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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautionson Handling of Product

1. Treatment of NC Pins

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

2. Treatment of Unused Input Pins

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

3. Processing before Initialization

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

4. Prohibition of Accessto Undefined or Reserved Addresses

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

5. Treatment of Power Supply (0V) Pins

Note: There should be no voltage difference between the system ground pins (0 V power
supply), VssQ, Vss, Vss, Vss(PLL1), and Vss (PLL2).

If voltage difference is created between the system ground pins, malfunctions may occur or
excessive current flows during standby due to through current. Voltage difference should not
be created between the system ground pins, VssQ, Vss, Vss(PLL1), and Vss (PLL2).
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Important Notice on the Quality Assurancefor thisL S|

Although the wafer process and assembly process of thisL S| are entrusted to the external silicon
foundries, the quality of this LSl is guaranteed for the customers under the quality assurance
system of our company.

However, if it is clear that our company isresponsible for a defective product, we will only offer,
after the agreement of both parties, to exchange it with a new product from stock.

The following shows the robustness (reference values) of the LS| against static-electricity-induced
breakdown.

Robustness (Reference Values) of the LSl against Static-electricity-induced Breakdown

Machine Model Method +200 V or more
Human Body Model Method + 1500 V or more
Charged Device Model Method + 1000 V or more

For the details on the quality assurance of this LSI, contact your nearest Renesas Technology sales
representative.
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Configuration of This Manual

This manual comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

e CPU and System-Control Modules

e  On-Chip Peripheral Modules

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

i) Feature

ii) Input/Output Pin

iii) Register Description
iv) Operation

v) Usage Note

o 0k~ wbdPE

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

7. List of Registers

8. Electrical Characteristics

9. Appendix

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

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

11. Index
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Preface

The SH7641 RISC (Reduced Instruction Set Computer) microcomputer includes a Renesas
Technology original RISC CPU asiits core, and the periphera functions required to configure a
system.

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

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

Notes on reading this manual:

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

Product Classifications and Abbreviations

Basic Classification Product Code

SH7641 HD6417641

e Inorder to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e |norder to understand the details of the CPU's functions
Read the SH-3/SH-3E/SH3-DSP Software Manual.

This product does not support the MMU functions. For example, the LDTLB instruction code
is executed as the NOP instruction.

Rev. 4.00 Sep. 14,2005 Page viii of |
RENESAS



Rules: Register name: ~ The following notation is used for cases when the same or a
similar function, e.g. serial communication, is implemented
on more than one channel:

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

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

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, decimal is XxxXx.
Signal notation:  An overbar is added to alow-active signal: xxxx
Related Manuals:  Thelatest versions of all related manuals are available from our web site.

Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/eng/

SH7641manuals:

Document Title Document No.
SuperH RISC engine SH7641Hardware Manual This manual
SH-3/SH-3E/SH3-DSP Software Manual REJ09B0171

Users manuals for development tools:

Document Title Document No.

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

SuperH™ RISC engine High-performance Embedded Workshop 3 REJ10B0025
Users Manual

SuperH RISC engine High-Performance Embedded Workshop 3 Tutorial REJ10B0023

Application note:

Document Title Document No.

SuperH RISC engine C/C++ Compiler Package Application Note REJ05B0463
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Abbreviations

ADC Analog to digital converter
ALU Arithmetic logic unit

bpp bits per pixel

bps bits per second

BSC Bus state controller

CODEC Coder-decoder

CPG Clock pulse generator

CPU Central processing unit

CRC Cyclic redundancy check
DMAC Direct memory access controller
DSP Digital signal processor

ESD Electrostatic discharge

ECC Error checking and correction
etu Elementary time unit

FIFO First-in first-out

Hi-Z High impedance

H-UDI User debugging interface
INTC Interrupt controller

LSB Least significant bit

MSB Most significant bit

PC Program counter

PFC Pin function controller

PLL Phase locked loop

RAM Random access memory
RISC Reduced instruction set computer
ROM Read only memory

SCIF Serial communication interface with FIFO
SOF Start of frame

TAP Test access port

T.B.D To be determined

UBC User break controller
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USB Universal serial bus
WDT Watch dog timer

Rev. 4.00 Sep. 14,2005 Page xi of |
RENESAS



Rev. 4.00 Sep. 14,2005 Page xii of |
RENESAS



Contents

SECHION L OVEIVIEW.....eoiieeieceieeie ettt e s aeestesre e aeensesneesteeneesneenseennens 1
L1 FEBIUIES. ...ttt r e e e e s e nn e R e nn e e e e e ne e reeneen 1
7 2 1 [ To: gl T T o o o SRS 7
1.3 PiN ASSIGNMENES.....cieiicieiecie ettt ettt e e e e e e s resbesbeeaeese e e esteseenbesaesneeseeneensensens 8
14 PINTUNCHONS ..ot bbb bbb et ene e e e e enee e 9
= o 1) 12 1 = S 25
2Nt R = = £ 25
211  GENEal REQISIENS.....uiciceceeie ettt ne et s resbesresneere e e enaeneens 29
225 B2 Oo 01 (0 [ == o K= (= £ S RSSRS 31
213 SYSOM REOGISIEIS. . .ctiieieterieeieee ettt st s e et e b sae b e e e e 35
214  DSP REJISIEIS....ccuciitiieeeisteseeteste st sttt ste et sasbe et i b e st e e teste e ete st eeetesreneeresaenens 35
A B T - W o 0T T SR 42
221 Register Data Format (NON-DSP TYPE) ...ccoveiiiuererireseseeeeseeieseesiesee e eneeeeseens 42
222 DSP-Type Data FOrMELS. .....ccveiiiierireesiiis s iaessineesseesressreessessseessesssesssessnseesssessns 42
2.2.3  MemOory Data FOrmMELS........coiiuiiiiueeiie it sbe e s sreesne e 44
2.3 Features of CPU COre INSITUCHIONS ...uiieeiiirieeieieiesiesie ettt 44
2.4 INSITUCHION FOIMEES.....cciuiiiiieiie i cteeste et e st et ee s e e ste et eeee e e e ebeesbe et e enbeeneesaeesaeesreenreennennns 48
241 CPU Instruction Addressing MOGES .........cooeeeriririeniininenieese e 48
242 DSP DataAddreSSING ...ccccoerererieseieeeeeieeseestestesesesreseeseeeeseeseeseesse e sressesneenseneens 51
243 CPU INStrUCtION FOMMAES c....vevviiieseeiisieseeiesie ettt st saese st et e steseesesnenens 58
2.4.4  DSP INSITUCLION FOMMELS.......ccveviiiiieiirieieesie ettt st ste s ssesessesaenens 61
25 INSITUCHTON SEL ..ottt et b et e b e bbb e bt ne e e e e e e 67
251  CPU INSLIUCLION SEL......ccuvicieeieeiecie ettt ettt be e s ebee st et e e re e saeas 67
2.6 DSP Extended-FUNnCtion INSLIUCLIONS..........coeeiiereririene e s 81
220G T R [ oo (8o [ o o PSPPSR 81
2.6.2 Added CPU System Control INSIrUCLIONS .......ccevveeieieieeiieriese e e seseeseeseeseesee e 82
2.6.3 Single and Double Data Transfer for DSP Data INStructions...........cccceeveveveniennens 84
2.6.4 DSP Operation INSIIUCLION SEt........coeiiriiiiirieriese et 88
SeCtioN 3 DSP OPEIatiON .......ccueeiieeieiiesieesie e seeste e ste e e e e eaesrae e eseenee e 99
31 DataOperations of DSP UNIL.......ccoiiviiiiiecieeesese e ne e s 99
311 ALU Fixed-Point OPErationsS........ccccoeiuerreiesesteseeeeseessesieseestessessessesssessessessessessens 99
312  ALU INtEgEr OPErationS .....ccceieererieeicieieeiesieste s e sreeresseeeesaesses e snesressesseesaessenseses 104
3.1.3  ALU LOQICal OPEratiONS........ccoueiuerienieieesiesieseeee et sre e seesees e e sae e e 105
3.1.4  Fixed-Point MUltiply OPeration...........ccoeerereerereeenieneeeste e sreseenens 107

Rev. 4.00 Sep. 14,2005 Page xiii of |
RENESAS



315 SNift OPEraliONS.....ccviieeceeeeeer et e e e s 109

3.1.6 Most Significant Bit Detection OPEration ..........c.cceeeeeveevereriesesieseseseeseeeeseees 112
G350 By A = (o 10120 (120 @ o = =[] 1SS TS 115
3.1.8  OVEflOW ProtECLION. .. .ccueieeeee et 117
3.19 DaaTransfer OPeration ........ccocceereiririeine et 118
3.1.10 Local DataMOVe INSIIUCLION .......ccvviieeieeeieiesies e 122
1 50 151 I @ o 1= =1 o @ 1 123
I B 1S o o 1SS oo TSRS 124
G725 R B 1S o = (= o == | @] 111 (o) R 124
3.22 DSPData AdaressiNg .....ccceeveeriereeerieisiesieeseseee e sessestesessestesessessesessessesessessesenns 132
Section 4 Clock Pulse Generator (CPG) ......ccocceveevieiieseereseeseesie e e e 143
A1 FEAIUIES.....ccueeueeeeete ettt ettt ettt bbb st e e e se e b e se e Rt bt s e e AR R e R e s e e E e bt en b e nnas 143
N 1 0T o107 @ U 1 o U1 1 =S 146
4.3 Clock Operating MOUES........cceciiieieiese ettt e e st sa e st ss e ae st e testesaesre e e eneeeeneas 146
44 ReQISEr DESCIIPLIONS. .....iitiiueeuereeieeie sttt ettt ettt see e e abb e e e e e ebeseesbesaesaeene e e eneeseeneas 149
44.1 Freguency Control Register (FRQCR) ......c.ooiiveeiiiiiiinineneee e 149
45  Changing the FTEQUENCY .......ccceiirieiriineeieriereete st itst e se b st s be s sbe e sbe e e b saeneas 151
45.1 Changingthe Multiplication Rate.......cccoiieeieieeie e 151
45.2 Changing the DiViSION RALO.........ccoiiiiinieiicieiecse et 151
/N T L] (=<0 T = L0 = o D= Lo | o SR 152
Section 5 Watchdog Timer (WDT) ..oivereeieene et 155
L R = U =TRSO 155
LA = 1= T = I L= ] o140 1 S 156
521 Watchdog Timer Counter (WTCNT)....cccoieiieiierreeseceeeereere e 156
5.2.2 Watchdog Timer Control/Status Register (WTCSR).....ccccocevivvvnievenenereeeeeenen 157
52.3 NOtES ONREJISLEN ACCESS ....ovcviiiieiirieieiirieie sttt r e 159
LI I U £ =X o 1 11T 0 SRS 159
531  Canceling StANADYS ........ccevuirmeuiriinieiirieie st 159
5.3.2 Changing the FIEOUENCY ......cccovveiueeereeiereesesie st stese e eesee e st sre e e e e srees 160
5.3.3 Using Watchdog Timer MOdE ........cccceruieieieeiesiese e s 160
534 Using Interval TIMer MOE .......cccveiiiieieieee e s 161
54  Precautionsto Take when Using the WDT ... 161
Section 6 POWEr-DOWN MOES.........ccvveeiieeeeieseesie et 163
B.1  FEALUIES.....eeeeee ettt e h R e e nr bRt nennas 163
6.1.1  POWEr-DOWN MOUES.......ceruiieiiriiieiirieiee sttt st 163
T = (= OSSP SS 164
6.1.3  INPUL/OULPUL PINS.....cuiiiiiiieitesie ettt et b ne s 165

Rev. 4.00 Sep. 14,2005 Page xiv of |
RENESAS



(ST = 1= T = I 1= o ] o o] = S 166
6.2.1 Standby Control Register (STBCR).......ccccieveriereieceseeeeee et 166
6.2.2 Standby Control Register 2 (STBCR2)......ccoceveieieeiieceeieseee et 167
6.2.3 Standby Control Register 3 (STBCR3).....ccccoiiireriiiereeieee et 168
6.2.4 Standby Control Register 4 (STBCRA)......cccoiiiiiiireiieneee e 170
6.3 OPEIEIION ..ottt ettt bt b e et b et b e et b e st b e s b neene s 171
L TN S 1= o1 1Y/ oo 171
(SRS 2R =0T | )1V o o L= SRS 172
6.3.3 Module Standby FUNCLION.........ccceciiiciceceee e 174
6.3.4 STATUSPIN Change TiMiNGS......ccoieriririeiserieiesieseeesesesestesesessesessessessssessesenes 174
SECHON 7 CBCNE ...t 179
T.1 FEALUIES ...ttt et e b e e bt b e e SRS nr e r b en b e nnas 179
711 CaChe SITUCLUIE......oe ettt stttk sk b ettt sae e st st ee 180
AV = =0 11 (= B T ] o o] = S 182
7.21 Cache Control RegiSter 1 (CCRL) ..ccuocueiueeiieeeee ittt e 182
7.2.2 Cache Control Register 2 (CCR2) .......cooreiiiueniiiisieneee et 183
7.3 CaCNE OPEIAION. ...ttt ettt ettt e bt et et bese et et e se st ebeseenesbenaenea 186
7.31  Searching CaChE ..ot e 186
7.3.2  REAO ACCESS....ceeuiiterieiesie et sttt sbe st b ste st be e e sesbe e s besbe e e besbe e ebesbe e ebesbe e esesbenees 188
PSRN = (= (= (v g @0 1= - 1 Lo o F 188
T.3:4  WWIEE ACCESS. ...ttt sttt et ettt sttt eae et et b et e be e b e s e e e et e see st e sbeeaeene e e aneees 188
7.35  WIrite-BaCk BUFfEr ... 189
7.3.6  Coherency of Cache and External MemOry .........cccooeoivineienennienereeese e 189
7.4  Memory-Mapped CaChiE ........cciiieree ettt st e re e e enean 190
A R N (0| £ == AN 1 - Y SRS 190
A D - - W (- Y PSRRI 190
7.4.3  USB0E EXAMPIES......ccooiceiieieeeee e e 192
SECLION 8 X/Y IMEIMOIY ..veieeeieeeesteese e ee ettt este e reeaeeneesreenenneens 193
8.1 FEALUIES ...ttt r e bRt b e e e ennas 193
8.2  X/Y Memory ACCESSTIOM CPU ......cociiicicescse et s 194
8.3  X/Y Memory ACCESSTrOM DSP.......cccciciieciceceee st s 194
84  X/Y Memory AcCESSTroM DMAC ..ottt st 195
8.5 USAGE NOLE. ...t e 195
8.6 SIEED MOUE ...ttt et b e et b e e b e 195
S A o (0| £~ S o PSPPSR 195
Section 9 EXCeption HaNAliNG ......ooveeiirieiierieee e 197
0.1 REQIStEr DESCIIPLIONS. ... .eitiiueeieeeeeeie sttt sttt se e et e e b see st e b saeese e e e neeseeeas 198

Rev. 4.00 Sep. 14,2005 Page xv of |
RENESAS



9.1.1 TRAPA Exception REQISEr (TRA) .o oeeieeee st 198

9.1.2 Exception Event ReGIStEr (EXPEVT) .ccvciiieie e s nee s 199
9.1.3 Interrupt Event ReGIStEr 2 (INTEVT2)....ccoiie et 199
9.2 Exception Handling FUNCLION .........oouiiiiiiieieeieeie et s 200
921 Exception Handling FIOW .........coiiiiriiiiiieerees e 200
0.2.2  EXCEPLion VECLOr AQArESSES. .......coueuiriiieiriirie ettt e 201
(S 720G TN = (ol o 1o W0 o === S 201
9.24 Exception Request and BL Bit (Multiple Exception Prevention)...........ccccueeeee. 201
9.25 Exception Source Acceptance Timing and Priority .......cccocevieveeievesesesieeieeseennn, 202
9.3 Individual EXCEpPtion OPEratioNS .........cccueiuirieririenieneeee ettt see b e eeneas 205
SR R = (= (SRS 205
0.3.2  GENEal EXCEPLIONS......covieeeireiieiirieiees ettt 206
9.4  Exception Processing While DSP Extension Function isValid.....ccc.ccoovvvvvvnvceecccenennn, 210
9.4.1 lllegd Instruction Exception and Slot lllegal Instruction Exception.................... 210
9.4.2 Exception in Repeat Control Period ..........cccccvevieeiiise s 210
9.5 Noteon Initializing thiS LS .......cooiiiiie e 216
0.6 USAHE NOLES ..ottt et e e e e e sr e r e 218
Section 10 Interrupt Controller (INTC)....ciiiiineie e 219
O T = =TSRSS 219
10.2  INPUL/OULPUL PINS.....ciiiiiiicieciecteeeeiieseestis e sae st s e e esaesae e saestesseeseeseesesteseestessessessesnsenseseens 221
10.3 REQIStEr DESCIIPLIONS. ....ceiteieiiteeieeeiieist ettt see st eae e e e e e seesbesbesbe s e e eeneeseeas 221
10.3.1 Interrupt Priority Registers B to J (IPRB tO IPRJ)......ccccovviviiirinirceencee 223
10.3.2 Interrupt Control Register O (ICRO).......coveeririeerieeeereee e 225
10.3.3 Interrupt Control RegiSter 1 (ICRL).....ccccovievireieseeeeeeeesees e et eeeseens 226
10.3.4 Interrupt Control ReGIStEr 3 (ICR3)....ccucveiriiieiriiieesieeeseees s 227
10.3.5 Interrupt Request Register O (IRRO) ......ccceeverieiriiieiriieeesiees s 228
10.3.6 Interrupt Mask Registers 0t0 10 (IMRO t0 IMR10) ......ccccovvvvieivinenersseseeens 229
10.3.7 Interrupt Mask Clear Registers 0o 10 (IMCRO to IMCR10) .......ccoevevrerieenennnn 231
J10.4  INTEITUDPE SOUICES.....ccueiiiiiieite ettt sttt se e r b sr e er e e e e 233
0 R N 1Y S 233
10.4.2 H-UDI INEEITUPL ....ooieeiiitirieisiiieesieseiestesee sttt et sesseneens 233
10.4.3 TRQ INLEITUDBLS. ... .eiiitiiiiie ettt s st sre e sab e s b ssbe e s reenans 233
10.4.4 On-Chip Peripheral Module INTErTUPBLS .......c.oiiiereieeereee e 234
10.4.5 Interrupt Exception Handling and Priority.........ccoeoeerineeninsnieeseeeseeeees 235
O 1V O @] - 1 o o RSSO 238
10.5.1 INTEITUPE SEQUENCE.....ceitieieeieeie e steesteesteeseesee s e sreesseeeeeneesseesseenseenseenaesneesseessens 238
10.5.2 MUHIPIE INEEITUPLS ....vecveceeeee ettt st e et s r e b b sne b e neenaeneens 240
J0.6  INOLES ON USE... .ottt e e s s r e r e r e e ar e sneesne e s b e e b e e nesnnesneesnes 240
10.6.1 Noteson USB Bus POWEr CONLIOL..........coeieiirerenenieeeie e 240

Rev. 4.00 Sep. 14,2005 Page xvi of |

RENESAS



10.6.2 Timing to Clear an INtErrUPt SOUMCE .......ccueeeeeereeriereseseseereeeeeeeeseeseesne e snesnens 240

Section 11 User Break Controller (UBC) ......cooeeiiieninereeeeee e 241
T = =SSR 241
11.2 ReQISIEr DESCIIPIIONS. ....ecueitiieeierte ettt sttt st bbbttt s b et 243
11.2.1 Break Address Register A (BARA) ..ot e 243
11.2.2 Break Address Mask Register A (BAMRA).....ccocivieeeerere e 244
11.2.3 Break Bus Cycle Register A (BBRA) ......cc i 244
11.2.4 Break Address Register B (BARB) ......ccocvirieiiinieiriieesese st 246
11.2.5 Break Address Mask Register B (BAMRB) .......ccceoiiieiinieneeseseese e 247
11.2.6 Break Data Register B (BDRB) ......ccccviieiiiieireseese et 247
11.2.7 Break DataMask Register B (BDMRB).........ccvvvieiviiieiieesc e 248
11.2.8 Break Bus Cycle Register B (BBRB) .......cccoevevireresisisreeeseese e seeseeseeeeneenes 249
11.2.9 Break Control Register (BRCR) .......cccecuieieiieiie i estee e sssesiesee e esresseseesseneenes 251
11.2.10 Execution Times Break Register (BETR).......ccocveiiiecieieirece e neenas 254
11.2.11 Branch Source RegISter (BRSR).......cicvrueiiirieereiisiesesieesesieesesseessesaesessesseseens 254
11.2.12 Branch Destination Register (BRDR).........coe it 255
L1713 OPEFALTION ..ttt sttt sttt st b e et b e sb e b e eR SRt b seeae b et e bt e bttt b e e bt b e e b b 256
11.3.1 Flow of the User Break Operation........cccovivieieseseseeeeseeeseese e see s seeseeneeneas 256
11.3.2 Break on Instruction FECh CYClE......coiuririiicie et 257
11.3.3 Break on Data ACCESS CYCIE....cuiiieiiieiesieste ettt st nee s 258
11.3.4 Break on X/Y-Memory BUS CYCIe..........ccviiiiriierieeneee e 259
11.3.5 SeqUENtial BreaK ........ccccieueeiuiieeisiisieisiesie e stes ettt sa e st ne s stenens 260
11.3.6 Vaueof Saved Program COUNLEY ...........cccvireeriireeerieeeenieeseseeeseesee s eseenes 260
L11.3.7 PO TTACE ..ttt iiiatine ettt ettt ettt ss et e b s bt bt e e e e se e besbesbeene e e e e e e ennas 261
11.3.8 USAQE EXAMPLES.....cui ittt st sttt esa e e s e e snesresnennen 262
I B E-= o o N\ [ = PR TROPPRt 266
Section 12 Bus State Controller (BSC)......ccvverieiirerese e 269
T2.1  FEALUIES. .....ee ettt st s et ettt e ae e bt e b e e e e abesaeesbeesbeesbeeeesneesaeesaeenseabeantenn 269
12.2  INPUL/OULPUL PINS.....eieeiesiesiesese sttt st e e se e e sre st s e esaesse e seesaesseeneeneeennees 272
R I N (= L@ Y = OSSR 273
2 N R AN (= I 1Y = T o SRS 273
R S g o (o Y A = VSRS 274
12.3.3 AdArESS MBD.....coceceiieeeie ettt a e re st e 275
12.3.4 Area0 Memory Type and Memory BusWidth ... 277
124 ReQIStEr DESCIIPLIONS. ... cccteiiiieieestesieeeeeseese st se e et e e se e e se e e snesresseeneeneeneenees 277
12.4.1 Common Control Register (CMNCR) ......ccciiiiiiiieieeerere e 278
12.4.2 CSn Space Bus Control Register (CSnBCR) (n=0, 2, 3, 4, 5A, 5B, 6A, 6B) ..... 281

12.4.3 CSn Space Wait Control Register (CS'WCR) (n=0, 2, 3, 4, 5A, 5B, 6A, 6B)... 286

Rev. 4.00 Sep. 14,2005 Page xvii of |
RENESAS



12.4.4 SDRAM Control ReGISEr (SDCR).....ccveeererireieseseeeeeesees e see st e e sreseeseneens 314

12.4.5 Refresh Timer Control/Status Register (RTCSR)......ccevveveveiievese e 317
12.4.6 Refresh Timer Counter (RTCNT)..iciiiiiiie v eeeeee e e et sre e e eaeneens 319
12.4.7 Refresh Time Constant Register (RTCOR) ......ccoceririeeierieriine e e 319
12.4.8 Reset Wait Countelr (RWTCNT) ..cuviiiiciiiseeseseee s 320
125 Operating DESCIIPLION......c.civeiieirieirerieee ettt 321
12.5.1 Endian/Access Size and Data AlignmeNt.........ccceeevevueverieresesiese s eeeeeseeseeseens 321
12.5.2 Normal SpPace INEITACE .......ccceieceieciccere s et e e e 324
12.5.3 ACCESSWaIt CONLIOL ......oueeiiieieieiieieie ettt st s nre e 329
12.5.4 CSn Assert Period EXPANSION ...........ccevucueveeeeiesesscsiessessessses s sssssssessesssssons 331
1255 MPX-1/O INEITACE. ...c.iiiiietiitiietese e steee ettt ans 332
12.5.6 SDRAM INEMTACE.....cciiiiieiiisecise et nn 335
12.5.7 Burst ROM (Clock Asynchronous) INterface .........cueveveviineninsnsesieseseereesieneens 376
12.5.8 Byte-Selection SRAM INtEIfaCe......ccveievieie ettt 377
1259 BUrst MPX-I/O INtEIfACE.....cucceiiieieie ettt 382
12.5.10 Burst ROM Interface (Clock Synchronous)............cccueeeeierenieieneneneseseeieens 386
12.5.11 Wait Detween ACCESS CYCIES......coiiiiiriiieee sttt 387
12.5.12 BUS ATDIIBEION ...eeveeeeeieesie et sttt se ettt seesneese e e enseneens 399
T @1 07 £SO PRR 401
Section 13 Direct Memory Access Controller (DMAQC) ......coccvvevenieieenieninne 405
T T = 0 =S SRS 405
13.2  INPUL/OULPUL PINS......ieieiieiieiisiiieeses ettt ettt 407
13.3  REQISIEr DESCIIPLIONS. ....eviieiieieeee sttt sttt st b 408
13.3.1 DMA Source Address REgISLErS (SAR) .....ccvivreie st eeae e 409
13.3.2 DMA Destination Address RegISters (DAR) .....c.ccvceeeeeciercre e 409
13.3.3 DMA Transfer Count Registers (DMATCR) .....ooveueeeeieesece et 409
13.3.4 DMA Channe Control RegiSters (CHCR) ......c.covvirieiriieerieisesieesese e 410
13.3.5 DMA Operation Register (DMAOR) ......ccovrurueirerieererieesesieie s seees 416
13.3.6  DMA Extension Resource Selector 0 and 1 (DMARSO, DMARSL)........cccoene.e. 421
G R @ 1] R 424
13.4.1 DMA Transfer FIOW ...ocuccvciiiiicenieee ettt s 424
13.4.2 DMA Transfer REQUESES........ccciiieiie ettt et e et et s 426
13.4.3 Channel Priofity ....cccccuierieiriiieisieieesieesie ettt sse e sessessenesnes 429
13.4.4 DMA TranSf el TYPES...ueeceriieeterieietestee ettt sttt se e 432
13.4.5 Number of Bus Cycle States and DREQ Pin Sampling Timing.........c.cccceceveene. 440
13.4.6 Completion of DMA TranSfer .....ccoveeeeereere e es e see e seeneeneens 444
1347 NOESON USAQE....ciiiiii ittt ettt sttt be e bbb s re e st e e sreenanas 445
13.4.8 Notes On DREQ Sampling When DACK is Divided in External Access............ 446

Rev. 4.00 Sep. 14,2005 Page xviii of |

RENESAS



T s 0 =TSSR 451
14.2 U Memory ACCESSFrOM CPU ..ottt et 452
14.3 U Memory ACCESS FrOM DSP.... .ottt s s 452
14.4 U Memory AcCeSSFrOM DMAC ...ttt 452
T4.5  USAOE NOLE. ..ottt r bbbt e e sn e renn e er e nes 453
GRS 1= = o 1Y, o o L= S 453
I Ao o [ S S 1 o] SO SO PS 453
Section 15 User Debugging Interface (H-UDI) ......ccoeviiiiniiiineneee e 455
T5.1  FEALUIES. .....eeeee ettt sttt ettt s ae e bt e b e et e e be s et e sbeesbeesbeeeeeneesaeesaeenaeebeentenn 455
152 INPUL/OULPUL PINS.. ..ttt sttt sttt sttt s b e 456
15.3 REQISEr DESCIIPLIONS. .. .cccieriiiesieeteeeeeee st e e resse s e ae st e tesnesresseeneeneeneenes 457
15.3.1 Bypass RegiSter (SDBPR) ......ccuviiiiriiieisieie ettt et ees 457
15.3.2 Instruction REGISLEr (SDIR) ..cviiieiiiiieiieciectieeee st sttt ae e sre st eeneas 457
15.3.3 Boundary Scan Register (SDBSR) ......cccreriieiierieiiiiie e see e sneeeeneas 458
15.3.4 ID REGISIEr (SDID) ...ccuiiiieeiieiieiiiteaetis et sae s esssta e esae e steae e stesaesesrensessstesnns 467
L5.4  OPEIALTON ...veviieteieeiete ettt ettt et sb et b e se SRt b s e ae b et e bt e b et bt e b e e bt b e e b bt 468
IS R 17N = o 010 = ST 468
15.4.2 RESEt CONFIQUIAION .....ceeieieitieiti et eie sttt e e e et sreeae e e e e neeneas 469
15.4.3 TDO OULPUL TIMIMNQ .eveuveriiniieieniiniesesieieesseseeessesseessessesessessesessessesessessesessesseneens 469
15.4.4 H-UDI RESEL......coiveeiiiiiieititiitesisie ettt et st e s sbe e ene 470
1545 H-UDI INTEITUPL ....oviieiieee i s 470
155 BOUNAAIY SCBN.....ccooieeuirieiiiiineeeete sttt sttt st st b e st b e et b et s be e b b 471
15.5.1 SUpPOrted INSEIUCHIONS ... .eveieeieceecteeeeeeeeesee ettt nneneas 471
15.5.2 POINtSFOr AtEENTION......ccueiiirieiririe ettt e 472
15,6 USAOE NOLES....ciiiiiiiueeiitiierieestee et e st sttt e e s e e ste e sb e e s aee e sbbe e s ae e e beeenbaeenbaeebeesbeesnsneen 472
Section 16  1°C BUSINLEITACE 2 (I1C2) ....cuveeeeceeeeeeeeeeie e 473
L16.1  FEALUIES. ... eeeie ettt ettt st s et ettt s a e e s bt e b e e e e a e s aeesbeesbeesbeeeeeneesaeesaeesaeaseanrenns 473
16.2  INPUL/OULPUL PINS.....eiiciesiesiese et este sttt st e e aese e e sre st sse e esaess e e seesaesseeneeneenennees 475
16.3 REQISIEr DESCIIPLIONS......ccueiticteiiecteeeeeete st e ettt se e e e e sr e besaesreeneeneenaeseenes 476
16.3.1 1°C Bus Control RegiSter 1 (ICCRL) .....cvcuieeecereeercieeteseeeeee st 476
16.3.2 1°C Bus Control RegiSter 2 (ICCR2) .......cucveuceeiceeieeeeeieeete s esesae s s senees 479
16.3.3 1°C Bus Mode ReGISLEr (ICMR).......ccoveuerireieiieieicisste st 480
16.3.4 1°C Bus Interrupt Enable Register (ICIER) .........ccccucvrieevierrieeieieeeee e 482
16.3.5 1°C BUS StatuS REGISLEr (ICSR)......vuveeeeeceeereceeeeeeetessseeseesesessssssessssesssesssesssseneees 484
16.3.6 Slave Address REGISLEr (SAR) ....coiiiiiiiccreie sttt e s 486
16.3.7 1°C Bus Transmit Data Register (ICDRT)......c.ccvvevcueeeeiieeeeeseeteeeeseessseeses s 487
16.3.8 1°C Bus Receive Data RegiSter (ICDRR).......c.occuevieceeieeeeteectetesietesesteeseae s 487

Rev. 4.00 Sep. 14,2005 Page xix of |
RENESAS



16.3.9 1°C Bus Shift REGIStEr (ICDRS).......c.cveueeeceeereecteeesseseessesesesessssessssessesssessssesseesnans 487

16.3.10 NF2CY C RegiSter (NF2CY C) ..cuvvvviieirierieiisiesieesiesee sttt 487
A @ - 1] TSR 488
16.4.1 1P C BUSFOMEL.......cocvevreceereecteeeteteeeete st esae s s st es s sessetesesaetesassesesassasnsesenans 488
16.4.2 Master TranSmMit OPEratioN........coeeeeerierirerieeeeseeese et 489
16.4.3 Master RECEIVE OPEIAiON .....cc.eeeuiriiiiierieerieseeese st 491
16.4.4 Slave Transmit OPEratioN .......c.ccceeceerierererinseseseeeeseeseeseesees e e sre e ssesseeeeseseens 493
16.4.5 Slave RECEIVE OPEralioN........cccecueeeeierieriesese st se et e e saesr e esresre e sse e eeeseseens 496
16.4.6 Clocked Synchronous Serial FOrmat .........ccceveeeieeeeieeiese e 497
16.4.7 NOISE FIILEN oottt neenn 501
16.4.8 EXAMPIE OF USE. ..ottt s s e 502
16.5 INEITUPE REQUESL.........oiiiiieeeeeee e nreas 506
16.6  Bit SYNChroNOUS CilCUIL.......ccueiueeeeeerieriisesesese e e seesees e see st esassas s en e sresresresreeseeneeneeneens 507
16.7  USAOE NOLE.....eiiieeiiii ittt ettt et sbe e st e e e b s bad S Rn e e s ke e R b e e s beeeneesnbeesseeeen 508
Section 17 Compare Match TImMer (CMT) .oueviieeiiieiieiieee e 509
O R < =T PR 509
17.2 REQISIEr DESCIIPLIONS. ....cviueeuireiietirieieie sttt sbe ettt ettt b 510
17.2.1 Compare Match Timer Start Register (CMSTR) ......ccoveeveverie e seseeeeneens 510
17.2.2 Compare Match Timer Control/Status Register (CMCSR) ......cccocvvevvenecerienennes 511
17.2.3 Compare Match Counter (CMCNT ) ...c.ccveeierireceseceeeeeeee e et e e eae e 512
17.2.4 Compare Match Constant Register (CMCOR) ........ccvireerinieienineeseeeeseeeenes 512
17.3 OPEIALION ..ottt b et b bbbt bbb bbb 513
17.3.1 Interval Count OPEIELION ........ccceruireeeiriiieierieeetese et sees 513
17.3.2 CMCNT COUNt TIMING..cttetireieeeiereerereereeseeseestessesseseeseessessessessessessessessesseessessens 513
17.4 COMPAE IMAICNES ......cciieiie ittt sre b s e esa et e tesbesresresneeneeneens 514
17.4.1 Timing of Compare Match Flag Setting .........ccccevveeeeieeiciesesie e 514
17.4.2 DMA Transfer Requests and Interrupt REQUESES........ccveveeriiieeinieiecnescsieees 514
17.4.3 Timing of Compare Match Flag Clearing..........ccooeveivineininenieeseeesees 515
Section 18 Multi-Function Timer Pulse Unit (MTU)......cccccveveveeveece e 517
T T = =3RS 517
18.2  INPUL/OULPUL PINS.....cviieiiiiieciecteeeete et st e e e e e e e saesbe s e ere e e e e e e seesbestesresneenneneeseens 521
18.3 REQIStEr DESCIIPLIONS. ....cueiteitiiteiieeieeee ettt et e et bbb eae s e e e eee e 522
18.3.1 Timer Control REGISIEr (TCR)....cccorveeriirieierierieeriereeesee et 524
18.3.2 Timer Mode RegiSter (TMDR)......ccveiiiiiierieeicreeeeseese s 528
18.3.3 Timer I/O Control ReGISEr (TIOR) .....ceeveererireresiereeeeeesees e seesee e e eseeeens 530
18.3.4 Timer Interrupt Enable ReGIStEr (TIER)......ccccecvieeeeeeeiesees et 548
18.35 Timer StatuS REGISLEr (TSR)...cciciiicieierieresteste et ee e ee e e e et sresre e esaeeens 550
18.3.6 Timer COUNEr (TCNT)..ccioieirieeeierieeeiesieesie ettt sa et a e aesesseneens 553

Rev. 4.00 Sep. 14,2005 Page xx of |
RENESAS



184

185

18.6

18.7

18.3.7 Timer General ReQIStEr (TGR) ...ocvvvvvieeeeeiereee et se et neenes 553

18.3.8 Timer Start REGISIEr (TSTR) ...ocveiiieieeeceeiee e st eas 554
18.3.9 Timer Synchro REGISLEr (TSYR) ...ocueiecieiecese et 554
18.3.10 Timer Output Master Enable Register (TOER) ........ccooeieriiienere e 556
18.3.11 Timer Output Control Register (TOCR) ......ccccviirieiriieerieieese e 557
18.3.12 Timer Gate Control RegiSter (TGCR) ....cccovrveeririerie e 559
18.3.13 Timer SUBCOUNEr (TCNTS) .oviiiieeceereeeerertesie st e e e e see e sre e e enes 561
18.3.14 Timer Dead Time Data Register (TDDR)......cccvvuveevecieeereee e 561
18.3.15 Timer Period Data Register (TCDR) ......ccvvirieiriinieirieieesesiee et 561
18.3.16 Timer Period Buffer REGISEr (TCBR).....c.ccvvirieiiiieeseise s 561
18.3.17 BUS MaSter INEIfaCe. ......cceieiiee et 562
(@] 07 ¢ 1o o TSSOSO USROS PSPPSR 562
18.4.1 BaSIC FUNCHIONS. ......ciitirieiiriisieicsiesie ettt sbs bbbttt 562
18.4.2 SynChron0oUS OPEratioN.........ccccceeueeeeieeiiesestesteseeetesssseesesssesssseestessessessesseessessesees 568
SR CTIN =10 1= G @) o 1= - 1o o I 571
18.4.4 CasCaded OPEratioN ......ccccciirererieeiereeeeee st st see st sae e e e e e eeseesbesaesbesaesneeeeseaneas 574
18.4.5 PWM MOUES........ceitirieeiiiesietististees e stesestesaebe e sasbsan s sesessessesessessesessensesessensesessenen 576
18.4.6 Phase Counting MOUE........ccoiuiiririiieirtirie sttt bbb 581
18.4.7 Reset-Synchronized PWM MOE......cccooiieeiie et neees 588
18.4.8 Complementary PWIM MOUE.......ccccociiueiieieneie e see e s seeeas 591
110 o] S PSSP P 616
18.5.1 INterruptS aNd PriOFity ......cciiaeieiieeeeeie et e e 616
18.5.2 DMA ACHVEION ....ccviieeieii ettt sa e re b e 618
18.5.3 A/D ConVerter ACHVAION........cccevirererieieeeeee et neeneas 618
(@7 o7 = o I I 02T T 619
18.6.1 INPUL/OULPUL TIMIMNG . ...civeereireeririirieeriesieeseseeesre et sse s be s sesseseesestesseneees 619
18.6.2 Interrupt SigNal TIMING......ccooeeririeiriieisese ettt se e e 624
USBOE NOLES ...ttt ettt ettt b e bttt a e e bt e b e e sbe e e e s e e saeesaeebeenbeennesneesbeenneas 627
18.7.1 Module Standby MOde SELLING .......cerveieiriiieiree e 627
18.7.2 INPUL CIOCK RESIIICHIONS ..ottt e 627
18.7.3 Caution 0N Pefiod SEtiNG .....ccvevvrrereeiererese s e e e e e 628
18.7.4 Conflict between TCNT Write and Clear Operations..........cccceveeeceeceeveesvesesnenn, 628
18.7.5 Conflict between TCNT Write and Increment Operations..........ccocceeeeeeeveneenn. 629
18.7.6 Conflict between TGR Write and Compare MatCh............ccooeviiiiniienicnieciieneenn, 630
18.7.7 Conflict between Buffer Register Write and Compare Match..........cccoeeevenienene 630
18.7.8 Conflict between TGR Read and Input Capture..........cccocvereeereneieneneeseseeee 632
18.7.9 Conflict between TGR Write and INput Capture.........cocveeeeereerereneneseesesennens 633
18.7.10 Conflict between Buffer Register Write and Input Capture............cccovevevvevveneennn. 634
18.7.11 TCNT2 Write and Overflow/Underflow Conflict in Cascade Connection........... 634
18.7.12 Counter Value during Complementary PWM Mode StOp........coverererieeieeiieneenn. 636

Rev. 4.00 Sep. 14,2005 Page xxi of |
RENESAS



18.7.13 Buffer Operation Setting in Complementary PWM Mode..........ccccvevvvrerieeenenne 636

18.7.14 Reset Sync PWM Mode Buffer Operation and Compare Match Flag.................. 637
18.7.15 Overflow Flagsin Reset Sync PWM MOUE.........ccccveeeiieienenie e se e eeeeneens 638
18.7.16 Conflict between Overflow/Underflow and Counter Clearing ..........cccceveevereneene 638
18.7.17 Conflict between TCNT Write and Overflow/Underflow ..........cceoveeeevvevenennnenne 639
18.7.18 Cautions on Transition from Normal Operation or PWM Mode 1 to
Reset-Synchronous PWM MOGE.........ccccoerireninene e 640
18.7.19 Output Level in Complementary PWM Mode and Reset-Synchronous
T Y oo L= SR 640
18.7.20 Interrupts in Module Standby Mode..........oocoieieiiiiieeee e 640
18.7.21 Simultaneous Input Capture of TCNT_1 and TCNT_2in
CasCade CONNECHION........ccoiirereie e et st ere e e eneesrees 640
18.8 MTU Output Pin INitiali ZBHION.......ceeeeeeesesesese et svs st s e e et sreese e eneeseens 641
18.8.1 Operating MOUES .......ccoveiiiiieiie ettt et e sttt esba e e s e bs s reebesneenaenaeeeteseens 641
18.8.2 RESEt Start OPEratiON......cccecveiueeiereeeeeeseesesrestesreeresseesaesasssestesrestessessesseessessessens 641
18.8.3 Operation in Case of Re-Setting Due to Error During Operation, €tc. ................. 642
18.8.4 Overview of Initialization Procedures and Mode Transitions in Case of
Error during Operation, ELC. ........c.cooeiieriie et 643
18.9 Port Output ENaDIE (POE) ......ccoiueieeieiee et iesie e sae st ae e sre e eneeneens 673
18.9.1 FEALUIMNES.....cuiitieetesteeete sttt sttt sb b ettt st et s e e s e s e sb et b e st e e ebeseenensestenennen 673
18.9.2 PiN CONfigUIELiON.....c..ccveiueciietiitieteeieseeeste e ste e s e ere e e e eaese e tesresbesresneereensenseseens 675
18.9.3 Register CONfigUIELION. ......ccivuiriererieeiereiie ettt b e e e e e 675
18.9.4 OPEIBLION ....oovieeiirtireeieetereeie ettt sttt b et b bbbt e bbb ens 681
Section 19 Serial Communication Interface with FIFO (SCIF) .......cccccevvenee. 685
T R @V T OSSP 685
T N = =TT 685
19.2 PN CONfIQUIBITION. .. c..eeiiiieiie ittt e b et be e e et e et e b eaeene e e eneeseens 688
19.3  REQISIEr DESCIIPIION ...ttt ettt st 689
19.3.1 Receive Shift RegiSter (SCRSR) ......covvviieiiiieisieese e 690
19.3.2 Receive FIFO Data Register (SCFRDR) ......cccooiviviiiieeeeeresseseeseseseeseeseeeeeens 690
19.3.3 Transmit Shift REQISLEr (SCTSR) ....ccvvuieeiriiieirieereseeese e 690
19.3.4 Transmit FIFO Data Register (SCFTDR)....c.covivirieiriieeriesieesieese e seenenees 691
19.3.5 Serid Mode RegGIStEr (SCSMR).....cvciviiieirieieesieese st 691
19.3.6 Seria Control Register (SCSCR)......cevuiieerieieierieesiesieesie e 695
19.3.7 Seria Status RegIStEr (SCFSR) ...coviueirrieirerieiererieee sttt 699
19.3.8 Bit Rate Register (SCBRR) ......ccoieiiirieirerienereese e 707
19.3.9 FIFO Control ReGISIEr (SCFCR) .....ccvviuiirieriiieiirieise s ssenesees 714
19.3.10 FIFO Data Count Register (SCFDR) .......ccvirieiniieiriiecsienee s 717
19.3.11 Seria Port REGISIEr (SCSPTR) ...ccveieiiiieeeiesieesie s st sesieste s sresessesaesesseseesessesees 717

Rev. 4.00 Sep. 14,2005 Page xxii of |

RENESAS



19.3.12 Line Status REGIStEr (SCLSR) ....oivecveieeeeeeereeie st reeee st s e e neeneas 720

e R @ - 1] S 721
1941 OVEIVIEW..c.cveiiteieresteie stttk bbbt e bt s b e b ner e 721
19.4.2 Operation in ASyNChroNOUS MOUE.........ccoiiriireriinere e 723
19.4.3  SYNCNIrONOUS OPEIELION. .....c.civiueriirieiriirieirieste sttt bbb 733

19.5 SCIF INterruptS and DMAC.......cooi ittt 742

19.6  USAJE NOLES. ....ceeieeeeeeetiee et ste et este e te e es e sseesseesseesseeneesneesreesnnenseenseennnans 743

Section 20 USB FUNction MOdUIE...........ooeiiiiiiieiereee e 747

201 FOALUIES. .. .uieeeteereet ettt st b et s b et e bbbt e b e bbb et e b ae et e e b ene e 747
20.1.1 BIOCK DIBOIAM. ....cciiiiiiitireeiesiesieie sttt 748

