-IRQOR.

Bit 7—PINTO to PINT7 Interrupt Request (PINTOR): Indicates whether there is interrupt
request input to pins PINTO to PINT7.

Bit 7: PINTOR  Description
0 No interrupt request to pins PINTO to PINT7 (Initial value)

1 Interrupt to pins PINTO to PINT7

Bit 6—PINT8 to PINT15 Interrupt Request (PINT1R): Indicates whether there is interrupt
request input to pins PINT8 to PINT15.

Bit 6: PINTAIR  Description

0 No interrupt request input to pins PINT8 to PINT15 (Initial value)

1 Interrupt request input to pins PINT8 to PINT15

Bit 5—IRQ5 Interrupt Request (IRQ5R): Indicates whether there is interrupt request input to
the IRQ5 pin. When edge detection mode is set for IRQ5, an interrupt request is cleared by
clearing the IRQ5R bit.

Bit 5: IRQ5R Description

0 No interrupt request input to IRQ5 pin (Initial value)
1 Interrupt request input to IRQ5 pin
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Bit 4—IRQ4 Interrupt Request (IRQ4R): Indicates whether there is interrupt request input to
the IRQ4 pin. When edge detection mode is set for IRQ4, an interrupt request is cleared by
clearing the IRQ4R bit.

Bit 4: IRQ4R Description

0 No interrupt request input to IRQ4 pin (Initial value)

1 Interrupt request input to IRQ4 pin

Bit 3—IRQ3 Interrupt Request (IRQ3R): Indicates whether there is interrupt request input to
the IRQ3 pin. When edge detection mode is set for IRQ3, an interrupt request is cleared by
clearing the IRQ3R bhit.

Bit 3: IRQ3R Description

0 No interrupt request input to IRQ3 pin (Initial value)

1 Interrupt request input to IRQ3 pin

Bit 2—IRQ2 Interrupt Request (IRQ2R): Indicates whether there is interrupt request input to
the IRQ2 pin. When edge detection mode is set for IRQ2, an interrupt request is cleared by
clearing the IRQ2R bit.

Bit 2: IRQ2R Description

0 No interrupt request input to IRQ2 pin (Initial value)

1 Interrupt request input to IRQ2 pin

Bit 1—IRQ1 Interrupt Request (IRQ1R): Indicates whether there is interrupt request input to
the IRQ1 pin. When edge detection mode is set for IRQ1, an interrupt request is cleared by
clearing the IRQ1R bit.

Bit 1: IRQ1R Description

0 No interrupt request input to IRQ1 pin (Initial value)

1 Interrupt request input to IRQ1 pin

Bit 0—IRQO Interrupt Request (IRQOR): Indicates whether there is interrupt request input to
the IRQO pin. When edge detection mode is set for IRQO, an interrupt request is cleared by
clearing the IRQOR bit.

Bit 0: IRQOR Description

0 No interrupt request input to IRQO pin (Initial value)

1 Interrupt request input to IRQO pin
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7.3.7 Interrupt Request Register 1 (IRR1)

IRR1 is an 8-bit read-only register that indicates whether DMAC or IrDA interrupt requests have
been generated. This register is initialized to H'00 by a power-on reset or manual reset, but is nof
initialized in standby mode.

Bitt 7 6 5 4 3 2 1 0

| TXIIR | BRIIR | RXIIR | ERIIR | DEI3R | DEI2R | DEIIR | DEIOR |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R

Bit 7—TXI1 Interrupt Request (TXI1R): Indicates whether a TXI1 (IrDA) interrupt request has
been generated.

Bit 7: TXI1 Description
0 TXI1 interrupt request not generated (Initial value)
1 TXI1 interrupt request generated

Bit 6—BRI1 Interrupt Request (BRI1R): Indicates whether a BRI1 (IrDA) interrupt request has
been generated.

Bit 6: BRI1IR Description

0 BRI1 interrupt request not generated (Initial value)

1 BRI1 interrupt request generated

Bit 5—RXI1 Interrupt Request (RXI1R): Indicates whether an RXI1 (IrDA) interrupt request
has been generated.

Bit 5: RXI1R Description

0 RXI1 interrupt request not generated (Initial value)

1 RXI1 interrupt request generated

Bit 4—ERI1 Interrupt Request (ERI1R): Indicates whether an ERI1 (IrDA) interrupt request
has been generated.

Bit 4: ERI1IR Description

0 ERI1 interrupt request not generated (Initial value)
1 ERI1 interrupt request generated
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Bit 3—DEI3 Interrupt Request (DEI3R): Indicates whether a DEI3 (DMAC) interrupt request
has been generated.

Bit 3: DEI3R Description
0 DEI3 interrupt request not generated (Initial value)
1 DEI3 interrupt request generated

Bit 2—DEI2 Interrupt Request (DEI2R): Indicates whether a DEI2 (DMAC) interrupt request
has been generated.

Bit 2: DEI2R Description
0 DEI2 interrupt request not generated (Initial value)
1 DEI2 interrupt request generated

Bit 1—DEI1 Interrupt Request (DEI1R): Indicates whether a DEI1 (DMAC) interrupt request
has been generated.

Bit 1: DEI1IR Description
0 DEI1 interrupt request not generated (Initial value)
1 DEI1 interrupt request generated

Bit 0—DEIO Interrupt Request (DEIOR): Indicates whether a DEIO (DMAC) interrupt request
has been generated.

Bit 0: DEIOR Description
0 DEIO interrupt request not generated (Initial value)
1 DEIO interrupt request generated

7.3.8 Interrupt Request Register 2 (IRR2)

IRR2 is an 8-bit read-only register that indicates whether an A/D converter or SCIF interrupt
request has been generated. This register is initialized to H'00 by a power-on reset or manual re
but is not initialized in standby mode.

Bitt 7 6 5 4 3 2 1 0

\ — \ — \ — \ ADIR \ TXI2R \ BRI2R \ RXI2R \ ERI2R \
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R R R
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Bits 7 to 5—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 4—ADI Interrupt Request (ADIR): Indicates whether an ADI (ADC) interrupt request has
been generated.

Bit 4: ADIR Description
0 ADI interrupt request not generated (Initial value)
1 ADI interrupt request generated

Bit 3—TXI2 Interrupt Request (TXI2R): Indicates whether a TXI2 (SCIF) interrupt request has
been generated.

Bit 3: TXI2R Description
0 TXI2 interrupt request not generated (Initial value)
1 TXI2 interrupt request generated

Bit 2—BRI2 Interrupt Request (BRI2R): Indicates whether a BRI2 (SCIF) interrupt request has
been generated.

Bit 2: BRI2R Description
0 BRI2 interrupt request not generated (Initial value)
1 BRI2 interrupt request generated

Bit 1—RXI2 Interrupt Request (RXI2R): Indicates whether an RXI2 (SCIF) interrupt request
has been generated.

Bit 1: RXI2R Description
0 RXI2 interrupt request not generated (Initial value)
1 RXI2 interrupt request generated

Bit 0—ERI2 Interrupt Request (ERI2R): Indicates whether an ERI2 (SCIF) interrupt request
has been generated.

Bit 0: ERI2R Description

0 ERI2 interrupt request not generated (Initial value)
1 ERI2 interrupt request generated
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7.4 INTC Operation

7.4.1 Interrupt Sequence

The sequence of interrupt operations is described below. Figure 7.3 is a flowchart of the
operations.

1.
2.

© N oo

The interrupt request sources send interrupt request signals to the interrupt controller.

The interrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers A to E (IPRA to IPRE). Lower
priority interrupts are held pending. If two of these interrupts have the same priority level or if
multiple interrupts occur within a single module, the interrupt with the highest default priority
or the highest priority within its IPR setting unit (as indicated in tables 7.4 and 7.5) is selectec

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (13—10) in the status register (SR) of the CPU. If the request priority level i
higher than the level in bits 13—10, the interrupt controller accepts the interrupt and sends an
interrupt request signal to the CPU. When the interrupt controller receives an interrupt, a low
level is output from théRQOUT pin.

Detection timing: The INTC operates, and notifies the CPU of interrupt requests, in
synchronization with the peripheral clockpjPThe CPU receives an interrupt at a break in
instructions.

The interrupt source code is set in the interrupt event registers (INTEVT and INTEVT2).

The status register (SR) and program counter (PC) are saved to SSR and SPC, respectively
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.

The CPU jumps to the start address of the interrupt handler (the sum of the value set in the
vector base register (VBR) and H'00000600). This jump is not a delayed branch. The interruj
handler may branch with the INTEVT and INTEVT2 register value as its offset in order to
identify the interrupt source. This enables it to branch to the handling routine for the individuz
interrupt source.

Notes: 1. The interrupt mask bits (13—10) in the status register (SR) are not changed by

acceptance of an interrupt in the SH7729R.

2. IRQOUT outputs a low level until the interrupt request is cleared. However, if the
interrupt source is masked by an interrupt mask bittRQEOUT pin returns to the
high level. The level is output without regard to the BL bit.

3. The interrupt source flag should be cleared in the interrupt handler. To ensure that an
interrupt request that should have been cleared is not inadvertently accepted again, r
the interrupt source flag after it has been cleared, then wait for the interval shown in
table 7.8 (Time for priority decision and SR mask bit comparison) before clearing the
BL bit or executing an RTE instruction.
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Program
execution state

Yes

Interrupt
generated?

No

ICR1.BLMSK = 1?

SR.BL=0
or sleep mode?

Level 15
interrupt?

Level 14
interrupt?

A
IRQOUT = low Yes

1

Set interrupt cause in
INTEVT, INTEVT2

1

Save SR to SSR; 13-10
save PCtoSPC | — [ 17T level 0?

Y

Set BL/IMD/RB
bits in SRto 1

1

Branch to exception
handler

13—10 level
14 or lower?

interrupt?

13—10 level
13 or lower?