20.2  PiN CONFIQUIBLTION.......eiveuiitireeieete ettt et b e e b e st sbe e s b seese b seeneas 748

L0 G T = 1= T (= 0 1= o ] o (o] = S 749
20.3.1 USB Interrupt Flag Register 0 (USBIFRO) ........ccv i 750
20.3.2 USB Interrupt Flag Register 1 (USBIFRL) ......ccociiieiiiiceneeeeeeseeeesiies 751
20.3.3 USB Interrupt Flag Register 2 (USBIFR2) ... 752
20.3.4 USB Interrupt Select Register 0 (USBISRO) .....cocuiirveirerieenienieesieseee e 753
20.3.5 USB Interrupt Select Register 1 (USBISRL) ...coccvovvirienererirerireeree e 754
20.3.6 USB Interrupt Enable Register 0 (USBIERO).........ccccceveeeiereninese s 754
20.3.7 USB Interrupt Enable Register 1 (USBIERL)......ccoveviviveienineece e 755
20.3.8 USB Interrupt Enable Register 2 (USBIER2).........c.coconneinneienseeseseeeeseenes 755
20.3.9 USBEPOI Data Register (USBEPDROI) ........couierieeriririnesieie e 756
20.3.10 USBEPOO0 Data Register (USBEPDROO).........ccccueutreriereerieeeserieienesieresesesseneseesenes 756
20.3.11 USBEPOs Data Register (USBEPDROS)........c.corueeririeieerinenesieeesie e seseeeeeseesens 757
20.3.12 USBEP1 Data Register (USBEPDRL)........c.covoerreenerreienereneseeees e 757
20.3.13 USBEP2 Data Register (USBEPDR2)...........couoereirrieierieeneseees e 758
20.3.14 USBEP3 Data Register (USBEPDRS)..........cotvrieenrieiesieesesieees e 758
20.3.15 USBEPOo Receive Data Size Register (USBEPSZ00) .......cccovveeererieeririecnenieeenes 758
20.3.16 USBEPL1 Receive Data Size Register (USBEPSZYL) .........ccccoiveviiinninerenceen 759
20.3.17 USB Trigger Register (USBTRG) .....cocovrueririeieriee et es 759
20.3.18 USB Data Status Register (USBDASTS) ....oivvvveeeceeeeeeseeseese e stesesseeeeseenee s 760
20.3.19 USBFIFO Clear Register (USBFCLR).......ccccovrieeririeeesieeseseeees s 761
20.3.20 USBDMA Transfer Setting Register (USBDMAR) ......coveirrciinneenenieeeseeeenes 762
20.3.21 USB Endpoint Stall Register (USBEPSTL) ..o 763
20.3.22 USB Transceiver Control Register (USBXVERCR) ......cccccoveininieiinisieieneiee 764
20.3.23 USB Bus Power Control Register (USBCTRL) .....cccoovvivieieninieereeeese e 765

DI R @ o {0 o S 766
20.4.1 Calle COMMECLION........cueireeerierieieerieiee st 766
20.4.2 Calle DISCONNECLION......c.civeuierieeiresieeses et 767
20.4.3 CONtrol TraNSFEN......ccveiiireeesteree e 768

Rev. 4.00 Sep. 14,2005 Page xxiii of |
RENESAS



20.4.4 EP1BuUlk-OUT Transfer (Dual FIFOS) ......cccoveirrrerirnieienerereseeeesereesesnenenens 774

20.4.5 EP2Bulk-IN Transfer (Dual FIFOS) ......cccoeerreiieneerieeesiseeses s 776
20.4.6 EP3INterrupt-IN Transfer........ccoviiiiieeiciesese e s 778
20.5 Processing of USB Standard Commands and Class/VVendor Commands .........cccccevereenee. 779
20.5.1 Processing of Commands Transmitted by Control Transfer..........ccocoovvevvinienne 779
20.6  StAll OPEFAIONS.......coeeuiitereetesieeeie ettt sttt sttt et sttt et b e et b e st b e et e be e b b 780
20.6.1 Forcible Stall by APPlICAION......cccccvierereeece e 780
20.6.2 Automatic Stall by USB Function Modul€...........cceoveieveveiie i 782
20.7 DMA TrANSEr ..ottt b et n e 784
20.7.1 DMA Transfer for ENAPOINE 1 .......ccooeeiiiiiriiieiesiene e e 784
20.7.2 DMA Transfer for ENAPOINE 2 ........cccvireirinierinieses e 785
20.8 Example of USB EXtErNal CIFCUITIY .......ccccovireiriinieirieieesieseee st 786
20.9 USB Bus Power Control MethOd.........ccccvieririniininisieseee et 789
20.9.1 USB Bus Power Control OpPEration .........ccccceieveeereniessisieessesassseseseessessesseessesessees 789
20.9.2 Usage Example of USB Bus Power Control Method ........c..ccccoveeveieneciecieeenen, 790
20.10 NOLES ON USAGE ... .eiiteeitietieie ettt sttt ettt st sbe b e ste e eeakbesaeesbeesbeesesaeesaeesaeesseanseenneans 794
20.10.1 RECEIVING SELUP DBIA .....c.erviueeeiriiieiirieieiese ettt s 794
20.10.2 ClEaring FIFO.....cuoiireieeeeeieeseetee ettt ettt b e sene e 794
20.10.3 Overreading or Overwriting Data REQISLEN ...........ccvveeeeieerere v 794
20.10.4 Assigning Interrupt Source for EPO.....ccccoviicieiice e 795
20.10.5 Clearing FIFO when Setting DMA Transfer ... esie s 795
20.10.6 Manual Reset for DMA Transfer .........cccoieerrieeienneesisee s 795
20.10.7 USB ClOCK .....cteuierieiierieterereeiesie et seseeseesieteseseeseesaesesesaesenesassesessssenessssenessssanesens 795
20.10.8 USING TR INLEITUDE ettt 795
SECtiON 21 A/D CONVENTEN ...ccveiveeeieieiesiesie et ee e e e 797
201 FEAIUES. ...ttt ettt ettt bbbt b et bRt e bRt e e Rt r bRt e 797
P2 I R =Y o o QB o = 0 PO USSP 798
2012 INPUE PINS...iiiiitiiiiitireeee ettt sttt b e et st ne e 799
21.1.3 Register CONfIQUIELION. ......cccrvieeirtiieieriee et b 800
A I = 1= TE = I L= ] o4 o] 1 SR 800
21.2.1 A/D DataRegisters A to D (ADDRAO to ADDRDO, ADDRA1 to ADDRD1) ... 800
21.2.2 A/D Control/Status Registers (ADCSRO, ADCSRL).......cccoururerrrerirererererienennns 801
21.2.3 A/DO, A/D1 Control Register (ADCR) ......ccorurirerieenerieenesieie st seseenesens 804
203 OPEIEIION ...eetiieterteeet ettt sttt b e et b e bt R e R e bt b b e n e 805
2131 SINGIEMOUE. ..ottt bbbt e et b e e 805
21.3.2 MU MOGE......oeiiiiiieere bbbttt 806
21.3.3  SCAN MOUE......c.eceiieeieeriet ettt b et 808
21.3.4 Simultaneous Sampling OPEration ..........cccccceveveeiiieeieeieereese e seees 809
21.3.5 A/D Converter Activation BY MTU ... 810

Rev. 4.00 Sep. 14,2005 Page xxiv of |

RENESAS



21.3.6 Input Sampling and A/D ConVErsion TIME ......ccccvvveereereereereenieseeseseessessesseeseenes 810

21.4 Interrupt and DMAC Transfer REQUESL........ccuevveieieiie ettt st 812
21.5 Definitions of A/D CONVErSION ACCUIACY .......ccvevuereireeesiesreseeeessessessessessessessessesssessessenses 813
216 USAQE NOLES..... oottt ettt ettt ettt e he e be e s be e sbe e e e s ae e saeesae e bt enneeaseeanesbeanbeenneas 815
21.6.1 Setting Analog INPUL VOITEGE ......coeiveirierieirie et 815
21.6.2 Processing of ANalog INPUE PINS........cccoiiiiiineenene et 815
21.6.3 Permissible Signal Source IMpedanCe.........cocvvvivreeerieeeere e 815
21.6.4 Influences on ADSOIULE PrECISION.......cccccviieiriirieiese e 816
21.6.5 Stop during A/D CONVEISION ....c..cceiueeieiieeeeieesiese e stes e ssesseessesessestesressessessessenes 816
Section 22 Pin Function Controller (PFC) ..o 819
221 ReQiStEr DESCIIPLIONS. . ...citireeiertereeieete sttt sttt sttt b e st sb e e b et sbese et ebe e e e sbesaeneas 823
22.1.1 Port A Control Register (PACR) ....ccecuiveeieieree e seeists e e s see e sre e eneenes 824
22.1.2 Port B Control ReGIStEr (PBCR) ........ccoveieieierieie e eriiaee s esassses e see e sre e ssesssessenes 826
22.1.3 Port C Control ReGISIEr (PCCR) .......cccveieierieries e seste st eee e e st sne s seesee s 827
22.1.4 Port D Control ReGIStEr (PDCR) ....ccccviiivieiciisieesieie ettt 828
22.1.5 Port E Control Register (PECR) .....coooviirieiiie ittt 830
22.1.6 Port E /O RegiSter (PEIOR)......cccciiiieirieiieestesiite ettt st 832
22.1.7 Port EMTU R/W Enable Register (PEMTURWER) ........cccoooveiviinninienncnieen 833
22.1.8 Port F Control Register (PFCR).......ccicieieeieie e seee e saee st se e nes 834
22.1.9 Port G Control RegIiSter (PGCR) ...c.vcuveierieieiereeesie sttt st 836
22.1.10 Port H Control Register (PHCR) .......ccociiieiieriee e 838
22.1.11 Port J Control RegISter (PICR) .......coueieierieirierieesie sttt 839
22.2 /O Buffer Internal BIOCK DIi@gram.........cccoiueeererieinierieene sttt sreseenens 841
22.2.1 /O Buffer With Weak KEEPEN .........cccveeereeerece et 841
22.2.2 1/O Buffer with Open Drain OUEIPUL..........coerereeieieceeeeeesee e et 841
22.3 NOEES ON USAQE ... .eiiruiiiiiiii ettt iiee st ste st s et e st e et sb e s be e s ba e e be e s be e e be e sbeeebessbeesaree s 842
SECION 23 1/O POITS ..ttt nne e 843
2 50 R o B PSR ORRTPS 843
220 T 0 R 2 (=0 THS (= G D T==S o o1 o 843
23.1.2 Port A Data RegISter (PADR)....ccccoiieirieriee ettt sttt 844
B A = o1 B = TSRS PSSPPSN 845
23.21 ReQISIEr DESCIHPLION ....cveiueeieeieieeie ettt e e e st b e sae e neenes 845
23.2.2 Port B Data Register (PBDR) .......cccceveieiieieiesiee st siee e st saese e se e 846
G T T = o B SRRSO 847
PG TG T R 2 (=0 1S (= gD T==S o o1 o [ 847
23.3.2 Port C Data RegiSter (PCDR) ......cccoveirierieisiesieiesie st seseste st sesse st nens 848
DG o B I PSPPSR 849
2341 ReQISIEr DESCIPLION ....eiteeuieiieieseee sttt e e e bbb b neees 850

Rev. 4.00 Sep. 14,2005 Page xxv of |
RENESAS



G T o 1 B SRS 851
23.5.1 RegIStEr DESCIHPLION ...ocueceecieciee ettt e e e e te e sresresneeneenneneas 852
23.5.2 Port E Data REGISLEr (PEDR).......cociiiieiriiieisiesie et es 852

G T o B SRS 853
23.6.1 ReQIStEr DESCIIPLION ....c.eeuieieeeiriiieiesieee sttt 854
23.6.2 Port F Data Register (PFDR) .....ccvciiieieerere st sae e s ee s 854

G T A o 1 B C TSRS 856
PG T 08 R = (=0 TE= (= QD T=S ] o1 o IR 856
23.7.2 Port G Data RegiSter (PGDR)......ccuciiiiieiiieieesesie st 857
23.7.3 Port G Internal BIOCK Di@gram..........ccooueerinieinienieisieieesieseee e 859

G R T = o B PSSR 860
2T T R 2 (=0 TES (= D T=-S o ] o1 o IS 860
23.8.2 Port H Data Register (PHDR)......cooiiiieirieieesee sttt 861

BZC e T o 0 O T e OSSR 862
23.9.1 ReQISIEr DESCIPLION ...cueiueeeeieeie ettt skt et b saesbe e sne e e aneas 862
23.9.2 Port JData RegiSter (PIDR) .......ccoeeriirieiieisiinesesieses e esessesesesse e ssesae e ssesseseens 863

Section 24 List Of REQISIENS......ccveiveeeeceesiiiesie et te e 865

24.1 Register Addresses
(by functional module, in order of the corresponding section numbers) ..........c.ccccecvrvnee. 866

A S = 1 = gl 2T £ OSSPSR 876

24.3 Register Statesin Each Operating MOGE...........covveiiireeineree e 896

Section 25 Electrical CharaCteristiCs. .......uvvieririeieiese e 907

25.1 ADbSOlUtE MaXimUM RELNGS .....ccveiveiviieiieetiseeeesiestese e sre e e e e e esesresre e sresreeseeaenaeseeses 907
25.1.1 POWEr-ON SEOUENCE........eceeeeeeeteeteeteeseeseesteestesseseesseesseesseeseeseesseessesssesssesseessens 908

25.2  DC CharaClefiSHICS. ... eiiiereerterterieeterieesie e st ste sttt st et esee st beseesbesaesaeeaess e beseesbesaeeneeneeneeneas 910

PTG T N O O = - o (= 1 1 01 SRS 915
25.3. 1 ClOCK TIMING ...tititeiirtirieisieniee sttt bbbt b 916
25.3.2 Control Signal TiMiNQ ....cceoerereieeereeeeseesese s se s e e e sre e e eneeneenes 920
25.3.3 AC BUS TIMING...uiiieiriirieiiriinieiiriisieesiesteesseseeesse e e ssesse e ssessesessessesessessenessessenens 923
25.3.4 BaSIC TIMING...ciiiiiiieitieiieeieieesesteste e re st s e eeesaestestesresreeseeseessesteseeseessesneensensenees 925
25.3.5 BusCycle of Byte-Selection SRAM........ccoiiiiiiiiire e 932
25.3.6 Burst ROM R CYClE......ooueuiiiiiciriciee sttt 934
25.3.7 SynchronouS DRAM TiMiNG.......ccceoireriririerieenienieeseeiee et 935
25.3.8 Peripheral Module Signal TiminNg.......cccoceveriereresereeeereeseese e sreseeseeeeneenees 954
25.3.9 Multi Function Timer Pulse Unit TiMiNg ......cccoveeeveniniesieceeveecie e e e enens 956
25.3.10 POE Module Signal TiMiNG .....ccccoeeieiieeiiieeeeieseese et sre e e ae e sse e snesresnesnens 957
25.3.11 I’C Module Signal TiMiNG ........ccevcuereeceeeeeeceeeeeee et ses et senaes 958

Rev. 4.00 Sep. 14,2005 Page xxvi of |
RENESAS



25.3.12 H-UDI Related Pin TimMiNg......ccooveievieeeeieeereseesieseseseeeeseeseeeseessessessessessesssenes 960

25.3.13 USB Module Signal TimiNg .....ccceeeveeeieeieeeieeresesese st sres e sseeseesaessessessessesresnes 962
25.3.14 USB TransSCaIVEr TIMING .....cccoivieeireeieieeieesesees e sesreseseesaessesseseessessessessesssesseses 963
25.3.15 AC Characteristics Measurement Conditions..........ccoueeveveeeeeiiieeeeeseee e seeeeessveee e 964
25.4  A/D CONVEEr ChalraCleliStiCS. . ..o iveieiiitrieeiecerie s st eeeestreeeseieeeesseseeessssbesssesesessbeeessssresssanes 965
N o 0= 2T S 967
A [ IS = <R 967
Al When Other FUNCLioN iS SEIECLEA. ........oiieiiei et 967
A2 WhEN 1/O POrt iS SEIECLED..........veeeeeeee ettt st e et r e e st e et eresaesaeesaeas 971
B. PrOJUCE LINEUP ...ttt ettt 972
C. PaCKagE DIMENSIONS.......couiiieireiieiereee ettt bbbt b et b e e 973
Main Revisions and Additionsin thiS EAitioN...........oocvivvoneiiiieiinseiee e 975
[0 1= 977

Rev. 4.00 Sep. 14,2005 Page xxvii of |
RENESAS



Rev. 4.00 Sep. 14,2005 Page xxviii of |
RENESAS



Section 1 Overview

Figure 1.1 BlOCK DIBZIAIM ....cc.eiuiiiiiiiiiiiiitisieet ettt sttt ettt 7
Figure 1.2 Pin Assignments (BGA-250)......ccoiiiiiiiiiieiieeeie sttt 8
Section 2 CPU

Figure 2.1 Register Configuration in Each Processing Mode (1) .......ccceveeiieniiiiiienieneeceee 27
Figure 2.2 Register Configuration in Each Processing Mode (2) ........cccceceevveveninincninicncncnnne 28
Figure 2.3 General Registers (Not in DSP Mode) ......ccovevvieiiiiieiiiieieeieeece et 29
Figure 2.4 General Registers (DSP MoOd@) .......ccuivieviiiiieiieiiciecteieeie et 30
Figure 2.5 Control REISErs (1) ...coueeriieiiieiiiieiieiie ettt st s 33
Figure 2.5 Control REISErS (2) ...coueeruieiiieiieieeiieeiieit ettt ettt sttt ae e sneesnee e 34
Figure 2.6 System REGISTETS .....eeiuieiiiiieiieitieiteeie ettt ettt ettt et seeesaeesaeeeesneeee 35
Figure 2.7 DSP REGISTETS....cueecuieiiieiieieiiesiiesit et et ete et e seeeteesasanesesssaneesseenseensesnsesnnesaeesseensesseenns 39
Figure 2.8 Connections of DSP Registers and BuSes .......c...ccvveevieiieiieciinieseenieeee e 39
Figure 2.9 Longword OpPerand............cecvevuieruiecieiieiiesitenssasieeeeeseesseesseesseesesssesssesseesseessesssesseenns 42
Figure 2.10 Data FOIMALS .....coouiiiiiiiiiiieiieiieteee et ettt ettt ettt st s s e e eaeseee e 43
Figure 2.11 Byte, Word, and Longword Alignment..............ccoceeiirienieiinieeie e 44
Figure 2.12 X and Y Data Transfer AddreSSing .........coeoeeireieniereeieeie et 53
Figure 2.13 Single Data Transfer AddreSSing..........ccvevverierireciieienieniesieee e ste e see e eae e 54
Figure 2.14 Modulo AdAIeSSING .......cccveeeiiiiieiieriieieeieeeeeteesteereebeeeresttesseesseesessaesseesseesseensessnenns 55
Figure 2.15 DSP Instruction FOIMALS .........c.cocveruiiiiiiiiieriieieetieiesteesie e eae e seee e eneeneseeesseenns 61
Figure 2.16 Sample Parallel InStruction Program............ccocoeceeieieiininieieeeieeee e 89
Figure 2.17 Examples of Conditional Operations and Data Transfer Instructions ....................... 97

Section 3 DSP Operation

Figure 3.1 ALU Fixed-Point Arithmetic Operation FIOW...........c.ccoceviiririiniiiinininninenceeeene 99
Figure 3.2 Operation Sequence EXample..........cccoooiiriiiniiiniiiiiieieeeeceecetee e 101
Figure 3.3 DC Bit Generation Examples in Carry or Borrow Mode ..........cccoeevveevevieneenneenenen. 101
Figure 3.4 DC Bit Generation Examples in Negative Value Mode...........cccoeoeeieieienincncnenne. 102
Figure 3.5 DC Bit Generation Examples in Overflow Mode...........ccoooeerienienieniiirieeeeeeene 102
Figure 3.6 ALU Integer Arithmetic Operation FIOW ..........ccccoeiiiiiiiiniiiieeeeceieeeee e, 104
Figure 3.7 ALU Logical Operation FIOW .........ccccccuiriiriininininiiieiciecnenesceeeeeteeee e 106
Figure 3.8 Fixed-Point Multiply Operation FIOW ..........cccccevieviieciieiinienieieeieceesie e 107
Figure 3.9 Arithmetic Shift Operation FIOW .........cccoocoiiriiiniiiiiieececeeeee e 109
Figure 3.10 Logical Shift Operation FIOW ..........cccceiiiiiiiiiiiieieeeeee e 111
Figure 3.11 PDMSB Operation FIOW ........c.cooiiiiiiiiiiiiet et 113
Figure 3.12 Rounding Operation FIOW ..........coooiiiiiiiiiiie e 116
Figure 3.13 Definition of Rounding Operation.............cccecueeeereerieeiienieniesieneeeee e seeseeeeeennens 116

Rev. 4.00 Sep. 14,2005 Page xxix of |
RENESAS



Figure 3.14 Data Transfer Operation FIOW.........ccccoeiiiiiiiiiniiiiieeee e 119

Figure 3.15 Single Data-Transfer Operation Flow (Word)..........cccooivienieiieiineeeeeeeeeens 120
Figure 3.16 Single Data-Transfer Operation Flow (Longword) ..........cccecveienienieienienieeeene 121
Figure 3.17 Local Data Move Instruction FIOW..........cccceciriiiiieiienieeee e 122
Figure 3.18 Restriction of Interrupt Acceptance in Repeat Loop .......ccceevveevieiieienieniieiieieninns 128
Figure 3.19 DSP Addressing Instructions for MOVX.W and MOVY . W......coocoiinininininnnnee. 134
Figure 3.20 DSP Addressing Instructions for MOVS ... ..o 135
Figure 3.21 Modulo AddIeSSING ........c.eeuieuieeeieiieiiee ettt ettt ettt enee e 136
Figure 3.22 Load/Store Control for X and Y Data-Transfer Instructions............ccecceeeeeeeeneenen. 140
Figure 3.23 Load/Store Control for Single-Data Transfer Instruction.............cccceevvervenvererennen. 141
Section 4 Clock Pulse Generator (CPG)

Figure 4.1 Block Diagram of Clock Pulse Generator...........ccoceevuivvirierieniieiieieseeieeieeveeenens 144
Figure 4.2 Note on Using a Crystal ReSONator ...........cccceoieiiiiiiieniininieceee e 152
Figure 4.3 Note on Using a PLL Oscillator Circuit...........cooeeeuerieiiienieeeit e 153
Section 5 Watchdog Timer (WDT)

Figure 5.1 Block Diagram of the WDT ........coooiiiiiriiiieicie st 156
Figure 5.2 Writing to WTCNT and WTCSR.......ccooiiiiiieceiieeee e 159
Section 6 Power-Down Modes

Figure 6.1 Canceling Standby Mode with STBCR.STBY .......ccccciiiiiiiiiiirieeeeeeee e 173
Figure 6.2 STATUS Output at Manual RESet.........ccoeiieiiiiiiiiiiiieiieeee e 175
Figure 6.3 STATUS Output when Standby Mode is Canceled by an Interrupt.............ccocuenee. 175
Figure 6.4 STATUS Output When Software Standby Mode is Canceled by a Manual Reset.... 176
Figure 6.5 STATUS Output when Sleep Mode is Canceled by an Interrupt.............cceevenennnen. 176
Figure 6.6 STATUS Output When Sleep Mode is Canceled by a Manual Reset....................... 177
Section 7 Cache

Figure 7.1 Cache STrUCUIE ....cuccuiiuiiiieiieie ettt ettt e e eeeens 180
Figure 7.2 Cache Search SCheme ............cccoeiiiiiiiiiieiieeeeee e 187
Figure 7.3 Write-Back Buffer Configuration.............cccvevuveiieiiinienieieeee e 189
Figure 7.4 Specifying Address and Data for Memory-Mapped Cache Access .........ccccoeruenenne. 191
Section 8 X/Y Memory

Figure 8.1 X/Y Memory Address Mapping.........cccceeeeeierienierieneeieeiteeceeeie e e e see et sieeeeeneeneas 194
Section 9 Exception Handling

Figure 9.1 Register Bit CONfiguration .............occeecuieiirienieniiee et 198
Section 10 Interrupt Controller (INTC)

Figure 10.1 Block Diagram of INTC........c.cccieiieiieiieriieiieiecie sttt beesneseaens 220
Figure 10.2 Interrupt Operation FIOWChArt...........coccviiieiiiniiiiicie e 239

Rev. 4.00 Sep. 14,2005 Page xxx of |
RENESAS



Section 11 User Break Controller (UBC)

Figure 11.1 Block Diagram of User Break Controller...........cooveieeiieieiiieicenieeeceeeceeeeee 242
Section 12 Bus State Controller (BSC)

Figure 12.1 BSC Functional Block Diagram............cccecceeviirieriieiieiinienieseereeee e 271
Figure 12.2  AddIeSS SPACE ....ocvviiieiieiieiecieesitesie ettt st steeae s ssaestaesbeesbeesbeessessaessaesseensesnnas 274
Figure 12.3 Normal Space Basic Access Timing (Access Wait 0).......ccccvevveeeeeienieneenneenennnn. 324
Figure 12.4 Continuous Access for Normal Space 1 Bus Width = 16 Bits, Longword Access,

Figure 12.5

Figure 12.6
Figure 12.7
Figure 12.8
Figure 12.9
Figure 12.10

Figure 12.11
Figure 12.12
Figure 12.13
Figure 12.14

Figure 12.15
Figure 12.16
Figure 12.17

Figure 12.18
Figure 12.19

Figure 12.20
Figure 12.21
Figure 12.22
Figure 12.23
Figure 12.24

Figure 12.25

Figure 12.26
Figure 12.27

CSnWCR.WN Bit =0 (Access Wait =0, Cycle Wait = 0)
Continuous Access for Normal Space 2 Bus Width = 16 Bits, Longword Access,

CSanWCR.WN Bit=1 (Access Wait =0, Cycle Wait =0) ..........cceeevvrerrrveerrenrnne. 326
Example of 32-Bit Data-Width SRAM Connection...........ccecceereereerreseereereennenns 327
Example of 16-Bit Data-Width SRAM Connection...........ccccceereerreeeresceereereennenn. 328
Example of 8-Bit Data-Width SRAM Connection..........cccoeeerueeeeieereenreereeereennenn. 328
Wait Timing for Normal Space Access (Software Wait Only) ........cc.ccecveeveiennene 329
Wait State Timing for Normal Space Access
(Wait State Insertion Using WAIT Signal)......ccccoeoiiiinieniienieeeieceeeeee e 330
CSn Assert Period EXPaNSION..............o.ooiieiiteeeieeeeeeeeseeeseeeseseseseses e 331

Access Timing for MPX Space (Address Cycle No Wait, Data Cycle No Wait) . 332
Access Timing for MPX Space (Address Cycle Wait 1, Data Cycle No Wait) ....333
Access Timing for MPX Space (Address Cycle Access Wait 1,

Data Cycle Wait 1, External Wait 1)........cccoooiiiiiiiiieieeeeee e 334
Example of 32-Bit Data Width SDRAM Connection

(RASU and CASU are Not USEd) ......cccuerierieriieiieiieiesieesieere e seeesieesieesessvesenas 336
Example of 16-Bit Data Width SDRAM Connection

(RASU and CASU are Not USed) .......ccueveirieriieiieiieeeereereeieeere e 337
Example of 16-Bit Data Width SDRAM Connection

(RASU and CASU are USed) .......cccueeruiieiiieiiiiesieeeeieeeeieeeieeereeereesveeeveesveessneenes 338
Burst Read Basic Timing (CAS Latency 1, Auto Pre-Charge) ...........cccocvevuvennnne. 352
Burst Read Wait Specification Timing (CAS Latency 2, WTRCDI1 and

WTRCDO = 1 Cycle, Auto Pre-Charge) ........cccoeevevverieniieiieiieieeeesieesieeve e 353
Basic Timing for Single Read (CAS Latency 1, Auto Pre-Charge) ...................... 354
Basic Timing for Burst Write (Auto Pre-Charge) ........ccooceviiieiieiinceee 356
Single Write Basic Timing (Auto-Precharge) .........ccccoeeeeienienienieicceee 357
Burst Read Timing (Bank Active, Different Bank, CAS Latency 1) ........cccc.c..... 359
Burst Read Timing (Bank Active, Same Row Addresses in the Same Bank,

CAS LAENCY 1).eiiuiiiiiieeiiieiieeite ettt sttt st et e s e sabe e sebeessseesnbeesaseees 360

Burst Read Timing (Bank Active, Different Row Addresses in the Same Bank,

(07 N 1153 T ) TSP 361
Single Write Timing (Bank Active, Different Bank) ..........ccccovoieiiiiiniinnnennen. 362
Single Write Timing (Bank Active, Same Row Addresses in the Same Bank).....363

Rev. 4.00 Sep. 14,2005 Page xxxi of |
RENESAS



Figure 12.28

Figure 12.29
Figure 12.30
Figure 12.31
Figure 12.32
Figure 12.33
Figure 12.34
Figure 12.35
Figure 12.36

Figure 12.37
Figure 12.38
Figure 12.39

Figure 12.40
Figure 12.41
Figure 12.42
Figure 12.43
Figure 12.44

Single Write Timing

(Bank Active, Different Row Addresses in the Same Bank) ...........cccceevvvvennennne. 364
AUtO-REfTesh TIMING ....eooviiieieiieiieeeie et 366
Self-Refresh TimMiNg .......ccecvieiiiieiieriere et 367
Low-Frequency Mode Access TIMINgG ........ccccveevercieiiieneeniieieeieseenieeveeeesieeneeens 369
Power-Down Mode Access TImMINg .........cccceervieiiiienieniieniieeeeeeseesieeieesesenesenes 370
Synchronous DRAM Mode Write Timing (Based on JEDEC).........ccccccecenenenee. 373
EMRS Command ISSUe Timing........ceeoveruieriieiieieeieeiesieeie e 374
Deep Power-Down Mode Transition Timing.........cccceceeeerienieneenenieneeseeneeene. 375

Burst ROM Access Timing (Clock Asynchronous)
(Bus Width = 32 Bits, 16-Byte Transfer (Number of Burst 4), Wait Cycles Inserted
in First Access = 2, Wait Cycles Inserted in Second and

SUDSEQUENt ACCESSES = 1) .cuuiiiiiiiiiieiiieieeie ettt sss e st erae e saeense e 377
Byte-Selection RAM Basic Access Timing (BAS = 0).cc.cooiiiviinenienienieeeeeee, 378
Byte-Selection RAM Basic Access Timing (BAS = 1).....cccoevieiiniiieiieeeeeee, 379
Byte-Selection SRAM Wait Timing (BAS = 1) (SW[1:0] =01,

WR[3:0] = 0001, HW[1:0] = 01) eoveieiriiieniiiieeisiiiie e 380
Example of Connection with 32-Bit Data-Width Byte-Selection SRAM ............. 381
Example of Connection with 16-Bit Data-Width Byte-Selection SRAM ............. 381
Burst MPX Device Connection EXample..........ccccoeoieriirienierieeniecieeeeeee. 382

Burst MPX Space Access Timing (Single Read, No Wait, or Software Wait 1) ..383
Burst MPX Space Access Timing

(Single Write, Software Wait 1, Hardware Wait 1) .........cccoovveiinienienieieeieenn, 384
Figure 12.45 Burst MPX Space Access Timing (Burst Read, No Wait, or Software Wait 1,

CSO6BWCR.MPXMD = 0) ..c.euiitieiieieiesieie ettt ettt 385
Figure 12.46 Burst MPX Space Access Timing (Burst Write, No Wait,

CS6BWCR.IMPXMD = 0) ..cviiuieiieiieieiesiesie sttt entete et eseeseeneensesenseee s 386
Figure 12.47 Burst ROM Access Timing (Clock Synchronous)

(Burst Length = 8, Wait Cycles Inserted in First Access = 2,

Wait Cycles Inserted in Second and Subsequent Accesses = 1) ......cccevvecvreiennns 387
Figure 12.48 Bus Arbitration Timing (Clock Mode 7 or CMNCR.HIZCNT =1) ....ccceeerurnnenee. 400
Section 13 Direct Memory Access Controller (DMAC)
Figure 13.1 Block Diagram of the DMAC ........c.cooiiiiiiieiieieeeee et 406
Figure 13.2 DMA Transfer FIOWCRAIt............cccveiieienieieecece e 425
Figure 13.3 Round-Robin MOde..........cccueviiriiiiieiieiceiesieeee ettt enne s 430
Figure 13.4 Changes in Channel Priority in Round-Robin Mode..........ccccoceniiinininnenenenenne. 431
Figure 13.5 Data Flow of Dual Address Mode..........cccueriiiiiiiiiiinieieee e 433
Figure 13.6 Example of DMA Transfer Timing in Dual Mode

(Source: Ordinary Memory, Destination: Ordinary Memory) .........cccccceeverveneenne. 434

Figure 13.7 Data Flow in Single Address Mode..........ccoocuveiiiieiienieieecie e 435

Rev. 4.00 Sep. 14,2005 Page xxxii of |

RENESAS



Figure 13.8
Figure 13.9

Figure 13.10
Figure 13.11
Figure 13.12
Figure 13.13
Figure 13.14
Figure 13.15
Figure 13.16
Figure 13.17
Figure 13.18
Figure 13.19
Figure 13.20
Figure 13.21

Figure 13.22

Section 14 U Memory

Figure 14.1

Figure 15.1
Figure 15.2
Figure 15.3
Figure 15.4

Figure 16.1
Figure 16.2
Figure 16.3
Figure 16.4
Figure 16.5
Figure 16.6
Figure 16.7

Example of DMA Transfer Timing in Single Address Mode..........ccccccceverenrnnne. 436
DMA Transfer Example in the Cycle-Steal Normal Mode
(Dual Address, DREQ Low Level Detection)........c.ccccveerieeriienieeriieesieeeieeeiee e 437
Example of DMA Transfer in Cycle Steal Intermittent Mode
(Dual Address, DREQ Low Level Detection)..........ccccveevieveeeenienieenienieseeseeennes 438
DMA Transfer Example in the Burst Mode
(Dual Address, DREQ Low Level Detection)..........c.coveeveeveeieneenieenieeveseeseeenne 438
Bus State when Multiple Channels Are Operating...........cceeeeeveereeneeieeneenieneeene 440
Example of DREQ Input Detection in Cycle Steal Mode Edge Detection............ 441
Example of DREQ Input Detection in Cycle Steal Mode Level Detection........... 441
Example of DREQ Input Detection in Burst Mode Edge Detection ..................... 441
Example of DREQ Input Detection in Burst Mode Level Detection .................... 442
Example of DREQ Input Detection in Burst Mode Level Detection .................... 442
BSC Ordinary Memory Access (No Wait, Idle Cycle 1, Longword
ACCeSS 10 16-Bit DEVICE) ..veevuviiiiiieiiieciiieeie ettt ettt ere e e seveeeeneas 443
Example of DREQ Input Detection in Cycle Steal Mode Edge Detection
When DACK is Divided to 4 by Idle Cycles ......cccovvriiniinienieiieiecieseeseee e 447
Example of DREQ Input Detection in Cycle Steal Mode Edge Detection
When DACK is Divided to 2 by Idle CyeCles ........ccooiiiiiiiiiiieieieeeeee e 447
Example of DREQ Input Detection in Cycle Steal Mode Level Detection
When DACK is Divided to 4 by Idle Cycles ........ccooeeririenenienieece e 448
Example of DREQ Input Detection in Cycle Steal Mode Level Detection
When DACK is Divided to 2 by Idle Cycles .......cooveiirienienieieeiecieseeeee e 449
U Memory Address Mapping .........ccceeeeeeereeuieieieieniene ettt eie et ee e eaes 452
Section 15 User Debugging Interface (H-UDI)
Block Diagram of H-UDI.........cccoooiiiiiiiiiie et 455
TAP Controller State TTansitions ..........cceceeeerieriereninieneneneeterentesesese e seeeieeneen 468
H-UDI Data Transfer Timing...........cceceervierienieniieieeieseesieesieesesnesaesseesseessessnenns 470
H-UDI RESEL ...ttt s e e 470
Section 16 12C Bus Interface 2 (IIC2)
Block Diagram of IC Bus INtEIACe 2...........o.cvvervrveeeereeseeseeeeesseseeseeseesseseessneenees 474
External Circuit Connections of I/O PinS ........coooiiieiiiiiiiiiieeeee e 475
TPC BUS FOIMIALS w..veeeeeveeeeareessaeeesseesesse st essseessssse s st st 488
T2C BUS THMINE. ..o 488
Master Transmit Mode Operation Timing (1) ......cccccceveverveereeriieiienieneenieeveeeeeenens 490
Master Transmit Mode Operation Timing (2) .......ccccceveereeneinerienieneeneeieeeesens 490
Master Receive Mode Operation Timing (1)......ccecceeeeeiieneenieiieeeeseeeeieeee e 492
Master Receive Mode Operation Timing (2)......ceceeeueeeereeneeneeieeieneenieeieeeeeiens 493

Figure 16.8

Rev. 4.00 Sep. 14,2005 Page xxxiii of |
RENESAS



Figure 16.9 Slave Transmit Mode Operation Timing (1) ......ccocceveevirieniinienieieenieneeceene 494
Figure 16.10 Slave Transmit Mode Operation Timing (2) .....ccceeoeereeneeneeieeiercerieeieeieeie s 495
Figure 16.11 Slave Receive Mode Operation Timing (1)......cccceveerieierienienieeeeeiesceeeene 496
Figure 16.12 Slave Receive Mode Operation Timing (2).....c.cccvevvereeereeriierienieieeeeeeeseeeseeeeens 497
Figure 16.13 Clocked Synchronous Serial Transfer Format............cccccoovveevieiinienieniieiieieniens 497
Figure 16.14 Transmit Mode Operation Timing..........c.c.ccveevverieeriereenreerieereseeseesieeseeseeeesenens 498
Figure 16.15 Receive Mode Operation TIMiNg .......cc.eeverueerierrienienieniene e 500
Figure 16.16 Operation Timing For Receiving One Byte ...........ccocceeviiiiiiiienienieeeeeieane 500
Figure 16.17 Block Diagram of Noise Filter ........c.ccoeiiiiiiiiiiiiie et 501
Figure 16.18 Sample Flowchart for Master Transmit Mode .........c.ccceveveninincneninneenicnenene. 502
Figure 16.19 Sample Flowchart for Master Receive Mode.........ccecvvviiiienieniieiieieeieeeeieeenne 503
Figure 16.20 Sample Flowchart for Slave Transmit Mode..........coocvevvieriieiiiienieiieieeieeeeiens 504
Figure 16.21 Sample Flowchart for Slave Receive Mode ..........cccooeiiiiiiiininiiieeeee e 505
Figure 16.22 The Timing of the Bit Synchronous Circuit............ooeeieeriiiiisiinnienieeeeeieeeans 507
Section 17 Compare Match Timer (CMT)

Figure 17.1 Block Diagram of Compare Match Timer.....cc.c.ccoierverieiienineeieienicnenenenceeeeeneee 509
Figure 17.2 Counter OPEration ..........c.ccverueerrierueeeeetiesieesteesasseeesesseesseesseessesssesseessesssesssesssessanns 513
Figure 17.3  Count TIMINE ....ccveeeviiiiiiiiieriietieieeeeeeteesae e e ssessaessaesseesseesseesseessesssesseessesssenssensenns 513
Figure 17.4 Timing of CIMF SEtHNE .....ccuiviiiiiiieieiieeeee ettt 514
Section 18 Multi-Function Timer Pulse Unit (MTU)

Figure 18.1 Block Diagram of MTU .......cccoiiiiiiiiiiieieieeee ettt 520
Figure 18.2 Complementary PWM Mode Output Level Example ........cccccceveveninincncncnnnne. 558
Figure 18.3 Example of Counter Operation Setting Procedure ...........c.cccvevvenienieviiecienienieennens 563
Figure 18.4 Free-Running Counter OPeration ..............c.eceerveerueriereeseesieesseeeesseesseesseessessesseens 564
Figure 18.5 Periodic Counter OPeration.............cecueeruerierierienienieeit et stce et eeeeseeesieenaeas 564
Figure 18.6 Example of Setting Procedure for Waveform Output by Compare Match.............. 565
Figure 18.7 Example of 0 Output/1 Output Operation ............cceecceeeeereereerierieeieseeneeneeeeeeeens 565
Figure 18.8 Example of Toggle Output Operation ...........cceceveveriereeneerieereniesieseeieeeeseesenens 566
Figure 18.9 Example of Input Capture Operation Setting Procedure .............ccoecvevvveviiecireeennnnns 567
Figure 18.10 Example of Input Capture OPeration ............ccceeeeeveeeiereereenreenseeseeeeeseesseesseenens 568
Figure 18.11 Example of Synchronous Operation Setting Procedure ............cccceveienenenenenne. 569
Figure 18.12 Example of Synchronous Operation............cceceeveriereeneeieeieecesieesie e eieesiens 570
Figure 18.13 Compare Match Buffer Operation............cocceevieiiiieniiniereee e 571
Figure 18.14 Input Capture Buffer Operation.............cccveeueerierieerienieniereeeeeeseesieeie e eeaesenens 572
Figure 18.15 Example of Buffer Operation Setting Procedure...........c.cocvvevieiinienieniieiieieeenns 572
Figure 18.16 Example of Buffer Operation (1) ........ccoccvevvieriiiiieiienieneeie e eveesieens 573
Figure 18.17 Example of Buffer Operation (2) .........cccceriiiiiiinieeieree e 574
Figure 18.18 Cascaded Operation Setting Procedure ............ccoceveerieiiiiinienieeeeeeeeeeeen 575
Figure 18.19 Example of Cascaded OPeration ............ccceceereeruerierienieneeee e eecesie e eie e seens 575

Rev. 4.00 Sep

. 14,2005 Page xxxiv of |
RENESAS



Figure 18.20
Figure 18.21
Figure 18.22
Figure 18.23
Figure 18.24
Figure 18.25
Figure 18.26
Figure 18.27
Figure 18.28
Figure 18.29
Figure 18.30
Figure 18.31

Figure 18.32
Figure 18.33
Figure 18.34
Figure 18.35
Figure 18.36
Figure 18.37
Figure 18.38
Figure 18.39
Figure 18.40
Figure 18.41
Figure 18.42
Figure 18.43

Figure 18.44
Figure 18.45
Figure 18.46
Figure 18.47
Figure 18.48
Figure 18.49
Figure 18.50

Figure 18.51
Figure 18.52

Example of PWM Mode Setting Procedure ............ccoceveiiniiiiiiieieieeee e 578

Example of PWM Mode Operation (1) ........cceveerieoieieniereeieeeeeieeeee e 578
Example of PWM Mode Operation (2) ........cceeverueereerienienieeieeieeeeesieeie e eeees 579
Example of PWM Mode Operation (3) .......ccceeeeveieeieeienienieeieeiesiesieeieeee e eenes 580
Example of Phase Counting Mode Setting Procedure...........cceeveeevevveneenneennnnen. 582
Example of Phase Counting Mode 1 Operation ............ccceevervreveeeeseenieenvesnennnns 582
Example of Phase Counting Mode 2 Operation .............ccceverereeeeieseenienienenans 583
Example of Phase Counting Mode 3 Operation ...........cccceeveerureieniencesieeneeeenee. 584
Example of Phase Counting Mode 4 Operation ...........cccceeveerereeieeieseeneeseeeeenne. 585
Phase Counting Mode Application Example..........ccccoeeevviiiienieneiieieeeeeene, 587
Procedure for Selecting the Reset-Synchronized PWM Mode..........cccccevveevennennee. 589
Reset-Synchronized PWM Mode Operation Example

(When the TOCR's OLSN =1 and OLSP = 1) ....cccccveviiiviiniinienieeereeee e 590
Block Diagram of Channels 3 and 4 in Complementary PWM Mode .................. 593
Example of Complementary PWM Mode Setting Procedure............ceceerueenennee. 594
Complementary PWM Mode Counter Operation............c.ecceervvereeevesveneenensuennnes 596
Example of Complementary PWM Mode Operation ..............cceevevveecveecvervenneenne. 597
Example of PWM Cycle Updating..........ccceceeriioiieiinienieniieieeieeve e sieesieeve s 600
Example of Data Update in Complementary PWM Mode ..........ccccoevieieienennene 601
Example of Initial Output in Complementary PWM Mode (1)......ccccceeveriennnnnen. 602
Example of Initial Output in Complementary PWM Mode (2).......cccceevveiernnnnen. 603
Example of Complementary PWM Mode Waveform Output (1) ......cccevveveenenene 605
Example of Complementary PWM Mode Waveform Output (2) ......ccccveveenneneen. 606
Example of Complementary PWM Mode Waveform Output (3) .....ccevvveveennnneen. 607
Example of Complementary PWM Mode 0% and

100% Waveform OUtPut (1).......cooueeeerieeeieee e 608
Example of Complementary PWM Mode 0% and 100%

Waveform OULPUL (2)....c.eecvieieeieeiieieie ettt ettt aesee e ens 609
Example of Complementary PWM Mode 0% and 100%

Waveform OULPUL (3)...veecuieriieiieiieieeieete sttt re e e e sbeesseseaeseeenes 609
Example of Complementary PWM Mode 0% and 100%

Waveform OULPUL (4) ...c.eeeeee ettt 610
Example of Complementary PWM Mode 0% and 100%

Waveform OULPUL (5)...ccvieieiiieeieeiieie ettt ae e ees 610
Example of Toggle Output Waveform Synchronized with PWM Output............. 611
Counter Clearing Synchronized with Another Channel ..............cccccveevveieiiennennne. 612
Example of Output Phase Switching by External Input (1)......cccceoveiieiininennnane 613
Example of Output Phase Switching by External Input (2).......cccoeeeeveveviencennnee. 614
Example of Output Phase Switching by Means of UF, VF,

WE Bit SEttings (1) veeveeieeeieiieiieieeiesitete ettt ettt eeaeseaesneennas 614

Rev. 4.00 Sep. 14,2005 Page xxxv of |
RENESAS



Figure 18.53

Figure 18.54
Figure 18.55
Figure 18.56
Figure 18.57
Figure 18.58

Figure 18.59
Figure 18.60
Figure 18.61
Figure 18.62
Figure 18.63
Figure 18.64
Figure 18.65
Figure 18.66
Figure 18.67
Figure 18.68
Figure 18.69
Figure 18.70
Figure 18.71
Figure 18.72
Figure 18.73
Figure 18.74
Figure 18.75

Figure 18.76
Figure 18.77
Figure 18.78
Figure 18.79
Figure 18.80
Figure 18.81
Figure 18.82
Figure 18.83
Figure 18.84
Figure 18.85
Figure 18.86
Figure 18.87
Figure 18.88
Figure 18.89