‘ Y

13—10: Interrupt mask bits in status register (SR)

Figure 7.3 Interrupt Operation Flowchart
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7.4.2 Multiple Interrupts

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

1.

L

Branch to a specific interrupt handler corresponding to a code set in INTEVT and INTEVT2.
The code in INTEVT and INTEVT2 can be used as a branch-offset for branching to the
specific handler.

Clear the cause of the interrupt in each specific handler.

Save SSR and SPC to memory.

Clear the BL hit in SR, and set the accepted interrupt level in the interrupt mask bits in SR.
Handle the interrupt.

Execute the RTE instruction.

When these procedures are followed in order, an interrupt of higher priority than the one being
handled can be accepted after clearing BL in step 4. Figure 7.3 shows a sample interrupt operal
flowchart.

7.5 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception handling is performed
and fetching of the first instruction of the exception handler is started (the interrupt response tim
is shown in table 7.8. Figure 7.4 shows an example of pipeline operation when an IRL interrupt |
accepted. When SR.BL is 1, interrupt exception handling is masked, and is kept waiting until
completion of an instruction that clears BL to 0.
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Table 7.8

Interrupt Response Time

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Time for priority 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc 0.5 x Icyc
decision and SR +0.5x%xBcyc +1xBcyc +3.5xPcyc +1.5xPcyc*®

mask bit comparison

+0.5 x Pcyc  + 4.5%x Pcyc**

0.5 x Icyc

+ 3 x Pcyc*’

Wait time until end
of sequence being
executed by CPU

X (20) xlcyc X(20) xIcyc X (=0) xIcyc X (=0) x Icyc Interrupt exception

handling is kept
waiting until the
executing instruc-
tion ends. If the
number of instruc-
tion execution
states is S*1, the
maximum wait
timeis: X=S - 1.
However, if BL is
set to 1 by instru-
ction execution or
by an exception,
interrupt exception
handling is
deferred until
completion of an
instruction that
clears BL to O. If
the following
instruction masks
interrupt exception
handling, the
handling may be
further deferred.

Time from interrupt
exception handling
(save of SR and PC)
until fetch of first
instruction of
exception handler is
started

5 xIcyc 5 xIcyc 5 x Icyc

5 xIcyc
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Table 7.8

Interrupt Response Time (cont)

Number of States

Peripheral
Item NMI IRQ PINT Modules Notes
Response Total (5.5 + X) (5.5 +X) (5.5 + X) (5.5 + X)
time x |cyc x |cyc x lcyc x |cyc
+05xBcyc +1xBcyc+ +3.5x + 1.5 x Pcyc*®
+0.5 xPcyc 4.5 x Pcyc** Pcyc*®
(5.5+X)
x |cyc
+ 3 x Pcyc”’
Minimum 7.5 16.5 12,5 8.5%%/11.5*" At 60-MHz (CKIO
case*? = 30) operation:
0.13-0.28 ps
Maximum 8.5+ S 265+S 185+S 10.5 + S*® At 60-MHz (CKIO
case*3 165+ s+’ = 15) operation:
0.26-0.56 ps (in
case of operand
cache-hit)
At 60-MHz (CKIO
= 15) operation:
0.29-0.59 ps
(when external
memory access is
performed with
wait = 0)
Icyc: Duration of one cycle of internal clock supplied to CPU.
Bcyc: Duration of one CKIO cycle.
Pcyc: Duration of one cycle of peripheral clock supplied to peripheral modules.
Notes: *1 S also includes the memory access wait time.

*2 The internal clock:CKIO:peripheral clock ratio is 2:1:1.
*3 The internal clock:CKIO:peripheral clock ratio is 4:1:1.

*4
*5
*6
*7

The processing requiring the maximum execution time is LDC.L @Rm+, SR. When the
memory access is a cache-hit, this requires seven instruction execution cycles. When
the external access is performed, the corresponding number of cycles must be added.
There are also instructions that perform two external memory accesses; if the external
memory access is slow, the number of instruction execution cycles will increase

accordingly.

IRQ mode

IRL mode

Modules: TMU, RTC, SCI, WDT, REFC
Modules: DMAC, ADC, IrDA, SCIF

HITACHI
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Interrupt Start of interrupt
acceptance handling

0.5 x Icyc

+ 0.5 x Beyc
+ 2 x Pcyc
el -

IRL

Instruction (instruction
replaced by interrupt | IF | ID | EX | EX | EX | EX
exception handling) !

Overrun fetch IF
First instruction of interrupt m-
handler IF EX

IF: Instruction fetch: Instruction is fetched from memory in which program is stored.
ID: Instruction decode: Fetched instruction is decoded.
EX: Instruction execution: Data operation and address calculation are performed.

Figure 7.4 Example of Pipeline Operations when IRL Interrupt is Accepted
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Section 8 User Break Controller

8.1 Overview

The user break controller (UBC) provides functions that simplify program debugging. Break
conditions are set in the UBC and a user break is generated according to the conditions of the b
cycle generated by the CPU or on-chip DMAC. The breakpoint check function monitors
instruction fetches and operand read/writes, generating a variable combination of pre-execution
instruction fetch, post-execution instruction fetch, and post-execution operand access breakpoir
traps under designated read/write conditions.

This function makes it easy to design an effective self-monitoring debugger, enabling the chip tc
debug programs without using an in-circuit emulator.

8.1.1 Features
The UBC has the following features:

e The following break comparison conditions can be set.

Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on channels .
and B (sequential break setting: when a channel A break condition match is followed by a
channel B break condition match, and both matches do not occur in the same bus cycle).

O Address (Compares 40 bits comprising a 32-bit logical address prefixed with an ASID
address. Comparison bits are maskable in 32-bit units; user can mask addresses at lowe
bits (4-k page), lower 10 bits (1-k page), or any size of page, etc.)

One of four address buses (logic address bus (LAB), internal address bus (IAB),
X-memory address bus (XAB), or Y-memory address bus (YAB)) can be selected.
0 Data (only on channel B, 32-bit maskable)

One of the four data buses (logic data bus (LDB), internal data bus (IDB), X-memory datz
bus (XDB), or Y-memory data bus (YDB)) can be selected.

Bus master: CPU or DMAC cycle

Bus cycle: Instruction fetch or data access
Read/write

Operand size: Byte, word, or longword

« User break is generated upon satisfying break conditions. A user-designed user-break
condition exception handling routine can be run.

« In an instruction fetch cycle, break setting before or after instruction execution can be set.

* Breaks can be specified for on-chip I/O accesses or LDTLB instruction execution in ASE
mode.

g
a
g
a
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e The number of repetitions can be specified as a break condition. (Channel B only)
« Maximum repetitions for the break conditiod? 2 1 times.
« Eight pairs of branch source/destination buffers.
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8.1.2 Block Diagram

A XAB/YAB
e A AB LAB MDB
v f A r \ f
o | Access
©| comparator BBRA
BARA
- Address
| comparator
- BAMRA
ASID
comparator BASRA
— Channel A
o Aocess |, [oopple
© | comparator EERE
> BARB
» Address
comparator
> BAMRB
ASID q
comparator BASRB
Data BDRB
»| comparator
BDMRB
|- Channel B BETR
_ BRSR
=1 PC Trace
- BRDR
\) \) Y — CONTROL BRCR
A\
\)
LDB/IDB/ User break request
XDB/YDB CPU state
signals
[ ] UBC Location KXY cCN Location
Legend
BBRA: Break bus cycle register A BASRB: Break ASID register B
BARA: Break address register A BDRB: Break data register B
BAMRA: Break address mask register A BDMRB: Break data mask register B
BASRA: Break ASID register A BETR: Break execution times register
BBRB: Break bus cycle register B BRSR: Branch source register
BARB: Break address register B BRDR: Branch destination register
BAMRB: Break address mask register B BRCR: Break control register

Figure 8.1 Block Diagram of User Break Controller
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8.1.3 Register Configuration
Table 8.1 UBC Registers

Initial Access
Name Abbr. R/W Value** Address Size Location
Break address register A BARA R/W  H'00000000 H'FFFFFFBO 32 UBC
Break address mask BAMRA R/W  H00000000 H'FFFFFFB4 32 UBC
register A
Break bus cycle register A BBRA R/W  H'0000 H'FFFFFFB8 16 UBC
Break address register B BARB R/W  H'00000000 H'FFFFFFAO0 32 uBC
Break address mask BAMRB R/W  H'00000000 H'FFFFFFA4 32 UBC
register B
Break bus cycle register B BBRB R/W  H'0000 H'FFFFFFA8 16 UBC
Break data register B BDRB R/W  H'00000000 H'FFFFFF90 32 UBC
Break data mask register BDMRB R/W  H'00000000 H'FFFFFF94 32 UBC
B
Break control register BRCR R/W  H'00000000 H'FFFFFF98 32 uBC
Execution count break BETR R/W  H0000 H'FFFFFFOC 16 UBC
register
Branch source register BRSR R Undefined*®* HFFFFFFAC 32 UBC
Branch destination register BRDR R Undefined*® H'FFFFFFBC 32 UBC
Break ASID register A BASRA R/W  Undefined H'FFFFFFE4 8 CCN
Break ASID register B BASRB R/W  Undefined H'FFFFFFE8 8 CCN

Notes: *1 Initialized by a power-on reset. Values held in the standby state and undefined in a

manual reset.

*2 Bit 31 of BRSR and BRDR (valid flag) is initialized by a power-on reset, but other bits

are not.
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8.2 Register Descriptions

8.2.1 Break Address Register A (BARA)

Bitt 31 30 29 28 27 26 25 24
\ BAA31\ BAA30‘ BAA29\ BAAZS‘ BAA27\ BAAze\ BAAZS‘ BAA24\
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
‘ BAA23‘ BAAZ?_‘ BAA21‘ BAAZO‘ BAA19‘ BAAlS‘ BAA17‘ BAAlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BAAlS‘ BAAlA‘ BAA13‘ BAAlZ‘ BAAll‘ BAAlO‘ BAA9 \ BAAS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BAA7 \ BAAG \ BAA5 \ BAA4 \ BAA3 \ BAA2 \ BAAL \ BAAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

BARA is a 32-bit readable/writable register that specifies the address used as a break condition
channel A. BARA is initialized to H'00000000 by a power-on reset.