Rev. 4.00 Sep

Example of Output Phase Switching by Means of UF, VF,

WE Bit SEttNES (2) .eeuveeuiienieeiieiieteee ettt ettt 615
Count Timing in Internal Clock Operation.............ccceoeveerieiieniinienieeeeee e 619
Count Timing in External Clock Operation .............cccceeeverienereviencienieniieieeienenns 619
Count Timing in External Clock Operation (Phase Counting Mode).................... 620
Output Compare Output Timing (Normal Mode/PWM Mode).........cccccvevrrevenene 620
Output Compare Output Timing (Complementary PWM Mode/

Reset Synchronous PWM Mode).......ccoeviiiiiiiiiiiieieeeeeeee e 621
Input Capture Input Signal Timing........ccceeveerirrierieiiereee e 621
Counter Clear Timing (Compare Match) ..........ccceeeereierienieiieieeeereeeee e 622
Counter Clear Timing (INput Capture) ........ccevveeeveecieiiierienieeie e eeesreeveeveenesenens 622
Buffer Operation Timing (Compare Match) .........cccceceviiviienienieieeieeieeeeeene 623
Buffer Operation Timing (Input Capture) .........cccceveveeriisiienieienienceieeeeeesieene 623
TGI Interrupt Timing (Compare Match) .........ccecceviiieiieeniiiisie e 624
TGI Interrupt Timing (Input Capture) ..........ceceeeeereeiienee it 624
TCIV Interrupt Setting TimMiNg..........cccverrerieeriereeeiesieeneeeseeeeeseeseeeseeeeeesesaesseens 625
TCIU Interrupt Setting TimiNg...........ccveveerrieiieereiiieneenreenieeeeeeeseesseeseesesssesseens 625
Timing for Status Flag Clearing by the CPU ........cc.cccevieviiiiiiiecieeeieeeeeeeiens 626
Timing for Status Flag Clearing by DMA Activation ...........cccceceeiereenenenieseeenn 626
Phase Difference, Overlap, and Pulse Width in Phase Counting Mode................. 627
Conflict between TCNT Write and Clear Operations ........c..cecceeeeeeenvenienenenncnn 628
Conlflict between TCNT Write and Increment Operations............ccoeceevvvereeevenennns 629
Conlflict between TGR Write and Compare Match...........cceevveiieciinienieciieienen, 630
Conlflict between Buffer Register Write and Compare Match (Channel 0)........... 631
Conflict between Buffer Register Write and Compare Match

(Channels 3 and 4) ...cueeeveieiieeie ettt e et e et e et e b e ereeeares 631
Conlflict between TGR Read and Input Capture...........ccceeveeeiiieneenieieieeieene 632
Conlflict between TGR Write and Input Capture...........ccceeeveeervenienieniieienieneenns 633
Conlflict between Buffer Register Write and Input Capture ..........ccocceeevveveevenens 634
TCNT 2 Write and Overflow/Underflow Conflict with Cascade Connection...... 635
Counter Value during Complementary PWM Mode Stop .......cccceceevieniieneniennnne 636
Buffer Operation and Compare-Match Flags in Reset Sync PWM Mode............. 637
Reset Sync PWM Mode Overflow Flag.........cccooiiiiiiiniiiieiieeeeceeeeee, 638
Conlflict between Overflow and Counter Clearing .............ccocvveveeeeeneeniieseennennenns 639
Conflict between TCNT Write and OVerflow ..........cccceoeveneniineneninnieienenenenn 639
Error Occurrence in Normal Mode, Recovery in Normal Mode...........c.cccoeuvnee. 644
Error Occurrence in Normal Mode, Recovery in PWM Mode 1..........ccccoeneenee. 645
Error Occurrence in Normal Mode, Recovery in PWM Mode 2............ccceeueneee 646
Error Occurrence in Normal Mode, Recovery in Phase Counting Mode............... 647

Error Occurrence in Normal Mode, Recovery in Complementary PWM Mode... 648

. 14,2005 Page xxxvi of |
RENESAS



Figure 18.90
Figure 18.91
Figure 18.92
Figure 18.93
Figure 18.94
Figure 18.95
Figure 18.96
Figure 18.97
Figure 18.98
Figure 18.99
Figure 18.100
Figure 18.101
Figure 18.102
Figure 18.103
Figure 18.104
Figure 18.105
Figure 18.106
Figure 18.107
Figure 18.108
Figure 18.109
Figure 18.110
Figure 18.111
Figure 18.112
Figure 18.113
Figure 18.114

Figure 18.115
Figure 18.116

Error Occurrence in Normal Mode, Recovery in Reset-Synchronous

PWIM MOAE........oouiiiiiiiieieniinieneeitetee ettt s st 649
Error Occurrence in PWM Mode 1, Recovery in Normal Mode..........cccceeeneeeee. 650
Error Occurrence in PWM Mode 1, Recovery in PWM Mode 1 ..........ccoeeueeneeee. 651
Error Occurrence in PWM Mode 1, Recovery in PWM Mode 2 ..........ccceuvneenee. 652
Error Occurrence in PWM Mode 1, Recovery in Phase Counting Mode.............. 653
Error Occurrence in PWM Mode 1, Recovery in
Complementary PWIM Mode.........cooeiiiiiiiieieie et 654
Error Occurrence in PWM Mode 1, Recovery in Reset-Synchronous
PWM MOAE......coiiiiiiiiiiicinicceee ettt 655
Error Occurrence in PWM Mode 2, Recovery in Normal Mode............cccuvneeee. 656
Error Occurrence in PWM Mode 2, Recovery in PWM Mode 1 ..........ccoeeueeneeee. 657
Error Occurrence in PWM Mode 2, Recovery in PWM Mode 2 ..........ccceceeenne 658
Error Occurrence in PWM Mode 2, Recovery in Phase Counting Mode............ 659
Error Occurrence in Phase Counting Mode, Recovery in Normal Mode............. 660
Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 1............ 661
Error Occurrence in Phase Counting Mode, Recovery in PWM Mode 2............ 662
Error Occurrence in Phase Counting Mode, Recovery in
Phase Counting MOE ..........ooueiuiiieiiieiiie ettt 663
Error Occurrence in Complementary PWM Mode, Recovery in
NOIMAL MOAE....ceiiiiiiiiiesiiitici ittt 664
Error Occurrence in Complementary PWM Mode,
Recovery in PWM Mode 1 ..ottt 665
Error Occurrence in Complementary PWM Mode,
Recovery in Complementary PWM Mode.........cccooiiiiiiiiiiiinieeeeeeee 666
Error Occurrence in Complementary PWM Mode, Recovery in
Complementary PWIM Mode ........cooieiiiiiiieieeee et 667
Error Occurrence in Complementary PWM Mode, Recovery in
Reset-Synchronous PWM Mode.........ccevieiiiiiiiiiienieeieceeeeeeee e 668
Error Occurrence in Reset-Synchronous PWM Mode, Recovery in
NOTMAL MOAE.....viiiiiiiiiiiiticeiercteect ettt 669
Error Occurrence in Reset-Synchronous PWM Mode, Recovery in
PWM MOME 1.ttt ettt et 670
Error Occurrence in Reset-Synchronous PWM Mode, Recovery in
Complementary PWM MoOde........cccvveiiiiiiieiieiicee et 671
Error Occurrence in Reset-Synchronous PWM Mode, Recovery in
Reset-Synchronous PWM Mode.........cocoeiiiiiiiiiiiiiiiieeee e 672
POE BlOCk DIa@Iam ......c.ceoueiieiiieiiieie ettt ettt s ee 674
Falling Edge Detection Operation ............ccceceecuerierienieeneeeeeesieeseeeieeee e seens 681
Low-Level Detection Operation............ceeververieesuerveseesieneenaeeeeseesseesseensesnens 682

Rev. 4.00 Sep. 14,2005 Page xxxvii of |
RENESAS



Figure 18.11

Section 19
Figure 19.1
Figure 19.2

Figure 19.3
Figure 19.4
Figure 19.5
Figure 19.6
Figure 19.7
Figure 19.8
Figure 19.9
Figure 19.10
Figure 19.11
Figure 19.12
Figure 19.13
Figure 19.14
Figure 19.15
Figure 19.16
Figure 19.17
Figure 19.18
Figure 19.19
Figure 19.20

Section 20
Figure 20.1
Figure 20.2
Figure 20.3
Figure 20.4
Figure 20.5
Figure 20.6
Figure 20.7
Figure 20.8
Figure 20.9
Figure 20.10
Figure 20.11
Figure 20.12
Figure 20.13
Figure 20.14
Figure 20.15

7 Output-Level Detection OPeration...........cceecveeeveeveiieieenieenreeeeeeesreesreeseenesseens 682
Serial Communication Interface with FIFO (SCIF)

Block Diagram Of SCIF.........ccoiiiiiiiieiieeee ettt 687
Example of Data Format in Asynchronous Communication
(8-Bit Data with Parity and Two Stop BitS)........cccceveerirciicierienieicciecieeeeieeee 723
Sample Flowchart for SCIF InitialiZation ............ccceeeveveerienieneeieeieeeeeeeseeseeennes 726
Sample Flowchart for Transmitting Serial Data...........cccocoeoiviiiiiiieiiniec 727
Example of Transmit Operation (8-Bit Data, Parity, One Stop Bit)..........cccccc....... 729
Example of Operation Using Modem Control (CTS).........coooveveveereererrereerrenrennenns 729
Sample Flowchart for Receiving Serial Data ............cccocvvierieniecinecieeeeee e, 730
Sample Flowchart for Receiving Serial Data (cont)..........ccoevveveeeieecienieneenrennenen. 731
Example of SCIF Receive Operation (8-Bit Data, Parity, One Stop Bit)................ 733
Example of Operation Using Modem Control (RTS)......ccccoeevrvrrrrernrnrennnreens 733
Data Format in Synchronous Communication ...........cccoeeereerirenieeiesieneeseeeeeene. 734
Sample Flowchart for SCIF Initialization .............ccoeeeiiiisiienienieneeeee e 735
Sample Flowchart for Transmitting Serial Data..........coccoceveneneniiieiiincncncnene, 736
Example of SCIF Transmit Operation.........ccccccieeerrerieeeeseeseenreesseeeeseesseesseesens 737
Sample Flowchart for Receiving Serial Data (1).......cccccveevevcverieneenieeieiieeeeeene 738
Sample Flowchart for Receiving Serial Data (2)........ccccoveveiinininieieeeeeee, 739
Example of SCIF Receive Operation ...........ccecvevureeeeienieniieieeieeeesieesieeee e eeees 740
Sample Flowchart for Transmitting/Receiving Serial Data.............cccocceveneennnne 741
Receive Data Sampling Timing in Asynchronous Mode ..........cccccevvevenenencnnens 745
DMA Transfer Example in the Synchronization Clock ...........cocceveeviinienienenennene. 746
USB Function Module
Block Diagram 0f USB ........ccooiiiiiiieiesieee et 748
Cable Connection OPEration .........c..cceeerirerieireeeeienientenenteneeueeeeeensessessessenaens 766
Cable Disconnection OPeration...........ceecueerueeeerierteenieeieeeeseeseeeseee e eeeseeseeeseeenes 767
Transfer Stages in Control Transfer ..........cccevvevieciieciieciereeeee e 768
Setup Stage OPETrAtiON ....c..eeveeeieriieieeieete e eee st esteeteeseeseesseesseesseessessaessaesseesseensas 769
Data Stage (Control-IN) OPeration ............cceeverreerreeriereeseeseeseesseesseseeseesseesseenns 770
Data Stage (Control-OUT) OPeration .........cccceeeeueeieierierieniesieeeseeeieeeeeeeeseeseeeeeas 771
Status Stage (Control-IN) Operation ..........ccooccerierieriieienieneeeee e 772
Status Stage (Control-OUT) Operation ..........ccecceeveeeiereenieesiieieeieseeieee e eees 773
EP1 Bulk-OUT Transfer Operation.............ccceeverueereeeiesieneenieeseseesnesseesseensesnnes 775
EP2 Bulk-IN Transfer Operation.............cceccuereerieerieerieseeseeneesseeseeeesseesseessesssens 777
EP3 Interrupt-IN Transfer Operation ...........ccceecveeeverieeneeneenieeieseeneeeveeveeneneeens 778
Forcible Stall by APPlICAtION .......ccuiruiiiieieiieieieiesie sttt 781
Automatic Stall by USB Function Module..............ccooceiniiiieiiiiieceeeceeee, 783
EP1 RDFN OPEIation......cccueeueetieieieiiieieeie st sieestee st ete e eneesseesieeeeeneeeneesneesseenees 784

Rev. 4.00 Sep. 14,2005 Page xxxviii of |

RENESAS



Figure 20.16 EP2 PKTE OPEIation ......cccueieerieniiieiie ittt ettt ettt 785
Figure 20.17 Example of USB Function Module External Circuitry

(FOr On-Chip TIanSCeIVET)......ccueiueeruierieeieeieeieesteente et eeeeseeseeeseeeeeeeesneeseeesneenees 787
Figure 20.18 Example of USB Function Module External Circuitry

(For External TTanSCEIVET) ....c.cccuerierieerieeieeieieesieeteereeresseesseeseesseessessnessaesseennas 788
Figure 20.19 TRQO and TRQI INterrupt CirCUIIY ..........v.veeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eseennen 790
Figure 20.20 USB Standby Operation TimiNg ..........cccceeeeeierieierierieie e 790
Figure 20.21 Sample Flowchart for Initialization of the USB Bus Power Control Method ....... 791
Figure 20.22 Sample Flowchart for Changing the State from USB Suspend to Standby........... 792
Figure 20.23 Sample Flowchart for AWAKE .......cccccoiiiiiiiieeeeeeeeee e 793
Figure 20.24 Timing for Setting the TR Interrupt F1ag ........c.cccevvierieriiiiiieieeceeeeeeeeeene 796
Section 21 A/D Converter
Figure 21.1 Block Diagram of A/D CONVETLET ........cc.eeieieieiiieniesiesieaitee e see e see e eeeens 798
Figure 21.2 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)............. 806
Figure 21.3 Example of A/D Converter Operation

(Multi Mode, Channels ANO to AN2 Selected) .......ccoovvirierirrieenieeieeieseerieeeeeeen 807
Figure 21.4 Example of A/D Converter Operation (Scan Mode, Channels ANO to

AN2 SELECLEA) 1.uviiviieiieiiieitieieeit ettt sttese e e teeete e teesbeeebesssesaaesseesseenseanseeneens 809
Figure 21.5 A/D Conversion TIMING ........ccceeririeriienieiieieeiesiesteeie et eieesiee e 811
Figure 21.6 Definitions of A/D CONVErsion ACCUIACY .......cecueerueeeeerieruienteenieeieeeesreesseesseensesnees 814
Figure 21.7 Example of Analog Input Protection Circuit........c..cccevererinerenieeenienienieneneneenne. 817
Figure 21.8 Analog Input Pin Equivalent CirCuit ...........ceccvevvireiercierieieieeie e 817
Figure 21.9 Example of Analog INput CirCUIt .......c.eeeviiieiieriieiieii ettt 817
Section 22 Pin Function Controller (PFC)
Figure 22.1 Internal Block Diagram of I/0O Buffer with Weak Keeper ...........cccoocevinenincnnnne. 841
Figure 22.2 Internal Block Diagram of I/O Buffer with Open Drain ...........ccccoevveiiiiinienennnen. 842
Section 23 1/0O Ports
FAigUre 23.1 POTt A L.ttt et et e st e e st e st eseenteentesnaesneesseensennnas 843
Figure 23.2 POIt B oottt sttt ettt ettt et staesaaesbeenbeeneas 845
FAgUIE 23.3 POIt C oottt sttt be e et e st eetae b e e beesbeessessaesseessaenseennas 847
FIigUIe 23.4 POTt D .ottt sttt 849
FAigure 23.5 POTt Bttt ettt et e n et et enees 851
Figure 23.6 POTt F ..ottt ettt ettt et sttt 853
FAigUIE 23.7 POIt G oottt sttt et e et e et et e e e enteentessaesneesseensennnas 856
Figure 23.8 Internal Block Diagram of PG7DT to PGODT .........cccoeviieieiiieiieieeieceeeee e, 859
Figure 23.9 POrt Hooooooioeiiiiceeeceeeeee ettt ettt be e e sbessaesaeesbaenseeneas 860
FAgure 23,10 POTt J ..ottt ettt ettt et 862

Rev. 4.00 Sep. 14,2005 Page xxxix of |
RENESAS



Section 25 Electrical Characteristics

Figure 25.1
Figure 25.2
Figure 25.3
Figure 25.4
Figure 25.5
Figure 25.6
Figure 25.7
Figure 25.8
Figure 25.9
Figure 25.10
Figure 25.11
Figure 25.12
Figure 25.13
Figure 25.14
Figure 25.15

Figure 25.16
Figure 25.17
Figure 25.18
Figure 25.19
Figure 25.20
Figure 25.21
Figure 25.22
Figure 25.23
Figure 25.24
Figure 25.25

Figure 25.26

Rev. 4.00 Sep

Power-On Sequence
EXTAL Clock Input Timing
CKIO Clock INPput TIMING .....cccveeiereieriieiieieeiesiteieeieeae e seeseeesseeeeseesneesseeseeenes
CKIO and CKIO2 Clock Input TImMinNg .......c.cecverierreerieeienienieseeneenie e seesreesseenns
Oscillation Settling Timing (POWEr-On) .........cccveriierieeriiiieiieseerie e
Phase Difference between CKIO and CKIO2
Oscillation Settling Timing (Standby Mode Canceled by Reset)
Oscillation Settling Timing (Standby Mode Canceled by NMI or IRQ)
Reset INPUt Timing.......cecveiieriierieieee ettt ae e eneesseenes
Interrupt Input Timing
Bus Release TIMING .....cc.eccvieiiiieiieieeie ettt e steeteeseeesessaesseesseesseennas
Pin Driving Timing in Standby Mode
Basic Bus Timing for Normal Space (No Wait)
Basic Bus Timing for Normal Space (Software 1 Wait)
Basic Bus Timing for Normal Space (One Cycle of Externally Input/
WAITSEL = 0) vttt ettt
Basic Bus Timing for Normal Space (One Cycle of Externally Input/
WAITSEL =1)
Basic Bus Timing for Normal Space (One Cycle of Software Wait,
External Wait Cycle Valid (WM Bit = 0), No Idle Cycle)
MPX-1O Interface Bus Cycle (Three Address Cycles,
One Software Wait Cycle, One External Wait Cycle)
Burst MPX-10 Interface Bus Cycle Single Read Write
(One Address Cycle, One Software Wait)
Byte-Selection SRAM Bus Cycle (SW =1 Cycle, HW =1 Cycle, One
Asynchronous External Wait Cycle, BAS = 0 (Write Cycle UB/LB Control))....
Byte-Selection SRAM Bus Cycle (SW =1 Cycle, HW =1 Cycle, One
Asynchronous External Wait Cycle, BAS =1 (Write Cycle WE Control))
Burst ROM Read Cycle (One Software Wait Cycle, One Asynchronous
External Burst Wait Cycle, Two Burst)
Synchronous DRAM Single Read Bus Cycle (Auto Precharge,
CAS Latency 2, WTRCD = 0 Cycle, WTRP = 0 Cycle)
Synchronous DRAM Single Read Bus Cycle (Auto Precharge,
CAS Latency 2, WTRCD = 1 Cycle, WTRP = 1 Cycle)
Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)
(Auto Precharge, CAS Latency 2, WTRCD = 0 Cycle, WTRP =1 Cycle)
Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)
(Auto Precharge, CAS Latency 2, WTRCD = 1 Cycle, WTRP = 0 Cycle)

. 14,2005 Page xl of |
RENESAS



Figure 25.27
Figure 25.28
Figure 25.29
Figure 25.30

Figure 25.31

Figure 25.32

Figure 25.33

Figure 25.34

Figure 25.35

Figure 25.36

Figure 25.37

Figure 25.38
Figure 25.39
Figure 25.40

Figure 25.41

Figure 25.42
Figure 25.43
Figure 25.44
Figure 25.45
Figure 25.46
Figure 25.47

Synchronous DRAM Single Write Bus Cycle

(Auto Precharge, TRWL =1 CyCle) .ooveiiiiiiiiiieeeieeeeeeeee e 939
Synchronous DRAM Single Write Bus Cycle (Auto Precharge,

WTRCD = 2 Cycles, TRWL =1 CYCle) ..cetvuiriiiieiieieeie et 940
Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Auto Precharge, WTRCD = 0 Cycle, TRWL =1 Cycle) ....ccceeevvvverieriierrenrenen. 941
Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Auto Precharge, WTRCD =1 Cycle, TRWL =1 Cycle) ...ccceevvevvenieriereeee. 942
Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles) (Bank Active
Mode: ACT + READ Commands, CAS Latency 2, WTRCD = 0 Cycle) ............ 943

Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)

(Bank Active Mode: READ Command, Same Row Address, CAS Latency 2,

WTRCD = 0 CYCLE) .eiutiieiiiiiieeiieeieeeiee et e et e etee e v e ssbae e sasssbseenseeesbaaenseesnsaaanseeans 944
Synchronous DRAM Burst Read Bus Cycle (Four Read Cycles)

(Bank Active Mode: PRE + ACT + READ Commands, Different

Row Addresses, CAS Latency 2, WTRCD = 0 Cycle)......cccecvevrvvcrerienverreerenen. 945
Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Bank Active Mode: ACT + WRITE Commands, WTRCD = 0 Cycle,

TRWL =0 CYCLE) 1.ttt eie ettt ettt ettt sae st enseneensesseeeeas 946
Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

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

WTRCD =0 Cycle, TRWL =0 CYCle)....c.ccevrrierieiieiieieeeeeeeeeieeie e 947
Synchronous DRAM Burst Write Bus Cycle (Four Write Cycles)

(Bank Active Mode: PRE + ACT + WRITE Commands,

Different Row Addresses, WTRCD = 0 Cycle, TRWL =0 Cycle) .................... 948
Synchronous DRAM Auto-Refreshing Timing (WTRP =1 Cycle,

WTREC =3 CYCLES) uiauiieiieiieeiieciteit ettt ettt st se e snee e e sneeneenes 949
Synchronous DRAM Self-Refreshing Timing (WTRP =1 Cycle) .......ccceeevuneee 950
Synchronous DRAM Mode Register Write Timing (WTRP =1 Cycle)............... 951
Synchronous DRAM Access Timing in Low-Frequency Mode

(Auto-Precharge, TRWL =2 CyCles) ...eevuiiiieiiiiiiierieeeeeeeeee e 952
Synchronous DRAM Self-Refreshing Timing in Low-Frequency Mode

(WTRP =2 CYCLES)..utieiieieeiieeiieieeie ettt ettt eeaessae e sseenseensesnnas 953
SCK Input ClocK TIMING......cccviiieirieriieiieiieieeeeseeseeseeeeseeseesaeesseesseessesssesseens 954
SCIF Input/Output Timing in Synchronous Mode ...........cccceevveviieienieniierieeiennnns 955
I/O POTt TIHMINE ...ttt ettt s be st es et e e teseesbesaeenea 955
DREQ INPUE TIMINE ..ottt ettt see e 955
DACK, TEND Output TImMiNE ....cceevveeeririeirienieienienieienieieie s seeeereseeseereseenens 955
MTU Input/Output TIMING......eevveereeieeieriieieeie e eteeeesee st eae e e seeseeeseeesseeaeenes 956

Rev. 4.00 Sep. 14,2005 Page xli of |
RENESAS



Figure 25.48 MTU Clock INput TImMiNg ........cceiiiiiirieieieiesie ettt 956

Figure 25.49 POE Input/Output TIMING .....cccveeuieiieiieriieiieieeie ettt eee e seeens 957
Figure 25.50 I°C Bus Interface Input/Output TIMing..............coocovveveeeeeeereeereeeeeeeseseseesesennen. 959
Figure 25.51 TCK INPUE TIMING......ccciieiiriieiieieeieeiestesie et etestesete e esaeeaeeneesseesseenseensessnessaens 960
Figure 25.52 TRST Input Timing (Reset-HOld State) ..........ooovveveveeeeeeeeeeeeeeeeeeeeeeeeseeeseaan. 961
Figure 25.53 H-UDI Data Transfer Timing..........c.cccceevierieeriercienienieneesie e eeeseeesseeseeseesaesseens 961
Figure 25.54 Boundary-Scan Input/Output Timing..........cccooeierieniiieinieeieee e 961
Figure 25.55 USB CIOCK TIiiNg.......ceiiiiieiieiieieeieetieseee ettt e e enee e 962
Figure 25.56  Output Load CirCUIt .....covuieiuieiieieeiiei ettt seeens 964
Appendix

Figure C.1 Package DIMENSIONS........cccccveriieriieiieieetiesieeteetestesaesseesseesesseesssesseessesssesssesssessenns 973

Rev. 4.00 Sep. 14,2005 Page xlii of |
RENESAS



Tables

Section 1 Overview

Table 1.1
Table 1.2
Table 1.3

Section 2
Table 2.1
Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
Table 2.9
Table 2.10
Table 2.11
Table 2.12
Table 2.13
Table 2.14
Table 2.15
Table 2.16
Table 2.17
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

CPU

FRALUIES ...c.eeniiiiiiieec et sttt et 1
Pin fUNCHIONS ...ttt et 9
Pin FUNCHONS ...ttt et 18
Initial ReIStEr VAIUES.......eevvieiieeiieiieiieieeie ettt nas 28
Destination Register in DSP INStructions...........c.oecvevveriierieeiesieneeieeie e e e 37
Source Register in DSP OPerations ............ccveevieverierieneenieenieeieseeseesseesseesseesnens 38
DSR REZISTEr BItS ..c..eiiuiiiieiiiiieiieeiieieicee ettt 41
Word Data Sign EXteNSION. ... .c.eeiuieiiieieiieiiierie ettt 45
Delayed Branch INStructions..........cceeoeeieiienieii et 45
T Bt e ettt ettt 46
Immediate Data Referencing ............ccevvviiiieeiieiieeieiiieneee et 46
Absolute Address Referencing...........ecvvciiiiiiiiieniiiiieieceeseeie e 47
Displacement Referencing ..........c.oeveveeneeiiiiniieiienienieeee e 47
Addressing Modes and Effective Addresses for CPU Instructions.............cccc.ce.... 48
Overview of Data Transfer InStruCtions...........ccceeveeririinienieieeeeesee e 51
CPU Instruction FOIMAtS c.......ccoueriiiiirininieiiieietenesesceeeeet et 58
Double Data Transfer Instruction FOrmats ...........ccocoocereneneniienenineninenceeeceneee 62
Single Data Transfer Instruction FOrmats............ccccevevierieniiecieeieeiesieeeieeeeeens 63
A-Field Parallel Data Transfer INStructions .............cccceveeereeienienienie e 64
B-Field ALU Operation Instructions and Multiply Instructions (1) ........ccccceeneeeee. 65
B-Field ALU Operation Instructions and Multiply Instructions (2) .....c..c.ccecceuenene 66
CPU INSrUCION TYPES..cuvietieiieiieieeieriteit et ete sttt ee e see e sseeseenseeneesseenseenseas 67
Data Transfer INStruCtioNS. ......c..eouerireriiirieietereese et 71
Arithmetic Operation INSTrUCHONS .......ccvveviieierierierie ettt ere e e esreese e 73
Logic Operation INStIUCLIONS ........cooiiieriiiieniieiieie e 75
Shift INSEIUCTIONS .....eeeieieiiieiieetiete ettt ettt et et e st ete et 76
Branch INStrUCTIONS ......eeiuieiieiieieeietee ettt et e ees 77
System Control INStIUCHIONS. .......eccvieieeieeiieiieieeie et enee s 78
Added CPU System Control INStructions ............ccceevveeeveeceenieneenieeiesieseesveeveeenas 82
Double Data Transfer INStructions ............coeveeeeierierenineneeeeeeeeie e 85
Single Data Transfer INStruCtions ...........coeerieeririieiieiieniereec e 86
Correspondence between DSP Data Transfer Operands and Registers .................. 87
DSP Operation Instruction FOrmats ..........ccccereeiiiiiiiinierieeeeeeeeeee e 88
Correspondence between DSP Instruction Operands and Registers........................ 89

Rev. 4.00 Sep. 14,2005 Page xliii of |
RENESAS



Table 2.31 DSP Operation INSIIUCHIONS ......cccuvierieerieeiieeciie et eeeeieeeieesveeereesbeeeveesreessseens 90

Table 2.32  DC Bit Update Definitions ..........ccccevieiieiiieiinieniesieeie et 96
Table 2.33 ~ Examples of NOPX and NOPY Instruction Codes.........cccceevrierienieneeiinieieenene 98
Section 3 DSP Operation

Table 3.1 Variation of ALU Fixed-Point Operations............cccccverveerieeciereereeneeneeeeeseeeneeenns 100
Table 3.2 Correspondence between Operands and Registers .........c.occveveevveecieecienienieenennen. 100
Table 3.3 Variation of ALU Integer Operations............ccecueeeeriereeniennienieneeneenieenee e 104
Table 3.4 Variation of ALU Logical Operations ...........cceceecueeierieneeseeieeeeseeseeneeeseeeeenne 106
Table 3.5 Variation of Fixed-Point Multiply Operation ............ccccceeereereenieneeneieeceene 108
Table 3.6 Correspondence between Operands and Registers .........c.oocevvervecieeienienieeienen. 108
Table 3.7 Variation of Shift OPerations............ccceevveriieriieierieenieieeie e se e ens 109
Table 3.8 Operation Definition of PDMSB .......c.ccccoiiiiiiiiiiiiceteeeeeeeee e 114
Table 3.9 Variation of PDMSB Operation..........ccc.eevcueeriierieeiieesieasieeenieeeieesieesveesveesnneas 115
Table 3.10  Variation of Rounding Operation .............ccceceeeerienieniesiieieeee e 116
Table 3.11 Definition of Overflow Protection for Fixed-Point Arithmetic Operations.......... 117
Table 3.12  Definition of Overflow Protection for Integer Arithmetic Operations.................. 117
Table 3.13  Variation of Local Data Move Operations........ccc.ecvveeereereerreenieeeeeeeseesseesseenens 122
Table 3.14  Correspondence between Operands and REGIStErs ..........cccvevveeverienieriieieeieniens 123
Table 3.15  Address Value to be Stored into SPC (1)....cccvveiieieiieiieieeieceeeeeie e 125
Table 3.16  Address Value to be Stored into SPC (2).....c.oeviieiiiieiieeiieeceeeee e 126
Table 3.17 RS and RE Setting RuUle.........coooiiiiii e 128
Table 3.18  Summary of DSP Data Transfer InStructions .........c..cocceveveeierveniencniniencnenennee. 133
Section 4 Clock Pulse Generator (CPG)

Table 4.1 Pin Configuration and Functions of the Clock Pulse Generator .............c.ccc....... 146
Table 4.2 Clock Operating MOAES .......cc.eeueeeeieieriesieeie ettt ettt et ee et sae e sae e 146
Table 4.3 Relationship between Clock Mode and Frequency Range...........ccccceevvrieieennnne. 147
Section 6 Power-Down Modes

Table 6.1 States of POWer-Down MOdes .........coceereririiieiiniieniseneseneeeet e 164
Table 6.2 Pin ConfigUuration........c.cccuerieriieiieiieiiese ettt ettt e st sreesesseesseesseenseenns 165
Table 6.3 Register States in Standby Mode .........cccvevvieiiiiiriiiieicceceeeee e 172
Section 7 Cache

Table 7.1 Cache SPeCIfICAtIONS. ......eeeieieeeieteeti ettt 179
Table 7.2 Address Space Subdivisions and Cache Operation............cccceeoeeveereeneeeencennenne. 179
Table 7.3 LRU and Way Replacement ............ccceevveriieienieniieieeie e 181
Table 7.4 Way to be Replaced when a Cache Miss Occurs in PREF Instruction.................. 185
Table 7.5 Way to be Replaced when a Cache Miss Occurs in Other than PREF Instruction .. 185
Table 7.6 LRU and Way Replacement (when W2LOCK =1 and W3LOCK = 0)............... 185
Table 7.7 LRU and Way Replacement (when W2LOCK = 0 and W3LOCK = 1)............... 186

Rev. 4.00 Sep. 14,2005 Page xliv of |
RENESAS



Table 7.8 LRU and Way Replacement (when W2LOCK =1 and W3LOCK = 1)............... 186
Section 8 X/Y Memory
Table 8.1 X/Y Memory SPeCifiCatiONS .......c.eecueeierierierieeieeieeteseee sttt eee e 193
Section 9 Exception Handling
Table 9.1 EXCeption EVENnt VECTOTS......cccviiiieiiieiiiie ettt ettt ene 204
Table 9.2 TYPE OF RESCL..uvieiiiiieii ettt st et eaa e et e st e seessaenseas 206
Table 9.3 Instruction Positions and Restriction TYPes.......cccceevveeierienienienennieiie e 210
Table 9.4 SPC Value When a Re-Execution Type Exception Occurs in Repeat Control...... 213
Table 9.5 Exception Acceptance in the Repeat Loop .....cooceveeiieiieiiiieieieeeeeeee 214
Table 9.6 Instruction Where a Specific Exception Occurs

When a Memory Access Exception Occurs in Repeat Control.............ccccveeeneee. 215
Section 10 Interrupt Controller (INTC)
Table 10.1  Pin Configuration.........ccoiiiiieiieiieieiee ettt se ettt ettt ae e see e 221
Table 10.2  Interrupt Sources and IPRB to IPRJ ........cccoiiiiiiiiiiiie e 224
Table 10.3 Correspondence between Interrupt Sources and IMRO to IMRI10......................... 230
Table 10.4  Correspondence between Interrupt Sources and IMCRO to IMCR10................... 232
Table 10.5  Interrupt Exception Handling Sources and Priority ........cccceeeveeeveeieneeneenneenennen. 236
Section 11 User Break Controller (UBC)
Table 11.1 Specifying Break Address REZISEr ..........ccoeiiriiieiiiiieie e 246
Table 11.2  Specifying Break Data REGIStEr.........c.cccveiiriirieiieieee e 248
Table 11.3  Data Access Cycle Addresses and Operand Size Comparison Conditions........... 258
Section 12 Bus State Controller (BSC)
Table 12.1 Pin Configuration.........ccoccueiieriieiieiieiesiee et ste st ste e esaeseeesseesseeseessesssensaens 272
Table 12.2  Address Space Map 1 (CMNCR.MAP =0)....ccccvevierieniieiieiieieeieieeie e 275
Table 12.3  Address Space Map 2 (CMNCR.MAP = 1)...ccoiiiiiiiieeeeceeeeeee e 276
Table 12.4  Correspondence between External Pin MD3 and Bus Width of Area O ............... 277
Table 12.5  32-Bit External Device Access and Data Alignment............ccceceveerienieninniennenns 321
Table 12.6 16-Bit External Device Access and Data Alignment...........ccccccevverieierceenrennnne, 322
Table 12.7  8-Bit External Device Access and Data Alignment...........cccoccveveevieeciereeneenneennn. 323
Table 12.8 Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex Output (1)-1.......cceviiviiiiiiiieieeieceeceeeeee e 340
Table 12.8 Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex Output (1)-2......cocoeiieiiiiieieeeeee e 341
Table 12.9 Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex OUutput (2)-1......cccvevierieiieiieieeieeeeeee e 342
Table 12.9 Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex OULPUL (2)-2.....cocviieieiieirieieereeeeeee et ene 343

Rev. 4.00 Sep. 14,2005 Page xlv of |
RENESAS



Table 12.10
Table 12.11
Table 12.11
Table 12.12
Table 12.12
Table 12.13
Table 12.13
Table 12.14
Table 12.15
Table 12.16
Table 12.17
Table 12.18

Table 12.19

Table 12.20

Table 12.21

Table 12.22

Table 13.1
Table 13.2
Table 13.3
Table 13.4
Table 13.5
Table 13.6
Table 13.7

Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex OUutput (3)......coveeiieiieieeieciereee e 344
Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex Output (4)-1.....c.ooouieoieiieieeiereee e 345
Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address MultipleX OULPUL (4)-2...c.ueeviiieiiieierieeieeie et sre e ens 346
Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex Output (5)-1.....cooiieiiiiieieee e 347
Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex OUtput (5)-2.....c.eevuieeiieiieeieeienierie et 348
Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address MultipleX OUtPUut (0)-1......ccovieiiiiirieniieiieieeie et 349
Relationship between BSZ1, 0, A2/3ROW1, 0, and

Address Multiplex Output (6)-2.......cocveeiieiieieiieeeeitee s aiesiee e 350
Relationship between Access Size and Number of Bursts............ccccoeoveeenee. 351
Access Address in SDRAM Mode Register Write ........ccecvveevveveeieniienireienennns 371
Output Addresses when EMRS Command Is Issued...........cccceevvieierienieennnne. 374
Relationship between Bus Width, Access Size, and Number of Bursts............ 376
Minimum Number of Idle Cycles between

CPU Access Cycles for the Normal Space Interface ..........cocceceevevvecvcncnennnn 389
Minimum Number of Idle Cycles between Access Cycles during

DMAC Dual Address Mode Transfer for the Normal Space Interface............. 390

Minimum Number of Idle Cycles during DMAC Single Address Mode
Transfer to the Normal Space Interface from the

External Device With DACK .........ocoiiiiiiiiiiiieee e 391

Minimum Number of Idle Cycles between Access Cycles of CPU and

the DMAC Dual Address Mode for the SDRAM Interface..........ccccoeceeveeenene. 393

Minimum Number of Idle Cycles between Access Cycles of

the DMAC Single Address Mode for the SDRAM Interface .........ccccocevenenene 396

Section 13 Direct Memory Access Controller (DMAC)

Pin ConfigUuration..........ooeerieniiiiiie ettt e 407
Combination of the Round-Robin Select Bits and Priority Mode Bits.................. 420
Transfer Request Module/Register ID ..........ccooieiiiiiniinieieeeeeeeeee e 423
Selecting External Request Modes with the RS Bits .........cccceceeeieniiiininincnennn 426
Selecting External Request Detection with DI, DS Bits .......cccoocvevieviieieeieieennn. 427
Selecting External Request Detection with DO Bit.........ccccoeviivienieciieiieieieenen, 427
Selecting On-Chip Peripheral Module Request Modes with
the RS3 10 RSO BItS ...eouiiieieeiieie ettt e 428
Supported DMA Transfers. ........cooeeuerierieniere et 432

Table 13.8
Table 13.9

Relationship of Request Modes and Bus Modes by DMA Transfer Category ..... 439

Rev. 4.00 Sep. 14,2005 Page xlvi of |

RENESAS



Section 14 U Memory

Table 14.1 U Memory SPECIfICAtIONS .....cecueeuieiieiieeiieeiiesieeie et eee st see ettt et eee e 451
Section 15 User Debugging Interface (H-UDI)

Table 15.1 Pin Configuration.........c.cocueeieriieriieieeiesieeeie ettt st et e e ensesnaenneens 456
Table 15.2  H-UDI COMMANGS .......ocueriiriiriintieiieiieieerie sttt sttt 458
Table 15.3  This LSI Pins and Boundary Scan Register Bits.........c.ccccoevveriereeciencieneeeeieeen, 459
Table 15.4  Reset CONfIGUIAtioN ........cc.ooiiiiieuieieieieese et 469
Section 16 12C Bus Interface 2 (IIC2)

Table 16.1 I°C Bus Interface Pin CONfIgUration ..............c.ccevvvveeeeeeeeeeeeeeeeeeseeesesesesneneas 475
Table 16.2  Transfer RAtE ........cccoeeiiiiiiniiiiieeeeeee ettt 478
Table 16.3 INtEITUPt REQUESTS ....viviiiieiieieciecieeie ettt ettt sae e beeaeenae e 506
Table 16.4  Time for Monitoring SCL...........cccveiiiieriieiieieeiese st ee s 507
Section 18 Multi-Function Timer Pulse Unit (MTU)

Table 18.1 MTU FUNCHIONS ..ottt e st et st e sae e e eneeeneeeneenseens 518
Table 18.2  MTU Pin Configuration...........c.eeueeuienuienieieeeitesieeeeie st eeesee e seee e enee e sseeseeens 521
Table 18.3 CCLRO to CCLR2 (Channels 0, 3, and 4) ..cccoecveiiiiieieeieeieceeeee e 525
Table 18.4  CCLRO to CCLR2 (Channels 1 and 2) .....ccccceevevrieviieiinieniieieeieeveseeseesve e 525
Table 18.5  TPSCO to TPSC2 (Channel 0) ........cccovveiieiieieiieeieriieie et eve e seee e 526
Table 18.6 ~ TPSCO to TPSC2 (Channel 1) ...cccocveoiiiiiiiiiciiiiecieeie ettt 526
Table 18.7 TPSCO to TPSC2 (Channel 2) .......ooiieeeuiieiieeiee ettt veeaee e vaeeaee s 527
Table 18.8 TPSCO to TPSC2 (Channels 3 and 4) .......cceeecueieiieeiiie ettt 527
Table 18.9  MDO to M3 ....oniiiiiee ettt 529
Table 18.10 TIORH_0 (Channel 0) c.cicueeevieiieiieieeiiesiiesieeie e seeseeveesveseeeseeesseeseesseesnesseens 532
Table 18.11 TIORL 0 (Channel 0)........ccoeovieiieierieniieiieieseeseeseeeeseteseesaeesseeseesnesseesseens 533
Table 18.12 TIOR 1 (Channel 1) .....ccooiiuiiieieieee ettt 534
Table 18.13 TIOR 2 (Channel 2) .....cooueeiuieiieieeiieeiiete ettt neeneeens 535
Table 18.14 TIORH_3 (Channel 3) ......cocieiiieiieieeiieeeie ettt 536
Table 18.15 TIORL 3 (Channel 3)......coceeeieeirieieienienenesieeieeieeteeetese ettt 537
Table 18.16 TIORH 4 (Channel 4) .......ccoeovieiieieeiieniiesieeie e see st ere e sevesaee e eseenseesaensaens 538
Table 18.17 TIORL 4 (Channel 4)........ccvecuieiieieriieriieieeieeee sttt eeesete e saeesseeseesnesseenseens 539
Table 18.18 TIORH_0 (Channel 0) ......coceeviiriiiiinieieieee sttt 540
Table 18.19 TIORL 0 (Channel 0).......ccceerieiieieiieeeie ettt 541
Table 18.20 TIOR 1 (Channel 1) ..cc.cooieiuieiieiieieieieee et 542
Table 18.21 TIOR 2 (Channel 2) .....cccoiveiieieieieienieneseeieee ettt 543
Table 18.22 TIORH_ 3 (Channel 3) .....ccocieeiieiieieeiieniieieeie sttt e e s enseesnensaens 544
Table 18.23 TIORL 3 (Channel 3)......cccoieciieiieieriieniieieeie et et eae e see e sseeseesaessaeseens 545
Table 18.24 TIORH 4 (Channel 4) ......cocooiieiiiiiieieeeeetesee ettt 546
Table 18.25 TIORL 4 (Channel 4).........cccceiieieieieieeieeeee ettt sttt enens 547
Table 18.26 Output Level Select FUNCHON ........ceeviieiieiieieiiecieeee e 557

Rev. 4.00 Sep. 14,2005 Page xlvii of |
RENESAS



Table 18.27
Table 18.28
Table 18.29
Table 18.30
Table 18.31
Table 18.32
Table 18.33
Table 18.34
Table 18.35
Table 18.36
Table 18.37
Table 18.38
Table 18.39
Table 18.40
Table 18.41
Table 18.42
Table 18.43
Table 18.44
Table 18.45

Section 19
Table 19.1
Table 19.2
Table 19.3
Table 19.4
Table 19.5

Table 19.6
Table 19.7
Table 19.8
Table 19.9
Table 19.10
Table 19.11

Output Level Select FUNCHON ........ccooviiiieiieiicieeieeieeteeeeeee e 558
Output level Select FUNCION. .........ccevieiiiiieeeeeeeee e 560
Register Combinations in Buffer Operation ...........ccccooceeviriiiieniineiee, 571
Cascaded COmbINAtIONS........ccueteriererinenenieeteteterese ettt 574
PWM Output Registers and Output Pins ..........ccccvevvieiinienienieieeie e 577
Phase Counting Mode Clock Input Pins ..........ccceeveeiiecienienienieiecie e 581
Up/Down-Count Conditions in Phase Counting Mode 1.........cccceoveiiiininnnens 583
Up/Down-Count Conditions in Phase Counting Mode 2..........ccccceevveirennnnnn. 584
Up/Down-Count Conditions in Phase Counting Mode 3..........ccooceeireirnennnnn. 585
Up/Down-Count Conditions in Phase Counting Mode 4..........c.ccevvecrreiennnnne 586
Output Pins for Reset-Synchronized PWM Mode.........ccccovvevieiiicienienieene, 588
Register Settings for Reset-Synchronized PWM Mode..........cccooveevveveneeennnne. 588
Output Pins for Complementary PWM Mode ...........ccociiinininiieieeeee 591
Register Settings for Complementary PWM Mode ...c.....ccovvieninnineneneeee 592
Registers and Counters Requiring Initialization ...........cccccoveevienieieienceee 598
IMTU INEEITUPES ..ottt et sttt e st e e sateesabeesateesaneenneeas 617
Mode Transition COmMDINAtIONS ......c..co.eettiiieeieiiisieneneeieeie ettt sieeieene 642
Pin ConfigUration........c.cccvereeriieiiiieieeseeie et steestee e ereeaeseesreesseessesenesseesseenns 675
Pin COmMDBINALIONS. .....ceiiiiiiiiitietie ettt ettt ettt et e e see b eaeeneens 675

Serial Communication Interface with FIFO (SCIF)