Bits 31 to 0—Break Address A31 to A0 (BAA31 to BAAO)Store the address on the LAB or
IAB specifying break conditions of channel A.
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8.2.2 Break Address Mask Register A (BAMRA)

Bit: 31 30 29 28 27 26 25 24
‘ BAMA31‘ BAMA30‘ BAMAZQ‘ BAMAZB‘ BAMA27‘ BAMAZG‘ BAMA?_S‘ BAMA24‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BAMAZS‘ BAMAZZ‘ BAMA21‘ BAMAZO‘ BAMA19‘ BAMA18‘ BAMAl?‘ BAMAlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
‘BAMAlS‘ BAMA14‘ BAMAlS‘ BAMAlZ‘ BAMAll‘ BAMAlO‘ BAMAQ‘ BAMAS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BAMA7 \ BAMA6‘ BAMAS \ BAMA4‘ BAMA3 \ BAMA2 \ BAMAl‘ BAMAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

BAMRA is a 32-bit readable/writable register that specifies bits masked in the break address
specified by BARA. BAMRA is initialized to H'00000000 by a power-on reset.

Bits 31 to 0—Break Address Mask Register A31 to A0 (BAMA31 to BAMAO)Specify bits
masked in the channel A break address bits specified by BARA (BAA31-BAAO).

Bit 31-0:
BAMAN Description
0 Break address bit BAAn of channel A is included in the break condition
(Initial value)
1 Break address bit BAAn of channel A is masked and is not included in the break
condition
n=31-0
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8.2.3 Break Bus Cycle Register A (BBRA)

Bitt 15 14 13 12 11 10 9 8
-l -1-1T-1T-=-7T-=-1-=-7=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bitt 7 6 5 4 3 2 1 0
\ CDA1 \ CDAO‘ IDA1 \ IDAO \ RWAl‘ RWAO‘ SzZA1 \ SZAO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Break bus cycle register A (BBRA) is a 16-bit readable/writable register that specifies (1) CPU
cycle or DMAC cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand size
in the break conditions of channel A. BBRA is initialized to H'0000 by a power-on reset.

Bits 15 to 8—ReservedThese bits are always read as 0. The write value should always be 0.

Bits 7 and 6—CPU Cycle/DMAC Cycle Select A (CDAL, CDAOSelect a CPU cycle or
DMAC cycle as the bus cycle of the channel A break condition.

Bit 7: CDA1 Bit 6: CDAO Description

0 0 Condition comparison is not performed (Initial value)
* 1 Break condition is CPU cycle
1 0 Break condition is DMAC cycle

Note: * Don't care

Bits 5 and 4—Instruction Fetch/Data Access Select A (IDA1L, IDAOBelect an instruction
fetch cycle or data access cycle as the bus cycle of the channel A break condition.

Bit 5: IDA1 Bit 4: IDAO Description

0 0 Condition comparison is not performed (Initial value)
1 Break condition is instruction fetch cycle

1 0 Break condition is data access cycle
1 Break condition is instruction fetch cycle or data access cycle
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Bits 3 and 2—Read/Write Select A (RWAL, RWAOQ)Select a read cycle or write cycle as the
bus cycle of the channel A break condition.

Bit 3: RWAL1l Bit 2: RWAO Description

0 0 Condition comparison is not performed (Initial value)
1 Break condition is read cycle

1 0 Break condition is write cycle
1

Break condition is read cycle or write cycle

Bits 1 and 0—Operand Size Select A (SZA1, SZAO%elect the operand size of the bus cycle for
the channel A break condition.

Bit 1: SZA1 Bit 0: SZA0 Description

0 0 Break condition does not include operand size  (Initial value)
1 Break condition is byte access

1 0 Break condition is word access
1 Break condition is longword access
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8.2.4 Break Address Register B (BARB)

Bitt 31 30 29 28 27 26 25 24
\ BAB31‘ BABSO‘ BABZQ‘ BABZS‘ BABZ7‘ BABZG‘ BABZS‘ BABZ4‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16
\ BABZ3‘ BABZ2‘ BABZl‘ BABZO‘ BABl9‘ BABlS‘ BABl?‘ BABlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BABlS‘ BABlA‘ BABl3‘ BABlZ‘ BABll‘ BABlO‘ BAB9 \ BABS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
\ BAB7 \ BAB6 \ BABS \ BAB4 \ BAB3 \ BAB2 \ BAB1 \ BABO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

BARB is a 32-bit readable/writable register that specifies the address used as a break condition
channel B. Control bits XYE and XYS in BBRB select an address bus for break condition B. If
XYE is 0, then BARB specifies the break address on the logic or internal bus, LAB or IAB. If
XYE is 1, then BAB31-16 specifies the break address on XAB (bits 15-1) and BAB15-0
specifies the break address on YAB (bits 15-1). However, one of two address buses must be
chosen for the break. BARB is initialized to H'00000000 by a power-on reset.

BAB31-16 BAB15-0
XYE =0 L(l) AB31-16 L(l) AB15-0
XYE =1 XAB15-1 (XYS = 0) YAB15-1 (XYS = 1)
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8.2.5 Break Address Mask Register B (BAMRB)

Bit: 31 30 29 28 27 26 25 24
‘ BAMB31‘ BAMB30‘ BAMBZQ‘ BAMBZB‘ BAMBZ?‘ BAMBZG‘ BAMB?_S‘ BAMBZ4‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BAMBZS‘ BAMBZZ‘ BAMBZl‘ BAMBZO‘ BAMBl9‘ BAMBl8‘ BAMBl?‘ BAMBlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
‘BAMBlS‘BAMBM‘ BAMBlS‘BAMBlZ‘ BAMBll‘ BAMBlO‘ BAMBQ‘ BAMBS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BAMB? \ BAMB6‘ BAMBS5 \ BAMB4‘ BAMB3 \ BAMB2 \ BAMBl‘ BAMBO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

BAMRB is a 32-bit readable/writable register that specifies bits masked in the break address
specified by BARB. BAMRB is initialized to H'00000000 by a power-on reset.

BAMB31-16 BAMB15-0
XYE=0 Mask L(I) AB31-16 Mask L(I) AB15-0
XYE=1 Mask XAB15-1 (XYS = 0) Mask YAB15-1 (XYS = 1)
Bit 31-0:
BAMBN Description
0 Break address BABnN of channel B is included in the break condition (Initial value)
1 Break address BABnN of channel B is masked and is not included in the break
condition
n=31-0
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8.2.6 Break Data Register B (BDRB)

Bitt 31 30 29 28 27 26 25 24
\ BDB31 \ BDB30‘ BDB29 \ BDBZ8‘ BDB27 \ BDB26 \ 50525\ BDB24 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit: 23 22 21 20 19 18 17 16
\ BDB23 \ BDBZZ‘ BDB21 \ BDBZO‘ BDB19 \ BDB18 \ BDBl?‘ BDB16 \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BDB15 \ BDBl4‘ BDB13 \ BDBlZ‘ BDB11 \ BDB10 \ BDBO \ BDBS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0
\ BDB7 \ BDB6 \ BDB5 \ BDB4‘ BDB3 \ BDB2 \ BDB1 \ BDBO \
Initial value: 0 0 0 0 0 0 0 0

BDRB is a 32-hit readable/writable register. The control bits XYE and XYS in BBRB select a dat
bus for break condition B. If XYE is 0, then BDRB specifies the break data on LDB or IDB. If
XYE is 1, then BDB31-16 specifies the break data on XDB (bits 15-0) and BDB15-0 specifies
the break data on YDB (bits 15-0). However, one of two data buses must be chosen for the bre
BDRB is initialized to H'00000000 by a power-on reset.

BDB31-16 BDB15-0
XYE =0 L(l) DB31-16 L(l) DB15-0
XYE =1 XDB15-0 (XYS = 0) YDB15-0 (XYS = 1)

201
HITACHI



8.2.7 Break Data Mask Register B (BDMRB)

Bit: 31 30 29 28 27 26 25 24
‘ BDMB31‘ BDMBBO‘ BDMBZQ‘ BDMBZ8‘ BDMBZ?‘ BDMBZG‘ BDMB?_S‘ BDMBZ4‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 23 22 21 20 19 18 17 16
\ BDMBZ3‘ BDMBZZ‘ BDMBZl‘ BDMBZO‘ BDMBlQ‘ BDMBlS‘ BDMBl?‘ BDMBlG‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 15 14 13 12 11 10 9 8
\ BDMBlS‘ BDMBl4‘ BDMBlS‘ BDMBlZ‘ BDMBll‘ BDMBlO‘ BDMB9 \ BDMBS \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0
\ BDMB7 \ BDMB6‘ BDMBS‘ BDMB4‘ BDMBS‘ BDMB2 \ BDMBl‘ BDMBO‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

BDMRB is a 32-bit readable/writable register that specifies bits masked in the break data specifie
by BDRB. BDMRB is initialized to H'00000000 by a power-on reset.

BDMB31-16 BDMB15-0
XYE=0 Mask L(I) DB31-16 Mask L(l) DB15-0
XYE=1 Mask XDB15-0 (XYS = 0) Mask YDB15-0 (XYS = 1)
Bit 31-0:
BDMBnN Description
0 Break data BDBn of channel B is included in the break condition (Initial value)
1 Break data BDBn of channel B is masked and is not included in the break
condition
n=31-0

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.
2. When a byte size is selected as a break condition, the break data must be set in bits

15-8 in BDRB for an even break address and bits 7-0 for an odd break address. Other
bits have no influence on a break condition.
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8.2.8 Break Bus Cycle Register B (BBRB)

Bitt 15 14 13 12 11 10 9 8
= -l = =] =] = | x| xs |
Initial value: 0 0 0 0 0 0 0 0
RW: R R R R R R RW  RW
Bitt 7 6 5 4 3 2 1 0
\ CDB1 \ CDBO‘ IDB1 \ IDBO \ RWBl‘ RWBO‘ SZB1 \ SZBO \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Break bus cycle register B (BBRB) is a 16-bit readable/writable register that specifies (1) logic o
internal bus (L or | bus), X bus, or Y bus, (2) CPU cycle or DMAC cycle, (3) instruction fetch or
data access, (4) read/write, and (5) operand size in the break conditions of channel B. BBRB is
initialized to H'0000 by a power-on reset.

Bits 15 to 10—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 9—X/Y Memory Bus Enable (XYE): Selects the logic or internal bus (L or | bus) or X/Y
memory bus as the bus of the channel B break condition.

Bit 9: XYE Description
0 Internal bus (I bus) selected for the channel B break condition
1 XY memory bus (X/Y bus) selected for the channel B break condition

Bit 8—X or Y Memory Bus Select (XYS):Selects the X bus or the Y bus as the bus of the
channel B break condition.

Bit 8: XYS Description
0 X bus selected for the channel B break condition
1 Y bus selected for the channel B break condition
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Bits 7 and 6—CPU Cycle/DMAC Cycle Select B (CDB1, CDBO0Belect a CPU cycle or
DMAC cycle as the bus cycle of the channel B break condition.

Bit 7: CDB1 Bit 6: CDBO Description

0 0 Condition comparison is not performed (Initial value)
* 1 Break condition is CPU cycle
1 0 Break condition is DMAC cycle

Note: * Don’t care.

Bits 5 and 4—Instruction Fetch/Data Access Select B (IDB1, IDBOBelect an instruction fetch
cycle or data access cycle as the bus cycle of the channel B break condition.

Bit 5: IDB1 Bit 4: IDBO Description

0 0 Condition comparison is not performed (Initial value)
1 Break condition is instruction fetch cycle

1 0 Break condition is data access cycle
1 Break condition is instruction fetch cycle or data access cycle

Bits 3 and 2—Read/Write Select B (RWB1, RWBO0)Select a read cycle or write cycle as the
bus cycle of the channel B break condition.

Bit 3: RWB1 Bit 2: RWBO Description

0 0 Condition comparison is not performed (Initial value)
1 Break condition is read cycle

1 0 Break condition is write cycle
1 Break condition is read cycle or write cycle

Bits 1 and 0—Operand Size Select B (SZB1, SZB®elect the operand size of the bus cycle for
the channel B break condition.

Bit 1: SZB1 Bit 0: SZBO Description

0 0 Break condition does not include operand size (Initial value)
1 Break condition is byte access

1 0 Break condition is word access
1 Break condition is longword access

204
HITACHI



8.2.9 Break Control Register (BRCR)

Bitt 31 30 29 28 27 26 25 24
-l -1-1T-1T-=-7T-=-1-=-7=1
Initial value: 0 0 0 0 0 0 0 0
R/W:
Bit: 23 22 21 20 19 18 17 16
\ — \ — ‘BASMA‘BASMB‘ — \ — \ — \ — \
Initial value: 0 0 0 0 0 0 0 0
RW: R R RW  RW
Bitt 15 14 13 12 11 10 9 8
\SCMFCA\SCMFCE#SCMFDA\SCMFDI% PCTE \ PCBA \ — \ — \
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W

Bitt 7 6 5 4 3 2 1 0

\ DBEB \ PCBB \ — \ — \ SEQ \ — \ — \ ETBE \
Initial value: 0 0 0 0 0 0 0 0
RW: RW  RW R R RIW R R RIW

BRCR sets the following conditions:

Use of channels A and B as two independent channel conditions or as a sequential conditio
Break setting before or after instruction execution

Break setting by the number of execution times

Determination of whether to include data bus on channel B in comparison conditions
Enabling of PC trace

Enabling of ASID check

o0k wbdpE
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The break control register (BRCR) is a 32-bit readable/writable register that has break condition
match flags and bits for setting a variety of break conditions.

BRCR is initialized to H'00000000 by a power-on reset.
Bits 31 to 22—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 21—Break ASID Mask A (BASMA): Specifies whether or not channel A break bits ASID7
to ASIDO (BASA7 to BASAO) set in BASRA are masked.

Bit 21: BASMA Description
0 All BASRA bits are included in break condition, ASID is checked  (Initial value)

1 No BASRA bits are included in break condition, ASID is not checked

Bit 20—Break ASID Mask B (BASMB): Specifies whether or not channel B break bits ASID7
to ASIDO (BASB7 to BASBO) set in BASRB are masked.

Bit 20: BASMB Description
0 All BASRB bits are included in break condition, ASID is checked  (Initial value)

1 No BASRB bits are included in break condition, ASID is not checked

Bits 19 to 16—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 15—CPU Condition Match Flag A (SCMFCA): When the CPU bus cycle condition in the
break conditions set for channel A is satisfied, this flag is set to 1 (not cleared to 0). In order to
clear this flag, write 0 to this bit.

Bit 15:

SCMFCA Description

0 CPU cycle condition for channel A is not matched (Initial value)
1 CPU cycle condition for channel A is matched

Bit 14—CPU Condition Match Flag B (SCMFCB): When the CPU bus cycle condition in the
break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to 0). In order to
clear this flag, write O to this bit.

Bit 14:

SCMFCB Description

0 CPU cycle condition for channel B is not matched (Initial value)
1 CPU cycle condition for channel B is matched
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Bit 13—DMAC Condition Match Flag A (SCMFDA): When the on-chip DMAC bus cycle
condition in the break conditions set for channel A is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write O to this bit.

Bit 13:

SCMFDA Description

0 DMAC cycle condition for channel A is not matched (Initial value)
1 DMAC cycle condition for channel A is matched

Bit 122—DMAC Condition Match Flag B (SCMFDB): When the on-chip DMAC bus cycle
condition in the break conditions set for channel B is satisfied, this flag is set to 1 (not cleared to
0). In order to clear this flag, write 0 to this bit.

Bit 12:

SCMFDB Description

0 DMAC cycle condition for channel B is not matched (Initial value)
1 DMAC cycle condition for channel B is matched

Bit 11—PC Trace Enable (PCTE):Enables a PC trace.

Bit 11: PCTE Description

0 PC trace disabled (Initial value)

1 PC trace enabled

Bit 10—PC Break Select A (PCBA):Selects the break timing of the instruction fetch cycle for
channel A as before or after instruction execution.

Bit 10: PCBA  Description

0 PC break of channel A is set before instruction execution (Initial value)

1 PC break of channel A is set after instruction execution

Bits 9 and 8—ReservedThese bits are always read as 0. The write value should always be O.

Bit 7—Data Break Enable B (DBEB): Selects whether or not the data bus condition is included
in the channel B break condition.

Bit 7: DBEB Description

0 Data bus condition not included in channel B condition (Initial value)

1 Data bus condition included in channel B condition
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Bit 6—PC Break Select B (PCBB):Selects the break timing of the instruction fetch cycle for
channel B as before or after instruction execution.

Bit 6: PCBB Description

0 PC break of channel B is set before instruction execution (Initial value)

1 PC break of channel B is set after instruction execution

Bits 5 and 4—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 3—Sequence Condition Select (SEQ$Belects two conditions of channels A and B as
independent or sequential.

Bit 3: SEQ Description
0 Channels A and B are compared as independent conditions (Initial value)
1 Channels A and B are compared as a sequential condition

Bits 2 and 1—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 0—Execution Times Break Enable (ETBE):Enables the execution-times break condition on
channel B only. If this bit is 1 (break enabled), a user break is issued when the number of break
conditions matches the number of execution times specified by the BETR register.

Bit 0: ETBE Description

0 Execution-times break condition is masked on channel B (Initial value)

1 Execution-times break condition is enabled on channel B

8.2.10 Break Execution Times Register (BETR)

Bit: 15 14 13 12 11 10 9 8

R/W: R R R R R/W R/W R/W R/W

Bit: 7 6 5 4 3 2 1 0
(P N N N NN N

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
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When the execution-times break condition of channel B is enabled, this register specifies the
number of execution times to make the break. The maximum numbérig #mes. BETR is
initialized to H'0000 by a power-on reset. When a break condition is satisfied, the BETR value is
decremented by 1. A break is issued when the break condition is satisfied after the BETR value
reaches H'0001. Bits 15-12 are always read as 0, and 0 should always be written to these bits.

8.2.11  Branch Source Register (BRSR)

Bitt 31 30 29 28 27 26 25 24
| SVF | PID2 | PIDI | PIDO | BSA27 | BSA26 | BSA25| BSA24 |
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bit. 23 22 21 20 19 18 17 16
| BSA23 | BSA22 | BSA21 | BSA20 | BSAL9 | BSA18 | BSA17 | BSAI6 |
Initial value: * * * * * * * *
RW: R R R R R R R R
Bitt 15 14 13 12 11 10 9 8
| BSAL5 | BSA14| BSAL3 | BSA12| BSALL | BSAIO | BSA9 | BSAS |
Initial value: ~ * * * * * * * *
RW: R R R R R R R R
Bitt 7 6 5 4 3 2 1 0
| BSA7 | BSA6 | BSAS | BSA4 | BSA3 | BSA2 | BSAL | BSAO |
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined

BRSR is a 32-bit read-only register that stores the last fetched address before a branch and the
pointer (3 bits) which indicates the number of cycles from fetch to execution for the last execute
instruction. BRSR has a flag bit that is set to 1 when a branch occurs. This flag bit is cleared to (
when BRSR is read, and also is initialized by a power-on reset or manual reset. Other bits are n
initialized by a reset. Four BRSR registers have a queue structure and the stored register is shif
every branch.
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Bit 31—BRSR Valid Flag (SVF):Indicates whether the address and the pointer that indicates the
branch source address can be calculated. When a branch source address is fetched, this flag is
to 1. This flag is cleared to 0 by reading BRSR.