Section 20 USB Function Module

Table 20.1
Table 20.2

Section 21
Table 21.1
Table 21.2
Table 21.3

SCIF PiIS ...cuteuieiieieeie ettt tett et etenteae sttt e ete et eseesteseeseensesasseaseeseeseeneassensensansassensees 688
SCSMR SEHINGS ....eeveeneieneieieeteeeiiesieeteesieeteseestesateseeeseenseessessaesseesseeseesesssesnnes 707
Bit Rates and SCBRR Settings in Asynchronous Mode............cccceeevervenreeieennenns 708
Bit Rates and SCBRR Settings in Synchronous Mode ..........cccceevvveverienieniiennen. 711
Maximum Bit Rates for Various Frequencies with
Baud Rate Generator (Asynchronous Mode).........cccoecveiieiieienieneenene e 712
Maximum Bit Rates with External Clock Input (Asynchronous Mode)............... 713
Maximum Bit Rates with External Clock Input (Synchronous Mode)................. 713
SCSMR Settings and SCIF Communication Formats ...........c.cccceevverienverreenennen. 722
SCSMR and SCSCR Settings and SCIF Clock Source Selection......................... 722
Serial Communication Formats (Asynchronous Mode)..........cccceveenernenncnnee. 724
SCIF INEITUPE SOUICES ...cuveeuvieuieeiieeiierieenieeie et eeestee st eeeeteeneesseesseeteeneeeneesneas 743
Pin Configuration and FUNCtions ..........c.ccoceveviriieiiininenenencccciccescecseeee 748
Command Decoding on Application Side ........c.ccocererirereninienienenesenceceeeee 779
A/D Converter
A/D CONVEILET PINS...c..iitiiiiiiieiieieeie ettt 799
Analog Input Channels and A/D Data RegiSters..........cceeverierieneenenieieereeeene 801
A/D Conversion Time (Single Mode).........ccccveviiriiiienieiieeee et 811

Rev. 4.00 Sep. 14,2005 Page xlviii of |

RENESAS



Table 21.4  A/D Conversion Time (Multi Mode and Scan Mode) ..........ccccevveveevieeenreenreennnn. 811
Table 21.5  Interrupt and DMAC Transfer REqUeSt ........cccoeeiriiriinieiieceeeeeeeeee s 812
Section 22 Pin Function Controller (PFC)
Table 22.1 List of MultipleXed Pins.........cccoeoieiiieienieieieee et 819
Section 23 1/O Ports
Table 23.1 Port A Data Register (PADR) Read/Write Operations............cceecveevvereerveecvennnnns 845
Table 23.2  Port B Data Register (PBDR) Read/Write Operations............cccceeeeeeeenieneneeneenne. 846
Table 23.3  Port C Data Register (PCDR) Read/Write Operations..............cceeeeveerieesieeeennenns 849
Table 23.4  Port D Data Register (PDDR) Read/Write Operations ............ccceeeueeeereeeneeneennnnns 851
Table 23.5  Port E Data Register (PEDR) Read/Write Operations............cccceeverenercrenneenee. 853
Table 23.6  Port F Data Register (PFDR) Read/Write Operations (PF15DT to PF8DT) ........ 855
Table 23.7  Port F Data Register (PFDR) Read/Write Operations (PE7DT to PFODT) .......... 855
Table 23.8  Port G Data Register (PGDR) Read/Write Operations

(PGI3DT to PGLIDT, PG8DT)....ccieieuieieieiecie ettt ene et 858
Table 23.9  Port G Data Register (PGDR) Read/Write Operations (PG10DT to PG9DT)...... 858
Table 23.10 Port G Data Register (PGDR) Read/Write Operations (PG7DT to PGODT).... 858
Table 23.11 Port H Data Register (PHDR) Read/Write Operations.............ccceeveeveeeerveennnns 862
Table 23.12 Port J Data Register (PJDR) Read/Write Operations.............cceeveeveeveeeerveennnns 863
Section 25 Electrical Characteristics
Table 25.1 Absolute Maximum Ratings ..........cccoeierieiiiiieieiereeee e 907
Table 25.2  Recommended Values for Power-On/Off Sequence...........coccoeveveenvenveinnienienns 909
Table 25.3 DC Characteristics (1) [Common Items] .......c.ccceereieriierieriiiiiesieneee e 910
Table 25.3  DC Characteristics (2) [Except for I’C- and USB-Related Pins].............ccccou....... 911
Table 25.3  DC Characteristics (3) [IPC-Related Pins] ........cc.coovveieeeuereeeeeeeeeeeeesesceeeeesees 913
Table 25.3  DC Characteristics (4) [USB-Related Pins]........ccccceeevieeiieinieniieiieeeceeeveeveeenne 913
Table 25.3 DC Characteristics (5) [USB Transceiver-Related Pins] .........ccccovvveevieiiiennnenee. 914
Table 25.4  Permissible Output CUITENLS ....c..cc.evereeieieriinieniineeceeetetete sttt 914
Table 25.5  Maximum Operating FreqUeNCY .........ccoeverieriieieeieiieeieee e 915
Table 25.6  ClOCK TIMING .....vieveiiieitieieeieiie et et eteeeeeeteesteebeesseseaesseesseesseessesseesseeseessenssens 916
Table 25.7  Control Signal TIMING ........cccvevvieiieriieiieiierie e eeeeee st ere s aeseaesseesreeseessesesesenes 920
Table 25.8  BUS TIMING ..cueiiiiieiitieiieiiee ettt ettt sttt ese et aesaeseenes 923
Table 25.9  Peripheral Module Signal Timing..........cccocceeiieiirieniiiiereeeee e 954
Table 25.10 Multi Function Timer Pulse Unit TimMing .........cccoooeevierieneeiinienieseeieeeeeeene 956
Table 25.11 Output Enable (POE) Timing .........cccccvevieriierienieniesiesieenie e seeseeeseeeseeneens 957
Table 25.12 IC Bus INterface TIMINE .......o..oviveeeeeeeeeeeeeeeeeeeeeee oo 958
Table 25.13 H-UDI Related Pin Timing.........cccccveeverienieiiieienieseesieesie e seeesieeseenneas 960
Table 25.14 USB Module Clock TImiNg .......ccueeerueeeieieieieieiesie st eeeeneas 962
Table 25.15 USB TransSceiver TIMING .......cccueeuerieiieiieriierie ettt ees 963
Table 25.16 A/D Converter CharaCteriStiCs ........c.uerueererrueriieriereerteeseeeieeeeeeee e sseesaeenaeenees 965

Rev. 4.00 Sep. 14,2005 Page xlix of |
RENESAS



Appendix
Table A.1 Pin States in Reset State, Power Down Mode, and Bus-Released States

When Other Function is Selected...........oovvieriiiiiiiiiieieeiee e
Table A.2 Pin States in Reset State, Power Down Mode, and Bus-Released States

When I/O Port i Selected.......c.oovviiieriieiieiieiecieciee ettt

Rev. 4.00 Sep. 14,2005 Page | of |
RENESAS



Section 1 Overview

Section 1l Overview

This LSl isasingle-chip RISC microprocessor that integrates a Renesas Technology original 32-
bit SuperH RISC engine architecture CPU with a digital signal processing (DSP) extension asits
core, with 16-kbyte of cache memory, 16-kbyte of an on-chip X/Y memory, and peripheral
functions required for system configuration such as an interrupt controller. ThisLSI comesin 256-
pin package.

High-speed data transfers can be formed by an on-chip direct memory access controller (DMAC),
and an external memory access support function enables direct connection to different kinds of
memory. This LSl also supports powerful peripheral functions such as USB function and serial
communication interface with FIFO.

1.1 Features
The features of thisL S| arelisted in table 1.1.

Tablel.l Features

Iltems Specification

CPU ¢ Renesas Technology original SuperH architecture
e Compatible with SH-1, SH-2 and SH-3 at object code level
e 32-bit internal data bus
e Support of an abundant register-set
— Sixteen 32-bit general registers (eight 32-bit bank registers)
— Eight 32-bit control registers
— Four 32-bit system registers
e RISC-type instruction set
— Instruction length: 16-bit fixed length for improved code efficiency
— Load/store architecture
— Delayed branch instructions
— Instruction set based on C language
¢ Instruction execution time: one instruction/cycle for basic instructions
e Logical address space: 4Gbytes
o Five-stage pipeline
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Section 1 Overview

Items Specification

DSP .
[ )

Mixture of 16-bit and 32-bit instructions

32-/40-bit internal data paths

Multiplier, ALU, barrel shifter and DSP register

Large DSP data registers

— Six 32-bit data registers

— Two 40-bit data registers

Extended Harvard Architecture for DSP data bus

— Two data buses

— 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)

Zero-overhead repeat loop control
Conditional execution instructions

Clock pulse .
generator (CPG)

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

Three types of clocks generated:

— CPU clock: maximum 100 MHz

— Bus clock: maximum 50 MHz

— Peripheral clock: maximum 33 MHz
Power-down modes:

— Sleep mode

— Standby mode

— Module standby mode

Three types of clock modes (selectable PLL2 x 2 / x 4, clock / crystal
oscillator)

Watchdog timer .

On-chip one-channel watchdog timer
Select from operation in watchdog-timer or interval-timer mode.
Interrupt generation is supported for the interval-timer mode.
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Section 1 Overview

Items Specification

Cache memory e 16-kbyte cache, mixed instruction/data
e 256 entries, 4-way set associative, 16-byte block length
o Write-back, write-through, LRU replacement algorithm
e 1-stage write-back buffer
e Maximum 2 ways of the cache can be locked

X/Y memory e Three independent read/write ports
— 8-/16-/32-bit access from the CPU
— Maximum two 16-bit accesses from the DSP
— 8-/16-/32-bit access from the DMAC
e Total memory: 16-kbyte (XRAM: 8-kbyte, YRAM: 8-kbyte)

Interrupt controller ¢ Nine external interrupt pins (NMI, IRQ7 to IRQO)

(INTC) e On-chip peripheral interrupts: Priority level set for each module

e Supports soft vector mode

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

e Supports a sequential break function
e Two break channels
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Section 1 Overview

Items

Specification

Bus state controller
(BSC)

Physical address space divided into eight areas, four areas (area 0,
areas 2 to 4), each a maximum of 64 Mbytes and other four areas
(areas 5A, 5B, areas 6A, 6B), each a maximum of 32 Mbytes

The following features settable for each area independently

— Bus size (8, 16, or 32 bits), but different support size by each areas

— Number of wait cycles (wait read/write settable independently area
exists)

— Idle wait cycles (same area/another area)

— Specifying the memory to be connected to each area enables
direct connection to SRAM, SDRAM, Burst ROM, address/data
MPX mode supporting area exists

— Outputs chip select signal (CS0, CS2 to CS4, CS5A/B, CS6A/B)
for corresponding area (selectable for programming CS
assert/negate timing)

SDRAM refresh function

— Supports auto-refresh and self-refresh mode

SDRAM burst access function
Area 2/3 enables connection to different SDRAM (size/latency)

Direct memory access
controller (DMAC)

Number of channels: four channels (two channels can accept external
requests)

Two types of bus modes

— Cycle steal mode and burst mode

Interrupt can be requested to the CPU at completion of data transfer
Supports intermittent mode (16/64 cycles)

User debugging
interface (H-UDI)

E10A emulator support
JTAG-standard pin assignment
Realtime branch trace
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Section 1 Overview

Items

Specification

Advanced user
debugger (AUD)

Six output pins

Trace of branch source/destination address
Window data trace function

Full trace function

— All trace data can be output by stalling the CPU even when the
trace data is not output in time

Real-time trace function

— Function to output trace data that can be output at the range not to
stall the CPU

Multi-function timer
pulse unit (MTU)

Maximum 16-pulse input/output

Selection of 8 counter input clocks for each channel
The following operations can be set for each channel:
— Waveform output at compare match

— Input capture function

— Counter clear operation

— A maximum 12-phase PWM output is possible in combination with
synchronous operation

Buffer operation settable for channels 0,3,and 4

Phase counting mode settable independently for each of channels 1
and 2

Cascade connection operation

Fast access via internal 16-bit bus

23 interrupt sources

Automatic transfer of register data

A/D converter conversion start trigger can be generated
Module standby mode can be set
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Items Specification

Compare match timer e
(CMT)

16-bit counter x 2 channels
Selection of four clocks

Interrupt request or DMA transfer request can be generated by
compare-match

Serial communication e
interface with FIFO
(SCIF)

3 channels

Asynchronous mode or clock synchronous mode can be selected
Simultaneous transmission/reception (full-duplex) capability
Built-in dedicated baud rate generator

Separate 16-stage FIFO registers for transmission and reception
Dedicated Modem control function (Asynchronous mode)

I/0 ports o

Input or output can be selected for each bits

USB function module e

Conforming to the USB standard

Corresponds mode of USB internal transceiver or external transceiver
Supports control (endpoint 0), balk transmission (endpoint 1, 2),
interrupt (endpoint 3)

Supports USB standard command and transaction class or vendor
command in firmware

FIFO buffer for end point (128-byte/endpoint)

Module input clock: 48MHz. Either self-powered or bus-powered mode
can be selected.

I’C bus interface (1IC2) e

One channel

Conforms to the Phillips I°C bus interface specification.
Master/slave mode supported

Continuous transmission/reception supported

Either the I°C bus format or clock synchronous serial format is
selectable.

A/D converter e 10 bits+8 LSB, 8 channels
e Input range: 0 to AVcc (max. 3.6V)
U memory e Three independent read/write ports

— 8-/16-/32-bit access from the CPU
— 8-/16-/32-bit access from the DSP
— 8-/16-bit access from the DMAC
Total memory: 64-kbyte
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Section 1 Overview

12 Block Diagram

The block diagram of this LSl is shown in figurel.1.
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[Legend]
ADC: A/D converter DSP: Digital signal processor
AUD: Advanced user debugger H-UDI: User debugging interface
BSC: Bus state controller INTC: Interrupt controller
CACHE: Cache memory SCIF: Serial communication interface
CMT: Compare match timer UBC: User break controller

CPG/WDT: Clock Pulse generator/Watch dog Timer MTU:

CPU:
DMAC:

Central processin
Direct memory act

g unit USB:
cess controller lic2:

Multi-Function Timer Pulse unit
USB function module
12C bus interface

Figurel.l Block Diagram
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Section 1 Overview

13 Pin Assignments

The pin assignments of thisLSI isshown in figure 1.2
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Figure 1.2 Pin Assignments (BGA-256)
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Section 1 Overview

14 Pin functions

Table 1.2 summarizes the pin functions.

Table1.2 Pin functions

No.

(BGA256) Pin Name Description

B2 D7 Data bus

c2 D6 Data bus

D2 D5 Data bus

B1 D4 Data bus

E2 D3 Data bus

E3 D2 Data bus

C1 VssQ Ground for 1/O circuits (0V)

D3 D1 Data bus

D1 VeeQ Power supply for I/O circuits (3.3V)

E4 DO Data bus

F2 CS3/PTA[3] Chip select 3/Port A

F3 Vss Ground (0V)

E1 CS2/PTA[2] Chip select 2/Port A

F4 Vcce Power supply (1.8V)

G2 UCLK/PTBIO0] USB external input clock/Port B

G3 VBUS/PTBJ[1] USB power detection/Port B

F1 SUSPND/PTBI2] USB suspend/Port B

G4 XVDATA/PTBI[3] Receive data input from USB differential receiver/Port B
H2 TXENL/PTB[4] USB output enable/Port B

H3 VeeQ Power supply for I/O circuits (3.3V)*°

G1 DP D+

H1 DM D-

H4 VssQ Power supply for US 1/O circuits (OV)*°

J3 TXDMNS/PTB[5] D- Transmit output for USB transceiver/Port B
J2 TXDPLS/PTBI[6] D+ Transmit output for USB transceiver/Port B
J4 DMNS/PTB[7] USB D- input from Receiver/Port B
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L\IBO(.3A256) Pin Name Description

Ji DPLS/PTBI[8] USB D+ input from Receiver/Port B
K3 Vss Ground (0V)

K2 A18 Address bus

K4 Vce Power supply (1.8V)

K1 A19/PTA[8] Address bus/Port A

L1 A20/PTA[9] Address bus/Port A

L4 A21/PTA[10] Address bus/Port A

M1 A22/PTA[11] Address bus/Port A

L3 A23/PTA[12] Address bus/Port A

L2 A24/PTA[13] Address bus/Port A

M4 VssQ Ground for 1/O circuits (0V)

N1 AUDCK AUD clock

M3 VeeQ Power supply for I/O circuits (3.3V)
M2 A25/PTA[14] Address bus/Port A

N4 AUDATAI[O)/PTJ[8] AUD data/Port J

P1 AUDATA[1)/PTJ[9] AUD data/Port J

N3 AUDATA[2]/PTJ[10] AUD data/Port J

N2 AUDATA[3)/PTJ[11] AUD data/Port J

P4 AUDSYNC/PTJ[12] AUD synchronized/Port J

R1 TCK Test clock

P3 TDI Test data input

T TDO Test data output

R4 TMS Test mode select

P2 TRST Test reset

R3 NMI Nonmaskable interrupt request
u1 TRQO/PTJ[0] External interrupt request/Port J
T4 Vcce Power supply (1.8V)

R2 IRQ1/PTJ[1] External interrupt request/Port J
U4 Vss Ground (0V)

Vi1 VssQ Ground for 1/O circuits (0V)

u2 IRQ2/PTJ[2] External interrupt request/Port J
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L\IBO(.3A256) Pin Name Description

WA1 VeeQ Power supply for I/O circuits (3.3V)
V3 IRQ3/PTJ[3] External interrupt request/Port J
T2 IRQ4/PTJ[4] External interrupt request/Port J
T3 IRQ5/PTJ[5] External interrupt request/Port J
us IRQ6/PTJ[6] External interrupt request/Port J
V2 IRQ7/PTJ[7] External interrupt request/Port J
Y1 SCKO/PTHI0] Serial clock 0/Port H

w2 CTSO/PTH[1] Transmit clear 0/Port H

W3 TxDO/PTH[2] Transmit data 0/Port H

w4 RxDO/PTH[3] Receive data 0/Port H

Y2 RTSO/PTH[4] Transmit request 0/Port H

W5 SCK1/PTHI[5] Serial clock 1/Port H

V5 CTS1/PTH[6] Transmit clear 1/Port H

Y3 TxD1/PTHI7] Transmit data 1/Port H

V4 RxD1/PTH[8] Receive data 1/Port H

Y4 RTS1/PTH[9] Transmit request 1/Port H

us SCK2/PTHI[10] Serial clock 2/Port H

W CTS2/PTH[11] Transmit clear 2/Port H

V6 Vss Ground (0V)

Y5 TxD2/PTHI[12] Transmit data 2/Port H

ué Vcee Power supply (1.8V)

W7 RxD2/PTH[13] Receive data 2/Port H

V7 VeeQ Power supply for 1/O circuits (3.3V)
Y6 RTS2/PTH[14] Transmit request 2/Port H

u7 VssQ Ground for 1/O circuits (0V)

W8 TIOC4D/PTE[0Q] Timer input output 4D/Port E
V8 TIOC4C/PTE[1] Timer input output 4C/Port E
Y7 TIOC4B/PTE[2] Timer input output 4B/Port E
us TIOC4A/PTE[3] Timer input output 4A/Port E
Y8 TIOC3D/PTE[4] Timer input output 3D/Port E
V9 TIOC3B/PTE[6] Timer input output 3B/Port E
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L\IBO(.3A256) Pin Name Description

W9 TIOC3C/PTE[5] Timer input output 3C/Port E

U9 TIOC3A/PTE[7] Timer input output 3A/Port E

Y9 TIOC2B/PTE[8] Timer input output 2B/Port E
V10 Vss Ground (0V)

W10 TIOC2A/PTE[9] Timer input output 2A/Port E
u10 Vce Power supply (1.8V)

Y10 TIOC1B/PTE[10] Timer input output 1B/Port E
Y11 TIOC1A/PTE[11] Timer input output 1A/Port E
uiti TIOCOD/PTE[12] Timer input output OD/Port E
Y12 TIOCOC/PTE[13] Timer input output 0C/Port E
Vi1 TIOCOB/PTE[14] Timer input output 0B/Port E
W11 TIOCOA/PTE[15] Timer input output 0A/Port E
ui2 VssQ Ground for I/O circuits (0V)

Y13 TCLKD/PTF[8] Timer Clock Input D/Port F

V12 VeeQ Power supply for I/O circuits (3.3V)
W12 TCLKC/PTF[9] Timer Clock Input C/Port F

ui13 TCLKB/PTF[10] Timer Clock Input B/Port F

Y14 TCLKA/PTF[11] Timer Clock Input A/Port F

V13 POEO/PTF[12] Port output enable input 0/Port F
w13 POE1/PTF[13] Port output enable input 1/Port F
ui4 POE2/PTF[14] Port output enable input 2/Port F
Y15 POES3/PTF[15] Port output enable input 3/Port F
Vi4 PTF[O] Port F

Y16 PTF[1] Port F

ui15s PTF[2] Port F

W14 PTF[3] Port F

V15 PTF[4] Port F

Y17 PTF[5] Port F

u16 Vee Power supply (1.8V)

W15 PTF[6] Port F

u17 Vss Ground (0V)
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Section 1 Overview

L\IBO(.3A256) Pin Name Description

Y18 VssQ Ground for 1/O circuits (0V)

w17 PTF[7] Port F

Y19 VeeQ Power supply for I/O circuits (3.3V)
V18 PTG[8] Port G

W16 SCL/PTGI9] Serial clock/Port G**

V16 SDA/PTG[10] Serial data/Port G*?

V17 PTG[11] Port G

w18 PTG[12] Port G

Y20 PTG[13] Port G

W19 AVss (AD) Ground for A/D (0V)

V19 AN[O)/PTG[0] A/D converter input/Port G**

u19 AN[1)/PTG[1] A/D converter input/Port G**
W20 AN[2]/PTG[2] A/D converter input/Port G**

T19 AN[3)/PTG[3] A/D converter input/Port G**

T18 AN[4]/PTG[4] A/D converter input/Port G**

V20 AN[5)/PTG[5] A/D converter input/Port G**

uis AN[6])/PTG[6] A/D converter input/Port G**

u20 AVcc (AD) Power supply for A/D (3.3V)

T17 AN[7]/PTG[7] A/D converter input/Port G**

R19 VeeQ! Power supply for I/O circuits (3.3V)*'
R18 Vss Ground (0V)

T20 DREQO/PTCI9] DMA request/Port C

R17 Vce Power supply (1.8V)

P19 DREQ1/PTC[10] DMA request/Port C

P18 STATUSO/PTC[14] Processor status/Port C

R20 STATUS1/PTC[15] Processor status/Port C

P17 BREQ/PTC[6] Bus request/Port C

N19 BACK/PTC[7] Bus acknowledge/Port C

N18 VeeQ*' Power supply for I/O circuits (3.3V)*'
P20 VeeQ*' Power supply for I/O circuits (3.3V)*'
N17 ASEBRKAK/PTC[13] ASE brake acknowledge/Port C
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L\IBO(.3A256) Pin Name Description

N20 RESETP Power—on Reset request

M18 VeeQ Power supply for 1/O circuits (3.3V)
M19 VssQ Ground for 1/O circuits (0V)

M17 XTAL Clock oscillator pin

M20 EXTAL External clock/Crystal oscillator pin
L18 Vss Ground (0V)

L19 RESETM Manual Reset request

L17 Vce Power supply (1.8V)

L20 ASEMDO ASE mode

K20 Vss(PLL2) Ground for PLL 2 (0V)

K17 Vce(PLL2) Power supply for PLL 2 (1.8V)

J20 Vee(PLL1) Power supply for PLL 1 (1.8V)
K18 Vss(PLL1) Ground for PLL 1 (0V)

K19 MD3 Bus width set for area 0

J17 MD2 Clock mode set

H20 VeeQ*' Power supply for I/O circuits (3.3V)*'
J18 MDO Clock mode set

J19 CS6B/PTC[4] Chip select 6B/Port C

H17 VssQ Ground for 1/O circuits (0V)

G20 CS6A/PTC[3] Chip select 6A/Port C

H18 VeeQ Power supply for I/O circuits (3.3V)
H19 CS5B/PTC[2] Chip select 5B/Port C

G17 CS5A/PTC[1] Chip select 5A/Port C

F20 CS4/PTCJ0] Chip select 4/Port C

G18 WAIT Hardware wait request

E20 CSo Chip select 0

F17 BS Bus cycle start

G19 TEND/PTCI[8] DMA transfer end/Port C

F18 FRAME/PTC[5] FRAME output/Port C

D20 RD Read strobe

E17 Vce Power supply (1.8V)
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L\IBO(.3A256) Pin Name Description

F19 DACKO/PTC[11] DMA request acknowledge/Port C
D17 Vss Ground (0V)

C20 VssQ Ground for I/O circuits (0V)

D19 DACK1/PTC[12] DMA request acknowledge/Port C
B20 VeeQ Power supply for 1/O circuits (3.3V)
c18 D31/PTD[15] Data bus/Port D

E19 D30/PTD[14] Data bus/Port D

E18 D29/PTD[13] Data bus/Port D

D18 D28/PTD[12] Data bus/Port D

Cc19 D27/PTD[11] Data bus/Port D

A20 D26/PTD[10] Data bus/Port D

B19 D25/PTD[9] Data bus/Port D

B18 D24/PTDI8] Data bus/Port D

B17 D23/PTD[7] Data bus/Port D

A19 D22/PTDI6] Data bus/Port D

B16 D21/PTD[5] Data bus/Port D

Ci16 D20/PTD[4] Data bus/Port D

A18 VssQ Ground for 1/O circuits (0V)

Cc17 D19/PTD[3] Data bus/Port D

A17 VeeQ Power supply for I/O circuits (3.3V)
D16 D18/PTD[2] Data bus/Port D

B15 D17/PTD[1] Data bus/Port D

Ci5 Vss Ground (0V)

A16 D16/PTD|0] Data bus/Port D

D15 Vcee Power supply (1.8V)

B14 CKIO2 System clock output

C14 VeeQ Power supply for I/O circuits (3.3V)
A15 CKIO System clock for 1/O circuits

D14 VssQ Ground for 1/O circuits (0V)

B13 RD/WR Read/Write

C13 VeeQ Power supply for I/O circuits (3.3V)
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L\IBO(.3A256) Pin Name Description

Al14 WEO/DQMLL D7 to DO Select signal/DQM (SDRAM)

D13 VssQ Ground for 1/O circuits (0V)

A13 WE1/DQMLU D15 to D8 Select signal/DQM (SDRAM)

c12 CASU/PTA[5] CAS for Upper-32M-byte address/Port A

B12 WE3/DQMUU/AH D31 to D24 Select signal/DQM (SDRAM)/
Address hold (MPX)

D12 RASU/PTA[7] RAS for Upper-32M-byte address/Port A

A12 WE2/DQMUL D23 to D16 Select signal/DQM (SDRAM)

C11 Vss Ground (0V)

B11 CKE/PTA[1] CK enable/Port A

D11 Vcce Power supply (1.8V)

Al1 CASL/PTA[4] CAS for Lower-32M-byte address/Port A

A10 RASL/PTA[6] RAS for Lower-32M-byte address/Port A

D10 A17 Address bus

A9 A16 Address bus

c10 A15 Address bus

B10 A14 Address bus

D9 A13 Address bus

A8 A12 Address bus

C9 A11 Address bus

B9 A10 Address bus

D8 VssQ Ground for 1/O circuits (0V)

A7 A9 Address bus

C8 VeeQ Power supply for 1/O circuits (3.3V)

B8 A8 Address bus

D7 A7 Address bus

A6 A6 Address bus

Cc7 A5 Address bus

A5 A4 Address bus

D6 A3 Address bus

B7 A2 Address bus
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L\IBO(.3A256) Pin Name Description

cé6 A1 Address bus

A4 AOQ/PTA[0] Address bus/Port A

D5 Vcce Power supply (1.8V)

B6 D15 Data bus

D4 Vss Ground (0V)

A3 VssQ Ground for 1/O circuits (0V)
B4 D14 Data bus

A2 VeeQ Power supply for I/O circuits (3.3V)
C3 D13 Data bus

B5 D12 Data bus

C5 D11 Data bus

Cc4 D10 Data bus

B3 D9 Data bus

A1l D8 Data bus

Notes: Treatment of unused pins: All the 1/O buffers except PTG10, PTG9, and PTG 7 to PTG 0
(IIC2 and analog pins) have weak keepers. Weak-keeper circuits are provided on
input/output pins, and fix the pin inputs to high or low level when the pins are not driven
externally. Unused pins that are provided weak-keeper circuits need not to be fixed their
input levels. Fix unused pins that are not provided weak-keeper circuits to high or low level.
1. These pins are not real power supply for LSI, but each pin should be supplied each

specified voltage for correct action.

2. Weak-keeper circuits are not provided on the I/O buffer pins. Accordingly, pull the pins
up or down when they are not in use. Furthermore, do not apply intermediate voltages
to these pins when you are using them as port input pins.

3. H3 and H4 are a pair of power-supply pins located in the nearest position to the USB
module in this LSI.

Insert a bypass capacitor to the pair of pins to improve the electrical characteristic for
the USB input/output.
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Table 1.3 lists the pin functions.

Table1l.3 Pin Functions

Classification

Symbol 1/0

Name

Function

Power supply Vce |

Power supply

Power supply for the internal LSI.
Connect all Vce pins to the system.
There will be no operation if any pins
are open.

Vss |

Ground

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

VeeQ

Power supply

Power supply for I/O pins. Connect
all VccQ pins to the system power
supply. There will be no operation if
any pins are open.

VssQ

Ground

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

Clock Vce (PLL1T) |

PLL1 power
supply

Power supply for the on-chip PLL1
oscillator

Vss (PLL1) |

PLL1 ground

Ground pin for the on-chip PLL1
oscillator

Vee (PLL2) |

PLL2 power
supply

Power supply for the on-chip PLL2
oscillator

vee (PLL2) |

PLL2 ground

Ground pin for the on-chip PLL2
oscillator

EXTAL |

External clock

Connected to a crystal resonator.

An external clock signal may also be
input to the EXTAL pin. For
examples of the connection of crystal
resonator or an external clock signal,
see section 4, Clock Pulse
Generator (CPG).

XTAL O

Crystal

Connected to a crystal resonator.
For examples of the connection of
crystal resonator or an external clock
signal, see section 4, Clock Pulse
Generator (CPG).
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Classification Symbol /O  Name Function
Clock CKIO 0] System clock Supplies the system clock to external
devices.

CKIO2 (0] System clock Supplies the system clock to external

devices.
Operating mode MDS3, MD2, | Mode set Sets the operating mode. Do not
control MDO change values on these pins during
operation.
MD2, MDO set the clock mode, MD3
set the bus-width mode of area 0.
System control RESETP | Power-on reset  When low, this LSI enters the power-
on reset state.

RESETM | Manual reset When low, this LSI enters the

manual reset state.

STATUS1, O Status output Indicate that this LSl is in software

STATUSO standby, reset, or sleep mode.

BREQ | Bus-mastership  Low when an external device
request requests the release of the bus

mastership.

BACK O Bus-mastership  Indicates that the bus mastership
request has been released to an external
acknowledge device. Reception of the BACK

signal informs the device which has
output the BREQ signal that it has
acquired the bus.
Interrupts NMI | Non-maskable Non-maskable interrupt request pin.
interrupt Fix to high level when not in use.

IRQ7 to IRQO | Interrupt requests Maskable interrupt request pin.
7t00 Selectable as level input or edge

input. The rising edge, falling edge,
and both edges are selectable as
edges.

Address bus A25 to AO O Address bus Outputs addresses.

Data bus D31 to DO /O Data bus 32-bit bidirectional bus.

Bus control CSo, 0] Chip select 0, Chip-select signal for external

CS2 to CS4, 210 4, 5A, 5B, memory or devices.

CS5A, CS5B, 6A, 6B

CS6A, CS6B

RD 0 Read Indicates reading of data from

external devices.
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Classification  Symbol /O  Name Function

Bus control RD/WR 0] Read/write Read/write signal
BS 0 Bus start Bus-cycle start
@/DQMUU/ (0] Byte specification Indicates that bits 31 to 24 of the
AH data in the external memory or

device are being written.

Selects D31 to D24 when SDRAM is
connected.

Address hold signal for address/data
multiplexed 1/0.

WE2/DQMUL O

Byte specification

Indicates that bits 23 to 16 of the
data in the external memory or
device are being written.

Selects D23 to D16 when SDRAM is
connected.

=

E1/DQMLU O

Byte specification

Indicates that bits 15 to 8 of the data
in the external memory or device are
being written.

Selects D15 to D8 when SDRAM is
connected.

WEO/DQMLL O

Byte specification

Indicates that bits 7 to 0 of the data
in the external memory or device are
being written.

Selects D7 to DO when SDRAM is
connected.

RASU, RASL (0] RAS Connected to the RAS pin when the
SDRAM is connected.

CASU,CASL O CAS Connected to the CAS pin when the
SDRAM is connected.

CKE (0] CK enable Connected to the CKE pin when the
SDRAM is connected.

FRAME o FRAME signal Connects the FRAME signal for the
burst MPX-10 interface.

WAIT | Wait When active, inserts a wait cycle into
the bus cycles during access to the
external space.
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Classification Symbol /O Name Function
Direct memory DREQO, | DMA-transfer Input pin for external requests for
access controller DREQ1 request DMA transfer.
(DMAC) DACKO, O  DMA-transfer Output pin for request receive, in
DACK1 request receive  response to external requests for
DMA transfer.
TENDO (0] DMA-transfer end Output pin for DMA transfer end
output signal
User debugging TCK | Test clock Test-clock input pin.
'(ﬁeggf)e TMS | Test mode select Inputs the test-mode select signal.
TDI | Testdata input  Serial input pin for instructions and
data.
TDO (0] Test data Serial output pin for instructions and
output data.
TRST | Test reset Initialization-signal input pin.
Advanced user AUDATA3to O AUD data Data output pins in AUD-trace mode.
debugger AUDATAO
(AUD) AUDCK o AUD clock Sync-clock output pin in AUD-trace
mode.
AUDSYNC O AUD sync Data start-position acknowledge-
signal signal output pin in AlUD-trace
mode.
E10A interface ASEBRKAK O Break mode Indicates that the E10A emulator has
acknowledge entered its break mode.
For the connection with the E10A,
see the SH7641 E10A Emulator
User's Manual (tentative title).
ASEMDO | ASE mode Sets the ASE mode.
I’C bus interface 2  SCL I/lO  Serial clock pin  Serial clock input/output pin
SDA I/O  Serial data pin Serial data input/output pin

RENESAS
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Classification Symbol /O Name Function
Multi function timer- TCLKA | Clock input External clock input pins
pulse unit (MTU) TCLKB
TCLKC
TCLKD
TIOCOA /O Input capture/ The TGRA_0 to TGRD_O0 input
TIOCOB output compare  capture input/output compare
TIOCOC match output/PWM output pins.
TIOCOD
TIOC1A /O Input capture/ The TGRA_1 to TGRB_1 input
TIOC1B output compare  capture input/output compare
match output/PWM output pins.
TIOC2A 1/0  Input capture/ The TGRA_2 to TGRB_2 input
TIOC2B output compare  capture input/output compare
match output/PWM output pins.
TIOC3A 1/0O  Input capture/ The TGRA_3 to TGRD_3 input
TIOC3B output compare  capture input/output compare
TIOC3C match output/PWM output pins.
TIOC3D
TIOC4A 1/0  Input capture/ The TGRA_4 to TGRB_4 input
TIOC4B output compare  capture input/output compare
TIOC4C output/PWM output pins
TIOC4D
Port output enable POE3 to | Port output Request signal input to set the high
(POE) POEO enable current pins to the high impedance
status
Serial SCKO /O Serial clock Clock input/output pins
communication SCK1
interface with FIFO SCK2
(SCIF) RxDO | Received data Data input pins
RxD1
RxD2
TxDO (0] Transmitted data Data output pins
TxD1
TxD2
RTSO /O Requesttosend Requestto send
RTSH1
RTS2
CTSO /O Clear to send Clear to send
CTS1
CTS2
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Classification Symbol /O Name Function
USB function XVDATA | Data input Input pin for receive data from USB
module differential receiver
DPLS | D+ input Input pin for D+ signal from USB
receiver
DMNS | D- input Input pin for D- signal from USB
receiver
TXDPLS (0] D+ output D+ transmit output pin to USB
transceiver
TXDMNS (0] D- output D- transmit output pin to USB
transceiver
TXENL (0] Output enable Output enable pin to USB
transceiver
VBUS | USB power USB cable connection monitor pin
supply monitor
SUSPND (0] Suspend USB transceiver suspend state
output pin
UCLK I USB clock USB clock input pin (48 MHz input)
DP /O D+ input/output  Input/output pin for D+ signal to/from
transceiver
DM /O D-input/output  Input/output pin for D- signal to/from
transceiver
A/D converter AN7 to ANO | Analog input pins  Analog input pins
AVcc | Analog power Power supply pin for the A/D
supply for the converter
A/D converter
AVss | Analog ground  The ground pin for the A/D
for the A/D converter.
converter
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Classification Symbol /O Name Function

I/O ports PTA14 to /0  General purpose 15 bits general purpose input/output
PTAO port pins
PTB8 to I/O  General purpose 9 bits general purpose input/output
PTBO port pins
PTC15 to /O  General purpose 16 bits general purpose input/output
PTCO port pins.
PTD15 to /0O General purpose 16 bits general purpose input/output
PTDO port pins
PTE15 to /O General purpose 16 bits general purpose input/output
PTEO port pins
PTF15 to /0 General purpose 16 bits general purpose input/output
PTFO port pins
PTG13 to /O General purpose 14 bits general purpose input/output
PTG8 port and input pins
PTG7 to |
PTGO
PTH14 to /O General purpose 15 bits general purpose input/output
PTGO port pins
PTJ12 to /0O General purpose 13 bits general purpose input/output
PTGO port pins
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Section2 CPU

2.1 Registers

This LSl has the same registers as the SH-3. In addition, this L S| aso supports the same DSP-
related registers asin the SH-DSP. The basic software-accessible registers are divided into four
distinct groups:

o Generd registers
e Control registers
e Systemregisters
e DSPregisters

With the exception of some DSP registers, all of these registers are 32-hit width. The general
registers are accessible, with RO to R7 banked to provide access to a separate set of RO to R7
registers (i.e. RO to R7_BANKO, and RO to R7_BANK?1) depending on the value of the RB hit. The
register bank (RB) bit in the status register (SR) defines which set of banked registers (RO to
R7_BANKO or ROto 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. Control registers are:

e SR: Statusregister

e SSR: Saved status register

e SPC: Saved program counter

e GBR: Global base register

e VBR: Vector base register

e RS Repeat start register (DSP mode only)
e RE: Repesat end register (DSP mode only)
e MOD: Modulo register (DSP mode only)
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The system registers are accessed by the LDS/STS instructions (the PC is software-accessible, but
isincluded here because its contents are saved in, and restored from, SPC in exception handling).
The system registers are:

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

PC: Program counter

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.

The DSP mode is switched by means of the DSP bit in the status register.
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31 0 31 0
RO_BANK{*1, *2 RO_BANKO*1, *3
R1_BANK1*2 R1_BANKO*3
R2_BANK1*2 R2_BANKO0*3
R3_BANK1*2 R3_BANKO*3
R4_BANK1*2 R4_BANKO*3
R5_BANK1*2 R5_BANKO*3
R6_BANK1*2 R6_BANKO*3
R7_BANK1*2 R7_BANKO*3
R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13 R13
R14 R14
R15 R15
SR SR
SSR SSR
GBR GBR
MACH MACH
MACL MACL
PR PR
VBR VBR
PC PC
SPC SPC
RO_BANKOQ* 1:*3 RO_BANK{*1, *2
R1_BANKO*3 R1_BANK1*2
R2_BANKO*3 R2_BANK{*2
R3_BANKO*3 R3_BANK1*2
R4_BANKO*3 R4_BANK1*2
R5_BANKO*3 R5_BANK1*2
R6_BANKO*3 R6_BANK1*2
R7_BANKO*3 R7_BANK{*2

(a) Register configuration for DSP (b) Register configuration for DSP
mode and non_DSP mode (RB = 1) mode and non_DSP mode (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
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.

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

Figure2.1 Register Configuration in Each Processing Mode (1)
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39 32 31

AOG

A0

A1G

A1l

MO

M1

X0

X1

YO

Y1

DSR

MS

ME

MOD

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

Figure2.2 Register Configuration in Each Processing Mode (2)

Register values after areset are shown in table 2.1.

Table2.1 Initial Register Values

Type Registers

Initial Value*

General registers RO to R15

Undefined

Control registers SR RB bit=1,BLbit=1,13t010=1111 (H'F),
The reserved bits other than bit 30 are all 0;
bit 30 is 1, 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 AQ, AOG, A1, A1G, MO, M1,  Undefined
X0, X1, YO, Y1
DSR H'00000000

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

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

With SuperH microcomputer type instructions, RO is used as an index register. With anumber of
instructions, RO is the only register that can be used.

With DSP typeinstructions, eight of the sixteen general registers are used for addressing of X and
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 asthe X
index register [Ix]. To access Y memory, R6 and R7 are used asthe Y address register [Ay] and
R9isused asthe Y index register [ly]. To access single data that usesthe L-bus, R2, R3, R4, and
R5 are used as the single data address register [As] and R8 is used as the single data index register

.

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

31 0

RO*1.*2 General Registers (when not in DSP mode)
R1*2 Notes: 1. RO functions as an index register in the indexed
R2*2 register-indirect addressing mode and indexed

2 GBR-indirect addressing mode. In some
R3 instructions, only RO can be used as the source
R4*2 register or destination register.

— 2. RO to R7 are banked registers. SR.RB specifies
RS BANK.
R6*2 SR.RB = 0; BANKO is used

SR.RB = 1; BANK1 is used

R7*2
R8
R9
R10
R11
R12
R13
R14
R15

Figure2.3 General Registers(Not in DSP Mode)
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On the other hand, registers R2 to R9 are also used for DSP data address cal cul ation when DSP
extension is enabled (see figure 2.4). Other symbols that represent the purpose of the registersin
DSPtypeinstructionsisshownin| ].

31 0
RO General Registers (DSP mode enabled)
R1
R2 [As] X orY data transfer operation
R4, 5 [Ax]: Address register set for X data memory.
R3 [As] R8 [x]: Index register for address register set Ax.
R4 [As, AX]
R6, 7 [Ay]:  Address register set for Y data memory.
RS [As, Ax] R9 [ly]: Index register for address register set Ay.
R6 [Ay] ) )
Single data transfer operation
R7 [Ay] R2 to 5 [As]: Address register set for memory.
R8 [Ix, Is] R8 [Is]: Index register for address register set As.
R9 [ly]
R10
R11
R12
R13
R14
R15

Figure2.4 General Registers(DSP Mode)

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

R8[1x], R4,5[Ax] for X memory access, and R9[ly], R6,7[Ay] for Y memory access.

The symbols R2 to 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 (R8)

The name Ix isthe dliasfor R8. Other aliases are as follows.

Ax0: .REG  (R4)
Ax1: .REG  (R5)
Ix: .REG (R8)
Ay0: .REG (R6)
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Ayl: .REG (R7)
Iy: .REG  (R9)
AsO: .REG (R4) ; Thisisoptional, if another aliasis required for single data transfer.
Asl: .REG (R5) ; Thisisoptiona, if another aliasisrequired for single data transfer.
As2: .REG (R2)
As3: .REG  (R3)
Is: .REG (R8) ; Thisisoptional, if another aliasis required for single data transfer.

212 Control Registers

This LS has 8 control registers: SR, SSR, SPC, GBR, VBR, RS, RE, and MOD (figure 2.5). SSR,
SPC, GBR and VBR are the same as the SH-3 registers. The DSP mode is activated only when
SR.DSP=1.

Repeat start register RS, repeat end register RE, and repeat counter RC (12-bit part of SR) and
repeat control bits RFO and RF1 are new registers and control bits which are used 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: RC11 to RCO, RFO, RF1, DMX, DMY and DSP. DM X
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 is 1, the modulo addressing
mode is effective for the Y memory address pointer, Ay (R6 or R7). However, both X and Y
address pointers cannot be operated in modulo addressing mode even though both DM X and
DMY hits are set. The case where DMX = DMY = 1 isreserved 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 available for X and Y data
transfer operations (MOV X 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 RF1 and RFO = 00, the current repeat module consists of one
instruction step. RF1 and RFO = 01 means two instruction steps, RF1 and RFO = 11 means three
instruction steps, and RF1 and RFO = 10 means the current repeat module consists of four or more
instructions.

Although RC11 to RCO and RF1 and RFO can be changed by a store/load to SR, use of the
dedicated manipulation instruction SETRC is recommended.

SR also has a 12-hit repeat counter, RC, which isused for efficient loop control. The repeat start
register (RS) and repeat end register (RE) are also provided for loop control. They hold the start
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and end addresses of aloop (the contents of the RS and RE registers are slightly different from the
actual loop start and end addresses).

The modulo register, MOD, is provided to implement modulo addressing for circular data
buffering. MOD holds the modulo start address (MS) and modulo end address (ME).

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

LDC Rm,RS; Rm -> RS
LDC.L @Rm+,RS; (Rm) -> RS, Rm+4 -> Rm
STC RS,Rn; RS -> Rn

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

LDRS @(disp,PC); disp X 2 + PC -> RS
LDRE @(disp,PC); disp X 2 + PC -> RE
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31 28 27 1615 13 12 11 10 9 8 7 6 5 4 383 2 1 0

01 RB BL: RC ! 00 :DSPDMYDMXM Q 13 12 It 10 RF1RFO S T| SR (Status register)

RB bit: Register bank bit; used to define the general registers.
RB = 1: RO_BANK1 to R7_BANK1 are used as general registers.
RO_BANKO to R7_BANKO accessed by LDC/STC instructions.
RB =0: RO_BANKO to R7_BANKO are used as general registers.
RO_BANK1 to R7_BANK1 accessed by LDC/STC instructions.

BL bit: Block bit; used to mask exception.
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 forY 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, SHAR/L, SHLRIL,
ROTR/L and ROTCRIL instructions also use the T bit to indicate a carry, borrow, overflow, or underflow.

Reserved bits: A fixed value (either 0 or 1) is read from each of the bits. When writing, write the values shown in the
above register. Operation is not guaranteed if a value other than that given above is written to the
reserved bits.

Figure2.5 Control Registers (1)
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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
MOD | 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 (MOD)

Used in DSP mode only.

MDI[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 orY operand address register (depending on bits DMX and DMY in the SR register).

Figure2.5 Control Registers(2)
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213 System Registers

This LSl hasfour system registers, MACL, MACH, PR and PC (figure 2.6).

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

Figure2.6 System Registers

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

214 DSP Registers

This LSl 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 AO and Al. Registers A0 and Al include
8 guard hits (fields AOG and A1G), giving them atotal width of 40 hits.

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

The second kind of operation isan X or Y datatransfer operation, "MOVX.W" or "MOVY .W".
This operation accesses the X and Y memories through the 16-bit X and Y data buses (figure 2.8).
The register to be loaded or stored by this operation always comprises the upper 16 bits (bits 31 to
16). X0 or X1 can be the destination of an X memory load and Y0 or Y 1 can be the destination of
a’Y memory load, but no other register can be the destination register in this operation.
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When dataisread into the upper 16 bits of aregister (bits 31 to 16), the lower 16 bits of the
register (bits 15 to 0) are automatically cleared. AO and A1 can be stored in the X or Y memory by
this operation, but no other registers can be stored.

Thethird kind of operation is a single-data transfer instruction, "MOVS.W" or "MOVS.L". These
instructions access any memory location through the LDB (figure 2.8). All DSP registers connect
to the LDB and can be the source or destination register of the data transfer. These instructions
have word and longword access modes. In word mode, registers to be loaded or stored by this
instruction comprise the upper 16 bits (bits 31 to 16) for DSP registers except AOG and A1G.
When datais loaded into aregister other than AOG and A1G in word mode, the lower half of the
register is cleared. When AO or Al isused, the datais sign-extended to bits 39 to 32 and the lower
half is cleared. When AOG or A1G isthe destination register in word mode, data is |oaded into an
8-bit register, but AO or Al is not cleared. In longword mode, when the destination register is AO
or Al, itis sign-extended to bits 39 to 32.

Tables 2.2 and 2.3 show the data type of registers used in DSP instructions. Some instructions
cannot use some registers shown in the tables because of instruction code limitations. For
example, PMULS can use A1 as the source register, but cannot use AO. These tables ignore details
of register selectability.
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Table2.2 Destination Register in DSP Instructions
Guard Bits Register Bits
Registers Instructions 39 3231 16 15 0
A0, A1 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
A0G, A1G Data MOVS.W Data No update
transfer MOVS.L Data No update
X0, X1 DSP Fixed-point, PSHA, 32-bit result
YO, Y1 PMULS
Mo, M1 Integer, logical, 16-bit result  Cleared
PDMSB, PSHL
Data MOVX/Y.W, MOVS.W 16-bit result Cleared
transfer  “viovs.L 32-bit data
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Table2.3 SourceRegister in DSP Operations

Guard Bits Register Bits

Registers Instructions 39 3231 16 15
A0, A1 DSP Fixed-point, PDMSB, 40-bit data
PSHA
Integer 24-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVX/Y.W, MOVS.W 16-bit data
transfer  “viovs.L 32-bit data
AO0G, A1G Data MOVS.W Data
transfer  “yovs.L Data
X0, X1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO0, Y1 PSHA
Mo, M1 Integer Sign* 16-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVS.W 16-bit data
transfer — “Viovs.L 32-bit data

Note: * The data is sign-extended and input to the ALU.
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39 32 31 0
AOG AO
A1G Al
MO
M1
X0
X1
YO
Y1

(a) DSP Data Registers

31 8,7,6,5,4,3 2 1,0
---------------------------- GT| z|N|Vv | cs[o |bC

(b) DSP Status Register (DSR)

Reset status
DSR: All zeros
Others:  Undefined

Figure2.7 DSP Registers

LDB
16 bits

XDB
16 bits

YDB
8 bits | T 32 bits

MOVS.W, MOVX.W ~ MOVY.W MOVS.W,

MOVS.L MOVS.L

39 32 ] 0

A0G A0
A1G

DSR

Figure2.8 Connectionsof DSP Registersand Buses
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The DSP unit has one control register, the DSP status register (DSR). DSR holds the status of DSP
data operation results (zero, negative, and so on) and has a DC hit which issimilar 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 operationsin the CPU, such as address
register updating and load/store operations. Control bits CS2 to CS0 specify the condition to be
reflected in the DC hit.

Unconditional DSP type data operations, except PMULS, MOV X, MOVY and MOV S, 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.
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Table24 DSR Register Bits
Bits Name (Abbreviation) Function
31t08 Reserved bits 0: Always read as 0; always use 0 as the write value
7 Signed Greater Than bit (GT) Indicates that the operation result is positive (except 0),
or that operand 1 is greater than operand 2
1: Operation result is positive, or operand 1 is greater
than operand 2
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
3to1 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

Note: After execution of a PADDC/PSUBC instruction, the DC bit sets the status of the operation
result in carry/borrow mode regardless of the CS bits.
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DSR isassigned as a system register and the following load/store instructions are provided:

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

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

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 only
abyte (8 bits) or aword (16 hits), it is sign-extended into alongword when loaded into aregister.

w
=
o

Longword

Figure2.9 Longword Operand

222 DSP-Type Data For mats

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

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

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

39 31 30 0
With guard bits |S| | | _28 to +28 — 2-31
A
31 30 0
Without guard bits |S | —11to0 +1 — 2-31
A
39 31 30 16 15 0
Multiplier input | |S | 1o 41— 215
A
DSP type integer
39 32 31 16 15 0
With guard bits [s] | | 22310 4220 -1
A
31 16 15 0
Without guard bits [s] | -2 t0 42151
A
Shift amount for 31 22 16 15 0
arithmetic shift (PSHA) | [s| | 3210 +32
A
Shift amount for 31 2116 15 Y
logical shift (PSHL) | [s] | 1610 +16
A
39 31 16 15 0
DSP type logical | |
CPU type integer
31 0
Longword |3| 031 19 4231 _ 1
N
S: Sign bit A : Binary point I:l : Does not affect the operations

Figure2.10 Data Formats

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

instruction.
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223 Memory Data For mats

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

Address A + 1 Address A + 3
Address A Address A + 2
31 l 23 15 l 7 0
Address A —| Byte 0 | Byte1 | Byte2 | Byte 3
Address A + 4 — Word 0 Word 1

Address A + 8 —»] Longword

Big-endian mode

Figure2.11 Byte, Word, and Longword Alignment

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

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

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

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

Rev. 4.00 Sep. 14,2005 Page 44 of 982
REJ09B0023-0400 RENESAS



Section2 CPU

Table25 Word Data Sign Extension

This LSI's 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).

L oad/Store Ar chitectur e: Basic operations are executed between registers. In operations
involving memory, dataisfirst loaded into aregister (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 adelayed branch instruction, the branch is made after execution of the instruction (called the
dot instruction) immediately following the delayed branch instruction. This minimizes disruption
of the pipeline when a branch is made.

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

Table2.6 Delayed Branch Instructions

This LSI's CPU Description Example of Other CPU
BRA TRGET ADD is executed before branchto ADD.W R1,R0
ADD R1,RO TRGET. BRA  TRGET

Multiply/M ultiply-and-Accumulate Operations: A 16 x 16 — 32 multiply operation is
executed in 1 to 2 states, and a 16 x 16 + 64 — 64 multiply-and-accumulate operation in 2 states.
A 32 x 32 — 64 multiply operation and a 32 x 32 + 64 — 64 multiply-and-accumulate operation
are each executed in 2 to 3 states.

T Bit: Theresult of acomparison isindicated by the T bit in the status register (SR), and a
conditional branch is performed according to whether the result is True or False. Processing speed
has been improved by keeping the number of instructions that modify the T bit to a minimum.
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Table2.7 T Bit

This LSI's CPU Description Example of Other CPU
CMP/GE R1,R0 If RO > R1, the T bit is set. CMP.W R1,R0

BT TRGETO A branch is made to TRGETO BGE TRGETO
BF TRGET1 if RO > R1, or to TRGET1 if RO < R1. BLT TRGET1
ADD #-1,R0 The T bit is not set by ADD. SUB.W #1,R0
CMP/EQ #0,R0 If RO =0, the T bit is set. BEQ TRGET

BT TRGET A branch is made if RO = 0.

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

Table2.8 Immediate Data Referencing

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

.DATAW  H'1234

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

.DATA.L H'12345678

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

Absolute Addresses: When datais referenced by an absolute address, the absolute address value
is placed in atable in memory beforehand. Using the method whereby immediate datais |oaded
when an instruction is executed, this value is transferred to aregister and the datais referenced
using register indirect addressing mode.
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Table2.9 Absolute Address Referencing

Type This LSI's CPU
Absolute address MOV.L @ (disp,PC),R1
MOV.B @R1,R0

Example of Other CPU
MOV.B @H'12345678,R0

.DATA.L H'12345678

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

Table2.10 Displacement Referencing

Type This LSI's CPU
16-bit displacement MOV.W @ (disp,PC),R0
MOV.wW @(RO,R1),R2

Example of Other CPU
MOV.wW @(H'1234,R1),R2

.DATAW  H1234
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24

241

Instruction Formats

CPU Instruction Addressing M odes

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

Table2.11 Addressing Modes and Effective Addresses for CPU Instructions

Instruction
Format

Addressing
Mode

Effective Address Calculation Method

Calculation Formula

Register direct Rn

Effective address is register Rn.

(Operand is register Rn contents.)

Register indirect @Rn Effective address is register Rn contents. Rn
Register @Rn+ Effective address is register Rn contents. Rn
indirect with A constant is added to Rn after instruction After instruction execution
post-increment execution: 1 for a byte operand, 2 for a word
operand, 4 for a longword operand. Byte: Rn+1 — Rn
Word: Rn +2 - Rn
Longword: Rn + 4 — Rn
Register @-Rn Effective address is register Rn contents. Itis Byte: Rn—1 — Rn
indirect with decremented by a constant beforehand: 1 for

pre-decrement

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

Rn — 1/2/4

Word: Rn—2 — Rn
Longword: Rn —4 — Rn

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

2 (word), or 4 (longword), according to the ~ Longword: Rn + disp x 4

operand size.

- Rn
disp + disp x 1/2/4

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

©

GBR @ (disp:8, GBR) Effective address is register GBR contents Byte: GBR + disp
in'direct with with 8-Pit c'iisplacement disp qued. o Word: GBR + disp x 2
displacement After disp is zero-extended, it is multiplied by

Longword: GBR + disp x 4

1 (byte), 2 (word), or 4 (longword), according
to the operand size.

GBR
+disp x 1/2/4

disp
(zero-extended)

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

GBR + RO
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Addressing Instruction
Mode Format Effective Address Calculation Method Calculation Formula
PC-relative with @(disp:8, PC)  Effective address is PC with 8-bit Word: PC + disp x 2
displacement displacement disp added. After disp is zero- Longword:

extended, it is multiplied by 2 (word) or 4 PC&H'FFFFFFFC

(longword), +disp x 4

according to the operand size. With a

longword operand, the lower 2 bits of PC are

masked.

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

* : With longword operand
PC-relative disp:8 Effective address is PC with 8-bit PC + disp x 2

displacement disp added after being sign-

extended and multiplied by 2.

(sign-extended)

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

instruction

is zero-extended and multiplied by 4.

242 DSP Data Addressing

Two different memory accesses are made with DSP instructions. The two kinds of instructions are
X andY datatransfer instructions (MOV X.W and MOVY .W) and single data transfer instructions
(MOVS.W and MOV SL). The data addressing is different for these two kinds of instructions. An
overview of the data transfer instructionsis given in table 2.12.

Table2.12 Overview of Data Transfer I nstructions

X/Y Data Transfer Processing

(MOVX.W, MOVY.W)

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

Address register

Ax: R4, R5, Ay: R6, R7

As: R2, R3, R4, R5

Index register

Ix: R8, ly: R9

Is: R8

Addressing

Nop/Inc (+2)/index addition:

post-increment

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

Dec (-2, —4): pre-decrement

Modulo addressing Possible Not possible
Data bus XDB, YDB LDB
Data length 16 bits (word) 16/32 bits (word/longword)

Bus contention

No

Yes

Memory

X/Y data memory

Entire memory space

Source register

Dx, Dy: A0, A1

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

Destination register

Dx: X0/X1, Dy: YO/Y1

Ds: AO/A1, MO/M1, X0/X1, YO/Y1, AOG, A1G
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X/Y Data Addressing: With DSP instructions, the X and Y data memory can be accessed
simultaneously using the MOV X.W and MOVY .W instructions. Two address pointers are
provided for DSP instructions to enable simultaneous accessto X and Y data memory. Only
pointer addressing can be used with DSP instructions; immediate addressing is not available.
Address registers are divided into two, with register R4 or R5 functioning as the X memory
address register (AX), and register R6 or R7 asthe Y memory address register (Ay). The following
three kinds of addressing can be used with X and Y data transfer instructions.

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

2. Addition index register addressing:
The Ax and Ay registers are address pointers. After adata transfer, the value of the Ix or ly
register is added to each (post-increment).

3. Increment address register addressing:

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

Thereis an index register for each address pointer. The R8 register is the index register (1x) for the
X memory address register (Ax), and the R9 register isthe index register (ly) for the Y memory
addressregister (Ay).

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

X/Y datatransfer addressing is shown in figure 2.12. When accessing X and Y memory using the
X and 'Y buses, the upper word of Ax (R4 or R5) and Ay (R6 or R7) isignored. The result of
@AY + or @Ay+ly isstored in the lower word of Ay, while the upper word retains its original
value.
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R8[IX]

R4[AX]

+2 (INC) —————

+0 (no update) —

R5[AX]

NV
ALU

AU: Adder provided for DSP addressing

[Legend]

Note: Three address processing methods:
1. Increment
2. Index register addition (Ix/ly)
3. No increment

Post-updating is used in all cases.

R9[ly]

R6[AY]

+2 (INC) ————

+0 (no update) —/

R7[Ay]

The address pointer can be decremented by setting in the index register.

Figure2.12 X and Y Data Transfer Addressing

Single Data Addressing: DSP instructions include two single data transfer instructions
(MOVS.W and 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.

1.

Non-update address register addressing:

The As register is an address pointer. It is not updated.
Addition index register addressing:
The As register is an address pointer. After adata transfer, the value of the Isregister is added
to the Asregister (post-increment).

Increment address register addressing:

The Asregister is an address pointer. After adatatransfer, the Asregister isincremented by 2

or 4 (post-increment).

Decrement address register addressing:

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

Rev. 4.00 Sep. 14,2005 Page 53 of 982

RENESAS

REJ09B0023-0400




Section2 CPU

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

31 0
R2[As]

31 0 R3[As]

R8[ls] R4[As]

—2/~4 (DEC) ————— R5[As]

+2/+4 (INC)
N
31
ALU MAB

+0 (no update)
Note: Four address processing methods:

CAB

1. No update

2. Index register addition (Is) .

3. Increment I» Post-increment
4. Decrement Pre-decrement

Figure2.13 Single Data Transfer Addressing

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

Modulo addressing is only available for the X and Y data transfer instructions (MOV X.W and
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 is
valid for either the X or the Y address register, only; it cannot be set for both at the same time.
Therefore, DMX and DMY cannot both be set simultaneously. If they are, only the DMY setting
will bevalid.

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

Rev. 4.00 Sep. 14,2005 Page 54 of 982
REJ09B0023-0400 RENESAS



Section2 CPU

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

LDC Rn,MOD; ME=ModEnd, MS=ModStart
ModAddr: .DATA.W mEnd; ModEnd

.DATA.W mStart; ModStart

ModStart: .DATA

ModEnd : .DATA
The start and end addresses are specified in MS and ME, then the DMX or DMY hit isset to 1.

When the X/Y datatransfer instruction set in DMX/DMY is executed, the address register
contents before update are compared with ME*". If they match, modulo start address M S is stored
in the address register as the updated value**. If non-update address register addressing is
specified for the X/Y data transfer instruction, the address pointer will not return to modulo start
address M S even though the address register contents match ME.

Notes: 1. Bits1 to 15 of the address register are used for comparison. Though ME retainsits
previous value for bit 0, 0 must always be written to bit O.
2. The MSvaueisstored in bits 1 to 15 of the address register. Though MSretains its
previous value for bit 0, 0 must always be written to bit O.

The maximum modulo size is 64-kbytes. Thisis sufficient to accessthe X and Y datamemory. 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] 1 R6[Ay] 31 0

Rg|[l R5[A R7[A ROJl
[ x| [x]l _, [y_]. | iy |

+2 [ — +2
+0 — e ] —+0
[ ws |
ALU ~— AU
CMP
T ] [l o]
15 1 1 15 1 15 1 1
XAB YAB

Figure2.14 Modulo Addressing
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An example of modulo addressing is given below.

MS = H'7000; ME=H'7004; R4=H'A50070008;
DMX = 1; DMy = 0: (Modulo addressing setting for address register Ax)

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

R4: H'A5007000 (Initial value)

; R4: H'A5007000 -> H'A5007002

R4: H'A5007002 -> H'A5007004

; R4: H'A5007004 -> H'A5007000 (After reading H'A5007004, MS valueiswritten to
address register)

; R4: H'A5007000 -> H'A5007002

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

Note: When addition index is the data addressing type for X and Y data transfer instructions, the
address pointer may exceed the ME value without actually reaching it. In this case, the
address pointer will not return to the modulo start address. Not only with modulo
addressing, but when X and Y data addressing is used, bit 0 isignored. 0 must always be
written to bit 0 of the address pointer, index register, MS, and ME.
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DSP Addressing Operations. DSP addressing operations in the pipeline execution stage (EX),

including modulo addressing, are shown below.

if ( Operation is MOVX.W MOVY.W ) {

ABx=Ax; ABy=Ay;

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

/* Ax is one of R4,5 */

if ( DMX==0 || DMX==1 && DMY ==

/* Inc,Index,Not-Update */
Ax=modulo( Ax, (+2 or R8[Ix]) );

else if (! not-update)

/* Ay is one of R6,7 */

if ( DMY==0 ) Ay=Ay+(+2 or R9[Iy] or +0);

else if (! not-update) Ay=modulo( Ay, (+2 or R9[Iv]) );
}
else if ( Operation is MOVS.W or MOVS.L ) {

if ( Addressing is Nop, Inc, Add-index-reg ) {

MAB=As;

)} Ax=Ax+(+2 or R8[Ix]

or +0);

/* Inc,Index,Not-Update */

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

/* As is one of R2 to R5 */
As=As+(+2 or +4 or R8[Is] or +0);
else { /* Decrement, Pre-update */
/* As is one of R2 to R5 */
As=As+ (-2 or -4);

MAB=As;

/* Inc,Index,Not-Update */

/* memory access cycle uses MAB. The address to be used has been updated */

/* The value to be added to the address register depends on addressing operations.

For example, (+2 or R8[Ix] or +0) means that
+2 : if operation is increment
R8[Ix] if operation is add-index-reg

+0 : if operation is not-update
*/
Index ) {

function modulo ( AddrReg,

if ( AdrReg[15:0]==ME ) AdrReg[1l5:0]==MS;
else AdrReg=AdrReg+Index;

return AddrReg;

RENESAS
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2.4.3 CPU Instruction Formats

Table 2.13 shows the instruction formats, and the meaning of the source and destination operands,
for instructions executed by the CPU core. The meaning of the operands depends on the
instruction code. The following symbols are used in the table.

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

Table2.13 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 mmmm: register Control register or LDC Rm,SR
15 o direct system register
| XXXX |mmmm| XXXX XXXX
mmmm: post- Control registeror LDC.L @Rm+,SR
increment register system register
indirect
mmmm: register — JMP @Rm
indirect
PC-relative using — BRAF Rm
Rm
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Instruction Format

Source
Operand

Destination
Operand

Sample Instruction

nm type
15

mmmm: register
direct

nnnn: register
direct

ADD Rm,Rn

| XXXX | nnnn |mmmm| XXXX |

mmmm: register
direct

nnnn: register
indirect

MOV.L Rm,@Rn

mmmm: Post-

increment register
indirect (multiply-
and-accumulate

operation)

nnnn: * post-

increment register
indirect (multiply-
and-accumulate

operation)

MACH, MACL

MAC.W @Rm+,@Rn+

mmmm: post-

increment register

indirect

nnnn: register
direct

MOV.L @Rm+,Rn

mmmm: register
direct

nnnn: pre-

decrement register

indirect

MOV.L Rm,@-Rn

mmmm: register
direct

nnnn: indexed
register indirect

MOV.L Rm,@(RO,Rn)

mmmmdddd:
register indirect

with displacement

RO (register direct)

MOV.B @ (disp,Rm),RO

RO (register direct)

nnnndddd:
register indirect

with displacement

MOV.B RO, @ (disp,Rn)

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

| XXXX | nnnn |mmmm| dddd |

mmmm: register
direct

nnnndddd:
register indirect

with displacement

MOV.L Rm, @ (disp,Rn)

mmmmdddd:
register indirect

with displacement

nnnn: register
direct

MOV.L @(disp,Rm),Rn

Note: *

In multiply-and-accumulate instructions, nnnn is the source register.
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Source Destination
Instruction Format Operand Operand Sample Instruction
d type dddddddd: GBR RO (register direct) MOV.L @(disp,GBR),R0
15 o indirect with
XXXX XXXX dddd  dddd | dlsplacement
RO (register direct) ddddadddd: GBR MOV.L
indirect with @RO0, @ (disp,GBR)
displacement
ddddaddda: RO (register direct) MOVA @ (disp,PC),R0
PC-relative with
displacement
ddddddadd: — BF label
PC-relative
di2 type dddddddddddd: — BRA label
15 o PC-relative (label=disp+PC)
| XXXX | dddd  dddd  dddd |
nd8 type ddddddaa: PC- nnnn: register MOV.L @ (disp,PC),Rn
15 o relative with direct
[ 00 | noon | ddad  daad | displacement
i type iiiiiiid: Indexed GBR AND.B
15 o immediate indirect #imm, @ (R0,GBR)
| XXXX XXXX | Piii i |
iidididiid: RO (register direct) AND #imm,R0O
immediate
iiiiiiii: — TRAPA #imm
immediate
ni type iiiiidiii: nnnn: register ADD #imm,Rn
15 o immediate direct

| XXXX | nnnn | Piii
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244

DSP Instruction Formats

This LSl includes new instructions for digital signal processing. The new instructions are of the

following two kinds.

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

Theinstruction formats are shown in figure 2.15.

CPU core instructions

Double data transfer
instructions

Single data transfer
instructions

Parallel processing
instructions

15 0
0000
1110
15 10 9 0
|1111OO | A field |
15 10 9 0
| 111101 | A field |
31 26 25 16 15 0
| 111110 | A field | B field

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

isshown in table 2.14, and that of single datatransfer instructionsin table 2.15.

Table2.14 DoubleData Transfer Instruction Formats

Type Mnemonic 15[14|13[12[11]10] 9|8 |7 [6 |5 3l2]1]o0
X memory|NOPX 1111 0 0]0 0 0 00
data MOVX.W @Ax,Dx Ax| [Dx| |o| |o]1
transfer |MOVX.W @ Ax+,Dx 110
MOVX.W @ Ax+Ix,Dx 101
MOVX.W Da, @ Ax Dal [1] |o]1
MOVX.W Da, @ Ax+ 110
MOVX.W 11
Da, @ Ax+Ix
Y memory |NOPY 11 1 1 0 O 0 0 0 0
data MOVY.W @Ay,Dy Ayl " |Dy] 0 1
transfer |MOVY.W @Ay+,Dy 1 0
MOVY.W @Ay+ly,Dy 11
MOVY.W Da, @Ay Da 0 1
MOVY.W Da, @Ay+ 10
MOVY.W 11
Da,@Ay+ly
Note: Ax: 0=R4,1=R5
Ay: 0=R6,1=R7
Dx: 0=X0,1=X1
Dy: 0=YO0, 1=Y1
Da: 0=A0, 1=A1
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Table2.15 Single Data Transfer Instruction Formats

Type Mnemonic 15‘14|13|12‘11‘1o 9‘8 7‘6|5|4 3‘2
Single MOVS.W @-As,Ds 11 1 1 0 A1 As Ds 0:(*) 0 00
data MOVS.W @As,Ds 0:R4 1:(%) 0o 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|01
MOVS.W Ds,@As 5:A1 o 1
MOVS.W Ds,@As+ 6:(*) 1 0
MOVS.W Ds, @As+Ix 7:A0 1 1
MOVS.L @-As,Ds 8:X0 0 of1]|0
MOVS.L @As,Ds 9:X1 0o 1
MOVS.L @As+,Ds AYO 1 0
MOVS.L @As+Ix,Ds B:Y1 1 1
MOVS.L Ds,@-As CMO |0 O |11
MOVS.L Ds,@As D:A1G |0 1
MOVS.L Ds,@As+ E:MA1 1 0
MOVS.L Ds,@As+Ix F:AOG |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
2.16, and B-field ALU operation instructions and multiply instructionsin table 2.17.
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Table2.17 B-Field ALU Operation Instructions and Multiply Instructions (1)
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Table2.17 B-Field ALU Operation Instructions and Multiply Instructions (2)
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25 Instruction Set

251 CPU Instruction Set

The SH-1/SH-2/SH-3 compatible instruction set consists of 67 basic instruction types divided into
seven functional groups, as shown in table 2.18. Tables 2.19 to 2.24 show the instruction notation,
machine code, execution time, and function.

Table2.18 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 34
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
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Kinds of Number of

Type Instruction Op Code Function Instructions
Arithmetic 21 MUL Double-precision multiplication 34
operation (32 x 32 bits)
instructions MULS Signed multiplication (16 x 16 bits)

MULU Unsigned multiplication (16 x 16 bits)

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 rotation 16
instructions ROTR 1-bit right rotation

ROTCL 1-bit left rotation with T bit

ROTCR 1-bit right rotation with T bit

SHAL Arithmetic 1-bit left shift

SHAR Arithmetic 1-bit right shift

SHLL Logical 1-bit left shift

SHLLn Logical n-bit left shift

SHLR Logical 1-bit right shift

SHLRn Logical n-bit right shift

SHAD Arithmetic dynamic shift

SHLD Logical dynamic shift
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Kinds of Number of

Type Instruction Op Code Function Instructions
Branch 9 BF Conditional branch, delayed 11
instructions conditional 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 14 CLRT T bit clear 74
control CLRMAC MAC register clear
instructions CLRS S bit clear

LDC Load into control register

LDS Load into system register

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: 67 188
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Theinstruction code, operation, and number of execution states of the CPU instructions are shown
in the following tables, classified by instruction type, using the format shown below.

Instruction

Instruction Code

Operation

Execution States

T Bit

Indicated by mnemonic.

Explanation of Symbols

OP.Sz SRC, DEST

OP: Operation code

Sz: Size
SRC: Source
DEST: Destination

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

disp: Displacement

Indicated in MSB «»
LSB order.

Explanation of Symbols
mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
iiii: Immediate data

dddd: Displacement**

Indicates summary of
operation.

Explanation of Symbols
—, < Transfer direction
(xx): Memory operand
M/Q/T: Flag bits in SR

&: Logical AND of each bit
|: Logical OR of each bit

A: Exclusive logical OR of
each bit

~: Logical NOT of each bit

n-bit left shift

<<n:

>>n: n-bit right shift

Value
when no wait states
are inserted*'

Value of T bit
after instruction
is executed

Explanation of
Symbols

—: No change

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

Q)
)

used by the following instruction
2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.

When there is contention between an instruction fetch and a data access
When the destination register of a load instruction (memory — register) is also
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Data Transfer Instructions

Table2.19 Data Transfer Instructions

Execution
Instruction Instruction Code Operation States T Bit
MOV #imm, Rn 1110nnnniiiiiiii  imm — Sign extension - Rn 1 —
MOV.W @(disp,PC),Rn 1001lnnnndddddddd  (disp x 2 + PC) — Sign 1 —
extension — Rn
MOV.L @(disp,PC),Rn 1101lnnnndddddddd (disp x4 + PC) — Rn 1 —
MOV Rm, Rn 0110nnnnmmmm0011 Rm — Rn 1 —
MOV.B Rm, @Rn 0010nnnnmmmm0000  Rm — (Rn) 1 —_
MOV.W Rm, @Rn 0010nnnnmmmm0001  Rm — (Rn) 1 —
MOV.L Rm, @Rn 0010nnnnmmmm0010  Rm — (Rn) 1 —_
MOV.B  @Rm,Rn 0110nnnnmmmm0000  (Rm) — Sign extension — Rn 1 —
MOV.W @Rm,Rn 0110nnnnmmmm0001  (Rm) — Sign extension - Rn 1 —
MOV.L  @Rm,Rn 0110nnnnmmmm0010  (Rm) — Rn 1 —
MOV.B Rm,@-Rn 0010nnnnmmmm0100 Rn-1 — Rn, Rm — (Rn) 1 —
MOV.W Rm, @-Rn 0010nnnnmmmm0101  Rn-2 — Rn, Rm — (Rn) 1 —
MOV.L Rm,@-Rn 0010nnnnmmmm0110 Rn-4 — Rn, Rm — (Rn) 1 —
MOV.B  @Rm+,Rn 0110nnnnmmmm0100  (Rm) — Sign extension — Rn, 1 —
Rm+1—- Rm
MOV.W  @Rm+,Rn 0110nnnnmmmm0101  (Rm) — Sign extension — Rn, 1 —
Rm +2 — Rm
MOV.L  @Rm+,Rn 0110nnnnmmmm0110  (Rm) - Rn,Rm + 4 — Rm 1 —
MOV.B RO,@(disp,Rn) 10000000nnnndddd RO — (disp + Rn) 1 —
MOV.W RO,@(disp,Rn) 10000001nnnndddd RO — (disp x 2 + Rn) 1 —
MOV.L Rm,@(disp,Rn) 0001nnnnmmmmdddd  Rm — (disp x 4 + Rn) 1 —
MOV.B @ (disp,Rm),RO 10000100mmmmdddd  (disp + Rm) — Sign 1 —
extension — RO
MOV.W @(disp,Rm),RO 10000101lmmmmdddd  (disp x 2 + Rm) — Sign 1 —
extension — RO
MOV.L @(disp,Rm),Rn 0101nnnnmmmmdddd  (disp x4 + Rm) — Rn 1 —
MOV.B Rm, @(RO,Rn) 0000nnnnmmmm0100  Rm — (RO + Rn) 1 —
MOV.W Rm,@(RO,Rn) 0000nnnnmmmm0101  Rm — (RO + Rn) 1 —
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Execution

Instruction Instruction Code Operation States T Bit

MOV.L Rm,@(RO,Rn) 0000nnnnmmmm0110 Rm — (RO + Rn) 1 —

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

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

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

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

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

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

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

MOV.W @ (disp,GBR) ,R0O 11000101dddddddd (disp x 2 + GBR) — 1 —
Sign extension — RO

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

MOVA @(disp, PC),RO 11000111dddddddd disp x4 + PC — RO 1 —

MOVT Rn 0000nnnn00101001 T—Rn 1 —

SWAP.B Rm,Rn 0110nnnnmmmm 000 Rm — Swap lowest two 1 —
bytes — Rn

SWAP.W Rm,Rn 0110nnnnmmmm1 001 Rm — Swap two consecutive 1 —
words — Rn

XTRCT Rm,Rn 0010nnnnmmmm1101 Middle 32 bits of Rm and 1 —_
Rn — Rn
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Arithmetic Operation I nstructions

Table2.20 Arithmetic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
ADD Rm, Rn 0011nnnnmmmml1100 Rn + Rm — Rn 1 —
ADD #imm,Rn 0lllnnnniiiiiiii Rn + imm — Rn 1 —
ADDC Rm, Rn 0011lnnnnmmmml1110 Rn+Rm + T — Rn, 1 Carry
Carry > T
ADDV Rm, Rn 001llnnnnmmmml111l  Rn+ Rm — Rn, 1 Overflow
Overflow - T
CMP/EQ #imm,RO 10001000iiiiiiii IfRO=imm,1—>T 1 Comparison
result
CMP/EQ Rm, Rn 001lnnnnmmmm0000 HfRn=Rm,1—>T 1 Comparison
result
CMP/HS Rm, Rn 0011lnnnnmmmm0010  If Rn > Rm with 1 Comparison
unsigned data, 1 > T result
CMP/GE Rm, Rn 0011nnnnmmmm0011  If Rn > Rm with signed data, 1 Comparison
1T result
CMP/HI Rm, Rn 001lnnnnmmmm0110  If Rn > Rm with 1 Comparison
unsigned data, 1 > T result
CMP/GT Rm, Rn 0011lnnnnmmmm0111  If Rn > Rm with signed data, 1 Comparison
1T result
CMP/PL Rn 0100nnnn00010101 IfRn>0,1>T 1 Comparison
result
CMP/PZ Rn 0100nnnn00010001 IfRN20,1->T 1 Comparison
result
CMP/STR Rm,Rn 0010nnnnmmmm1100 If Rn and Rm have an 1 Comparison
equivalent byte, 1 > T result
DIV1 Rm, Rn 001lnnnnmmmm0100  Single-step division (Rn/Rm) 1 Calculation
result
DIVOS Rm, Rn 0010nnnnmmmm0111 MSB of Rn — Q, 1 Calculation
MSBof Bm =M, MAQ > T result
DIVOU 0000000000011001 0 - M/QIT 1 0
DMULS.L Rm,Rn 0011nnnnmmmm1101  Signed operation of 2(5) *' —
Rn x Rm — MACH,
MACL 32 x 32 — 64 bits
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Execution
Instruction Instruction Code Operation States T Bit
DMULU.L Rm,Rn 001lnnnnmmmm0101  Unsigned operation of 2(5) *' —
Rn x Rm — MACH,
MACL 32 x 32 — 4 bits
DT Rn 0100nnnn00010000 Rn—-1—->Rn,ifRn=0,1 1 Comparison
—>T,else0>T result
EXTS.B Rm,Rn 0110nnnnmmmm1110 A byte in Rm is sign-extended 1 —
— Rn
EXTS.W Rm,Rn 0110nnnnmmmm1111 A word in Rm is sign-extended 1 —
— Rn
EXTU.B Rm,Rn 0110nnnnmmmm1100 A byte in Rm is zero-extended 1 —
— Rn
EXTU.W Rm,Rn 0110nnnnmmmm1101 A word in Rm is zero-extended 1 —
—Rn
MAC.L @Rm+,@Rn+ 0000nnnnmmmm1l111  Signed operation of (Rn) 2(5)*' —
x (Rm) - MAC — MAC,
Rn +4 — Rn, Rm +4 — Rm
32 x 32 + 64 — 64 bits
MAC.W @Rm+,@Rn+ 0100nnnnmmmm1111  Signed operation of (Rn) 2(5)*" —
x (Rm) - MAC — MAC,
Rn+2 — Rn,Bm + 2 — Rm
16 x 16 + 64 — 64 bits
MUL.L Rm, Rn 0000nnnnmmmm0111  Rnx Rm — MACL 2(5)*" —
32 x 32 — 32 bits
MULS.W Rm,Rn 0010nnnnmmmm1111  Signed operation of 1(3)** —
Rn x Rm — MAC
16 x 16 — 32 bits
MULU.W Rm,Rn 0010nnnnmmmm1110  Unsigned operation of 1(3)** —
Rn x Rm — MAC
16 x 16 — 32 bits
NEG Rm, Rn 0110nnnnmmmm1011  0-Rm — Rn 1 —
NEGC Rm, Rn 0110nnnnmmmm1010 0-Rm-T — Rn, 1 Borrow
Borrow —» T
SUB Rm, Rn 0011lnnnnmmmml 000 Rn—-Rm — Rn 1 —
SUBC Rm, Rn 0011nnnnmmmml1010 Rn-Bm-T — Rn, 1 Borrow
Borrow —» T
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Execution

Instruction Instruction Code Operation States T Bit

SUBV Rm, Rn 0011lnnnnmmmml 011 Rn—Rm — Rn, Underflow - T 1 Underflow

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

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

Logic Operation Instructions

Table2.21 Logic Operation Instructions

Execution
Instruction Instruction Code Operation States T Bit
AND Rm, Rn 0010nnnnmmmm1 001 Rn & Rm — Rn 1 —
AND #imm, RO 11001001iiiidiiid RO & imm — RO 1 —
AND.B  #imm, @ (RO, GBR) 11001101iiiiiiid (RO + GBR) & imm — 3 —
(RO + GBR)
NOT Rm, Rn 0110nnnnmmmmO0111 ~RBRm — Rn 1 —
OR Rm, Rn 0010nnnnmmmm1 011 Rn | Rm — Rn 1 —
OR #imm, RO 110010111iiiididii RO | imm — RO 1 —
OR.B #imm, @ (RO, GBR) 11001111id44iiiid (RO + GBR) | imm — 3 —
(RO + GBR)
TAS.B @Rn 0100nnnn00011011 If (Rn)is0,1—>T; 4 Test
1 — MSB of (Rn) result
TST Rm, Rn 001 0nnnnmmmml 000 Rn & Rm; if the result 1 Test
is0,1->T result
TST #imm, RO 11001000iiiiiiii RO & imm; if the result 1 Test
is0,1->T result
TST.B  #imm, @ (RO, GBR) 11001100iiiiididii (RO + GBR) & imm; 3 Test
iftheresultis0,1 > T result
XOR Rm, Rn 001 0nnnnmmmm1010 Rn~RBm — Rn 1 —
XOR #imm, RO 11001010iiiiididii RO A imm — RO 1 —
XOR.B  #imm, @ (RO, GBR) 110011104iiiiiiid (RO + GBR) A imm — 3 —
(RO + GBR)
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Shift Instructions

Table2.22 Shift Instructions

Execution

Instruction Instruction Code Operation States T Bit
ROTL Rn 0100nnnn00000100 T « Rn « MSB 1 MSB
ROTR Rn 0100nnnn00000101 LSB—->Rn—>T 1 LSB
ROTCL Rn 0100nnnn00100100 T«Rn«T 1 MSB
ROTCR Rn 0100nnnn00100101 T-o>Rn->T 1 LSB
SHAD Rm, Rn 0100nnnnmmmm1100 Rm >0: Rn << Rm — Rn 1 —

Rm < 0: Rn >> Rm —

[MSB — Rn]
SHAL Rn 0100nnnn00100000 T« Rn«0 1 MSB
SHAR Rn 0100nnnn00100001 MSB - Rn > T 1 LSB
SHLD Rm, Rn 0100nnnnmmmm1101 Rm >0: Rn << Rm — Rn 1 —

Rm < 0: Rn >>Rm —

[0 - Rn]
SHLL Rn 0100nnnn00000000 T« Rn«0 1 MSB
SHLR Rn 0100nnnn00000001 0->Rn—>T 1 LSB
SHLL2 Rn 0100nnnn00001000 Rn <<2 - Rn 1 —
SHLR2 Rn 0100nnnn00001001 Rn>>2 — Rn 1 —
SHLLS8 Rn 0100nnnn00011000 Rn << 8 - Rn 1 —
SHLRS8 Rn 0100nnnn00011001 Rn>>8 — Rn 1 —
SHLL16 Rn 0100nnnn00101000 Rn << 16 —» Rn 1 —
SHLR16 Rn 0100nnnn00101001 Rn >> 16 — Rn 1 —
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Branch Instructions

Table2.23 Branch Instructions

Execution

Instruction Instruction Code Operation States T Bit

BF label 10001011dddddddd If T=0, dispx 2+ PC — PC; 3/1* —_
if T =1, nop (where label is
disp + PC)

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

BT label 10001001dddddddd Delayed branch, if T=1, 3/1* —
disp x 2 + PC — PC;
if T=0, nop

BT/S label 10001101ldddddddd If T=1,dispx2+PC— PC; 2/1* —
if T=0, nop

BRA label 1010dddddddddddd Delayed branch, 2 —
dispx 2+ PC —» PC

BRAF Rm 0000mmmm00100011 Delayed branch, 2 —
Rm + PC —» PC

BSR label 1011d4ddddddddddd Delayed branch, PC — PR, 2 —
dispx2 + PC —» PC

BSRF  Rm 0000mmmm00000011 Delayed branch, PC — PR, 2 —
Rm + PC —» PC

JMP @Rm 0100mmmm00101011 Delayed branch, Rm — PC 2 —

JSR @Rm 0100mmmm00001011 Delayed branch, PC — PR, 2 —
Rm — PC

RTS 0000000000001011 Delayed branch, PR — PC 2 —

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

Table2.24 System Control Instructions

Execution
Instruction Instruction Code Operation States T Bit
CLRMAC 0000000000101000 0 — MACH, MACL 1 —
CLRS 0000000001001000 0—-S 1 —
CLRT 0000000000001000 05T 1 0
LDC Rm, SR 0100mmmm00001110 Rm — SR 6 LSB
LDC Rm, GBR 0100mmmm00011110 Rm — GBR 4 —
LDC Rm, VBR 0100mmmm00101110 Rm — VBR 4 —
LDC Rm, SSR 0100mmmm00111110 Rm — SSR 4 —
LDC Rm, SPC 0100mmmm01001110 Rm — SPC 4 —
LDC Rm, RO_BANK 0100mmmm10001110 Rm — RO_BANK 4 —
LDC Rm, R1_BANK 0100mmmm10011110 Rm — R1_BANK 4 —
LDC Rm, R2_BANK 0100mmmm10101110 Rm — R2_BANK 4 —
LDC Rm, R3_BANK 0100mmmm10111110 Rm — R3_BANK 4 —
LDC Rm, R4_BANK 0100mmmm11001110 Rm — R4_BANK 4 —
LDC Rm, R5_BANK 0100mmmm11011110 Rm — R5_BANK 1 —
LDC Rm, R6_BANK 0100mmmm11101110 Rm — R6_BANK 4 —
LDC Rm, R7_BANK 0100mmmm11111110 Rm — R7_BANK 4 —
LDC.L @Rm+,SR 0100mmmm00000111 (Rm) - SR, Rm + 4 - Rm 8 LSB
LDC.L @Rm+,GBR 0100mmmm00010111 (Rm) - GBR, Rm + 4 - Rm 4 —
LDC.L @Rm+,VBR 0100mmmm00100111 (Rm) - VBR, Rm + 4 - Rm 4 —
LDC.L @Rm+,SSR 0100mmmm00110111 (Rm) - SSR, Rm + 4 - Rm 4 —
LDC.L @Rm+, SPC 0100mmmm01000111 (Rm) - SPC, Rm + 4 - Rm 4 —
LDC.L @Rm+, 0100mmmm10000111 (Rm) — RO_BANK, 4 —
RO_BANK Rm + 4 - Rm
LDC.L @Rm+, 0100mmmm10010111 (Rm) - R1_BANK, 4 —
R1_BANK Rm + 4 — Rm
LDC.L @Rm+, 0100mmmm10100111 (Rm) - R2_BANK, 4 —
R2_BANK Rm + 4 — Rm
LDC.L @Rm+, 0100mmmm10110111 (Rm) — R3_BANK, 4 —
R3_BANK Rm + 4 — Rm
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Execution
Instruction Instruction Code Operation States T Bit
LDC.L @Rm+, 0100mmmm11000111 (Rm) — R4_BANK, 4 —
R4_BANK Rm +4 — Rm

LDC.L  @Rm+, 0100mmmm11010111 (Rm) — R5_BANK, 4 —

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

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

R7_BANK Rm + 4 — Rm
LDS Rm, MACH 0100mmmm00001010 Rm — MACH 1 —
LDS Rm, MACL 0100mmmm00011010 Rm — MACL 1 —
LDS Rm, PR 0100mmmm00101010 Rm — PR 1 —
LDS.L  @Rm+,MACH 0100mmmm00000110 (Rm) - MACH, Rm + 4 - Rm 1 —
LDS.L  @Rm+,MACL 0100mmmm00010110 (Rm) - MACL, Rm + 4 — Rm 1 —
LDS.L  @Rm+, PR 0100mmmm00100110 (Rm) - PR, Rm + 4 — Rm 1 —
NOP 0000000000001001 No operation 1 —
PREF @Rm 0000mmmm10000011 (Rm) — cache 1 —
RTE 0000000000101011 Delayed branch, 5 —

SSR/SPC — SR/PC
SETS 0000000001011000 1-S 1 —
SETT 0000000000011000 1T 1 1
SLEEP 0000000000011011 Sleep 4* —
STC SR, Rn 0000nnnn00000010 SR - Rn 1 —
STC GBR, Rn 0000nnnn00010010 GBR — Rn 1 —
STC VBR, Rn 0000nnnn00100010 VBR — Rn 1 —
STC SSR, Rn 0000nnnn00110010 SSR — Rn 1 —
STC SPC,Rn 0000nnnn01000010 SPC — Rn 1 —
STC RO_BANK, Rn 0000nnnn10000010 RO_BANK— Rn 1 —
STC R1_BANK, Rn 0000nnnnl10010010 R1_BANK— Rn 1 —
STC R2_BANK, Rn 0000nnnn10100010 R2_BANK— Rn 1 —
STC R3_BANK, Rn 0000nnnnl10110010 R3_BANK— Rn 1 —
STC R4_BANK, Rn 0000nnnnl11000010 R4_BANK— Rn 1 —
STC R5_BANK, Rn 0000nnnnl11010010 R5_BANK— Rn 1 —
STC R6_BANK, Rn 0000nnnnl1100010 R6_BANK— Rn 1 —
Rev. 4.00 Sep. 14,2005 Page 79 of 982
RENESAS REJ09B0023-0400



Section2 CPU

Execution
Instruction Instruction Code Operation States T Bit
STC R7_BANK,Rn  0000nnnnl1l1110010 R7_BANK— Rn 1 —
STC.L SR, @-Rn 0100nnnn00000011 Rn—4 — Rn, SR — (Rn) 1 —
STC.L  GBR,@-Rn 0100nnnn00010011 Rn-4 — Rn, GBR — (Rn) 1 —
STC.L  VBR,@-Rn 0100nnnn00100011 Rn-4 — Rn, VBR — (Rn) 1 —
STC.L  SSR,@-Rn 0100nnnn00110011 Rn—-4 — Rn, SSR — (Rn) 1 —
STC.L  SPC,@-Rn 0100nnnn01000011 Rn-4 — Rn, SPC — (Rn) 1 —
STC.L  RO_BANK, 0100nnnnl10000011 Rn—4 — Rn, RO_BANK — (Rn) 1 —
@-Rn
STC.L  R1_BANK, 0100nnnn10010011 Rn-4 — Rn, R1_BANK — (Rn) 1 —
@-Rn
STC.L R2_BANK, 0100nnnnl10100011 Rn—4 — Rn, R2_BANK — (Rn) 1 —
@-Rn
STC.L  R3_BANK, 0100nnnn10110011 Rn—4 — Rn, R3_BANK — (Rn) 1 —
@-Rn
STC.L  R4_BANK, 0100nnnnl11000011 Rn—4 — Rn, R4_BANK — (Rn) 1 —
@-Rn
STC.L  R5_BANK, 0100nnnn11010011 Rn—4 — Rn, R5_BANK — (Rn) 1 —
@-Rn
STC.L  R6_BANK, 0100nnnnl11100011 Rn—4 — Rn, R6_BANK — (Rn) 1 —
@-Rn
STC.L  R7_BANK, 0100nnnn11110011 Rn—4 — Rn, R7_BANK — (Rn) 1 —
@-Rn
STS MACH, Rn 0000nnnn00001010 MACH — Rn 1 —
STS MACL, Rn 0000nnnn00011010 MACL — Rn 1 —
STS PR, Rn 0000nnnn00101010 PR — Rn 1 —
STS.L  MACH, @-Rn 0100nnnn00000010 Rn—-4 — Rn, MACH — (Rn) 1 —
STS.L MACL,@-Rn 0100nnnn00010010 Rn-4 — Rn, MACL — (Rn) 1 —
STS.L PR,@-Rn 0100nnnn00100010 Rn-4 — Rn, PR — (Rn) 1 —
TRAPA  #imm 11000011iiiiiiii PC — SPC, SR — SSR, 8 —
imm << 2 — TRA,
VBR + H'0100 — PC
Note: Number of states before the chip enters the sleep state.