Bit 31: SVF Description

0 BRSR register value is invalid (Initial value)

1 BRSR register value is valid

Bits 30 to 28—Instruction Decode Pointer (PID2 to PIDO)PID is a 3-bit binary pointer (0-7).
These bits indicate the instruction buffer number which stores the last instruction executed before
a branch.

Bits 30 to 28:

PID Description

Even PID indicates the instruction buffer number
Odd PiD+2 indicates the instruction buffer number

Bits 27 to 0—Branch Source Address (BSA27 to BSAQ)hese bits store the last address
fetched before a branch.
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8.2.12  Branch Destination Register (BRDR)

Bitt 31 30 29 28 27 26 25 24
| bvF | — | — | — | BDA27 | BDA26 | BDA25 | BDA24 |
Initial value: 0 * * * * * * *
RW: R R R R R R R R
Bit. 23 22 21 20 19 18 17 16
| BDA23 | BDA22 | BDA21 | BDA20 | BDAL9 | BDALS | BDAL7 | BDAIS |
Initial value: * * * * * * * *
RW: R R R R R R R R
Bitt 15 14 13 12 11 10 9 8
| BDA15 | BDA14 | BDAI3 | BDA12 | BDALL | BDALO | BDA9 | BDAS |
Initial value: * * * * * * * *
RW: R R R R R R R R
Bitt 7 6 5 4 3 2 1 0
| BDA7 | BDAG6 | BDA5 | BDA4 | BDA3 | BDA2 | BDAL | BDAO |
Initial value: * * * * * * * *
RW: R R R R R R R R

Note: * Undefined

BRDR is a 32-bit read-only register that stores the branch destination fetch address. BRDR has
flag bit that is set to 1 when a branch occurs. This flag bit is cleared to 0 when BRDR is read, ar
is also initialized by a power-on reset or manual reset. Other bits are not initialized by a reset. F
BRDR registers have a queue structure, and the stored register is shifted every branch.

Bit 31—BRDR Valid Flag (DVF): Indicates whether a branch destination address is stored.
When a branch destination address is fetched, this flag is set to 1. This flag is set to 0 by readin:
BRDR.

Bit 31: DVF Description
0 BRDR register value is invalid (Initial value)

1 BRDR register value is valid

Bits 30 to 28—ReservedThese bits are always read as 0. The write value should always be 0.
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Bits 27 to 0—Branch Destination Address (BDA27 to BDAO)These bits store the first address
fetched after a branch.

8.2.13 Break ASID Register A (BASRA)

Bitt 7 6 5 4 3 2 1 0
\ BASA7‘ BASAG‘ BASAS‘ BASA4‘ BASA3‘ BASAZ‘ BASAl‘ BASAO‘

Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined

Break ASID register A (BASRA) is an 8-bit readable/writable register that specifies the ASID that
serves as the break condition for channel A. It is not initialized by a reset. It is located in CCN.

Bits 7 to 0—Break ASID A7 to 0 (BASA7Y to BASAO)These bits store the ASID (bits 7 to 0)
that is the channel A break condition.

8.2.14 Break ASID Register B (BASRB)

Bitt 7 6 5 4 3 2 1 0
\ BASB?‘ BASBG‘ BASBS‘ BASB4‘ BASBB‘ BASBZ‘ BASBl‘ BASBO‘
Initial value: * * * * * * * *

R/W: R/W R/W R/W R/W R/W R/W R/W R/W
Note: * Undefined

Break ASID register B (BASRB) is an 8-bit readable/writable register that specifies the ASID that
serves as the break condition for channel B. It is not initialized by a reset. It is located in CCN.

Bits 7 to O: Break ASID A7 to 0 (BASB7 to BASBO)These bits store the ASID (bits 7 to 0) that
is the channel B break condition.
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8.3 Operation Description

8.3.1 Flow of the User Break Operation
The flow from setting of break conditions to user break exception processing is described below

1. The break addresses and the corresponding ASIDs are loaded in the break address register
(BARA and BARB) and break ASID registers (BASRA and BASRB in CCN). The masked
addresses are set in the break address mask registers (BAMRA and BAMRB). The break da
is set in the break data register (BDRB). The masked data is set in the break data mask regi
(BDMRB). The breaking bus conditions are set in the break bus cycle registers (BBRA and
BBRB). Three groups of the BBRA and BBRB (CPU cycle/DMAC cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be generate
even one of these groups is set with 00. The respective conditions are set in the bits of BRCI

2. When the break conditions are satisfied, the UBC sends a user break request to the interrup
controller. The break type will be sent to the CPU indicating instruction fetch, pre/post
instruction break, data access break, or on-chip I/O access/LDTLB break. When conditions
match, the CPU condition match flags (SCMFCA and SCMFCB) and DMAC condition match
flags (SCMFDA and SCMFDB) for the respective channels are set.

3. The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMFDB) can
be used to check if the set conditions match or not. The matching of the conditions sets flags
but they are not reset. 0 must first be written to them before they can be used again.

4. There is a chance that a data access break and its following instruction fetch break will occu
around the same time; there will be only one break request to the CPU, but these two break
channel match flags could be both set.

8.3.2 Break on Instruction Fetch Cycle

1. When CPU/instruction fetch/read/word or longword is set in the break bus cycle registers
(BBRA/BBRB), the break condition becomes the CPU instruction fetch cycle. Whether it ther
breaks before or after execution of the instruction can then be selected with the PCBA/PCBE
bits in the break control register (BRCR) for the appropriate channel.

2. An instruction set for a break before execution breaks when it is confirmed that the instructio
has been fetched and will be executed. This means this feature cannot be used on instructio
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not t
be executed). When this kind of break is set for the delay slot of a delay branch instruction, tl
break is generated prior to execution of the instruction that then first accepts the break.
Meanwhile, breaks set for pre-instruction-break on a delay slot instruction and post-
instruction-break on a SLEEP instruction are also prohibited.
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3. When the condition is specified to occur after execution, the instruction set with the break
condition is executed and then the break is generated prior to the execution of the next
instruction. As with pre-execution breaks, this cannot be used with overrun fetch instructions.
When this kind of break is set for a delay branch instruction, the break is generated at the
instruction that then first accepts the break.

4. When an instruction fetch cycle is set for channel B, break data register B (BDRB) is ignored.
There is thus no need to set break data for an instruction fetch cycle break.

8.3.3 Break by Data Access Cycle

1. The memory cycle in which a CPU data access break occurs depend on the instruction.

2. The relationship between the data access cycle address and the comparison condition for
operand size is shown in table 8.2:

Table 8.2 Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31-2 to address bus bits 31-2
Word Compares break address register bits 31-1 to address bus bits 31-1
Byte Compares break address register bits 31-0 to address bus bits 31-0

This means that when address H'00001003 is set without specifying the size condition, for
example, the bus cycle in which the break condition is satisfied is as follows (where other
conditions are met).

Longword access at H'00001000

Word access at H'00001002

Byte access at H'00001003

3. When the data value is included in the break condition on channel B:

When the data value is included in the break condition, longword, word, or byte is specified as
the operand size in the break bus cycle registers (BBRA and BBRB). When data values are
included in break conditions, a break is generated when the address conditions and data
conditions both match. To specify byte data for this case, set the same data in two bytes at bit
15-8 and bits 7-0 of the break data register B (BDRB) and break data mask register B
(BDMRB). When word or byte is set, bits 31-16 of BDRB and BDMRB are ignored.

4. When the DMAC data access is included in the break condition:

When the address is included in the break condition on DMAC data access, the operand size
the break bus cycle registers (BBRA and BBRB) should be byte, word, or no specified operan
size. When the data value is included, select either byte or word.
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8.3.4 Break on X/Y-Memory Bus Cycle

1.

The break condition on an X/Y-memory bus cycle is specified only in channel B. If XYE in
BBRB is set to 1, break address and break data on the X/Y-memory bus are selected. At this
time, select the X-memory bus or Y-memory bus by specifying XYS in BBRB. The break
condition cannot include both X-memory and Y-memory at the same time. The break
condition is applied to X/Y-memory bus cycles by specifying CPU/data access/read or
write/word or no specified operand size in the break bus cycle register B (BBRB).

When X-memory address is selected as the break condition, specify the X-memory address
the upper 16 bits of BARB and BAMRB. When Y-memory address is selected, specify the Y-
memory address in the lower 16 bits. Specification of X/Y-memory data is the same for BDR
and BDMRB.

8.3.5 Sequential Break

When SEQ in BRCR is set to 1, the sequential break is issued when the channel B break
condition matches after the channel A break condition matches. A user break is ignored evel
the channel B break condition matches before the channel A break condition matches. Wher
channel A and B conditions match at the same time, a sequential break is not issued.

In sequential break specification, the internal/X/Y bus can be selected and the execution timi
break condition can be also specified. For example, when the execution times break conditio
is specified, the break condition is satisfied by a channel B condition match with BETR =
H'0001 after a channel A condition match.

8.3.6 Value of Saved Program Counter

When a break occurs, PC is saved to SPC in user breaks but saved to a fixed address
(H'FDO00000) in the ASE space in an ASE break. The PC value saved is as follows depending
the type of break.

1.

When instruction fetch (before instruction execution) is specified as a break condition:

The value of the program counter (PC) saved is the address of the instruction that matches t
break condition. The fetched instruction is not executed, and a break occurs before it.

When instruction fetch (after instruction execution) is specified as a break condition:

The PC value saved is the address of the instruction to be executed following the instruction
which the break condition matches. The fetched instruction is executed, and a break occurs
before execution of the next instruction.

When data access (address only) is specified as a break condition:

The PC value is the address of the instruction to be executed following the instruction that
matched the break condition. The instruction that matched the condition is executed and the
break occurs before the next instruction is executed.

215
HITACHI



. When data access (address + data) is specified as a break condition:

The PC value is the start address of the instruction that follows the instruction already execute
when break processing started. When a data value is added to the break conditions, the place
where the break will occur cannot be specified exactly. The break will occur before the
execution of an instruction fetched in the vicinity of the data access where the break occurred

8.3.7 PC Trace

1. A PC trace is started by setting the PC trace enable bit (PCTE) to 1 in BRCR. When a branch

(branch instruction, repeat, interrupt) occurs, an address that enables the branch source addr:
to be calculated and the branch destination address are stored in the branch source register
(BRSR) and branch destination register (BRDR). The branch destination instruction fetch
address is stored in BRDR, while the last instruction fetch address before the branch is stored
in BRSR. The branch flag register (BRFR) holds a pointer that indicates the relationship to the
instruction executed immediately before the branch.

. The address of the instruction executed immediately before the branch can be calculated fron
the address stored in BRSR and the pointer stored in BRFR. If the address stored in BRSR is
BSA, the pointer stored in BRFR is PID, and the address prior to the branch is IA, then 1A =
BSA - 2x PID.

With this equation, caution is required in the case where an interrupt (branch) is executed
before the branch destination instruction is executed. In the example in figure 8.2, the address
of instruction “Exec” executed immediately before the branch is calculated using the equation
IA = BSA — 2x PID. However, if branch “branch” has a delay slot and the branch destination
is address 4n + 2, branch destination address “Dest” specified by the branch instruction is
stored in BRSR. Therefore, the equation 1A = BSAX-RAD does not apply in this case, and

this PID is invalid. In this case only, BSA is at the 4n + 2 boundary, classified as shown in
table 8.3.

Exec:  branch Dest

Dest: instr; Not executed
Interrupt
Int: interrupt routine

Figure 8.2 When Interrupt Occurs before Branch Instruction is Executed
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Table 8.3 BSA Values Stored in Exception Handling before Execution of Branch

Destination Instruction

Branch Destination Branch Source Address Calculable
Branch (Dest) BSA by Means of BRSR and BRFR
Delay 4n 4n Exec =IA=BSA -2 xPID

4n + 2 4n+2 Dest = BSA
No delay dnordn+ 2 4n Exec =IA=BSA -2 x PID

If PID is an odd number, the value incremented by 2 indicates the instruction buffer, but the
equations in the table do not take this into account. Therefore, the calculation can be perforn
using the values of BSA stored in BRSR and PID stored in BRFR.

3. The location indicated by IA, the address prior to the branch, depends on the type of branch.

a.
b.

Branch instruction: Branch instruction address
Repeat loop: Second-before-last instruction of the repeat loop

Repeat _Start: inst (1) e >BRDR

inst (2) ;

inst (n-1) ;----- >Address calculated from BRSR and BRFR
Repeat End: i nst (n) ;

Interrupt: Instruction executed immediately before the interrupt
The start address of the interrupt routine is stored in BRDR.

In a repeat loop consisting of no more than three instructions, an instruction fetch cycle is no
generated. A PC trace is invalid, since the branch destination address is unknown.

4. BRSR, BRDR, and BRFR have a four-queue structure. When reading addresses stored in a
trace, reads are performed from the head of the queue. BRFR, BRSR, and BRDR are read ir
that order. After BRDR is read, the queue shifts by one. BRSR and BRDR should be read by
longword access.
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8.3.8 Examples of Use
Break Condition Specified for CPU Instruction Fetch Cycle

1. Register specifications

BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300400

Specified conditions: Channel A/channel B independent mode
e Channel A
Address:  H'00000404, Address mask: H'00000000

Bus cycle: CPU/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

e Channel B
Address: H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPUlinstruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

A user break occurs after the instruction at address H'00000404 is executed or before
instructions at adresses H'00008010 to H'00008016 are executed.

2. Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003722E,
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequential mode
» Channel A

Address:  H'00037226, Address mask: H'00000000, ASID = H'80

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word
e Channel B

Address:  H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word

The instruction with ASID = H'80 and address H'00037226 is executed, and a user break
occurs before the instruction with ASID = H'70 and address H'0003722E is executed.
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3. Register specifications
BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031415,
BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300000

Specified conditions: Channel A/channel B independent mode

Channel A

Address:  H'00027128, Address mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/write/word
No ASID check is included

Channel B
Address: H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

No ASID check is included

On channel A, no user break occurs since an instruction fetch is not a write cycle. On channe
B, no user break occurs since an instruction fetch is performed for an even address.

4. Register specifications
BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'0003722E,

BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequential mode

Channel A

Address:  H'00037226, Address mask: H'00000000, ASID: H'80

Bus cycle: CPU/instruction fetch (before instruction execution)/write/word
Channel B

Address: H'0003722E, Address mask: H'00000000, ASID: H'70

Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read/word

Since the instruction fetch is not a write cycle on channel A, a sequential condition is not
matched. Therefore, no user break occurs.
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5. Register specifications

BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001000,
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode
e Channel A
Address:  H'00000500, Address mask: H'00000000
Bus cycle: CPUlinstruction fetch (before instruction execution)/read/longword
e Channel B
Address:  H'00001000, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000
Bus cycle: CPU/instruction fetch (before instruction execution)/read/longword
Execution-times break enabled (5 times)

On channel A, a user break occurs before the instruction at address H'00000500 is executed.
On channel B, a user break occurs before the fifth instruction execution after the instruction at
address H'00001000 has been executed four times.

. Reqgister specifications

BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'00008010,
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00000000,
BRCR = H'00000400, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
* Channel A
Address:  H'00008404, Address mask: H'00000FFF, ASID: H'80

Bus cycle: CPUlinstruction fetch (after instruction execution)/read (operand size is not
included in the condition)

e Channel B
Address: H'00008010, Address mask: H'00000006, ASID: H'70
Data: H'00000000, Data mask: H'00000000

Bus cycle: CPU/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction with ASID = H'80 and address H'00008000 to
H'00008FFE is executed or before instructions with ASID = H'70 and addresses H'00008010 f
H'00008016 are executed.
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Break Condition Specified for CPU Data Access Cycle

1. Register specifications

BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = H'000ABCDE,
BAMRB = H'000000FF, BBRB = H'006A, BDRB = H'0000A512, BDMRB = H'00000000,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
» Channel A

Address: H'00123456, Address mask: H'00000000, ASID: H'80

Bus cycle: CPU/data access/read (operand size is not included in the condition)
* Channel B

Address: H'O00ABCDE, Address mask: H'000000FF, ASID: H'70

Data: H'0000A512, Data mask: H'00000000

Bus cycle: CPU/data access/write/word

On channel A, a user break occurs with ASID = H'80 during longword read to address
H'00123454, word read to address H'00123456, or byte read to address H'00123456. On
channel B, a user break occurs with ASID = H'70 when word H'A512 is written in addresses
H'000ABCO00 to H'000ABCFE.

2. Register specifications:

BARA = H'01000000, BAMRA = H'00000000, BBRA = H'0066, BARB = H'0000F000,
BAMRB = H'FFFF0000, BBRB = H'036A, BDRB = H'00004567, BDMRB = H'00000000,
BRCR = H'00300080

Specified conditions: Channel A/channel B independent mode
e Channel A
Address:  H'01000000, Address mask: H'00000000
Bus cycle: CPU/data access/read/word
No ASID check is included
e Channel B
Y Address: H'0001F000, Address mask: H'FFFF0000
Data: H'00004567, Data mask: H'00000000
Bus cycle: CPU/data access/write/word
No ASID check is included

On channel A, a user break occurs during word read to address H'01000000 in the memory
space. On channel B, a user break occurs when word H'4567 is written in address H'0001FO0
in Y memory space. X/Y-memory space is changed by a mode specification.
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Break Condition Specified for DMAC Data Access Cycle

1. Register specifications:

BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00000078, BDMRB = H'0000000F,
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channel A

Address:  H'00314156, Address mask: H'00000000, ASID: H'80

Bus cycle: DMAC!/instruction fetch/read (operand size is not included in the condition)
e Channel B

Address:  H'00055555, Address mask: H'00000000, ASID: H'70

Data: H'00000078, Data mask: H'0000000F

Bus cycle: DMAC/data access/write/byte

On channel A, no user break occurs since an instruction fetch is not performed in DMAC
cycles. On channel B, a user break occurs with ASID = H'70 when the DMAC writes byte
H'7* in address H'00055555.
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8.3.9 Notes

1. Only the CPU can read/write to UBC registers.

2. The UBC cannot monitor CPU and DMAC access in the same channel.

3. Notes on the specification of a sequential break are given below:

a. A condition match occurs when a channel B match occurs in a bus cycle after a channel
match occurs in another bus cycle in sequential break setting. Therefore, no condition
match occurs if a bus cycle in which a channel A match and a channel B match occur
simultaneously is set.

b. Since the CPU has a pipeline configuration, the pipeline determines the order of an
instruction fetch cycle and a memory cycle. Therefore, when a channel condition matche:
in the order of bus cycles, a sequential condition is satisfied.

c. When the bus cycle condition for channel A is specified as a break before execution
(PCBA =0 in BRCR) and an instruction fetch cycle (in BBRA), the following point must
be noted. A break is issued, and condition match flags in BRCR are set to 1, when the bu
cycle conditions both for channels A and B match simultaneously.

4. The change of a UBC register value is executed in the MA (memory access) stage. Therefor
even if the break condition matches in the instruction fetch address following the instruction i
which pre-execution break is specified as the break condition, no break occurs. In order to
ascertain the timing of a UBC register is change, read the last register written to. Instructions
after then are valid for the newly written register value.