The table shows the minimum number of clocks required for execution. In practice, the

number of execution cycles will be increased if there is contention between an
instruction fetch and a data access, or if the destination register of a load instruction
(memory — register) is also used by the following instruction.
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2.6 DSP Extended-Function Instructions

26.1 Introduction
The 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 a
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 control
function.

The RS, RE, and MOD registers have been added to support loop control and modulo addressing
functions. Instructions are supported for data transfer between these new control registers and
general registers or memory. In addition, the LDRS and L DRE address calculation registers have
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 istreated asa
system register such as MACL and MACH. The A0, 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 2.25 shows the instruction code map for the new system control instructions for the
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-hit code length, the same as conventional SH core
instructions. Single data transfer instructions have greater flexibility in terms of operands than the
double data transfer instruction or paralléel 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
instructions—an ALU operation, multiplication, and two data transfer instructions—can be
executed in parallel.
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26.2 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 2.25 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 engines DSR, A0, X0, X1, YO, and Y 1 registers are treated as system registers such as
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 |oop 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 datais set in SR[23:16],
and O is set in the remaining bits, SR[27:24]. When aregister 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 set
in the RS register and RE register. There are two ways of setting the addresses: by using an LDC
typeinstruction, or by using the LDRS and L DRE instructions.

Table2.25 Added CPU System Control Instructions

Execution
Instruction Instruction Code Operation States T Bit
SETRC #imm 10000010iiiiiiii imm — RC (of SR) 1 —
SETRC Rn 0100nnnn00010100 Rn[11:0] - R C (of SR) 1 —
LDRS @(disp,PC) 10001100dddddddd (dispx2+ PC) — RS 1 —
LDRE @(disp,PC) 10001110d4ddddddd (dispx2 + PC)— RE 1 -
STC MOD, Rn 0000nnnn01010010 MOD — Rn 1 —
STC RS, Rn 0000nnnn01100010 RS — Rn 1 —
STC RE,Rn 0000nnnn01110010 RE —Rn 1 —
STS DSR,Rn 0000nnnn01101010 DSR —Rn 1 —
STS AQ0,Rn 0000nnnn01111010 AO0O—Rn 1 —
STS X0,Rn 0000nnnn10001010 X0 — Rn 1 —
STS X1,Rn 0000nnnnl10011010 X1 — Rn 1 —
STS Y0,Rn 0000nnnn10101010 YO —Rn 1 —
STS Y1l,Rn 0000nnnn10111010 Y1 —Rn 1 —
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Execution
Instruction Instruction Code Operation States T Bit
STS.L DSR,@-Rn 0100nnnn01100010 Rn-4 — Rn, DSR — (Rn) 1 —
STS.L AQ0,@-Rn 0100nnnn01110010 Rn -4 — Rn, A0 — (Rn) 1 —
STS.L X0,@-Rn 0100nnnn10000010 Rn-4— Rn, X0 — (Rn) 1 —
STS.L X1,@-Rn 0100nnnn10010010 Rn-4— Rn, X1 — (Rn) 1 —
STS.L Y0,@-Rn 0100nnnnl10100010 Rn -4 — Rn, YO — (Rn) 1 —
STS.L Y1,@-Rn 0100nnnnl10110010 Rn-4—Rn, Y1 — (Rn) 1 —
STC.L MOD, @-Rn 0100nnnn01010011 Rn -4 — Rn, MOD — (Rn) 1 —
STC.L RS,@-Rn 0100nnnn01100011 Rn-4— Rn, RS — (Rn) 1 —
STC.L RE,@-Rn 0100nnnn01110011 Rn -4 — Rn, RE — (Rn) 1 —
LDS.L @Rn+,DSR 0100nnnn01100110 (Rn)>DSR,Rn+4 —>Rn 1 —
LDS.L @Rn+,A0 0100nnnn01110110 (Rn) > A0,Rn+4 — Rn 1 —
LDS.L @Rn+,XO0 0100nnnnl10000110 (Rn) — X0, Rn+4 — Rn 1 —
LDS.L @Rn+,X1 0100nnnn10010110 (Rn) > X1,Rn+4 —Rn 1 —
LDS.L @Rn+,YO0 0100nnnnl10100110 (Rn)—>YO0,Rn+4—Rn 1 —
LDS.L @Rn+,Y1 0100nnnn10110110 (Rn)—>Y1,Rn+4—Rn 1 —
LDC.L @Rn+,MOD 0100nnnn01010111  (Rn) > MOD,Rn+4 —>Rn 4 —
LDC.L @Rn+,RS 0100nnnn01100111 (Rn) > RS, Rn+4 — Rn 4 —
LDC.L @Rn+,RE 0100nnnn01110111 (Rn) > RE,Rn+4 —>Rn 4 —
LDS Rn, DSR 0100nnnn01101010 Rn— DSR 1 —
LDS Rn, A0 0100nnnn01111010 Rn— A0 1 —
LDS Rn, X0 0100nnnnl10001010 Rn — X0 1 —
LDS Rn, X1 0100nnnnl10011010 Rn — X1 1 —
LDS Rn, YO 0100nnnn10101010 Rn—>YO 1 —
LDS Rn, Y1 0100nnnnl10111010 Rn — Y1 1 —
LDC Rn, MOD 0100nnnn01011110 Rn— MOD 4 —
LDC Rn, RS 0100nnnn01101110 Rn— RS 4 —
LDC Rn, RE 0100nnnn01111110 Rn—>RE 4 —
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2.6.3 Single and Double Data Transfer for DSP Data I nstructions

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. Instructionsin this
class are divided into two groups: single data transfer instructions and double data transfer
instructions. The double data-transfer instructions provide the same flexibility in operand specification asis
provided by the A fields of the data-transfer instruction fields of parallel-processing instructions. Thisis
described in section 2.4.4, DSP Instruction Formats. Conditional load instructions cannot be used with
these 16-hit instructions. In single transfer, the Ax pointer and two other pointers are used asthe
As pointer, but the Ay pointer isnot used. Tables 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
can access any memory address space.

Rn (n=2to 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 scheme
is recommended.

R2:As2, R3:As3, R4:Ax0 (AsD), R5:Ax1 (Asl), R6:Ay0, R7:Ayl, R8:Ix, R9:ly
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Table2.26 Double Data Transfer Instructions
Execu-
tion
Instruction Instruction Code Operation States DC
X'memory NOPX 1111000*0*0*00** X memory no access 1 —
dataf MOVX.W @Ax,Dx 111100A*D*0*01**  (AX) — MSW of Dx, 1 —
transfer 0 — LSW of Dx
MOVX.W @Ax+,Dx 111100A*D*0*10** (Ax) > MSW of Dx, 1 —
0 — LSW of Dx,
AX + 2 — AX
MOVX.W @Ax+Ix,Dx 111100A*D*Q*11** (Ax) > MSW of Dx, 1 —
0 — LSW of Dx,
AX + Ix > Ax
MOVX.W Da, @Ax 111100A*D*1*01** MSW of Da — (Ax) 1 —
MOVX.W Da, @Ax+ 111100A*D*1*10** MSW of Da — (Ax), 1 -
AX + 2 — AX
MOVX.W Da, @x+Ix 111100A*D*1*11** MSW of Da — (Ax), 1 —
AX + Ix — Ax
Y memory NOPY 111100*0*0*0**00 Y memory no access 1 —
dataf MOVY.W @Ay,Dy 111100*A*D*0**01  (Ay) - MSW of Dy, 1 —
transfer 0 > LSW of Dy
MOVY.W @Ay+,Dy 111100*A*D*0**10 (Ay) » MSW of Dy, 1 -
0 — LSW of Dy,
Ay +2 —> Ay
MOVY.W @Ay+Iy,Dy 111100*A*D*0**11 (Ay) > MSW of Dy, 1 —
0 — LSW of Dy,
Ay + ly - Ay
MOVY.W Da, @Ay 111100*A*D*1**01 MSW of Da — (Ay) 1 —
MOVY.W Da, @Ay+ 111100*A*D*1**10 MSW of Da — (Ay), 1 -
Ay +2 —> Ay
MOVY.W Da,@y+Iy 111100*A*D*1**11 MSW of Da — (Ay), 1 —
Ay + ly — Ay
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Table2.27 Single Data Transfer Instructions

Execution

Instruction Instruction Code Operation States DC

MOVS.W @-As,Ds 111101AADDDD0000 As—-2 — As, (As) —> 1 —
MSW of Ds, 0 — LSW of Ds

MOVS.W @As,Ds 1111012ADDDD0100  (As) —» MSW of Ds, 1 —
0 - LSW of Ds

MOVS.W @As+,Ds 111101AADDDD1000  (As) — MSW of Ds, 1 —
0 - LSWofDs, As +2 — As

MOVS.W @As+Is,Ds 111101AADDDD1100 (Asc) —» MSW of Ds, 1 —
0 —- LSW of Ds, As + Is — As

MOVS.W Ds, @-As* 111101AADDDD0001 As—2 — As, 1 —
MSW of Ds — (As)

MOVS.W Ds, @As* 111101AADDDD0101  MSW of Ds — (As) 1 —

MOVS.W Ds, @As+* 111101AADDDD1001  MSW of Ds — (As), 1 —
As +2 — As

MOVS.W Ds,@As+Is* 111101AADDDD1101  MSW of Ds — (As), 1 —
As +1s —> As

MOVS.L @-As,Ds 111101AADDDD0010 As —4 — As, (As) - Ds 1 —

MOVS.L @As,Ds 111101AADDDD0110  (As) — Ds 1 —

MOVS.L @As+,Ds 111101AADDDD1010  (As) > Ds, As+4 — As 1 —

MOVS.L @As+Is,Ds 111101AADDDD1110 (As) —» Ds, As+Is — As 1 —

MOVS.L Ds,@-As 111101AADDDD0011  As—4 — As, Ds — (As) 1 —

MOVS.L Ds, @As 1111012ADDDD0111  Ds — (As) 1 —

MOVS.L Ds, @As+ 1111012AADDDD1011 Ds — (As), As +4 — As 1 —

MOVS.L Ds,@As+Is 111101AADDDD1111 Ds — (As), As+Is — As 1 —

Note: * If guard bit registers AOG and A1G are specified in source operand Ds, the data is

output to the LDB[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 registersis shown in table 2.28.
CPU coreregisters are used as a pointer address that indicates a memory address.

Table2.28 Correspondence between DSP Data Transfer Operands and Registers

Register AX IX Dx Ay ly Dy Da As Ds
CPU RO — — — — — — — — —
registers R1 _ _ - _ _ _ _ _ _
R2 (As2) — — — — — — — Yes  —
R3 (As3) — — — — — — — Yes  —
R4 (Ax0) Yes  — — — — — — Yes  —
R5(Ax1) Yes — — — — — — Yes  —
R6 (Ay0) — — — Yes — — — — —
R7 (Ay1) — — — Yes — = — — —
R8 (Ix) — Yes  — — — - — — —
RO (ly) — — — — JE5 W — — —
DSP A0 — — — — — — Yes — Yes
registers a1 _ _ _ — - — Yes — Yes
MO — — — — — — — — Yes
M - _ - — _ — — - Yes
X0 — — Yes  — — — — — Yes
X1 — — Yes  — — — — — Yes
YO0 — — — — — Yes — — Yes
Y1 V s — — — Yes — — Yes
A0G — — — — — — — — Yes
A1G — — — — — — — — Yes
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264 DSP Operation Instruction Set

DSP operation instructions are instructions for digital signal processing performed by the DSP
unit. These instructions have a 32-hit instruction code, and multiple instructions can be executed
in parallel. The instruction code isdivided into an A field and B field; a parallel data transfer
instruction is specified in the A field, and asingle or double data operation instruction in the B
field. Instructions can be specified independently, and are also executed independently. The
parallel datatransfer 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 and
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 instructions.
The formats of the DSP operation instructions are shown in table 2.29. The respective operands
are selected independently from the DSP registers. The correspondence between DSP operation
instruction operands and registers is shown in table 2.30.

Table2.29 DSP Operation Instruction Formats

Type Instruction Formats

Double data operation instructions ALUop. Sx, Sy, Du
MLTop. Se, Df, Dg

Conditional single data operation instructions ALUop. Sx, Sy, Dz
DCT ALUop. Sx, Sy, Dz
DCF ALUop. Sx, Sy, Dz

ALUop. Sx, Dz
DCT ALUop. Sx, Dz
DCF ALUop. Sx, Dz
ALUop. Sy, Dz

DCT ALUop. Sy, Dz
DCF ALUop. Sy, Dz
Unconditional single data operation instructions ALUop. Sx, Sy, Dz

ALUop. Sx, Dz
ALUop. Sy, Dz
MLTop. Se, Sf, Dg
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Table2.30 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
A1 Yes — Yes Yes Yes Yes Yes
MO — Yes Yes — — — Yes
M1 — Yes Yes — — — Yes
X0 Yes — Yes Yes Yes Yes —
X1 Yes — Yes — Yes — —
YO — Yes Yes Yes Yes Yes —
Y1 — Yes Yes — — Yes —

When writing parallel instructions, the 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, MO, A0 PMULS X0, YO, MO MOVX.W @R4+, XO MOVY.W @R6+, YO [;]
DCF  PINC X1, Al MOVX.W AO, @R5+R8 MOVY.W @R7+, YO [;]
PCMP X1, MO MOVX.W @R4 [NOPY] [;]

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

The no operation instructions NOPX and NOPY can be omitted. Table 2.31 gives an overview of
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 has
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 2.32.
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Table2.31 DSP Operation Instructions

Execution
Instruction Instruction Code Operation States DC
PMULS Se, Sf,Dg 111110Q******kkxx Se * Sf — Dg (signed) 1 —
0100eeff0000gg00
PADD Sx,Sy,Du 11111Q******xkxx Sx+ Sy — Du 1 *
M .
PMULS Se,Sf,Dg 0llleeffxxyygguu OF of = Dg(signed)
PSUB Sx,Sy,Du 111110Q*******xxx Sy —-Sy —» Du 1 *
N .
PMULS Se,Sf,Dg 0110eeffxxyygguu O of = Dg(signed)
PADD Sx,Sy,Dz 111110Q*******xxx Sx + Sy —» Dz 1 *
10110001xxyyzzzz
DCT PADD Sx,Sy,Dz 11111Q*******xxx fDC=1,Sx+ Sy —» Dz 1 —
10110010xxyyzzzz [fDC =0, nop
DCF PADD Sx,Sy,Dz 11111Q*******xxx If DC=0,Sx + Sy —» Dz 1 —
10110011xxyyzzzz [fDC =1, nop
PSUB Sx,Sy,Dz 111110****xk*kxx Sx—Sy - Dz 1 *
10100001xxyyzzzz
DCT PSUB Sx,Sy,Dz 11111Q******x*kx IfDC=1,Sx-Sy - Dz 1 —
10100010xxyyzzzz |fDC =0, nop
DCF PSUB Sx,Sy,Dz 11111Q******x*kx IfDC=0,Sx-Sy - Dz 1 —
10100011xxyyzzzz |IfDC =1, nop
PSHA Sx,Sy,Dz L1L1111Q******xkxx IfSy>=0,Sx<<Sy—»Dz 1 *
10010001xxyyzzzz (arithmetic shift)
If Sy<0, Sx>>Sy — Dz
DCT PSHA Sx,Sy,Dz 11111Q*****x*kxx fDC=1&Sy>=0, 1 —
1001001 0xxyyzzzZ Sx << Sy — Dz (arithmetic

shift)
fDC=1&Sy<D0,

Sx >> Sy —» Dz
If DC = 0, nop
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Execution
Instruction Instruction Code Operation States DC
DCF PSHA Sx,Sy,Dz 11111Q*****x*kxx fDC=0&Sy>=0, 1 —
1001001 1xxyyzzzz Sx_ << Sy — Dz (arithmetic
shift)
fDC=0&Sy<0,
Sx >> Sy —» Dz
If DC =1, nop
PSHL Sx,Sy,Dz L11111Q****kkxxtx lfSy>=0,Sx<<Sy »Dz 1 *
10000001xxyyzzzz (logical shift)
If Sy <0, Sx >> Sy — Dz
DCT PSHL Sx,Sy,Dz 11111Q*%****x*kxx fDC=1&Sy>=0, 1 —
1000001 0xxyyzzzZ Sx << Sy — Dz (logical shift)
fDC=1&Sy<0,
Sx >> Sy —» Dz
If DC = 0, nop
DCF PSHL Sx,Sy,Dz 11111 Q******kk** fDC=0&Sy>=0, 1 —
1000001 1xxyyzzzz Sx << Sy — Dz (logical shift)
IfDC=0&Sy<0,
Sx>> Sy —» Dz
IfDC =1, nop
PCOPY Sx,Dz 11111 Qr**rwwsknx Sx — Dz 1 *
11011001xx00zzzz
PCOPY Sy, Dz 16T ~ ey~ * * * * Sy —» Dz 1 *
1111100100yyzzzz
DCT PCOPY Sx,Dz 1111 Qr*x*kxkhrk IfDC=1,Sx — Dz 1 —
11011010xx00zzzz IfDC =0, nop
DCT PCOPY Sy, Dz 11111 Q*xxxkskkkkx fDC=1,Sy —» Dz 1 —
1111101000yyzzzz |IfDC =0, nop
DCF PCOPY Sx,Dz 11111 Q***xxxknnx If DC =0, Sx —» Dz 1 —
11011011xx00zzzz IfDC =1, nop
DCF PCOPY Sy, Dz 11111 Q*xxxkskkkkx IfDC =0, Sy —» Dz 1 —
1111101100yyzzzz IfDC =1, nop
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Execution
Instruction Instruction Code Operation States DC
PDMSB Sx, Dz 11111 Q**x*kxkksrk Sx — Dz normalization count 1 *
10011101xx00zzzz Shiftvalue
PDMSB Sy, Dz 11111 Qr***rkdkdx Sx — Dz normalization count 1 *
1011110100yyzzzz Shiftvalue
DCT PDMSB Sx,Dz 11111 Q*****kkkkx If DC = 1, normalization 1 —
10011110xx0022z2z count shift value Sx — Dz
If DC = 0, nop
DCT PDMSB Sy, Dz 11111 Q*****kkkkx If DC = 1, normalization 1 —
1011111000yyzzzz count shift value Sy — Dz
If DC =0, nop
DCF PDMSB Sx,Dz 11111 Q*****kkkkx If DC = 0, normalization 1 —
10011111xx0022z2z count shift value Sx — Dz
If DC =1, nop
DCF PDMSB Sy, Dz 11111Q***xwkxksx If DC = 0, normalization 1 —
1011111100yyzzzz count shift value Sy — Dz
If DC =1, nop
PINC Sx,Dz 11111Q***xwkxksx MSW of Sx — Dz 1 *
10011001xx00zzzz
PINC Sy, Dz 11111 Q*xxrskskkskk MSW of Sy — Dz 1 *
1011100100yyzzzz
DCT PINC Sx,Dz 1 14T N <+ If DC =1, MSW of Sx + 1 1 —
10011010xx00zzzz > DZ
If DC =0, nop
DCT PINC Sy,Dz 11111 Q*xxrskskkkkk If DC =1, MSW of Sy + 1 1 —
1011101000yyzzzz — DZ
If DC =0, nop
DCF PINC Sx,Dz 1111 1Q***xwkxksx If DC =0, MSW of Sx + 1 1 —
10011011xx00zzzz — DZ
If DC =1, nop
DCF PINC Sy,Dz 11111 Q*xxrkskkkkx If DC = 0, MSW of Sy + 1 1 —
1011101100yyzzzz — DZ
If DC =1, nop
PNEG Sx,Dz 11111 Qx***xxkdxx 0-Sx—Dz 1 *
11001001xx00zzzz
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Execution
Instruction Instruction Code Operation States DC
PNEG Sy, Dz 11111 Q****kknkskx 0-Sy - Dz 1 *
1110100100yyzzzz
DCT PNEG Sx,Dz 11111 Q*****kkkkx fDC=1,0—-Sx —> Dz 1 —
11001010xx00zzzz IfDC =0, nop
DCT PNEG Sy,Dz 11111 Q*****kkkkx fDC=1,0-Sy - Dz 1 —
1110101000yyzzzz IfDC =0, nop
DCF PNEG Sx,Dz 11111 Q*****wkkkx fDC=0,0-—Sx —>Dz 1 —
11001011xx00zzzz IfDC =1, nop
DCF PNEG Sy, Dz 11111 Q*****wkkkx fDC=0,0-Sy —»Dz 1 —
1110101100yyzzzz |IfDC =1, nop
POR Sx,Sy,Dz  LL1111Q******kkkx Sx | Sy —» Dz 1 *
10110101xxyyzzzz
DCT POR Sx,Sy,Dz 11111 Qx***xxxkdxx If DC =1, Sx | Sy — Dz 1 —
10110110xxyyzzzz IfDC =0, nop
DCF POR Sx,Sy,Dz 11111 Qx***xxkdxx If DC =0, Sx| Sy —» Dz 1 —
10110111xxyyzzzz [fDC =1, nop
PAND Sx,Sy,Dz 111110%***xk*xx% Sx & Sy — Dz 1 *
10010101xxyyzzzz
DCT PAND Sx,Sy,Dz 11111Q*******xxx fDC=1,Sx & Sy —» Dz 1 —
10010110xxyyzzzz [fDC =0, nop
DCF PAND Sx,Sy,Dz 11111Q*******xxx IfDC =0, Sx & Sy —» Dz 1 —
10010111xxyyzzzz [fDC =1, nop
PXOR Sx,Sy,Dz  111110Q*******xxx Sx /Sy —» Dz 1 *
10100101xxyyzzzz
DCT PXOR Sx,Sy,Dz 11111Q******x%xx* fDC=1,Sx"Sy - Dz 1 —
10100110xxyyzzzz |fDC =0, nop
DCF PXOR Sx,Sy,Dz 111110Q******x*xx* fDC=1,Sx"Sy - Dz 1 —
10100111xxyyzzzz |fDC =0, nop
PDEC Sx,Dz 11111 Q*xxxkskkksx Sx [39:16]-1 —> Dz 1 *
10001001xx00zzzz
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Execution
Instruction Instruction Code Operation States DC
PDEC Sy, Dz 11111 Qr*xxwwxsnx Sy [31:16]-1 —> Dz 1 *
1010100100yyzzzz
DCT PDEC Sx,Dz 111110 x**rxkkrx If DC =1, Sx [39:16] — 1 1 —
10001010xx00zzzz bz
If DC =0, nop
DCT PDEC Sy,Dz 11111 Q*x**rxkkrx IfDC =1, Sy [31:16] - 1 1 —
1010101000yyzzzz — Dbz
If DC =0, nop
DCF PDEC Sx,Dz 11111 Qx***xxkkx If DC =0, Sx [39:16] — 1 1 —
10001011xx00zzzz — Dz
If DC =1, nop
DCF PDEC Sy,Dz 11111 Qx***xxkkrx If DC =0, Sy [31:16] — 1 1 —
1010101100yyzzzz — DZ
If DC =1, nop
PCLR Dz 11111 Qr*xxwnssns h'00000000 — Dz 1 *
100011010000zzzz
DCT PCLR Dz 11111 Q*xxrkskkkkx If DC =1, h'00000000 — Dz 1 —
100011100000zzzz IfDC =0, nop
DCF PCLR Dz 11111 Q*xxrskskksik If DC = 0, h'00000000 — Dz 1 —
100011110000zzzz IfDC =1, nop
PSHA #imm, Dz 1 14T G Ifimm > =0, Dz << imm 1 *
00010iiiiiiizzzz Dz (arithmetic shift)
If imm<0, Dz>>imm — Dz
PSHL #imm, Dz 11111 ***rxkkkx If imm > =0, Dz << imm 1 *
00000iiiiiiizzzz — DZ(logical shift)
If imm < 0, Dz >> imm — Dz
PSTS MACH, Dz 11111 Q*xxrkskkkkx MACH — Dz 1 —
110011010000zzzz
DCT PSTS MACH, Dz 11111 Q*xxxkskkkkx If DC =1, MACH — Dz 1 —
110011100000zzzz
DCF PSTS MACH, Dz 111110 x**rxkkrx If DC = 0, MACH — Dz 1 —
110011110000zzzz
PSTS MACL, Dz 11111 Q****kxkkrx MACL — Dz 1 —
110111010000zzzz
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Execution
Instruction Instruction Code Operation States DC
DCT PSTS MACL,Dz 11111 *x*kkkkkk fDC=1,MACL - Dz 1 —
110111100000zzzz
DCF PSTS MACL, Dz 11111 *x*kkkkkk IfDC=0,MACL - Dz 1 —
110111110000zzzz
PLDS Dz, MACH 111110 ***rxkkrx Dz - MACH 1 —
111011010000zzzz
DCT PLDS Dz,MACH 11111 Q****rxkknx fDC=1,Dz—>MACH 1 —
111011100000zzzz
DCF PLDS Dz,MACH 11111 ***rxkknx IfDC=0,Dz—>MACH 1 —
111011110000zzzz
PLDS Dz,MACL 11111 ***rxkknx Dz - MACL 1 —
111111010000zzzz
DCT PLDS Dz,MACL 11111 Q**x*kxkhkk IfDC=1,Dz— MACL 1 —
111111100000zzzz
DCF PLDS Dz,MACL 11111 Q*****kkkkx If DC=0,Dz - MACL 1 —
111111110000zzzz
PADDC Sx,Sy,Dz 11111Q*******rx* Sx+ Sy +DC — Dz 1 Carry
10110000xxyyzzzz Carry —» DC
PSUBC Sx,Sy,Dz 11111Q*******xxx Sx—-Sy-DC — Dz 1 Borrow
10100000xxyyzzzz Borrow — DC
PCMP Sx, Sy 11111 Q*xxrkkkkkx Sx — Sy — DC update* 1 *
10000100xxyy0000
PABS Sx,Dz 11111 Q*xxxkskkkkx fSx<0,0-Sx—>Dz 1 *
10001000xx00zzzz If Sx>=0, nop
PABS Sy, Dz 1T1TLQ****kxkkrk lfSy<0,0-Sy—->Dz 1 *
1010100000yyzzzz If Sx>=0, nop
PRND Sx,Dz 11111 Q*xxxkkkkix Sx + h'00008000 — Dz 1 *
10011000xx00zzzz LSW of Dz — h'0000
PRND Sy, Dz 11111 Q*xxxkskkksx Sy + h'00008000 — Dz 1 *
1011100000yyzzzz LSW of Dz — h'0000
Note: * See table 2.32.
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Table2.32 DC Bit Update Definitions

CS[2:0] Condition Mode

Description

0 0 0 Carryorborrow
mode

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

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

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

0 0 1 Negative value
mode

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

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

0 1 0 Zerovalue mode

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

0 1 1 Overflow mode

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

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

1 0 O Signed greater-than
mode

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

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

DC = 0; In case of logical operation

1 0 1 Signed greater-or-
equal mode

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

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

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

DC =0 ; In case of logical operation

1 1 0 Reserved

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

DCT PADD X0,Y0,A0 MOVX.W @R4+,X0 MOVY.W AO0,@R6+R9 ;

When condition is True

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

After execution: X0=H'11110000, YO=H'55555555, A0=H'0088888888,
R4=H'00008002, R6=H'00008237, R9=H'00000004
(R4)=H'1111l, (R6)=H'3456

When condition is False

Before execution: X0=H'33333333, Y0=H'55555555, A0=H'123456789A,
R4=H'00008000, R6=H'00008233, R9=H'00000004
(R4)=H'1111, (R6)=H'2222

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

Figure2.17 Examplesof Conditional Operationsand Data Transfer Instructions
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Assignment of NOPX and NOPY Instruction Codes. When there is no data transfer instruction
to be parallel-processed simultaneously with a DSP operation instruction, an NOPX or NOPY
instruction can be written as the data transfer instruction, or the instruction can be omitted. The
instruction code is the same whether an NOPX or NOPY instruction iswritten or the instruction is
omitted. Examples of NOPX and NOPY instruction codes are shown in table 2.33.

Table2.33 Examplesof NOPX and NOPY Instruction Codes

Instruction Code
PADD XO0,Y0,A0 MOVX.W @QR4+,X0 MOVY.W @R6+R9,YO0 1111100000001011
1011000100000111
PADD X0,Y0,AQ NOPX MOVY.W @R6+R9,Y0 1111100000000011
1011000100000111
PADD XO0,Y0,A0 NOPX NOPY 1111100000000000
1011000100000111
PADD XO0,Y0,A0 NOPX 1111100000000000
1011000100000111
PADD XO0,Y0,A0 1111100000000000
1011000100000111
MOVX.W @R4+,X0 MOVY.W @R6+R9,YO0 1111000000001011
MOVX.W @R4+,X0 NOPY 1111000000001000
MOVS.W @R4+,X0 1111010010001000
NOPX MOVY.W @R6+R9, YO0 1111000000000011

MOVY.W @R6+R9, Y0 1111000000000011

NOPX NOPY 1111000000000000

NOP 0000000000001001
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Section 3 DSP Operation

31 Data Operations of DSP Unit

311 ALU Fixed-Point Operations

Figure 3.1 shows the ALU arithmetic operation flow. Table 3.1 shows the variation of this type of
operation and table 3.2 shows the correspondence between each operand and registers.

39 31 0 39 31 0

|Guard| Source 1 | |Guard| Source 2

Vv

ALU

lat] z| N ]| Vv |DC|
DSR

|Guard | Destination
39 31 0

Figure3.1 ALU Fixed-Point Arithmetic Operation Flow

Note: The ALU fixed-point arithmetic operations are basically 40-bit operation; 32 bits of the
base precision and 8 bits of the guard-bit parts. So the signed hit is copied to the guard-bit
parts when aregister not providing the guard-bit partsis specified as the source operand.
When aregister not providing the guard-bit partsis specified as a destination operand, the
lower 32 hits of the operation result are input into the destination register.

ALU fixed-point operations are executed between registers. Each source and destination
operand are selected independently from one of the DSP registers. When aregister
providing guard bitsis specified as an operand, the guard bits are activated for this type of
operation. These operations are executed in the DSP stage, as shown in figure 3.2. The
DSP stage is the same stage as the MA stage in which memory accessis performed.
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Table3.1 Variation of ALU Fixed-Point Operations

Mnemonic Function Source 1 Source 2 Destination
PADD Addition Sx Sy Dz (Du)
PSUB Subtraction Sx Sy Dz (Du)
PADDC Addition with carry Sx Sy Dz
PSUBC Subtraction with borrow  Sx Sy Dz
PCMP Comparison Sx Sy —
PCOPY Data copy Sx AllO Dz

All O Sy Dz
PABS Absolute Sx AllO Dz

AllO Sy Dz
PNEG Negation Sx AllO Dz

AllO Sy Dz
PCLR Clear AllO All O Dz

Table3.2 Correspondence between Operands and Registers

Register SX Sy Dz Du
A0 Yes — Yes Yes
Al Yes — Yes Yes
MO — Yes Yes —
M1 — Yes Yes —
X0 Yes — Yes Yes
X1 Yes — Yes —
YO0 — Yes Yes Yes
YA — Yes Yes —

Asshown in figure 3.2, data loaded from the memory at the MA stage, which is programmed at
the same line asthe ALU operation, is not used as a source operand for this operation, even
though the destination operand of the data load operation isidentical to the source operand of the
ALU operation. In this case, previous operation results are used as the source operands for the
ALU operation, and then updated as the destination operand of the data load operation.

Rev. 4.00 Sep. 14,2005 Page 100 of 982
REJ09B0023-0400 RENESAS



Section 3 DSP Operation

Operation Sequence Example

MOVX.W @ (R4, R8), X0

PADD X0, YO, A0 MOVX.W @R4+, X0

Stogs Slot 1 2 4 5 6
IF MOVX MOVX & PADD
ID MOVX MOVX & PADD
EX Addressing | Addressing
MA/DSP MOVX MOVX & PADD

Previous cycle result is uSN

Figure3.2 Operation Sequence Example

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. However, in case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of aDC bit is selected by CS0 to CS2 (condition selection) bitsin

DSR. The DC bit result is as follows:

Carry or Borrow Mode: CS[2:0] = 000: The DC hit indicates that carry or borrow is generated
from the most significant bit of the operation result, except the guard-bit parts. Some examples are
shown in figure 3.3. This mode is the default condition. When the input datais negativein a PABS
or PNEG instruction, carry is generated to add 1 to the LSB.

Example 1
Guard bits
1
0000 0000 11111111 11111111

+) 0000 0000 0000 0000 0000 0001
0000 0001 0000 0000 0000 0000

Carry detecting point
Carry is detected

Example 3
Guard bits
1
0000 0000 0000 0000 0000 0001

=) 0000 0000 0000 0000 0000 0001
0000 0000 0000 0000 0000 0000

Borrow detecting point

Borrow is not detected

Example 2
Guard bits

1
111111110111 0000 0000 0000
+) 0011 11110001 0000 0000 0000

(1)0011 1110 1000 0000 0000 0000

Carry detecting point
Carry is not detected

Example 4
Guard bits
1
0000 0000 0001 0000 0000 0001

=) 0000 0000 0001 0000 0000 0010
111111111111 111111111111

Borrow detecting point

Borrow is detected

Figure3.3 DC Bit Generation Examplesin Carry or Borrow Mode

RENESAS
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Negative Value Mode: CS[2:0] = 001: The DC flag indicates the same state as the MSB of the
operation result. When the result is a negative number, the DC bit shows 1. When it is a positive
number, the DC bit shows 0. The ALU always executes 40-hit arithmetic operation, so the sign bit
to detect whether positive or negative is aways got from the MSB of the operation result
regardless of the destination operand. Some examples are shown in figure 3.4.

Example 1 Example 2

Guard bits Guard bits

1 1

1100 0000 0000 0000 0000 0000 0011 0000 0000 0000 0000 0000
+) 0000 0000 0000 0000 0000 0001 +) 0000 0000 1000 0000 0000 0001

1100 0000 0000 0000 0000 0001 0011 0000 1000 0000 0000 0001

Sign bit Sign bit
Negative value Positive value

Figure3.4 DC Bit Generation Examplesin Negative Value M ode

ZeroValue Mode: CS[2:0] = 010: The DC flag indicates whether the operation result is 0 or not.
When the result is 0, the DC bit shows 1. When it is not 0, the DC bit shows 0.

Overflow Mode: CS[2:0] = 011: The DC bit indicates whether or not overflow occursin the
result. When an operation yields aresult beyond the range of the destination register, except the
guard-bit parts, the DC hit is set. Even though guard bits are provided, the DC hit always indicates
the result of when no guard bits are provided. So, the DC bit is always set if the guard-bit parts are
used for large number representation. Some DC bit generation examples in overflow mode are
shown in figure 3.5.

Example 1 Example 2

Guard bits Guard bits

@Rl 1

111111111111 111111111111 111111111111 111111111111
+) 111111111000 0000 0000 0000 +) 111111111000 0000 0000 0001

111111110111 111111111111 111111111000 0000 0000 0000

Overflow detecting field Overflow detecting field
Overflow case Non overflow case

Figure3.5 DC Bit Generation Examplesin Overflow Mode
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Signed Greater Than Mode: CS[2:0] = 100: The DC bit indicates whether or not the source 1
data (signed) is greater than the source 2 data (signed) as the result of compare operation PCMP.
So, a PCMP operation should be executed in advance when a conditional operation is executed
under this condition mode. This modeis similar to the Negative Value Mode described before,
because the result of a compare operation is usually a positive value if the source 1 datais greater
than the source 2 data. However, the signed bit of the result shows a negative value if the compare
operation yields a result beyond the range of the destination operand, including the guard-bit parts
(called "Over-range"), even though the source 1 data is greater than the source 2 data. The DC bit
is updated concerning this type of specia case in this condition mode. The equation below shows
the definition of getting this condition:

DC = ~ {(Negative » Over-range) | Zero}

When the PCMP operation is executed under this condition mode, the result of the DC bit isthe
same asthe T bit's result of the CMP/GT operation of the SH core instruction.

Signed Greater Than or Equal Mode: CS[2:0] = 101: The DC hit indicates whether the source
1 data (signed) is greater than or equal to the source 2 data (signed) as the result of compare
operation PCMP. So, a PCMP operation should be executed in advance when a conditional
operation is executed under this condition mode. Thismode is similar to the Signed Greater Than
Mode described before but the equal caseis aso included in this mode. The equation below shows
the definition of getting this condition:

DC = ~ (Negative » Over-range)

When the PCMP operation is executed under this condition mode, the result of the DC bit isthe
same asthe T bit's result of a CMP/GE operation of the SH core instruction.

The N bit always indicates the same state as the DC hit set in negative value mode by the C52:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC bit set in signed
greater than mode by the CS[2:0] hits. See the signed greater than mode part above.

Note: TheDC bhit is always updated as the carry flag for "PADDC" and is aways updated as the
borrow flag for "PSUBC" regardless of the CS[2:0] state.

Overflow Protection: The Shitin SR is effective for any ALU fixed-point arithmetic operations
in the DSP unit. See section 3.1.8, Overflow Protection, for details.
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312 ALU Integer Operations

Figure 3.6 shows the ALU integer arithmetic operation flow. Table 3.3 shows the variation of this
type of operation. The correspondence between each operand and registersisthe same as ALU

fixed-point operations as shown in table 3.2.

39 31 0 39 31

|Guard | Source 1 | |Guard| Source 2

\%

ALU at] z[ N[V [pc]

DSR

I:I Ignored
|:| Cleared

|Guard | Destination
39 31 0

Figure3.6 ALU Integer Arithmetic Operation Flow

Table3.3 Variation of ALU Integer Operations

Mnemonic Function Source 1 Source 2 Destination
PINC Increment by 1 Sx +1 Dz
+1 Sy Dz
PDEC Decrement by 1 Sx -1 Dz
-1 Sy Dz
Note: The ALU integer operations are basically 24-bit operation, the upper 16 bits of the base

precision and 8 bits of the guard bits parts. So the signed bit is copied to the guard-bit parts
when a register not providing the guard-bit parts is specified as the source operand. When
a register not providing the guard-bit parts is specified as a destination operand, the upper
word excluding the guard bits of the operation result are input into the destination register.
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In ALU integer arithmetic operations, the lower word of the source operand isignored and the
lower word of the destination operand is automatically cleared. The guard-bit parts are effectivein
integer arithmetic operationsif they are supported. Others are basically the same operation as

ALU fixed-point arithmetic operations. As shown in table 3.3, however, this type of operation
provides two kinds of instructions only, so that the second operand is actually either +1 or —1.
When aword dataisloaded into one of the DSP unit's registers, it is input as an upper word data.
When aregister providing guard bits is specified as an operand, the guard bits are also activated.
These operations, as well as fixed-point operations, are executed in the DSP stage, as shown in
figure 3.2. The DSP stage is the same stage as the MA stage in which memory accessis
performed.

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. This is the same as fixed-point
operations but the lower word of each source and destination operand is not used in order to
generate them. See section 3.1.1, ALU Fixed-Point Operations, for details.

In case of aconditional operation, they are not updated even though the specified condition is true
and the operation is executed. In case of an unconditional operation, they are always updated in
accordance with the operation result. See section 3.1.1, ALU Fixed-Point Operations, for details.

Overflow Protection: The Shitin SR is effective for any ALU integer arithmetic operationsin
DSP unit. See section 3.1.8, Overflow Protection, for details.

313 ALU Logical Operations

Figure 3.7 shows the ALU logica operation flow. Table 3.4 shows the variation of this type of
operation. The correspondence between each operand and registersis the same asthe ALU fixed-
point operations as shown in table 3.2.

Logical operations are also executed between registers. Each source and destination operand are
selected independently from one of the DSP registers. As shown in figure 3.7, this type of
operation uses only the upper word of each operand. The lower word and guard-bit parts are
ignored for the source operand and those of the destination operand are automatically cleared.
These operations are also executed in the DSP stage, as shown in figure 3.2. The DSP stage isthe
same stage as the MA stage in which memory access is performed.
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39 31 0 39 31 0
|Guard| Soruce 1 | Guardl Source 2
ALU [ar]T zT~nT v oc]
DSR
I:I Ignored

| Guardl Destination
I:I Cleared
39 31 0

Figure3.7 ALU Logical Operation Flow

Table3.4 Variation of ALU Logical Operations

Mnemonic Function Source 1 Source 2 Destination
PAND Logical AND Sx Sy Dz
POR Logical OR Sx Sy Dz
PXOR Logical exclusive OR Sx Sy Dz

Every time an ALU logical operation is executed, the DC, N, Z, V, and GT bitsin the DSR
register are basically updated in accordance with the operation result. In case of a conditional
operation, they are not updated even though the specified condition is true and the operation is
executed. In case of an unconditional operation, they are always updated in accordance with the
operation result. The definition of the DC bit is selected by the CS0 to CS2 (condition selection)
bitsin DSR. The DC bhit resultis:

1. Carry or Borrow Mode: CS[2:0] = 000
The DC bit is aways cleared.
2. Negative Vaue Mode: CS[2:0] =001
Bit 31 of the operation result is loaded into the DC hit.
3. ZeroValue Mode: CS[2:0] =010
The DC hit is set when the operation result is zero; otherwiseit is cleared.
4. Overflow Mode: CS[2:0] =011
The DC bit is aways cleared.
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5. Signed Greater Than Mode: CS[2:0] = 100
The DC bit is aways cleared.

6. Signed Greater Than or Equal Mode: CS[2:0] = 101
The DC bit is aways cleared.

The N bit always indicates the same state as the DC hit set in negative value mode by the C§2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT bit always indicates the same state as the DC hit set in signed
greater than mode by the CS[2:0] hits. See the signed greater than mode part above.

314 Fixed-Point Multiply Operation

Figure 3.8 shows the multiply operation flow. Table 3.5 shows the variation of this type of
operation and table 3.6 shows the correspondence between each operand and registers. The
multiply operation of the DSP unit is single-word signed single-precision multiplication. These
operations are executed in the DSP stage, as shown in figure 3.2. The DSP stage is the same stage
asthe MA stage in which memory accessis performed.

If adouble-precision multiply operation is needed, the SH-3's standard double-word multiply
instructions can be made of use.

39 31 0 39 31 0
L] T
|Guard S: Source 1 | | |Guard |S: Source 2
MAC
T T T
I:l Ignored |Guard |S: Destir}ation :0
39 31 10

Figure 3.8 Fixed-Point Multiply Operation Flow
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Table3.5 Variation of Fixed-Point Multiply Operation

Mnemonic Function Source 1 Source 2 Destination
PMULS Signed multiplication Se Sf Dg

Table3.6 Correspondence between Operands and Registers

Register Se Sf Dg
AO — — Yes
Al Yes Yes Yes
MO — — Yes
M1 — — Yes
X0 Yes Yes b
X1 Yes — —
YO0 Yes Yes —
YA — Yes —

Note: The multiply operations basically generate 32-bit operation results. So when a register
providing the guard-bit parts are specified as a destination operand, the guard-bit parts will
copy bit 31 of the operation result.

The multiply operation of the DSP unit sideiis not integer but fixed-point arithmetic. So, the upper
words of each multiplier and multiplicand are input into aMAC unit as shown in figure 3.8. In the
SH's standard multiply operations, the lower words of both source operands are input intoaMAC
unit. The operation result is also different from the SH's case. The SH's multiply operation result is
aligned to the L SB of the destination, but the fixed-point multiply operation result is aligned to the
MSB, so that the L SB of the fixed-point multiply operation result is always 0.