5. Note the following when specifying an instruction in repeat execution, including a repeat
instruction, as the break condition: When an instruction in a repeat loop is specified as the
break condition,

a. A break is not issued during execution of a repeat loop with fewer than three instructions

b. When an execution-times break is set, no instruction fetch from memory occurs during
execution of a repeat loop with fewer than three instructions. Therefore, the value in the
execution times register, BETR, is not decremented.

6. The branch instruction should not be executed as soon as PC trace registers BRSR and BRI
are read.

7. If a PC break and a TLB exception or error occur in the same instruction, the priority is as
follows:

a. Break and instruction fetch exceptions: Instruction fetch exception occurs first.

b. Break before execution and operand exception: Break before execution occurs first.

c. Break after execution and operand exception: Operand exception occurs first.

223
HITACHI



224
HITACHI



Section 9 Power-Down Modes

9.1 Overview

In the power-down modes, all CPU and some on-chip peripheral module functions are halted. T
lowers power consumption.

9.1.1 Power-Down Modes

The SH7729R has the following power-down modes and function:

1.
2.
3.

4.

Sleep mode
Standby mode

Module standby function (TMU, RTC, SCI, X/Y memory, UBC, DMAC, DAC, ADC, SCIF,
and IrDA on-chip peripheral modules)

Hardware standby mode

Table 9.1 shows the transition conditions for entering the modes from the program execution ste
as well as the CPU and peripheral module states in each mode and the procedures for cancelin
each mode.
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Table 9.1 Power-Down Modes

State
CPU On-Chip

Transition Reg- On-Chip Peripheral External Canceling
Mode Conditions CPG CPU ister Memory Modules Pins Memory Procedure
Sleep Execute SLEEP  Runs Halts Held Held Run Held Refresh 1. Interrupt
mode instruction with (Reg- 2. Reset

STBY bit cleared ister:

to 0 in STBCR held)
Standby Execute SLEEP  Halts Halts Held Held Halt*! Held Self- 1. Interrupt
mode instruction with (Reg- refresh 2. Reset

STBY bit set to ister:

1in STBCR held)
Module  Set MSTP bitto  Runs Runs Held Held Specified  *2 Refresh 1. Clear MSTP
standby  1in STBCR or module bit to 0
function halts halts 2. Reset
Hardware Drive CA pinlow Halts Halts Held Held Halt* Held Self- Power-on reset
standby refresh

mode

Notes: *1 The RTC still runs if the START bit in RCR2 is set to 1 (see section 14, Realtime Clock
(RTC)). The TMU still runs when output of the RTC is used as input to its counter (see
section 13, Timer (TMU)).

*2 Depends on the on-chip peripheral module.
TMU external pin: Held
SCI external pin: Reset
*3 The RTC still runs if the START bit in RCR2 is set to 1. The TMU does not run.
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9.1.2 Pin Configuration
Table 9.2 lists the pins used for the power-down modes.

Table 9.2  Pin Configuration

Pin Name Symbol I/0 Description

Processing state 1 STATUS1 (0] Operating state of the processor.

Processing state 0 STATUSO HH: Reset, HL: Sleep mode, LH: Standby mode,
LL: Normal operation

Wakeup from WAKEUP (0] Active-low assertion after accepting wakeup interrupt
standby mode in standby mode until returning to normal operation
with WDT overflow

Note: H: high level; L: low level

9.1.3 Register Configuration
Table 9.3 shows the control register configuration for the power-down modes.

Table 9.3  Register Configuration

Name Abbreviation R/W Initial Value Access Size Address
Standby control register STBCR R/W H'00* Byte H'FFFFFF82
Standby control register 2 STBCR2 R/W H'00* Byte H'FFFFFF88

Note: * Initialized by a power-on reset. This value is not initialized by a manual reset; the current
value is retained.

9.2 Register Descriptions

9.2.1 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit readable/writable register that sets the power-
down mode. STBCR is initialized to H'00 by a power-on reset. Always set bits 6-3 to 0 when
writing to the STBCR register.

Bitt 7 6 5 4 3 2 1 0
\ STBY \ — \ — ‘STBXTL‘ — \ MSTPZ‘ MSTPl‘ MSTPO‘
Initial value: 0 0 0 0 0 0 0 0
RIW: R/W R R RIW R RW RW  RW
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Bit 7—Standby (STBY): Specifies transition to standby mode.

Bit 7: STBY Description
0 Executing SLEEP instruction puts chip into sleep mode (Initial value)
1 Executing SLEEP instruction puts chip into standby mode

Bits 6, 5, and 3—ReservedThese bits are always read as 0. The write value should always be 0.

Bit 4—Standby Crystal (STBXTL): Specifies halting or operating of the clock pulse generator
in standby mode.

Bit 4: STBXTL Description
0 Clock pulse generator is halted in standby mode
1 Clock pulse generator is operates in standby mode

Bit 2—Module Standby 2 (MSTP2): Specifies halting of the clock supply to the timer unit TMU
(an on-chip peripheral module). When the MSTP2 bit is set to 1, the supply of the clock to the
TMU is halted.

Bit 2: MSTP2 Description
0 TMU runs (Initial value)
1 Clock supply to TMU is halted

Bit 1—Module Standby 1 (MSTP1):Specifies halting of the clock supply to the realtime clock
RTC (an on-chip peripheral module). When the MSTP1 bit is set to 1, the supply of the clock to
the RTC is halted. When the clock halts, all RTC registers become inaccessible, but the counter
keeps running.

Bit 1: MSTP1 Description
0 RTC runs (Initial value)
1 Clock supply to RTC is halted

Bit 0—Module Standby 0 (MSTPO0):Specifies halting of the clock supply to the serial
communication interface SCI (an on-chip peripheral module). When the MSTPO bit is set to 1, the
supply of the clock to the SCI is halted.

Bit 0: MSTPO Description

0 SCI operates (Initial value)
1 Clock supply to SCl is halted
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9.2.2 Standby Control Register 2 (STBCR2)

The standby control register 2 (STBCR2) is a readable/writable 8-bit register that sets the powel
down mode. STBCR2 is initialized to H'00 by a power-on reset.

Bitt 7 6 5 4 3 2 1 0
\ MSTP9 \ MDCHG‘ MSTPS‘ MSTP?‘ MSTPG‘ MSTPS‘ MSTP4‘ MSTPB‘
Initial value: 0 0 0 0 0 0 0 0

R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7—Module Stop 9 (MSTP9):Specifies halting of the clock supply to the X/Y memory (an
on-chip peripheral module). When the MSTP9 bit is set to 1, the supply of the clock to the
memory is halted.

Bit 7: MSTP9 Description
0 X/Y memory runs (Initial value)
1 Clock supply to X/Y memory halted

Bit 6—Pin MD5 to MDO Control (MDCHG): Specifies whether or not pins MD5 to MDO are
changed in standby mode. When this bit is set to 1, the MD5 to MDO pin values are latched whe
returning from standby mode by means of a reset or interrupt.

Bit 6: MDCHG Description
0 Pins MD5 to MDO are not changed in standby mode (Initial value)
1 Pins MD5 to MDO are changed in standby mode

Bit 5— Module Stop 8 (MSTP8):Specifies halting of the clock supply to the user break
controller UBC (an on-chip peripheral module). When the MSTP8 bit is set to 1, the supply of th
clock to the UBC is halted.

Bit 5: MSTPS8 Description
0 UBC runs (Initial value)
1 Clock supply to UBC is halted
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Bit 4—Module Stop 7 (MSTP7):Specifies halting of the clock supply to the DMAC (an on-chip
peripheral module). When the MSTP7 bit is set to 1, the supply of the clock to the DMAC is
halted.

Bit 4: MSTP7 Description
0 DMAC runs (Initial value)
1 Clock supply to DMAC halted

Bit 3—Module Stop 6 (MSTP6):Specifies halting of the clock supply to the DAC (an on-chip
peripheral module). When the MSTP6 bit is set to 1, the supply of the clock to the DAC is halted.

Bit 3: MSTP6 Description
0 DAC runs (Initial value)
1 Clock supply to DAC halted

Bit 2—Module Stop 5 (MSTP5):Specifies halting of the clock supply to the ADC (an on-chip
peripheral module). When the MSTP5 bit is set to 1, the supply of the clock to the ADC is halted
and all registers are initialized.

Bit 2: MSTP5 Description
0 ADC runs (Initial value)
1 Clock supply to ADC halted and all registers initialized

Bit 1—Module Stop 4 (MSTP4):Specifies halting of the clock supply to the SCI2 (SCIF) serial
communication interface with FIFO (an on-chip peripheral module). When the MSTP1 bit is set tc
1, the supply of the clock to SCI2 (SCIF) is halted.

Bit 1: MSTP4 Description
0 SCI2 (SCIF) runs (Initial value)
1 Clock supply to SCI2 (SCIF) halted

Bit 0—Module Stop 3 (MSTP3): Specifies halting of the clock supply to the SCI1 (IrDA)
Infrared Data Association interface with FIFO (an on-chip peripheral module). When the MSTP1
bit is set to 1, the supply of the clock to SCI1 (IrDA) is halted.

Bit 0: MSTP3 Description

0 SCI1(IrDA) runs (Initial value)
1 Clock supply to SCI1(IrDA) halted

230

HITACHI



9.3 Sleep Mode

9.3.1 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is 0 causes a transition from the
program execution state to sleep mode. Although the CPU halts immediately after executing the
SLEEP instruction, the contents of its internal registers remain unchanged. The on-chip periphe
modules continue to run in sleep mode and the clock continues to be output to the CKIO and
CKIO2 pins. In sleep mode, the STATUSL pin is set high and the STATUSO pin low.

9.3.2 Canceling Sleep Mode

Sleep mode is canceled by an interrupt (NMI, IRQ, IRL, on-chip peripheral module, PINT) or
reset. Interrupts are accepted in sleep mode even when the BL bit in the SR register is 1. If
necessary, save SPC and SSR to the stack before executing the SLEEP instruction.