This fixed-point multiply operation is executed in one cycle Multiply operation is aways
unconditional, but does not affect any condition code bits, DC, N, Z, V and GT, in DSR.

Overflow Protection: The Shitin SR is effective for this multiply operation in the DSP unit. See
section 3.1.8, Overflow Protection, for details.

If the Shitis O, overflow occurs only when H' 8000*H' 8000 ((-1.0)* (-1.0)) operationis
executed as signed fixed-point multiply. TheresultisH' 00 8000 0000 but it does not mean
(+1.0). If the Shitis1, overflow is prevented and theresultisH' 00 7FFF FFFF.
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3.15 Shift Operations

Shift operations can use either register or immediate value as the shift amount operand. Other
source and destination operands are specified by the register. There are two kinds of shift
operations. Table 3.7 shows the variation of this type of operation. The correspondence between
each operand and registers, except for immediate operands, is the same as the ALU fixed-point

operations as shown in table 3.2.

Table3.7 Variation of Shift Operations

Mnemonic Function Source 1 Source 2 Destination
PSHA Sx, Sy, Dz  Arithmetic shift Sx Sy Dz
PSHL Sx, Sy, Dz  Logical shift Sx Sy Dz
PSHA #lmm1, Dz Arithmetic shift with Dz Imm1 Dz
immediate.
PSHL #lmm2, Dz  Logical shift with Dz Imm2 Dz
immediate.
Note: —-32 <= Imm1 <= +32, -16 <= Imm2 <= +16
Arithmetic Shift: Figure 3.9 shows the arithmetic shift operation flow.
Left Shift Right Shift
79  0Og 31 16 15 0 79 0Og 31 16 15 0
= = —o  [I=F I \
(MSB copy)
Shift out \ / Shift out
=0 0
> \ /<
+321t0 —32
79 0Og 31 2322 16 15 0 Updated [GT] Z [N ] V [DC]
Shift amount data:l | I Sy I | DSR
(Source 2)
6 0
|:| Ignored

Figure3.9 Arithmetic Shift Operation Flow

Note: The arithmetic shift operations are basically 40-bit operation, that is, the 32 bits of the
base precision and 8 hits of the guard-bit parts. So the signed bit is copied to the guard-bit
parts when aregister not providing the guard-bit partsis specified as the source operand.
When aregister not providing the guard-bit partsis specified as a destination operand, the
lower 32 bits of the operation result are input into the destination register.

Rev. 4.00 Sep. 14,2005 Page 109 of 982

RENESAS

REJ09B0023-0400




Section 3 DSP Operation

In this arithmetic shift operation, all bits of the source 1 and destination operands are activated.
The shift amount is specified by the source 2 operand as an integer data. The source 2 operand can
be specified by either aregister or immediate operand. The available shift rangeis from

—32 to +32. Here, a negative value means the right shift, and a positive value means the left shift.
It ispossible for any source 2 operand to specify from —64 to +63 but the result is unknown if an
invalid shift valueis specified. In case of a shift with an immediate operand instruction, the source
1 operand must be the same register as the destination's. This operation is executed in the DSP
stage, as shown in figure 3.2 aswell asin fixed-point operations. The DSP stage is the same stage
asthe MA stage in which memory access is performed.

Every time an arithmetic shift operation is executed, the DC, N, Z, V, and GT bitsin DSR are
basically updated in accordance with the operation result. In case of a conditional operation, they
are not updated even though the specified condition is true and the operation is executed. In case
of an unconditional operation, they are always updated in accordance with the operation result.
The definition of the DC bit is selected by the C§[2:0] (condition selection) bitsin DSR. The DC
bit result is:

1. Carry or Borrow Mode: CS[2:0] = 000
The DC bit indicates the last shifted out data as the operation resullt.
2. Negative Vaue Mode: CS[2:0] =001

The DC hit is set when the operation result is anegative value, and cleared when the operation
result is zero or a positive value.

3. ZeroValue Mode: CS[2:0] =010
The DC hit is set when the operation result is zero; otherwiseit is cleared.
4. Overflow Mode: CS[2:0] =011
The DC hit is always cleared.
5. Signed Greater Than Mode: CS[2:0] = 100
The DC hit is always cleared.
6. Signed Greater Than or Equal Mode: CS[2:0] = 101
The DC bit is aways cleared.

The N bit always indicates the same state as the DC bit set in negative value mode by the CS[2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC hit set in signed
greater than mode by the CS[2:0] hits. See the signed greater than mode part above.
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Overflow Protection: The Shit in SR isalso effective for arithmetic shift operation in the DSP
unit. See section 3.1.8, Overflow Protection, for details.

Logical Shift: Figure 3.10 shows the logical shift operation flow.

Left Shift Right Shift
79 0g 31 16 15 0 79 0g 31 16 15 0
I L N | I I/ |
Shift out 0 0 Shift out
>= <0
N pd
+16to —16
79 0Og 31 2221 1615 0 Updated
Shift amount data: | | | Sy I | DSR
(Source 2) 5 o
[ 'gnored
:I Cleared

Figure3.10 Logical Shift Operation Flow

Asshown in figure 3.10, the logical shift operation uses the upper word of the source 1 operand
and the destination operand. The lower word and guard-bit parts are ignored for the source
operand and those of the destination operand are automatically cleared asin the ALU logical
operations. The shift amount is specified by the source 2 operand as an integer data. The source 2
operand can be specified by either the register or immediate operand. The available shift rangeis
from —16 to +16. Here, a negative value means the right shift, and a positive value means the left
shift. It is possible for any source 2 operand to specify from —32 to +31, but the result is unknown
if aninvalid shift value is specified. In case of a shift with an immediate operand instruction, the
source 1 operand must be the same register as the destination's. These operations are executed in
the DSP stage, as shown in figure 3.2. The DSP stage is the same stage as the MA stage in which
memory access is performed.

Every time alogical shift operation is executed, the DC, N, Z, V and GT bitsin DSR are basically
updated in accordance with the operation result. In case of a conditional operation, they are not
updated even though the specified condition is true and the operation is executed. In case of an
unconditional operation, they are always updated in accordance with the operation result. The
definition of the DC bit is selected by the CS0 to CS2 (condition selection) bitsin DSR. The DC
bit result is:
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1. Carry or Borrow Mode: CS[2:0] = 000

The DC bit indicates the last shifted out data as the operation result.
2. Negative Vaue Mode: CS[2:0] =001

Bit 31 of the operation result is loaded into the DC hit.
3. ZeroValue Mode: CS[2:0] =010

The DC hit is set when the operation result is zero; otherwiseit is cleared.
4. Overflow Mode: CS[2:0] =011

The DC bit is aways cleared.
5. Signed Greater Than Mode: CS[2:0] = 100

The DC bit is aways cleared.
6. Signed Greater Than or Equal Mode: CS[2:0] = 101

The DC bit is aways cleared.

The N bit always indicates the same state as the DC bit set in negative value mode by the CS[2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V bit
aways indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits, but it is
always cleared in this operation. So isthe GT bit.

316 Most Significant Bit Detection Operation

The PDMSB, most significant bit detection operation, is used to calculate the shift amount for
normalization. Figure 3.11 shows the PDM SB operation flow and table 3.8 shows the operation
definition. Table 3.9 shows the possible variations of this type of operation. The correspondence
between each operand and registersis the same as for ALU fixed-point operations, as shown in
table 3.2.

Note: Theresult of the MSB detection operation is basically 24 bitsaswell as ALU integer
operation, the upper 16 bits of the base precision and 8 bits of the guard-bit parts. When a
register not providing the guard-bit partsis specified as a destination operand, the upper
word of the operation result is input into the destination register.

Asshown in figure 3.11, the PDM SB operation uses all bits as a source operand, but the
destination operand is treated as an integer operation result because shift amount data for
normalization should be integer data as described in section 3.1.5 Shift Operations, Arithmetic
Shift. These operations are executed in the DSP stage, as shown in figure 3.2. The DSP stageis
the same stage as the MA stage in which memory access is performed.
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Every time a PDMSB operation is executed, the DC, N, Z, V, and GT bitsin DSR are basically
updated in accordance with the operation result. In case of a conditional operation, they are not
updated, even though the specified condition is true, and the operation is executed. In case of an
unconditional operation, they are always updated with the operation result.

39 31 0
T
Guard Source 1 or 2
Priority encoder 4>| GTI Z I N I v IDC|
DSR
|Guard| Destination | | |:| Cleared
39 31 0

Figure3.11 PDM SB Operation Flow

The definition of the DC it is selected by the CS0 to CS2 (condition selection) bitsin DSR. The
DC bit result is:

1.

Carry or Borrow Mode: CS[2:0] = 000

The DC bit is aways cleared.

Negative Vaue Mode: CS[2:0] = 001

The DC bit is set when the operation result is a negative value, and cleared when the operation
result is zero or apositive value.

Zero Value Mode: CS[2:0] =010

The DC hit is set when the operation result is zero; otherwiseit is cleared.

Overflow Mode: CS[2:0] =011

The DC bit is aways cleared.

Signed Greater Than Mode: CS[2:0] = 100

The DC hit is set when the operation result is a positive value; otherwiseiit is cleared.

Signed Greater Than or Equal Mode: CS[2:0] = 101

The DC hit is set when the operation result is zero or a positive value; otherwise it is cleared.
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Table3.8 Operation Definition of PDM SB

Source Data Result for DST
Guard

Guard Bit Upper Word Lower Word Bit Upper Word
79 6g ... 1g 0g 31 302928 ... 3 2 1 O 7gtoog31to2221 20 19 18 17 16 Decimal
0 0.. 0 00 O O0OUO 0O 0 00O AIO AIO O 1 1 1 1 1 +31
00 0O 0 0 0 OO 0 0 01 AIO AIO O 1T 1 1 1 0 +30
0 0 0 0 0 0 OO o 01 * AIO AIO O 1 1 1 0 1 +29
0 0 0 0 0 0 0O o1 * * AlIO AIO O 1 1 1 0 0O +28
0 0 0O 0 0 0 O 1 * * x * A0 AIO O O 0 O 1 O +2
0 0 0O 0 0 0 1 * * * *x * A0 AIO O O O O O 1 +1
00 o o0 1 * * ., * * * x A0 AIO O 0 0 0 0 O 0
0 0 0O 0 1 * * ok oox o2 AL AT 1T 11111 -1
0 0 o 1 * * * x o x * *x x AT Al1T 1 1 1 1 1 0 -2
0o 1 oxoox kxS, ox o AT AT 1 1A 0 -8

0 ... * * x * x % ok okoxox AT AT 11 A 0 -8
1 1 1 0 * * * *x . ox * * x A1 A1 1 1 1 1 1 0 -2
1 1 1 1 0 * * = 0 * *x * *x A1 A1 1 1 1 1 1 1 -1
1 1 i 11 0 * * ... * * * *x A0 AIO 0 0 0 0 0 O 0
1 1 1 111 0 * * * x % AIO AIO O 0 O O O 1 +1
1 1 i 111 10 .. * * * * A0 AIO 0 0 0 0 1 O +2
1 1 1 1 1 1 1 1 1 0 * * AIO AlIO O 1 1 1 0 O +28
1 1 11 1 1 1 1 11 0 * AlIO AlO O 1 1 1 0 1 +29
1 1 1 1 1 1 1 1 11 1 0 AIO AlIO O 1 1 1 1 0 +30
1 1 11 1 1 1 1 11 1 AlIO AIO O 1 1 1 1 1 +31

Note: * means Don't care.
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Table3.9 Variation of PDMSB Operation

Mnemonic Function Source Source 2 Destination
PDMSB MSB detection Sx — Dz
— Sy Dz

The N bit always indicates the same state as the DC hit set in negative value mode by the CS2:0]
bits. See the negative value mode part above. The Z bit always indicates the same state asthe DC
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The V hit
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits. See the
overflow mode part above. The GT hit always indicates the same state as the DC bit set in signed
greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

317 Rounding Operation

The DSP unit provides the rounding function that rounds from 32 bits to 16 bits. In case of
providing guard-bit parts, it rounds from 40 bits to 24 bits. When a round instruction is executed,
H'00008000 is added to the source operand data and then, the lower word is cleared. Figure 3.12
shows the rounding operation flow and figure 3.13 shows the operation definition. Table 3.10
shows the variation of this type of operation. The correspondence between each operand and
registersisthe same as ALU fixed-point operations as shown in table 3.2.

As shown in figure 3.12, the rounding operation uses full-size data for both source and destination
operands. These operations are executed in the DSP stage as shown in figure 3.2. The DSP stage is
the same stage as the MA stage in which memory access is performed.

The rounding operation is always executed unconditionally, so that the DC, N, Z, V, and GT hits
in DSR are aways updated in accordance with the operation result. The definition of the DC bit is
selected by the CS[2:0] (condition selection) bitsin DSR. The result of these condition code bitsis
the same as the ALU-fixed point arithmetic operations.
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39 31 0
T
Guard Source 1 or 2 | H'00008000
Addition
ALU [aTTz]NT Vv ]bc]
DSR

Destination

|Guard | | |:| Cleared

39 31 0

Figure3.12 Rounding Operation Flow

Rounded result
A

H000002 ---f==---"

H'00 0001 ------
Analog value

True value

H'00 0001 8000 - - -
H'00 0002 0000 -f-------
H'00 0002 8000 - -[------

Figure3.13 Definition of Rounding Operation

Table3.10 Variation of Rounding Operation

Mnemonic Function Source 1 Source 2 Destination
PRND Rounding Sx — Dz
— Sy Dz

Overflow Protection: The Shit in SR is effective for any rounding operations in the DSP unit.
See section 3.1.8, Overflow Protection, for details.
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3.18 Overflow Protection

The Shit in SR is effective for any arithmetic operations executed in the DSP unit, including the
SH's standard multiply and MAC operations. The Shit in SR, in SH's CPU core, is used as the
overflow protection enable bit. The arithmetic operation overflows when the operation result
exceeds the range of two's complement representation without guard-bit parts. Table 3.11 shows
the definition of overflow protection for fixed-point arithmetic operations, including fixed-point
signed by signed multiplication described in section 3.1.4, Fixed-Point Multiply Operation. Table
3.12 shows the definition of overflow protection for integer arithmetic operations. When an SH's
standard multiply or MAC operation is executed, the S bit function is completely the same as the
current SH CPU's definition.

When the overflow protection is effective, overflow never occurs. So, the V bit is cleared, and the
DC bit isaso cleared when the overflow mode is selected by the CS[2:0] bits.

Table3.11 Definition of Overflow Protection for Fixed-Point Arithmetic Operations

Sign Overflow Condition Fixed Value Hex Representation
Positive Result > 1 -2 1-2" 00 7FFF FFFF
Negative Result < -1 —1 FF 8000 0000

Table3.12 Definition of Overflow Protection for Integer Arithmetic Operations

Sign Overflow Condition Fixed Value Hex Representation
Positive Result >2° -1 2% -1 00 7FFF ****
Negative Result < -2 —2'° FF 8000 ****

Note: * means Don't care.
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319 Data Transfer Operation

This LS| can execute a maximum of two data transfer operations between the DSP register and the
on-chip datamemory in parallel for the DSP unit. Three types of data transfer instructions are
provided for the DSP unit.

1. Parallel operation type (using XDB and Y DB buses)
2. Double datatransfer type (using XDB or Y DB buses)
3. Single datatransfer type (using LDB bus)

The type 1 instructions execute both DSP data processing and data transfer operationsin parallel.
The 32-hit instruction code is used for this type of instruction. Basically, two data transfer
operations can be specified by this type of instruction, but they don't always have to be specified.

One datatransfer isfor X memory and another isfor Y memory. Both of these data transfer
operations cannot be executed for one memory. A load instruction for X memory can specify
either the X0 or X1 register as a destination operand and for aload instruction for Y memory can
specify either the YO or Y 1 register as a destination operand. Both store operations for X and Y
memories can specify either the AO or A1l register as a source operand. Thistype of operation
treats only word data (16 bits). When aword data transfer operation is executed, the upper word of
the register operand is used. In case of word data load, the datais loaded into the upper word of
the destination register, and then the lower side of the destination is automatically cleared.

When a conditional operation is specified as a data processing operation, the specified condition
does not affect any data transfer operations. Figure 3.14 shows this type of data transfer operation
flow.

Thistype of datatransfer operation can access X or Y memory only. Any other memory space
cannot be accessed.
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X pointer (R4, R5) /> Y pointer (R6, R7) />

0, +2, +R8 0, +2, +R9
XAB [15:1] YAB [15:1]
X memory Y memory
(RAM, ROM) (RAM, ROM)
XDB [15:0] YDB [15:0]
X0 YO
X1 Y1
A0 MO
Al M1
[ aoc | aic | psr

|:| Not affected for store and cleared for load |:| Cannot be specitied

Figure3.14 Data Transfer Operation Flow

Type 2 instructions execute just two data transfer operations. The 16-bit instruction code is used

for thistype of instructions. Basically, operation and operand flexibility are the same asin type 1
but conditional operation is not supported. This type of data transfer operation can access X or Y
memory only. Any other memory space cannot be accessed.

Type 3 instructions execute single data transfer operations only. The 16-bit instruction codeis
used for this type of instructions. X pointers and other two extra pointers are available for this type
of operation, but Y pointers are not available. This type of operation can access any memory
address space, and al registersin the DSP unit, except for DSR, can be specified for both source
and destination operands. The guard-bit registers, AOG and A1G, can also be specified as
independent registers.

This type of operation can treat both single-word data and longword data. When aword-data
transfer operation is executed, the upper word of the register operand is activated. In case of word
dataload, the dataisloaded into the upper word of the destination register, the lower side of the
destination register is automatically cleared, and the signed bit is copied into the guard-bit parts, if
supported. In case of longword data load, the datais |oaded into the upper word and lower word of
the destination register and the signed hit is sign-extended and copied into the guard-bit parts, if
supported. In case of the guard register store, the signed bit is sign-extended and copied on the
upper 24 bits of LDB. Figures 3.15 and 3.16 show this type of data transfer operation flows.
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Note: Datatransfer by an LDS or STSinstruction is possible since DSR is defined as a system

register.
Pointer (R2, R3, R4, R5) />

-2,0, +2, +R8

LAB [31:0]

Any memory areas

'LDB[15:O]

X0 Y0

X1 %

A0 MO

Al M1
[ noc | at1c | bDsmr

Not affected for store and cleared for load I:l Cannot be specified
See description of AOG and A1G.

Figure3.15 Single Data-Transfer Operation Flow (Word)
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Pointer (R2, R3, R4, R5) />

-4, 0, +4, +R8
LAB [31:0]

Any memory areas

LDB [31:0]

YO

X0
X1 A4l
A0 Mo
A1 M1
[ Aoc | At | Dpsr

I:I Cannot be specified

Figure3.16 Single Data-Transfer Operation Flow (L ongword)

All datatransfer operations are executed in the MA stage of the pipeline.

All data transfer operations do not update any condition code bitsin DSR.
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3.1.10 Local Data Movelnstruction

The DSP unit of this LS| provides additional two independent registers, MACL and MACH, in
order to support SH's standard multiply/MAC operations. They can be also used as temporary
storage registers by local data move instructions between MACH/L and other DSP registers Figure
3.17 shows the flow of seven local data move instructions. Table 3.13 shows the variation of this
type of instruction.

MACH
MACL
PSTS PLDS
X0 Y0
X! W
A0 Mo
A1 M1
oG || a1 /| psr

I:I Cannot be used

Figure3.17 Local Data MoveInstruction Flow

Table3.13 Variation of Local Data M ove Oper ations

Mnemonic Function Operand
PLDS Data move from DSP register to MACL/MACH Dz
PSTS Data move from MACL/MACH to DSP register Dz

Thisinstruction is very similar to other transfer instructions. If either the AO or Al register is
specified as the destination operand of PSTS, the signed bit is sign-extended and copied into the
corresponding guard-bit parts, AOG or A1G. The DC bit in DSR and other condition code bits are
not updated regardless of the instruction result. This instruction can operate with MOV X and
MOVY in parallel.
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3.1.11 Operand Conflict

When an identical destination operand is specified with multiple parallel instructions, data conflict
occurs. Table 3.14 shows the correspondence between each operand and registers.

Table3.14 Correspondence between Operands and Registers

X-Memory Y-Memory 6-Instruction  3-Instruction  3-Instruction
Load Load ALU Multiply ALU
Ax Ix Dx Ay Iy Dy Sx Sy Du Se Sf Dg Sx Sy Dz
DSP A0 *1 *2 *2 %1 1
Registers Al 1 22 x1 w1 %2 % 1
MO *1 *1 *1 %
M1 *1 *1 *1 *1
XO *2 *1 *2 *1 *1 *1 *2
X1 *2 *1 *1 *1 *2
YO *2 *1 *2 *1 *1 *1 *2
Y1 *2 *1 *1 *1 *2

Notes: 1. Registers available for operands
2. Registers available for operands (when there is operand conflict)

There are three cases of operand conflict problems.

1. When ALU and multiply instructions specify the same destination operand (Du and Dg)
2. When X-memory load and AL U instructions specify the same destination operand (Dx, Du,
and D2)

3. When Y-memory load and ALU instructions specify the same destination operand (Dy, Du,
and Dz)

In these cases above, the result is not guaranteed.
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3.2 DSP Addressing

321 DSP Repeat Control

This LSI prepares aspecia control mechanism for efficient repeat loop control. An instruction
SETRC sets the repeat times into the repeat counter RC (12 bits), and an execution mode in which
aprogram loop executes repetitively until RC isequal to 1. After completion of the repeat
instructions, the RC value becomes 0.

Repeat start address register RS keeps the start address of arepeat 1oop. Repeat end register RE
keeps the repeat end address. (There are some exceptions. See note, Actual Implementation
Options.) Repeat counter RC keeps the number of repeat times. In order to perform loop control,
the following steps are required.

Step 1) Set loop start addressinto RS
Step 2) Set loop end address into RE
Step 3) Set repeat counter into RC
Step 4) Start repeat control

To do steps 1 and 2, use the following instructions:

LDRS @ (disp, PC)
LDRE @ (disp, PC)

For steps 3 and 4, use the SETRC instruction. An operand of SETRC is an immediate value or one
of the general-purpose registers that will specify the repeat times.

SETRC #imm; #imm->RC, enable repeat control

SETRC Rm; Rm->RC, enable repeat control
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#imm is 8 bitswhile RC is 12 hits. Therefore, to set more than 256 into RC, use Rm. A sample
program is shown below.

LDRS RptStart;

LDRE RptEnd3+4;

SETRC  #imm; RC = #imm
instr0;

; instrl-5 executes repeatedly

RptStart: instrl;
RptEnd3: instr2;
instr3;
instr4;
RptEnd: instr5;
instré6;

In thisimplementation, there are some restrictions to use this repeat control function as follows:

1. There must be at least one instruction between SETRC and the first instruction in a repeat
loop.

2. LDRS and LDRE must be executed before SETRC.

3. Inacasethat the repeat loop has four or more instructionsin it, stall cycles are necessary
according to the pipeline state at execution.

4. If arepeat loop hasless than four instructions in it, it cannot have any branch instructions
(BRA, BSR, BT, BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR and JMP), repesat control
instructions (SETRC, LDRS and LDRE), load instructions for SR, RS, RE, and a TRAPA
instruction in it. If these instructions are executed, agenera invalid instruction exception
handling starts, and a certain address value shown in table 3.15 is stored into SPC.

Table3.15 AddressValuetobe Stored into SPC (1)

Condition Location Address to be Pushed
RC=>2 Any RptStart
RC =1 Any Address of the illegal instruction
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5.

If arepeat |oop has four or more instructionsin it, any branch instructions (BRA, BSR, BT,
BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR and JMP), repeat control instructions
(SETRC, LDRS and LDRE), load instructions for SR, RS, RE, and the TRAPA instruction
must not be written within the last three instructions from the bottom of arepeat loop. If
written, ageneral invalid instruction exception handling starts, and a certain address value
shown in table 3.16 is stored into SPC. In cases of repeat control instructions (SETRC, LDRS
and LDRE) and load instructions for SR, RS, and RE, and the TRAPA instruction they cannot
be placed in any other location of the repeat loop, either. If they are, the operation is not
guaranteed.

Table3.16 AddressValuetobe Stored into SPC (2)

Condition Location Address to be Pushed
RC=>2 instr3 Address of the illegal instruction
instr4 RptStart — 4
instr5 RptStart — 2
RC =1 Any Address of the illegal instruction
6. If arepeat loop haslessthan four instructionsin it, any PC relative instructions (MOVA

@(disp, PC),RO0, etc.) don't work properly except for the instruction at the repeat top (instrl).
If arepeat loop has four or more instructionsin it, any PC relative instructions (MOV A
@(disp, PC),R0, etc.) don't work properly at two instructions from the bottom of the repeat
loop.

The CPU has no repeat enable flag, however it uses the condition RC = 0 to disable repeat
control. Whenever the RC ishot 0 and PC matches RE, the repeat control isalive. When O is
set in the RC, the repeat control is disabled but the repeat 1oop is executed once and does not
return to the repeat start as well asin the RC = 1 case. When RC = 1, therepeat loop is
executed once and does not return to the repeat start but the RC becomes 0 after completing
the execution of the repeat oop.

If arepeat loop has four or moreinstructionsin it, any branch instructions, including
subroutine call and return instructions, cannot specify the instruction from inst3 to inst5 in the
previous exampl e as the branch target address. If executed, the repeat control doesn't work, so
the program goes to the following instruction and the RC is not updated. When a repeat |oop
has less than four instructionsiin it, the repeat control doesn't work properly and the RC value
in SR is not updated if the branch target is RptStart or a subsequent address.

10. Exception acceptance is restricted during repeat loop processing. See figure 3.18 for details on

restrictions.
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In figure 3.18, exceptions generated by instructions marked as B and C are handled as follows:

e Interrupt and DMA address errors
An exception is accepted at neither instruction B or C, and the request is not even saved. A
regquest is detected for the first time and accepted when the next instruction A is executed.
Interrupts and DMA address errors are not accepted during a repeat 1oop with four or less
instructions, as shown in 1to 4 in figure 3.18.

e User break before execution
An exception is accepted at instruction B, and the address of instruction B is stored into SPC.
An exception is not accepted at instruction C, but the request is saved, and is accepted just
before the next instruction A or B isto be executed. The address of this next instruction A or B
is stored into SPC.

o User break after execution
An exception is accepted at neither instruction B nor C, but the request is saved, and is
accepted just before the next instruction A or B isto be executed. The address of this next
instruction A or B is stored into SPC.

e CPU address error
When a CPU address error occurs by execution of instruction B or C, the exception is
accepted, but the value stored into SPC is not the address of the instruction at where the
exception occurred. Therefore, return from the exception handler routine cannot be performed
correctly. In thiscase, H'070 is set in EXPEV T as the exception code (also see section 9,
Exception Handling). To finish the repeat loop correctly, a CPU error must not be generated at
instruction B or C.

Exception Type

Instruction B

Instruction C

Interrupt

Not accepted

Not accepted

DMA address error

Not accepted

Not accepted

UDI break

Not accepted

Not accepted

User break before execution

Not accepted

Not accepted

User break after execution

Not accepted

Not accepted

CPU address error

Accepted as exception code H'070

Accepted as exception code H'070

RENESAS
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A: Acceptable for any interrupts
B and C: Acceptable for some interrupts
RC>1:
1.1 repeated step 2.2 repeated steps 3. 3 repeated steps
instr—1 ;A instr—1 JA instr—1 A
instr0 ;B instr0 ;B instr0 ;B
Start(End): instr1 ;C Start: instr1 ;C Start: instr1 ;C
instr2 T A End: instr2 ;C instr2 ;C
instr3 P A End: instr3 ;C
instr4 A
4. 4 repeated steps 5.5 or more repeated steps
instr—1 ;A instr — 1 T A
instr0 TA instr0 JA
Start: instri ;B Start: instr1 JA
instr2 ;C :
instr3 ;C :
End: instr4 ;C instrn—3 ;B
instr4 JA instrn—2 ac
instrn—1 RC
End: instrn :C
instrn +1 T A
RC=0:
Acceptable for any interrupts

Figure3.18 Restriction of Interrupt Acceptancein Repeat L oop
Note 1: Actual Implementation

Repeat start and repeat end registers, RS and RE, specify the repeat start instruction and repeat end
instruction. The actual addresses that are kept in these registers depend on the number of
instructions in the repeat loop. Therule is asfollows:

Repeat_Start:  An address of the instruction at the repeat top
Repeat_Start0:  An address of the instruction before one instruction at the repeat top
Repeat_End3:  An address of the instruction before three instructions at the repeat bottom

Table3.17 RSand RE Setting Rule

Number of Instructions in Repeat Loop
1 2 3 >4

RS Repeat_startO + 8 Repeat_startO + 6 Repeat_startO + 4 Repeat_start
RE Repeat_start0 + 4 Repeat_startO + 4 Repeat_startO + 4 Repeat_End3 + 4

Rev. 4.00 Sep. 14,2005 Page 128 of 982
REJ09B0023-0400 RENESAS




Section 3 DSP Operation

Based on thistable, the actual repeat programming for various cases should be described asin the
following examples:

CASE 1: 1 Repeated Instruction

LDRS RptStart0+8;
LDRE RptStart0+4;
SETRC RptCount;

RptStart0: instr0;
RptStart: instrl; Repeated instruction

instr2;

CASE 2: 2 Repeated Instructions

LDRS RptStart0+6;
LDRE RptStart0+4;
SETRC RptCount;

RptStart0: instr0;

RptStart: instril; Repeated instruction 1
RptEnd: instr2; Repeated instruction 2
instr3;

CASE 3: 3 Repeated Instructions

LDRS RptStart0+4;
LDRE RptStart0+4;
SETRC RptCount;

RptStart0: instr0;

RptStart: instrl; Repeated instruction 1
instr2; Repeated instruction 2

RptEnd: instr3; Repeated instruction 3
instr4;
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CASE 4: 4 or More Repeated Instructions

LDRS RptStart;
LDRE RptEnd3+4;
SETRC RptCount;

RptStart0: instr0;

RptStart: instrl; Repeated instruction 1
instr2; Repeated instruction 2
instr3; Repeated instruction 3

RptEnd3: instrN-3; Repeated instruction N-3
instrN-2; Repeated instruction N-2
instrN-1; Repeated instruction N-1

RptEnd: instrN; Repeated instruction N
instrN+1;

The examples above can be used as a template to program this repeat loop sequences. However,
for easy programming, an extended instruction REPEAT is provided to handle these complex
labeling and offset issues. Details will be described in the following note 2.

Note 2: Extended Instruction REPEAT

This REPEAT extended instruction will handle all the delicate labeling and offset processing
described in table 3.17 and note 1. The labels used here are:

Rptart:  An address of the instruction at the top of the repeat loop
RptEnd:  An address of the instruction at the bottom of the repeat loop
RptCount: Repeat count immediate number

Thisinstruction can be used in the following way:

Here the repeat count can be specified as an immediate value #lmm or aregister indirect value Rn.
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CASE 1: 1 Repeated Instruction

REPEAT RptStart, RptStart, RptCount;

instr0;
RptStart: instrl;

instr2;
CASE 2: 2 Repeated Instructions

REPEAT RptStart, RptEnd, RptCount;
instr0;
RptStart: instrl;

RptEnd: instr2;

CASE 3: 3 Repeated Instructions

REPEAT RptStart, RptEnd, RptCount;
instr0;

RptStart: instrl;
instr2;

RptEnd: instr3;

Repeated

Repeated instruction

Repeated instruction 1

Repeated instruction 2

instruction 1

Repeated instruction 2

Repeated instruction 3

RENESAS
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CASE 4: 4 or More Repeated Instructions

REPEAT RptStart, RptEnd, RptCount;

instr0;

RptStart instrl; Repeated instruction 1
instr2; Repeated instruction 2
instr3; Repeated instruction 3
instrN-3; Repeated instruction N-3
instrN-2; Repeated instruction N-2
instrN-1; Repeated instruction N-1

RptEnd instrN; Repeated instruction N
instrN+1;

The expanded results of each case corresponds to the same case numbersin note 1.

322 DSP Data Addressing

This LSI has two types of memory access instructions: onetypeis X and Y datatransfer
instructions (MOVX.W and MOVY.W), and the other is single data transfer instructions
(MOVS.W and MOVS.L). Data addressing of these two types of instruction are different. Table
3.18 shows a summary of DSP data transfer instructions.
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Table3.18 Summary of DSP Data Transfer Instructions

X and Y Data Transfer Single Data Transfer Operation
Operation (MOVX.W and (MOVS.W and MOVS.L)
MOVY.W)
Address registers ~ Ax: R4 and R5, Ay: R6 and R7 As: R2, R3, R4 and R5
Index register(s) Ix: R8, ly: R9 Is: R8
Addressing Not update/Increment (+2)/ Not update/Increment (+2)/
operations Add-index-register Add-index-register
Post-update Post-update
Decrement (-2, —4): Pre-update
Modulo addressing Yes No
Data bus XDB and YDB LDB
Data length 16 bits (word) 16 bits/32 bits (word/longword)
Bus conflict No Possible (same as the SH)
Memory X and Y data memories All memory spaces
Source registers Dx, Dy: AO and A1 DS: A0/A1, MO/M1, X0/X1, YO/Y1, AOG,
A1G
Destination registers Dx: X0/X1, Dy: YO/Y1 Ds: A0O/A1, MO/M1, X0/X1, YO/Y1, AOG,
A1G

Addressing for MOV X.W and MOV.W: ThisLSI can access X and Y data memories
simultaneously (MOVX.W and MOV'Y .W). The DSP instructions have two address pointers that
simultaneously access X and Y data memories. The DSP instruction has only pointer-addressing
(it does not have immediate-addressing). Address registers are divided into two sets, R4 and R5
(Ax: Address register for X memory) and R6 and R7 (Ay: Address register for Y memory). There
are three data addressing typesfor X and Y data transfer instructions.

1. Not-update address register
2. Add-index register
3. Increment address register

Each address pointer set has an index register, R8[1x] for set Ax, and R9[ly] for set Ay. Address
instructions for set Ax use ALU in the CPU, and address instructions for set Ay use a different
address unit (figure 3.19).

Rev. 4.00 Sep. 14,2005 Page 133 of 982
RENESAS REJ09B0023-0400



Section 3 DSP Operation

+2 (INC)
+0 (Not update)

R8 [Ix]

R4 [AX]

R5 [AX]

ALU

Three address operation types:

1. Not update

2. Add-index-register (Ix/ly)

3. Increment

All operations are post-update type.

R9 [ly]

R6 [Ay]

+2 (INC)

+0 (Not update)
Additional
adder for DSP
addressing

To decrement an address pointer, set —2 in an index register.

R7 [Ay]

Figure3.19 DSP Addressing Instructionsfor MOVX.W and MOVY.W

Addressingin X and Y datatransfer operation is always word mode; that is accessto X and Y data
memories are 16-bit data width. Therefore, the increment operation adds 2 to an address register.

To realize decrement, set —2 in an index register and use add-index-register operation.

Addressing for MOVS: This LSl has single-data transfer instructions (MOVS.W and MOVS.L)
to load/store DSP data registers. In these instructions, R2 to R5 (As: Address register for single-
data transfer) are used for the address pointer.

There are four data addressing types for single-data transfer operation.

> w NP

Not-update address register
Add-index register (post-update)

Increment address register (post-update)
Decrement address register (pre-update)

The address pointer set As has an index register R[] (figure 3.20)
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R2 [As]
R3 [As]
R8 [Is] R4 [As]
—2/-4 (DEC) R5 [As]
+2/+4 (INC)
+0 (No update)
ALU
Four address operation types:
1. Not update
2. Add-index-register (Is)
3. Increment |‘ Post-update
4. Decrement Pre-update

Figure3.20 DSP Addressing Instructionsfor MOVS

Modulo Addressing: This LS| provides modulo addressing mode, which is commonin DSPs. In
modulo addressing mode, the address register is updated as explained above. When the address
pointer reaches the pre-defined address (modul o-end address), it goes to the modulo start address.

Modulo addressing is available for X and Y data transfer instructions (MOV X and MOVY), but
not for the single-data transfer instruction (MOVS). DMX and DMY in SR are used for the
modulo addressing control. If DMX is 1, the modul o addressing mode is effective for the X
memory address pointer Ax (R4 or R5). If theDMY is 1, it is effective for the Y memory address
pointer Ay (R6 or R7). Modulo addressing is available for one of X and Y address registers at one
time. A DMX = DMY =1 caseisreserved for future expansion. When both DMX and DMY are
set simultaneously, the hardware will preliminary assume that the modulo addressing mode is
effective for the Y address pointer only.

To specify the start and end addresses of the modulo address area, the MOD register, which
includes MS (modulo start) and ME (modulo end) is prepared. The following example shows a
way to set the MOD (MS and ME) register.

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

LDC Rn,MOD; ME=ModEnd, MS=ModStart
ModAddr: .DATA.W mEnd; Lower 16 bits of ModEnd

.DATA.W mStart; Lower 16 bits of ModStart
ModStart: .DATA
ModEnd: .DATA
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MS and ME are set to specify the start and end addresses, and then later to set the DMX or DMY
bit to 1.

When the X/Y datatransfer instruction set in DMX/DMY is executed, the address register
contents before update are compared with ME**. If they match, modulo start address M S is stored
in the address register as the updated value**. If non-update address register addressing is
specified for the X/Y data transfer instruction, the address pointer will not return to modulo start
address M S even though the address register contents match ME.

Notes: 1. Bits1 to 15 of the address register are used for comparison. Though ME retainsits
previous value for bit 0, 0 must always be written to bit O.

2. The MSvalueisstored in bits 1 to 15 of the address register. Though MSretains its
previous value for bit 0, 0 must always be written to bit O.

The maximum modulo size is 64-kbytes. Thisis sufficient for accessing the X or Y data memory.

Figure 3.21 shows ablock diagram of modulo addressing.

Instr (MOVX/Y)
31 1615 0 DMX |DMY 31 1615 0
31 0 R4,[AX] R6;[Ay] 31 0

R8 [Ix] R5.[AX] A R7:[Ay]

+2
10 | ; f 0
™ e 1
1 MS I
CMP
15 1
ABx ABXx
15 1 15 1 15 1
XAB YAB

Figure3.21 Modulo Addressing
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An example is shown below.

MS=H'7000; ME=H'7004;

R4=H'A5007000;

DMX=1; DMY=0 (modulo addressing for address register Ax)
Asaresult of the above settings, the R4 register changes as follows.

MOVX.W @R4+,Dx
MOVX.W @R4+,Dx
MOVX.W @R4+,Dx

MOVX.W @R4+,Dx

7

R4:
R4 :
R4:

R4 :
H'A5007004,

H'A5007000 (Initial value)
H'A5007000 — H'A5007002
H'A5007002 — H'A5007004

H'A5007004 — H'A5007000 (After reading

register)

R4 :

H'A5007000 — H'A5007002

MS value is written to address

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

Note: When addition index is the data addressing type for X and Y data transfer instructions, the
address pointer may exceed the ME value without actually reaching it. In this case, the
address pointer will not return to the modulo start address. Not only with modulo
addressing, but when X and Y dataaddressing is used, bit 0 isignored. 0 must aways be
written to bit 0 of the address pointer, index register, MS, and ME.
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Addressing Instructionsin Execution Stage: Addressinstructions, including modulo addressing,
are executed in the execution stage of the pipeline. Behavior of the DSP data addressing in the
execution stage is shown below.

if ( Operation is MOVX.W MOVY.W ) {
ABx=Ax; ABy=Ay;

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

/* Ax is one of R4,5 */

if { DMX==0 || ( DMX==1 && DMY==1 )} Ax = Ax+(+2 or R8[Ix] or +0);
/* Inc,Index,Not-Update */

else if (! not-update) Ax=modulo( Ax, (+2 or R8[Ix]) );

/* Ay is one of R6,7 */
if ( DMY==0 ) Ay=Ay+(+2 or R9[Iy] or +0); /* Inc,Index,Not-Update */
else if (! not-update) Ay=modulo( Ay, (+2 or R9[Ivy]) );
}
else if ( Operation is MOVS.W or MOVS.L ) {
if ( Addressing is Nop, Inc, Add-index-reg ) {
MAB=As;

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

/* As is one of R2 to R5 */

As = As+(+2 or +4 or R8[Is] or +0); /* Inc,Index,Not-Update */
else { /* Decrement, Pre-update */

/* As 1is one of R2 to R5 */

As=As+ (-2 or -4);

MAB=AS;

/* Memory access cycle uses MAB. The address to be used has been
updated. */

}
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/* The value to be added to the address register depends on addressing
instructions.

For example, (+2 or R8[Ix] or +0) means that
+2: if instruction is increment
R8[Ix]: if instruction is add-index-register
+0: if instruction is not-update

*/

function modulo ( AddrReg, Index ) {

if ( AddrReg[15:1]==ME[15:1] ) AddrReg[15:1]==MS[15:1];
else AddrReg=AddrReg+Index;

return AddrReg;

}

X and Y Data Transfer Instructions (MOVX.W and MOVY .W): This type of instruction uses
the XDB and the YDB to access X and Y data memories (they cannot access other memory
spaces). These two buses are separate from the instruction bus, therefore, there is no access
conflict between data memory access and instruction memory access.

Figure 3.22 shows load/store control for X and Y data transfer instructions. All memory accesses
are word mode accesses.
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31 0 31 0
Instruction code for X R4 [Ax] R6 [Ay] Instruction code for Y
data-transfer operation R5 [AX] R7 [Ay] data-transfer operation
| y l l 15 | 1 15 | 1 1 l
nput/output | ABx | | ABy | Input/output
control for Control Control > control for
DSP data for X memory [, ' |forY memory DSP data
registers . registers
X0/X1, AO/A1 XAB 16-bit YO/Y1, AO/A1
X_MEM YAB 16-bit Y _MEM
X data Y data
XRW memory memory YRW
4 kbytes 4 kbytes
XDB 16-bi
YDB
16-bit

X_MEM and Y_MEM:
Select X and Y data memory

Figure3.22 Load/Store Control for X and Y Data-Transfer Instructions

Control for X Memory:

if ( !Nop ) {
X_MEM=1; XAB=ABXx;
if ( load operation ) {
Dx[31:16]=XDB;
Dx[15:0]=0x0000; /* Dx 1s X0 or X1 */
}
else XDB = Dx[31:16]; /* Dx is A0 or Al */

}

else { X _MEM=0; XAB=0x000; }

The conditional execution based on the DC flag in DSR cannot control any MOV X/MOVY
instructions.
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Single-Data Transfer Instructions (MOVS.W and MOVS.L): ThisL Sl has single load/store
instructions for the DSP registers. It is similar to aload/store instruction for a system register. It
transfers data between memory and DSP dataregistersusing LAB and LDB buses. There may be
access conflict between data access and instruction fetch.

The single-data transfer instruction has word and longword access modes. Figure 3.23 shows a
block diagram of single-data transfer. The existing CPU core's hardware resource is used for

control of the memory address buffer (MAB) and memory selection.

31 0 Instruction code for single data transfer
R2 [As] operation
RS [As] As | ms |wits| ! s
R4 [As] |
R5 [As] |
Control l
31 0 <=
in CPU
V; Control nout/ y
_ > nput/output control for
32-bit DSP data registers
LAB I
Memory
B [
32-bit

Figure3.23 Load/Store Control for Single-Data Transfer Instruction

RENESAS
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Control

LAB=MAB;
if ( Ms!=NLS && W/L is word access ) { /* MOVS.W */
if (LS==load) {
if (Ds!=A0G && Ds!=AlG) {
Ds[31:16] = LDB[15:0]; Ds[15:0] = 0x0000;
if (Ds==A0) A0G[7:0] = sign-extension of LDB;
if (Ds==Al) A1G[7:0] = sign-extension of LDB;
}
else Ds[7:0] = LDB[7:01]; /* Ds is AOG or AlG */
}
else { /* Store */
if (Ds!=A0G && Ds!=A1G) LDB[15:0] = Ds[31:16];
/* Ds is AOG or AlG */
else LDB[15:0] = Ds[7:0] with 8bit sign-extension;

}
else if ( MA!=NLS && W/L is long-word access ) { /* MOVS.L */
if (LS==load) {
if (Ds!=A0G && Ds!=AlG) {
Ds[31:0] = LDB[31:01];
if (Ds==A0) A0G[7:0] = sign-extension of LDB;
if (Ds==Al) AlG[7:0] = sign-extension of LDB;
}
else Ds[7:0] = LDB[7:0]; /* Ds is AOG or AlG */
}
else { /* Store */
if (Ds!=A0G && Ds!=Al1G) LDB[31:0] = Ds[31:0];
/* Ds is AOG or AlG */
else LDB[31:0] = Ds[7:0] with 24bit sign-extension;
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Section4 Clock Pulse Generator (CPG)

This LS| has a clock pulse generator (CPG) that generates an internal clock (1¢), a peripheral clock
(Po), and abus clock (Bd). The CPG consists of an oscillator, PLL circuit, and divider circuit.

4.1 Features

The CPG has the following features.

Three clock modes

The mode is selected from among the three clock modes by the selection of the following three
conditions; the frequency-divisor in use, whether the PLL is on or off, and whether the internal
crystal resonator or the input on the external clock-signal lineis used.

Three clocks generated independently

Aninternal clock (1¢) for the CPU and cache; a peripheral clock (Po) for the on-chip
peripheral modules; a bus clock (Bd = CKIO) for the external bus interface.

Frequency change function

Internal and peripheral clock frequencies can be changed independently using the PLL (phase
locked loop) circuit and divider circuit within the CPG. Frequencies are changed by software
using frequency control register (FRQCR) settings.

Power-down mode control

The clock can be stopped for sleep mode, and standby mode and specific modules can be
stopped using the modul e standby function. For details on clock control in the low-power
consumption modes, see section 6, Power-Down Modes.