Canceling with an Interrupt: When an NMI, IRQ, IRL or on-chip peripheral module interrupt
occurs, sleep mode is canceled and interrupt exception handling is executed. A code indicating
interrupt source is set in the INTEVT and INTEVT2 registers.

Canceling with a ResetSleep mode is canceled by a power-on reset or a manual reset.
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9.4 Standby Mode

94.1 Transition to Standby Mode

To enter standby mode, set the STBY bit to 1 in STBCR, then execute the SLEEP instruction. Th
chip switches from the program execution state to standby mode. In standby mode, power
consumption is greatly reduced by halting not only the CPU, but the clock and on-chip peripheral
modules as well. The clock output from the CKIO and CKIO2 pins also halts. CPU and cache
register contents are held, but some on-chip peripheral modules are initialized. Table 9.4 lists the
states of registers in standby mode.

Table 9.4  Register States in Standby Mode

Module Registers Initialized Registers Retaining Data
Interrupt controller — All registers

On-chip clock pulse generator — All registers

User break controller (UBC) — All registers

Bus state controller (BSC) — All registers

Timer unit (TMU) TSTR register Registers other than TSTR
Realtime clock (RTC) — All registers

A/D converter (ADC) All registers —

D/A converter (DAC) — All registers

The procedure for moving to standby mode is as follows:

1. Clear the TME bit in the WDT'’s timer control register (WTCSR) to O to stop the WDT. Set the
WDT'’s timer counter (WTCNT) and the CKS2-CKSO0 bits in the WTCSR register to
appropriate values to secure the specified oscillation settling time.

2. When PLL circuit 1 is running in clock modes 3 and 4, clear the PSTBY and PLLEN bits in
the frequency control register (FRQCR) to 0 to stop PLL circuit 1.

3. After the STBY bit in the STBCR register is set to 1, a SLEEP instruction is executed.

4. Standby mode is entered and the clocks within the chip are halted. The STATUS1 pin output
goes low and the STATUSO pin output goes high.
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9.4.2 Canceling Standby Mode

Standby mode is canceled by an interrupt (NMI, IRQ, IRL, PINT, or on-chip peripheral module)
or a reset.

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the chip detect:
an NMI, IRL, IRQ, PINT*, or on-chip peripheral module (except interval timgidterrupt, the

clock will be supplied to the entire chip and standby mode canceled after the time set in the
WDT'’s timer control/status register has elapsed. The STATUS1 and STATUSO pins both go low
Interrupt handling then begins and a code indicating the interrupt source is set in the INTEVT ar
INTEVT?2 registers. After the branch to the interrupt handling routine, clear the STBY bit in the
STBCR register. WTCNT stops automatically. If the STBY bit is not cleared, WTCNT continues
operation and a transition is made to standby mbabén it reaches H'80. This function prevents
the data from being destroyed due to a rise in voltage with an unstable power supply, etc.
Interrupts are accepted in standby mode even when the BL bit in the SR register is 1. If necesse
save SPC and SSR to the stack before executing the SLEEP instruction. Immediately after an
interrupt is detected, the phase of the CKIO pin clock output may be unstable, until the processc
starts interrupt handling. (The canceling condition is that the IRL3—IRLO level is higher than the
mask level in the 13—10 bits in the SR register.)

Notes: *1 When the RTC is being used, standby mode can be canceled using IRL3—-IRLO, IRQ:-
IRQO, or PINTO/1.

*2 Standby mode can be canceled with an RTC or TMU (only when running on the RTC
clock) interrupt.

*3 This standby mode can be canceled only by a power-on reset.

Interrupt WDT overflow and branch to
request interrupt handling routine
Crystal oscillator settling Clear bit STBCR.STBY before
time and PLL synchronization WTCNT reaches H'80. When
time STBCR.STBY is cleared, WTCNT
WTCNT value i halts automatically.
A - > ¢ >

HFF

H'80

» Time

Figure 9.1 Canceling Standby Mode with STBCR.STBY
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Canceling with a ResetStandby mode is canceled by a reset (power-on or manual). Keep the
RESET pin low until the clock oscillation settles. The internal clock will continue to be output to
the CKIO and CKIO2 pins.

9.4.3 Clock Pause Function

In standby mode, the clock input from the EXTAL pin or CKIO pin can be halted and the
frequency can be changed. This function is used as follows:

1. Enter standby mode using the appropriate procedures.

2. Once standby mode is entered and the clock stopped within the chip, the STATUS1 pin outpu
is low and the STATUSO pin output is high.

3. Once the STATUSL pin goes low and the STATUSO pin goes high, the input clock is stopped
or the frequency is changed.

4. When the frequency is changed, an NMI, IRL, IRQ, PINT or on-chip peripheral module
(except interval timer) interrupt is input after the change. When the clock is stopped, the same
interrupts are input after the clock is applied.

5. After the time set in the WDT has elapsed, the clock starts being applied internally within the
chip, the STATUS1 and STATUSO pins both go low, and operation resumes from interrupt
exception handling.
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9.5

9.5.1

Module Standby Function

Transition to Module Standby Function

Setting the standby control register MSTP9-MSTPO bits to 1 halts the supply of clocks to the
corresponding on-chip peripheral modules. This function can be used to reduce the power
consumption in sleep mode. The module standby function holds the state prior to halting the
external pins of the on-chip peripheral modules. TMU external pins hold their state prior to the
halt. SCI external pins go to the reset state. With a few exceptions, all registers hold their values

Bit Value Description
MSTP9 0 XY memory runs
1 Supply of clock to X/Y memory halted
MSTP8 0 UBC runs
1 Supply of clock to UBC halted
MSTP7 0 DMAC runs
1 Supply of clock to DMAC halted
MSTP6 0 DAC runs
1 Supply of clock to DAC halted
MSTP5 0 ADC runs
1 Supply of clock to ADC halted, and all registers initialized
MSTP4 0 SCIF runs
1 Supply of clock to SCIF halted
MSTP3 0 IrDA runs
1 Supply of clock to IrDA halted
MSTP2 0 TMU runs
1 Supply of clock to TMU halted. Registers initialized™®
MSTP1 0 RTC runs
1 Supply of clock to RTC halted. Register access prohibited ™
MSTPO 0 SCl runs
1 Supply of clock to SCI halted

Notes: *1 The registers initialized are the same as in standby mode (see table 9.4).

*2 The counter runs.
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9.5.2 Clearing Module Standby Function

The module standby function can be cleared by clearing the MSTP9-MSTPO bits to 0, or by a
power-on reset or manual reset.

9.6 Timing of STATUS Pin Changes

The timing of STATUS1 and STATUSO pin changes is shown in figures 9.1 through 9.8.

9.6.1 Timing for Resets

Power-On Reset

CKIO, CKIO2"4 §$ SS

—p | |
'PLL settling } }
. time } }
RESETP ! | }
| | |
o i
|
STATUS Normal*2 | | Reset'l Normal*2
S A
| | | |
1 ‘ | ‘
RESETOUT | | | |
}4—»} < >
0to5Bcyc™® 0to 30 Beyc'3

Notes: *1.Reset: HH (STATUSL1 high, STATUSO high)
*2.Normal: LL (STATUSL1 low, STATUSO low)
*3.Bcyc:  Bus clock cycle
*4. CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure 9.2 Power-On Reset (Clock Modes 0, 1, 2, and 7) STATUS Output
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Manual Reset

ckio, cki02's 1L L LS L LSy r L L L LT LT

| | | |
RESETM i | i
1 1 1 \
1 1 1 1
TAT Normal*3 ‘ ‘ | Reset"2 ‘ Normal”3
STATUS | }< | >(
1 1 1 1
1 1 } ‘
RESETOUT | ! | |
— .
0 Bcyc or more™1.74 0 to 30 Beyc™

Notes: *1 In a manual reset, STATUS becomes HH (reset) and the internal reset begins
after waiting for the executing bus cycle to end.
*2 Reset: HH (STATUSL high, STATUSO high)
*3 Normal: LL (STATUSL1 low, STATUSO low)
*4 Bcyc:  Bus clock cycle
*5 CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure 9.3 Manual Reset STATUS Output
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9.6.2 Timing for Canceling Standby

Standby to Interrupt

Oscillation stops Interrupt request WDT overflow

J ) )
CKIO, cki02*3 _[ 1 [ [ mm_\—l_\—‘_\—’_‘

WDT count

>< Normal*2

STATUS  Normal? ¥ Standby'?

WAKEUP

Notes: *1 Standby: LH (STATUS1 low, STATUSO high)
*2 Normal: LL (STATUSLI low, STATUSO low)
*3 CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure 9.4 Standby to Interrupt STATUS Output
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Standby to Power-On Reset

Oscillation stops  Reset

CcKIo, ckio27 _[ L[ L1 l lI'|'|'|'|'I'|'I'Iﬁ3:If\_I_\_I_|§§J_\_I_\_’—\_I7

RESETP!

STATUS Normal*>

0 to 10 Beyc™® 0 to 30 Beyc'8

Notes: *1 When standby mode is cleared with a power-on reset, the WDT does not count.

Keep RESETP low during the PLLs oscillation settling time.

*2 Undefined

*3 Reset: HH (STATUSLI high, STATUSO high)

*4 Standby: LH (STATUS1 low, STATUSO high)

*5 Normal: LL (STATUSL1 low, STATUSO low)

*6 Bcyc: Bus clock cycle

*7 CKIO2 output can only be used in clock modes 0, 1, and 2.

Figure 9.5 Standby to Power-On Reset STATUS Output
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Standby to Manual Reset

Oscillation stops Reset

CKIO, CKIO2*6 _l_\_l_\_l_ll +’ITI'|'I'|'I'|'WI'I MMS—\_I_\_‘_\_I_\_I

RESETM™! | I

|
|
|
|
|
i
*4 *3 | *D | *4
STATUS Normal >< Standby >< Reset Normal
| |
—»

0 to 20 Beyc™