A block diagram of the CPG isgivenin figure 4.1.
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Clock pulse generator

) Divider
= PLL circuit 1 ol x1 >
(x1,2,3,4) «1/2
“1/3 ~ » Internal clock
/4 - (19)
CKIO I
CKIO2 E—%—l _
XTAL E Cn_/stal ~ » Bus clock
oscillator PLL circuit 2 > (B¢ = CKIO)
2,4
ExTAL X ! > 24
~ » Peripheral clock
> (P9)
1 CPG control unit A
MD2 -~
MDO Clock frequency Lo
control circuit Standby control circuit
FRQCR | stBCR | [ sTBCR2 | | STBCR3 | | STBCRA4 |
( Bus interface )
A

Y

| Internal bus |
[Legend]

FRQCR: Frequency control register
STBCR: Standby control register

STBCR2: Standby control register 2
STBCR3: Standby control register 3
STBCRA4: Standby control register 4

Figure4.1 Block Diagram of Clock Pulse Generator
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The clock pulse generator blocks function as follows:

PLL Circuit 1: PLL circuit 1 doubles, triples, or quadruples, the input clock frequency from the
CKIO pin. The multiplication rate is set by the frequency control register. When thisis done, the
phase of the rising edge of theinternal clock is controlled so that it will agree with the phase of the
rising edge of the CKIO pin.

PLL Circuit 2: PLL circuit 2 doubles, or quadruples the input clock frequency from the crystal
oscillator or EXTAL pin. The multiplication rate is fixed according to the clock operating mode.
The clock operating mode is specified by the MDO, and MD2 pins. For details on clock operating
mode, seetable 4.2.

Crystal Oscillator: The crystal oscillator isan oscillator circuit in which a crystal resonator is
connected to the XTAL pin or EXTAL pin. This can be used according to the clock operating
mode.

Divider: The divider generates a clock signal at the operating frequency used by the internal or
peripheral clock. The operating frequency can be 1, 1/2, 1/3 or 1/4 times the output frequency of
PLL circuit 1, aslong asit stays at or above the clock frequency of the CKIO pin. The division
ratio is set in the frequency control register.

Clock Frequency Control Circuit: The clock frequency control circuit controls the clock
frequency using the MDO, and MD2 pins and the frequency control register.

Standby Control Circuit: The standby control circuit controls the states of the clock pulse
generator and other modules during clock switching or sleep, or standby modes.

Frequency Control Register: The frequency control register has control bits assigned for the
following functions: clock output/non-output from the CKIO pin during standby modes, the
frequency multiplication ratio of PLL circuit 1, and the frequency division ratio of the internal
clock and the peripheral clock.

Standby Control Register: The standby control register has bits for controlling the power-down
modes. See section 6, Power-Down Modes, for more information.
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4.2 I nput/Output Pins
Table 4.1 lists the CPG pins and their functions.

Table4.1 Pin Configuration and Functions of the Clock Pulse Generator

Function Function
Pin Name Symbol /0 (clock operating modes 2 and 6) (clock operating mode 7)
Mode control pins MDO Input  Set the clock operating mode.

MD2 Input  Set the clock operating mode.

Crystal input/output pins  XTAL Output Connected to the crystal resonator (leave this pin open-circuit
(Clock input pins) when the crystal resonator is not in use).

EXTAL Input Connected to the crystal resonator or used to input an external
clock.

Clock input/output pin CKIO I/0 Clock output pin. The pin can also Input for the external clock

be placed in the high-impedance pulse.
state.
Clock-output pin CKIO2 OQutput Low-level output or clock output pin. High impedance

The selection is described in the
description of the common control
registers in section 12, Bus State
Controller (BSC).

4.3 Clock Operating M odes

Table 4.2 shows the relationship between the mode control pins (MD2 and MDOQ) combinations
and the clock operating modes. Table 4.3 shows the usable frequency ranges in the clock operating
modes.

Table4.2 Clock Operating Modes

Pin Values Clock 110
PLL2 PLL1 CKIO Frequency

Mode MD2 MDO Source Output  On/Off On/Off
2 0 0 EXTAL or CKIO ON (x4) ON (x1, 2) (EXTAL or

Crystal resonator Crystal resonator) x4
6 1 0 EXTAL or CKIO ON (x2) ON (x1,2,3,4) (EXTAL or

Crystal resonator Crystal resonator) x2
7 1 1 CKIO — OFF ON (x1,2,3,4) (CKIO)
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Mode 2: The frequency of the signal received from the EXTAL pin or crystal resonator LS| is
quadrupled by the PLL circuit 2 beforeiit is supplied as the clock signal. This lowers the frequency
required of the externally generated clock. Either a crystal resonator with afrequency in the range
from 10 to 12.5 MHz or an externa signal in the same frequency range input on the EXTAL pin
may be used. The frequency range of CKIO isfrom 40 to 50 MHz.

Mode 6: The frequency of the signal received from the EXTAL pin or crystal resonator LSl is
doubled by the PLL circuit 2 before it is supplied as the clock signal. This lowers the frequency
required of the crystal resonator. A crystal resonator or an external signal with afreguency in the
range from 10 to 25 MHz may be used. The frequency range of CKIO isfrom 20 to 50 MHz.

Mode 7: In this mode, the CKIO pin functions as an input pin. An external clock signal is
supplied to this pin; after thissignal isreceived, the PLL circuit 1 shapesits waveform and
multipliesits frequency. The resulting clock signal is then supplied within the LSI. For reduced
current and hence power consumption, pull up the EXTAL pin and open the XTAL pin when the
LSl isused in mode 7.

Table4.3 Relationship between Clock Mode and Frequency Range

PLL frequency

Clock FRQCR multiplier Ratio of internal Selectable frequency ranges (MHz)

operating register pLL PLL clock frequencies Output clock

mode setting  Circuit1 Circuit2 (I:B:P) Input clock (CKIO pin) Internal clock Bus clock Peripheral clock

2 H1001 ON (x1) ON(x4) 4:4:2 10to 12.5 40 to 50 40 to 50 40 to 50 20to 25
H'1002 ON (x1) ON(x4) 4:4:4/3 10to 12.5 40 to 50 40 to 50 40 to 50 13.33t0 16.66
H'1003 ON(x1) ON (x4) -~ 4:41 10to 12.5 40 to 50 40 to 50 40 to 50 10to 12.5
H1103 ON (x2) ON (x4) 8:4:2 10to 125 40 to 50 80 to 100 40 to 50 20to 25
H'1113 ON (x2) ON (x4) 4:4:2 10to 12,5 40 to 50 40 to 50 40 to 50 20to 25

6 H1000 ON(x1) ON(x2) 2:2:2 10 to 16.66 20 to 33.33 20 to 33.33 20 to 33.33 20 to 33.33
H'1001 ON(x1) ON(x2) 2:2:1 10to 25 20 to 50 20 to 50 20 to 50 10to 25
H'1002 ON(x1) ON(x2) 2:2:2/3 10to 25 20 to 50 20 to 50 20 to 50 6.66 to 16.66
H1003 ON (x1) ON(x2) 2:2:1/2 10to 25 20 to 50 20 to 50 20 to 50 5t0 12,5
H'1101  ON (x2) ON(x2) 4:2:2 10 to 16.66 20 to 33.33 40 to 66.66 20 to 33.33 20 to 33.33
H1103 ON(x2) ON(x2) 4:2:1 10to 25 20 to 50 40 to 100 20 to 50 10to0 25
H1111  ON(x2) ON(x2) 2:2:2 10 to 16.66 20 to 33.33 20 to 33.33 20 to 33.33 20 to 33.33
H1113 ON(x2) ON(x2) 2:2:1 10to 25 20 to 50 20 to 50 20 to 50 10to 25
H1202 ON (x3) ON(x2) 6:2:2 13.33t0 16.66 26.66 to 33.33 80 to 100 26.66 to 33.33 26.66 to 33.33
H1222 ON (x3) ON(x2) 2:2:2 13.33t0 16.66 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33
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PLL frequency

Clock FRQCR multiplier Ratio of internal Selectable frequency ranges (MHz)
operating register pLL PLL clock frequencies Output clock
mode setting  Circuit1 Circuit2 (I:B:P) Input clock (CKIO pin) Internal clock Bus clock Peripheral clock
6 H'1303 ON (x4) ON(x2) 8:2:2 10to 12.5 20to 25 80 to 100 20to 25 20 to 25
H'1313 ON (x4) ON (x2) 4:2:2 10 to 16.66 20 to 33.33 40 to 66.66 2010 33.33 20 to 33.33
H'1333 ON (x4) ON (x2) 2:2:2 10 to 16.66 20 to 33.33 20 to 33.33 20 to 33.33 20 to 33.33

7 H'1000 ON (x1) OFF 1:1:1 20 to 33.33 20 to 33.33 20 to 33.33 2010 33.33 20 to 33.33
H1001 ON (x1) OFF 1:1:1/2 20 to 50 20 to 50 20 to 50 20 to 50 10to 25
H1002 ON (x1) OFF 1:1:1/3 20 to 50 20 to 50 20 to 50 20 to 50 6.66 to 16.66
H'1003 ON (x1) OFF 1:1:1/4 20 to 50 20 to 50 20 to 50 20to 50 5to 12.5
H1101  ON(x2) OFF 2:1:1 20 to 33.33 20 to 33.33 40 to 66.66 2010 33.33 20 to 33.33
H'1103 ON (x2) OFF 2:1:1/2 20 to 50 20 to 50 40 to 100 20 to 50 10to 25
H1111  ON (x2) OFF 1:1:1 20 to 33.33 20 to 33.33 20 to 33.38 2010 33.33 20 to 33.33
H1113 ON (x2) OFF 1:1:1/2 20 to 50 20 to 50 20 to 50 20to 50 10to 25
H1202 ON (x3) OFF 3:1:1 26.66 to 33.33 26.66 to 33.33 80 to 100 26.66 to 33.33 26.66 to 33.33
H1222 ON (x3) OFF 111 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33 26.66 to 33.33
H'1303 ON (x4) OFF 4:1:1 20to 25 20to 25 80 to 100 20to 25 20to 25
H'1313 ON (x4) OFF 211 20 to 33.33 20 to 33.33 40 to 66.66 20 to 33.33 20 to 33.33
H'1333 ON (x4) OFF 1:1:1 20 to 33.33 2010 33.33 2010 33.33 20 to 33.33 20 to 33.33

Notes: 1. The ratio of clock frequencies, where the input clock frequency is assumed to be 1.

2. In modes 2 and 6, the frequency of the clock input from the EXTAL pin or the
frequency of the crystal resonator. In mode 7, the frequency of the clock input from
the CKIO pin.

Caution: 1. The frequency of the internal clock is the frequency of the signal input to the CKIO
pin after multiplication by the frequency-multiplier of PLL circuit 1 and division by the
divider's divisor. Do not set a frequency for the internal clock below the frequency of
the signal on the CKIO pin.

2. The frequency of the peripheral clock is the frequency of the signal input to the CKIO
pin after multiplication by the frequency-multiplier of PLL circuit 1 and division by the
divider's divisor. Set the frequency of the peripheral clock to 33.33 MHz or below. In
addition, do not set a higher frequency for the internal clock than the frequency on
the CKIO pin.

3. The frequency multiplier of the PLL circuit can be selected as x1, x2, x3 or x4. The
divisor of the divider can be selected as x1, x1/2, x1/3 or x1/4. The settings are made
in the respective frequency-control registers.

4. The signal output by PLL circuit 1 is the signal on the CKIO pin multiplied by the

frequency multiplier of PLL circuit 1. Ensure that the frequency of the signal from PLL
circuit 1 is no more than 100 MHz.
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4.4 Register Descriptions

The CPG's control register is called the frequency control register (FRQCR). Refer the section 24,
List of Registers, for the addresses of the registers and the state of each register in each processor
state.

441 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit readable/writable register used to specify
whether aclock is output from the CKI1O pin, the frequency multiplication ratio of PLL circuit 1,
and the frequency division ratio of theinternal clock and the peripheral clock.

Only word access can be used on the FRQCR register.

Thisregister isinitialized (to H'1003) only in the case of a power-on reset. Thisregister retains its
previous value after amanual reset or period in standby mode. The previous value is also retained
when an internal reset istriggered by an overflow of the WDT.

Initial
Bit Bit Name Value R/W Description
15013 — All O R Reserved

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

12 CKOEN 1 R/W Clock Output Enable

CKOEN specifies whether a clock is output from the
CKIO and CKIO2 pins, or whether the CKIO and
CKIO2 pins is placed in the level-fixed state during
release of the standby mode (until the state enters
STATUS1 = L and STATUSO = L from an interrupt). If
CKOEN is cleared to 0, the CKIO and CKIO2 pins are
fixed at low during STATUS1 =L and STATUSO = H.
Therefore, the malfunction of an external circuit
because of an unstable CKIO clock during release of
the standby mode can be prevented. In clock
operating mode 7, the CKIO pin functions as an input
regardless of this bit value.

0: The CKIO pin is fixed to the low level in the standby
mode and while the system is leaving standby
mode.

1: Clock is output from CKIO pin (placed in the high-
impedance state during periods in standby mode).
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Initial
Bit Bit Name Value R/W Description
11,10 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
STCAH 0 R/W Frequency multiplication ratio of PLL circuit 1
STCO 0 R/W 00: x 1 time
01: x 2 times
10: x 3 times
11: x 4 times
7,6 — All 0 R Reserved
These bits are always read as 0. The write value
should always be 0.
5 IFCH1 0 R/W Internal Clock Frequency Division Ratio
4 IFCO 0 R/W These bits specify the frequency division ratio of the
internal clock with respect to the output frequency of
PLL circuit 1.
00: x 1 time
01: x 1/2 time
10: x 1/3 time
11: x 1/4 time
3,2 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
PFC1 1 R/W Peripheral Clock Frequency Division Ratio
0 PFCO 1 R/W These bits specify the division ratio of the peripheral

clock frequency with respect to the output frequency
of PLL circuit 1.

00: x 1 time

01: x 1/2 time
10: x 1/3 time
11: x 1/4 time
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4.5 Changing the Frequency

The frequency of the internal clock and peripheral clock can be changed either by changing the
multiplication rate of PLL circuit 1 or by changing the division rates of divider. All of these are
controlled by software through the frequency control register. The methods are described below.

451 Changing the Multiplication Rate

A PLL settling time is required when the multiplication rate of PLL circuit 1 is changed. The on-
chip WDT counts the settling time.

1. Intheinitial state, the multiplication rate of PLL circuit 1is1.

2. Set avaluethat will become the specified oscillation settling timein the WDT and stop the

WDT. The following must be set:

WTCSR register TME bit = 0: WDT stops

WTCSR register CKS2 to CKS0 bits: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Set the desired value in the STC1 and STCO bits. The division ratio can also be set in the
IFC[1:0] and PFC[1:0] bits.

4. The processor pauses temporarily and the WDT starts incrementing. The internal and
peripheral clocks both stop and the WDT is supplied with the clock. The clock will continue to
be output at the CK1O pin. This state is the same as the standby state. Whether or not registers
areinitialized depends on the module. For details, see table 6.3, Register Statesin Standby
Modein section 6, Power-Down Modes.

5. Supply of the clock that has been set beginsat WDT count overflow, and the processor begins
operating again. The WDT stops after it overflows.

452 Changing the Division Ratio

Counting by the WDT does not proceed if the frequency divisor is changed but the multiplier is
not.

1. Intheinitial state, IFC[1:0] = B'00 and PFC[1:0] = B'11

2. Setthe desired valuein the IFC[1:0] and PFC[1:Q] bits. The values that can be set are limited
by the clock mode and the multiplication rate of PLL circuit 1. Note that if the wrong valueis
set, the processor will malfunction.

3. Theclock isimmediately supplied at the new division ratio.
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4.6 Notes on Board Design

Note on Using an External Crystal Resonator: Place the crystal resonator, capacitors CL1 and
CL 2, and feedback resistor R1 as close to the XTAL and EXTAL pins as possible. In addition, to
minimize induction and thus obtain oscillation at the correct frequency, the capacitorsto be
attached to the resonator must be grounded to the same ground. Do not bring wiring patterns close
to these components.

Signal lines prohibited

: CLA1 CL2 7J7' i Reference value
E — - ' CL1=101t0 33 pF
[ ' CL2 =10 to 33 pF
E RI ] Rl = 1MQ
vl AL ' Note: The values for CL1, CL2, and

the damping resistance RI
should be determined after
consultation with the crystal
This LSI resonator manufacturer.

Figure4.2 Noteon Using a Crystal Resonator

Notes on Using External Clocks: When external clocks are input from the EXTAL pin, leave the
XTAL pin open. In order to prevent a malfunction due to the reflection noise caused in asignal
line which connected to X TAL pin, cut thissignal line as short as possible.

Notes on Bypass Capacitor: A multilayer ceramic capacitor must be inserted for each pair of Vss
and Vcc as a bypass capacitor. The bypass capacitor must be inserted as close as possible to the
power supply pins of the LSI. Note that the capacitance and frequency characteristics of the
bypass capacitor must be appropriate for the operating frequency of the LSI.

e A pair of Vssand VCC for the input/output power supply

CltoD1,M4toM3,V1toW1, U7toV7,U12to V12, Y18to Y19, M19 to M18, H17 to
H18, C20to B20, A18to A17, D14 to C14, D13 to C13, D8 to C8, A3to A2

e A pair of Vssand Vcc for the digital modules

F3to F4, K3to K4, U4to T4, V6 to U6, V10to U10, Ul7 to U16, R18to R17, L18to L17,
D17to E17, C15to D15, C11to D11, D4 to D5

e A pair of Vssand Vcc for the on-chip oscillator
K20 to K17, K18 to J20
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e A pair of Vssand Vcc for the input/output power supply nearest the USB module
H3to H4

e A pair of Vssand Vcc for the A/D converter.
W19 to U20

Noteson Using a PLL Oscillator Circuit: Inthe Vcc and V'ss connection pattern for the PLL,
signal lines from the board power supply pins must be as short as possible and pattern width must
be as wide as possible to reduce inductive interference.

In clock operating mode 7, the EXTAL pin is pulled up and the XTAL pinisleft open.

Since the analog power supply pins of the PLL are sensitive to the noise, the system may
malfunction due to inductive interference at the other power supply pins. To prevent such
malfunction, the analog power supply pin Vcc and digital power supply pin VccQ should not
supply the same resources on the board if at all possible.

Signal lines prohibited

Vee(PLL2) T
J_ ] Power supply
T E Vee
Vss(PLL2) T
Vee(PLL1) J_ :
1 Vss
Vss(PLL1) T .

Figure4.3 Noteon UsingaPLL Oscillator Circuit
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Section5 Watchdog Timer (WDT)

This LSl includes the watchdog timer (WDT), which enables reset the LS| on overflow of the
counter when the value of the counter has not been updated because of a system malfunction.

The WDT isasingle channel timer that counts up the clock-settling period when the system leaves
standby mode or the temporary periods on standby that occur when the clock frequency is
changed. It can also be used as a watchdog timer or interval timer.

51 Features
The WDT has the following features:

e Can beused to ensure the clock settling time: The WDT is used in leaving standby mode or the
temporary periods on standby that occur when the clock frequency is changed.

e Can switch between watchdog timer mode and interval timer mode.

e Generatesinternal resetsin watchdog timer mode: Internal resets occur after counter overflow.
Power-on reset or manual reset can be selected as areset.

e Interrupt generation in interval timer mode
Aninterval timer interrupt is generated when the counter overflows.
e Choice of eight counter input clocks
Eight clocks (x1 to x1/4096) that are obtained by dividing the peripheral clock can be selected.
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Figure 5.1 shows a block diagram of the WDT.

WDT
Standby Standby Standby
cancellation control |+~ mode
L Peripheral
t clock

Internal Reset Divider
reset

request control
a Clock selection

t Clock selector
Overflow

Interrupt Interrupt
request control <—| Clock
WTCSR WTCNT
1

Bus interface

Y

[Legend]
WTCSR:Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure5.1 Block Diagram of theWDT

5.2 Register Descriptions

The WDT has the following two registers. See section 24, List of Registers, for the addresses and
access sizes of these registers.

e Watchdog timer counter (WTCNT)
e Watchdog timer control/status register (WTCSR)

521 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) is an 8-bit readable/writable register that is incremented by
cycles of the selected clock signal. When an overflow occurs, it generates areset in watchdog
timer mode and an interrupt in interval timer mode. The WTCNT counter is initialized to H'00
only by a power-on reset caused by the RESETP pin. Use aword access to write to the WTCNT
counter, writing H'5A in the upper byte. Use a byte access to read the WTCNT.

Notee The WTCNT differs from other registersin the prevention of erroneous writes.
See section 5.2.3, Notes on Register Access, for details.
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522 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-hit readabl e/writable register
composed of bits to select the clock used for the count, overflow flags, and timer enable bit. The
WTCSR register holdsitsvaluein an internal reset due to WDT overflow. The WTCSR register is
initialized to H'00 only by a power-on reset caused by the RESETP pin.

When used to count the clock settling time for canceling a standby, it retains its value after counter
overflow. Use aword access to write to the WTCSR counter, writing H'A5 in the upper byte. Use
abyte access to read the WTCSR.

Note: The WTCNT differsfrom other registersin the prevention of erroneous writes.
See section 5.2.3, Notes on Register Access, for details.

Initial
Bit Bit Name Value R/W Description
7 TME 0 R/W Timer Enable

Starts and stops timer operation. Clear this bit to 0
when using the WDT in standby mode or when
changing the clock frequency.

0: Timer disabled: Count-up stops and WTCNT value
is retained

1: Timer enabled
6 WTAT 0 R/W  Timer Mode Select

Selects whether to use the WDT as a watchdog timer
or an interval timer.

0: Use as interval timer
1: Use as watchdog timer

Note: If WT/IT is modified when the WDT is running,
the up-count may not be performed correctly.

5 RSTS 0 R/W Reset Select

Selects the type of reset when the WTCNT overflows
in watchdog timer mode. In interval timer mode, this
setting is ignored.

0: Power-on reset
1: Manual reset
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Initial
Bit Bit Name  Value R/W Description
4 WOVF 0 R/W Watchdog Timer Overflow
Indicates that the WTCNT has overflowed in
watchdog timer mode. This bit is not set in interval
timer mode.
0: No overflow
1: WTCNT has overflowed in watchdog timer mode
3 IOVF 0 R/W Interval Timer Overflow
Indicates that the WTCNT has overflowed in interval
timer mode. This bit is not set in watchdog timer
mode.
0: No overflow
1: WTCNT has overflowed in interval timer mode
2 CKS2 0 R/W Clock Select
CKSH1 0 R/W These bits select the clock to be used for the WTCNT
0 CKSO 0 R/W count from the eight types obtainable by dividing the

peripheral clock (P¢). The overflow period that is
shown inside the parenthesis in the table is the value
when the peripheral clock (P9) is 15 MHz.

Bits 2to 0 Clock Ratio Overflow Cycle

000: 1 17 us
001: 1/4 68 us
010: 1/16 273 us
011: 1/32 546 us
100: 1/64 1.09 ms
101: 1/256 4.36 ms
110: 1/1024 17.48 ms
111: 1/4096 69.91 ms

Note: If bits CKS2 to CKSO0 are modified when the
WODT is running, the up-count may not be
performed correctly. Ensure that these bits are
modified only when the WDT is not running.

In addition, the timing of the first overflow
includes deviation. See section 5.4,
Precautions to Take when Using the WDT.
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523 Noteson Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (WTCSR) are
more difficult to write to than other registers. The procedures for reading or writing to these
registers are given below.

Writingto WTCNT and WTCSR: These registers must be written by aword transfer
instruction. They cannot be written by a byte or longword transfer instruction. When writing to
WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data, as shown in
figure 5.2. When writing to WTCSR, set the upper byte to H'A5 and transfer the lower byte asthe
write data. Thistransfer procedure writes the lower byte datato WTCNT or WTCSR.

WTCNT write
15 8 7 0
Address: H'A415FF84 H'5A Write data
WTCSR write
15 8 7 0
Address: H'A415FF86 | HAS | Write data

Figure5.2 Writingto WTCNT and WTCSR
5.3 Use of the WDT

531 Canceling Standbys

The WDT can be used to cancel standby mode with an interrupt such as an NMI interrupt. The
procedure is described below. (The WDT does not operate when resets are used for canceling, so
keep the RESETP or RESETM pin low until the clock stabilizes.)

1. Beforetransitioning to standby mode, always clear the TME bit in WTCSR to 0. When the
TME bitis 1, an erroneous reset or interval timer interrupt may be generated when the count
overflows.

2. Set the type of count clock used in the CKS2 to CKSO0 bitsin WTCSR and the initial values for
the counter in the WTCNT. These values should ensure that the time till count overflow is
longer than the clock oscillation settling time.

3. Theexecution of a SLEEP instruction after the STBY bit of the standby control register
(STBCR: see section 6, Power-Down Modes) puts the system in standby mode and clock
operation then stops.

4. The WDT starts counting by detecting the edge change of the NMI signal.
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When the WDT count overflows, the CPG starts supplying the clock and the processor
resumes operation. The WOVF flag in WTCSR is not set when this happens.

Sincethe WDT continues counting from H'00, set the STBY bit in the STBCR register to O in
the interrupt processing program and this will stop the WDT. When the STBY bit remains 1,
the LSI again enters the standby mode when the WDT has counted up to H'80. This standby
mode can be canceled by power-on resets.

532 Changing the Frequency

To change the frequency used by the PLL, use the WDT. When changing the frequency only by
switching the divider, do not use the WDT.

1.

Before changing the frequency, always clear the TME bit in WTCSR to 0. When the TME hit
is 1, an erroneous reset or interval timer interrupt may be generated when the count overflows.

Set the type of count clock used in the CKS2 to CKS0 bits of WTCSR and the initial values for
the counter in the WTCNT counter. These vaues should ensure that the time till count
overflow islonger than the clock oscillation settling time.

When the frequency control register (FRQCR) is written, the processor stops temporarily. The
WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the processor
resumes operation. The WOVF in WTCSR is not set when this happens.

The counter stops at the values H'00.

Before changing the WTCNT after the execution of the frequency change instruction, always
confirm that the value of the WTCNT is H'00 by reading the WTCNT.

533 Using Watchdog Timer Mode

Set the WT/IT bit in the WTCSR to 1, set the reset type in the RSTS bit, set the type of count
clock in the CKS2 to CK S0 bits, and set theinitial value of the counter in the WTCNT.

Set the TME bit in WTCSR to 1 to start the count in watchdog timer mode.

While operating in watchdog timer mode, rewrite the counter periodically to H'00 to prevent
the counter from overflowing.

When the counter overflows, the WDT setsthe WOVF flagin WTCSR to 1 and generates the
type of reset specified by the RSTS bit. The counter then resumes counting.
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534 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every overflow of
the counter. This enables interrupts to be generated at set periods.

1.

Clear the WT/IT bit in the WTCSR to 0, set the type of count clock in the CKS2 to CK SO bits,
and set the initial value of the counter in the WTCNT.

Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

When the counter overflows, the WDT setsthe IOVF in WTCSR to 1 and an interval timer
interrupt request is sent to INTC. The counter then resumes counting.

54 Precautionsto Takewhen Using the WDT

Pay attention to the following points when using the WDT in either the interval timer or watchdog
timer mode.

1

Timer tolerance

After timer operation has started, the period from the power-on reset point to the first count up
timing of the WTCNT varies depending on the time period that is set by the TME bit of the
WTCSR register. The shortest such time period is thus one cycle of the peripheral clock, po,
while the longest is the result of frequency division according to the valuein CKS2 to CKS0.
The timing of subsequent incrementation isin accord with the selected frequency divisor. This
time difference isreferred to as timer variation. This also applies to the timing of the first
incrementation after the WTCNT register has been written to during timer operation.

Do not set WTCNT to H'FF

When the value in WTCNT reaches H'FF, the WDT assumes that an overflow has occurred.
Accordingly, when H'FF is placed in WTCNT, an interval timer interrupt or WDT reset will
occur immediately, regardless of the current clock selection by bits CKS2 to CKSO.

Rev. 4.00 Sep. 14,2005 Page 161 of 982
RENESAS REJ09B0023-0400



Section 5 Watchdog Timer (WDT)

Rev. 4.00 Sep. 14,2005 Page 162 of 982
REJ09B0023-0400 RENESAS



Section 6 Power-Down Modes

Section 6 Power-Down Modes

In the low power-consumption modes, operation of some of the internal peripheral modules and of
the CPU stops. This leads to reduced power consumption. These modes are canceled by areset or
interrupt.

6.1 Features

6.1.1 Power-Down Modes
This LSl has the following power-down modes and function:

1. Sleep mode
2. Standby mode
3. Module standby function

Table 6.1 shows the transition conditions for entering the modes from the program execution state,
aswell asthe CPU and peripheral module states in each mode and the procedures for canceling
each mode.
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Table6.1 Statesof Power-Down Modes

State*
On-Chip
CPU On-Chip Peripheral External Canceling
Mode Transition Conditions CPG CPU Register Memory Modules Memory Procedure
Sleep mode Execute SLEEP Runs Halts Held Halts The UBC stops. Refreshed 1. Interrupt
instruction with STBY bit (The contents Other modules  automati-cally 2 Reset
cleared to 0 in STBCR are retained.) continue to run.
Standby mode  Execute SLEEP Halts Halts Held Halts Halt Self-refreshed 1. Interrupt
instruction with STBY bit (The contents
2. Reset
setto 1in STBCR are retained.)
Module standby Set the MSTP bits in Runs Runs Held The specified Specified Refreshed 1. Clear MSTP bit to
function STBCR, STBCR2, module stops module halts automati-cally 0. (with the
STBCR3, and STBCR4 (the contents are exception of the
to 1 (with the exception retained). MSTP bits for the
of the MSTP bits for the USB module; set
USB module; clear these these bits).

bits). 2. Power-on reset

Note: * The pin state is retained or set to high impedance. For details, see Appendix A, Pin
States.

6.1.2 Reset

A reset is used at power-on or to re-execute from theinitial state. This LS| supports two types of
reset: power-on reset and manual reset. In power-on reset, any processing to be currently executed
isterminated and any events not executed are canceled to execute reset processing immediately. In
manual reset, processing required to maintain external memory contents is continued. The
following shows the conditions in which power-on reset or manual reset occurs.

e Power-on reset
1. A low level signal isinput to the RESETP pin.
2. The WDT counter overflows if WDT starts counting while the WT/IT and RSTS bits of the
WTCSR are set to 1 and cleared to O, respectively.
3. AnH-UDI reset occurs. (For details on H-UDI reset, refer to section 15, User Debugging
Interface (H-UDI).)
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e Manual-on reset
1. Alow signal isinput to the RESETM pin.
2. The WDT counter overflows if WDT starts counting while the WT/IT and RSTS bits of the
WTCSR are set to 1.

6.1.3 Input/Output Pins
Table 6.2 lists the pins used for the power-down modes.

Table6.2 Pin Configuration

Pin Name Symbol 110 Description
Processing state 1 STATUS1 Output Indicates the operational state of this LSI.
Processing state 0  STATUSO HH: Manual reset

HL: Sleep mode
LH: Standby mode
LL: Normal operation

Power-on reset RESETP Input Inputting low level signal to this pin cause a transition
to power-on reset processing.
Manual reset RESETM  Input  Inputting low level signal to this pin cause a transition

to manual reset processing.

Note: H and L indicate high and low levels, respectively. STATUS1 and STATUSO indicate the pin
status in this order. To use this pin as the STATUS pin, a PFC setting is required. For
details on this, see section 22, Pin Function Controller (PFC).
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6.2

Register Descriptions

The following registers are used in the low power-consumption modes. For the addresses and
access sizes of these registers, see section 24, List of Registers.

6.2.

Standby control register (STBCR)

Standby control register 2 (STBCR2)
Standby control register 3 (STBCR3)
Standby control register 4 (STBCR4)

1 Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit readable/writable register that specifies the state
of the power-down mode. This register isinitialized (to H'00) by a power-on reset but retains its
previous value after amanual reset or aperiod in the standby mode. Only byte accessisvalid.

Initial
Bit Bit Name  Value R/W Description
7 STBY 0 R/W Software Standby
Specifies transition to software standby mode.
0: Executing SLEEP instruction puts chip into sleep
mode.
1: Executing SLEEP instruction puts chip into
software standby mode.
6100 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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6.2.2 Standby Control Register 2 (STBCR2)

The standby control register 2 (STBCR?2) is areadable/writable 8-hit register that controls the
operation of modules in the power-down mode. STBCR2 isinitialized (to H'00) by a power-on
reset but retains its previous value after amanual reset or a period in the standby mode. Only byte

accessisvalid.

Initial
Bit Bit Name Value R/W

Description

7 MSTP10 0 R/wW

Module Stop 10

When the MSTP10 bit is set to 1, the supply of the
clock to the H-UDI is halted.

0: H-UDI runs.
1: Clock supply to H-UDI halted.

6 MSTP9 0 R/W

Module Stop 9

When the MSTP9 bit is set to 1, the supply of the
clock to the UBC is halted.

0: UBC runs.
1: Clock supply to UBC halted.

5 MSTP8 0 R/W

Module Stop 8

When the MSTP8 bit is set to 1, the supply of the
clock to the DMAC is halted.

0: DMAC runs.
1: Clock supply to DMAC halted.

4 MSTP7 0 R/W

Module Stop 7

When the MSTP?7 bit is set to 1, the supply of the
clock to the DSP is halted.

0: DSP runs.
1: Clock supply to DSP halted.

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name  Value R/W Description
2 MSTP5 0 R/W Module Stop 5

When the MSTPS5 bit is set to 1, the supply of the
clock to the cache memory is halted.

0: The cache memory runs.
1: Clock supply to the cache memory halted.

1 MSTP4 0 R/W Module Stop 4

When the MSTP4 bit is set to 1, the supply of the
clock to the U memory is halted.

0: The U memory runs.
1: Clock supply to the U memory halted.

0 MSTP3 0 R/W Module Stop 3

When the MSTP3 bit is set to 1, the supply of the
clock to the X/Y memory is halted.

0: The X/Y memory runs.
1: Clock supply to the X/Y memory halted.

6.2.3 Standby Control Register 3 (STBCR3)

STBCRS is areadable/writable 8-bit register used to select whether or not individual modules
operate in power-down mode. STBCR3 isinitialized (to H'00) by a power-on reset, but retains its
previous value after amanual reset or aperiod in the standby mode. Only byte accessisvalid.

Initial
Bit Bit Name  Value R/W Description
7 HIZ 0 R/W Port High Impedance

This bit selects whether the state of a specified pin is
retained or the pin is placed in the high-impedance
state. See Appendix A, Pin States to determine the
pin to which this control is applied.

Do not set this bit when the TME bit of WTSCR of the
WDT is 1. When setting the output pin to the high-
impedance state, set the HIZ bit with the TME bit
being 0.

0: The pin state is held in standby mode.

1: The pin state is set to the high-impedance state in
standby mode.
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Bit

Bit Name

Initial
Value

R/W

Description

0

R/W

Reserved

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

MSTP35

RW

Module Stop 35

When the MSTP35 bit is set to 1, supply of the clock
to the CMTO stops.

0: The CMTO runs.
1: Supply of the clock to the GMTO stops.

Reserved

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

MSTP33

RW

Module Stop 33

When the MSTP33 bit is set to 1, supply of the clock
to the ADC stops.

0: The ADC runs.
1: Supply of the clock to the ADC stops.

MSTP32

R/W

Module Stop 32

When the MSTP32 bit is set to 1, supply of the clock
to the SCIF2 stops.

0: The SCIF2 runs.
1: Supply of the clock to the SCIF2 stops.

MSTP31

R/W

Module Stop 31

When the MSTP31 bit is set to 1, supply of the clock
to the SCIF1 stops.

0: The SCIF1 runs.
1: Supply of the clock to the SCIF1 stops.

MSTP30

R/W

Module Stop 30

When the MSTP30 bit is set to 1, supply of the clock
to the SCIFO stops.

0: The SCIFO runs.
1: Supply of the clock to the SCIFO stops.

RENESAS
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6.24 Standby Control Register 4 (STBCR4)

STBCR4 is areadable/writable 8-bit register used to select whether or not individual modules
operate in power-down mode. STBCR4 isinitialized (to H'00) by a power-on reset, but retains its
previous value after amanual reset or aperiod in the standby mode. Only byte accessis valid.

Bit Bit Name

Initial
Value

R/W

Description

7 J—

0

R

Reserved

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

6 MSTP46

R/W

Module Stop 46
0: The USB module stops.
1: Supply of the clock to the USB is started.

5 MSTP45

R/W

Module Stop 45

When the MSTP45 bit is set to 1, supply of the clock
to the MTU stops.

0: The MTU runs.
1: Supply of the clock to the MTU stops.

4 MSTP44

R/W

Module Stop 44

When the MSTP44 bit is set to 1, supply of the clock
to the POE stops.

0: The POE runs.
1: Supply of the clock to the POE stops.

3 MSTP43

R/W

Module Stop 43

When the MSTP43 bit is set to 1, supply of the clock
to the CMT1 stops.

0: The CMT1 runs.
1: Supply of the clock to the CMT1 stops.

2 MSTP42

R/W

Module Stop 42

When the MSTP42 bit is set to 1, supply of the clock
to the IIC2 stops.

0: The lIC2 runs.
1: Supply of the clock to the 1IC2 stops.

1,0 —

AllO

R

Reserved

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

6.3.1 Sleep Mode

1. Transitionto 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 modules continue to run in sleep mode, but the on-chip memory is not accessible. If
the on-chip memory is accessed by, for example, the DMAC, the accessis ignored and the
value read is not defined. Clock pulses continue to be output on the CKI10 and CKI1O2 pins. In
sleep mode, ahigh signal and low signal are output from the STATUS1 and STATUSO pins,
respectively.

2. Canceling Sleep Mode
Sleep mode is canceled by an interrupt (NMI, IRQ, and on-chip peripheral module) 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.

e Canceling with an Interrupt

When an NMI, IRQ, or on-chip peripheral module interrupt occurs, sleep mode is canceled and
interrupt exception handling is executed. A code indicating the interrupt sourceis set in the
INTEVT2 registers.

e Canceling with a Reset
Sleep mode is canceled by a power-on reset or a manual reset.
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6.3.2 Standby Mode

1. Transition to Standby Mode
The LSl switches from a program execution state to a standby mode by executing the SLEEP
instruction when the STBY bitis 1 in STBCR register. In standby mode, not only the CPU but
also the clock and on-chip peripheral modules halt. The clock outputs from the CK10 and
CKI10O2 pins also halt.
The contents of the CPU and cache registers remain unchanged. Some registers of on-chip
peripheral modules are, however, initialized. Table 6.3 lists the states of on-chip peripheral
modules registers in standby mode.

Table6.3 Register Statesin Standby Mode

Module Registers Initialized Registers Retaining Data
Interrupt controller (INTC) — All registers
On-chip clock pulse generator (CPG) — All registers
User break controller (UBC) — All registers
Bus state controller (BSC) — All registers
A/D converter (ADC) All registers —

1/0 port — All registers
H-UDI — All registers
SCIF — All registers
uSB ~ All registers
MTU All registers —

POE — All registers
DMAC — All registers
CMT — All registers
lIc2 — All registers

The procedure for switching to standby mode is as follows:

A. Clear the TME bit in the WDT's timer control register (WTCSR) to 0 to stop the WDT.

B. Setthe WDT'stimer counter (WTCNT) to 0 and the CKS2 to CKSO0 bitsin the WTCSR
register to appropriate values to secure the specified oscillation settling time.

C. After the STBY bit inthe STBCR register is set to 1, a SLEEP instruction is executed.

D. Standby mode is entered and the clocks within the chip are halted. The STATUSL and
STATUSO pins output low and high, respectively.
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2. Canceling Standby Mode

Standby mode is canceled by interrupts (NMI, IRQ) or areset.
Canceling with an Interrupt

The on-chip WDT can be used for hot starts. When an interrupt request is detected at the rising
or falling edge of NMI or IRQ, 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
STATUSL and STATUSO pins go low. Interrupt handling then begins and a code indicating
the interrupt sourceis set in the INTEV T2 registers. After the branch to the interrupt handling
routine, clear the STBY hit in the STBCR register. WDT stops automatically. If the STBY bit
isnot cleared, WDT continues operation and a transition is made to standby mode* when the
WTCNT reaches H'80. A manual reset will not be accepted while the STBY bit is set.
Interrupts are accepted in standby 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.

Immediately after an interrupt is detected and until the system istaken out of standby mode,
the phase of the clock outputs from the CK10 and CKI0O2 pins may be unstable.

Notes: * This standby mode can be canceled only by a power-on reset.

Interrupt WDT overflow and branch to
request interrupt handling routine
4
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 ¢ halts automatically.

A « «

o Sl s T

HBO | == mmmm oo e o oo T s

> Time

Figure6.1 Canceling Standby Mode with STBCR.STBY

Canceling with a Reset

Standby mode is canceled by areset using the RESETP or RESETM pin. Keep the RESETP or
RESETM pin low until the clock oscillation settles. Theinternal clock will continue to be
output to the CKI1O pin.
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6.3.3 Module Standby Function

1. Transition to Module Standby Function

Setting the standby control register MSTP hitsto 1 halts the supply of clocksto the
corresponding on-chip peripheral modules (however, theinitia state of the USB stops). This
function can be used to reduce the power consumption in normal mode and slegp mode.

Disable a module before placing it in the module standby mode. In addition, do not access the
modul€e's registers whileit isin the module-standby state.

In module standby state, the functions of the external pins of the on-chip peripheral modules
change depending on the on-chip peripheral module. For details on this, see Appendix A, Pin
States. The states of the registers are the same as in the standby mode. See table 6.3.

2. Canceling Module Standby Function

The module standby function except USB can be canceled by clearing the MSTP bitsto O, or
by a power-on reset. In the case of the USB module, setting the corresponding MSTP bit to 1
cancels the modul e standby state. When taking a module out of the module standby state by
clearing the corresponding bit to O (or setting it to 1 in the case of the USB module), read the
bit to confirm that it has been cleared to O (or set to 1 in the USB case).

6.34 STATUS Pin Change Timings

To use these pins asthe STATUSL and STATUSO pins, the corresponding setting must be made in
the PFC. For details on setting of the PFC, see section 22, Pin Function Controller (PFC). A
power-on reset initializes the PFC setting; the default value selects operation as PTC15 and

PTC14 port-input pins. Accordingly, when you wish to use these pins for the STATUS function
immediately after a power-on reset, take the following steps. This also applies to power-on resets
from the WDT and resets from the H-UDI.

1. Pull upthe STATUSL and STATUSO pins.

2. Change the PFC setting made by power-on reset processing so that the STATUS function is
selected for these pins.

Both STATUSI1 and STATUSO become high during a power-on reset and are low on completion
of power-on reset processing. The state of the LSl isthusindicated. The timing of the level
changes of the STATUS1 and STATUSO pinsis shown below.

Rev. 4.00 Sep. 14,2005 Page 174 of 982
REJ09B0023-0400 RENESAS



Section 6 Power-Down Modes

1. Manual Reset

RESETM | |

X

STATUS normal*® reset*? normal*®

—
0 Bcyc to*1.+4 0 to 30 Beyc*4
Notes 1. In manual reset, STATUS = HH (reset) after the current bus cycle is completed
and then internal reset is initiated.
. reset: HH (STATUS1 = High, STATUSO = High)
3. normal: LL (STATUS1 = Low, STATUSO = Low)
4. Beyc: Bus clock cycle

\S)

Figure6.2 STATUSOutput at Manual Reset

2. Standby Mode
A Standby mode is canceled by an interrupt

Oscillation stops Interrupt request WDT overflow

WDT count

STATUS normal*2 >< standby*1

Notes: 1. standby : LH (STATUS1 = Low, STATUSO = High)
2. normal : LL (STATUST = Low, STATUSO = Low)

normal*2

Figure6.3 STATUSOutput when Standby Modeis Canceled by an Interrupt
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B Standby modeis canceled by a manual reset

Oscillation stops Reset

owo LU U LS LS L

RESETM *1 é I I

reset*2 normal*4

STATUS normal *4 X standby*3

Notes: 1. |f a standby mode is canceled by a manual reset, the WDT stops counting.
RESETM must be kept low for the PLL oscillation stabilization time.

reset : HH (STATUS1 = High, STATUSO = High)

standby : LH (STATUS1 = Low, STATUSO = High)

normal : LL (STATUS1 = Low, STATUSO = Low)

Bceyc : Bus clock cycle

0 to 20 Beyc *5

arowN

Figure6.4 STATUS Output When Softwar e Standby Mode is Canceled by a Manual Reset

3. Sleep Mode
A Sleep modeis canceled by an interrupt

Interrupt request

STATUS normal *2 >< sleep *1 E D( normal *2

Notes: 1. sleep : HL (STATUS1 = High, STATUSO = Low)
2. normal: LL (STATUS1 = Low, STATUSO = Low)

Figure6.5 STATUS Output when Sleep Mode is Canceled by an Interrupt
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B Sleep standby mode is canceled by a manual reset

Reset
RESETM *1 : i : i ;
STATUS normal*#4 E>< Esleep*3 EX E reset*2 X normal*4
I : 0 to 80 Beyc*® o C 0 to 30 Beyc*5 o
Notes: RESETM must be kept low until STATUS = reset.

1.

2. reset:HH (STATUS1 = High, STATUSO = High)
3. sleep:HL(STSTUS1= High, STATUSO= Low)
4. normal:LL (STATUS1 = Low, STATUSO = Low)
5. Bcyc:Bus clock cycle

Figure6.6 STATUS Output When Sleep Modeis Canceled by a Manual Reset
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Section 7 Cache

7.1 Features
The cache specifications arelisted in table 7.1.

Table7.1 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: Write-back/write-through selectable
Replacement method Least-recently-used (LRU) algorithm

In this LSI, the address space is partitioned into five subdivisions, and the cache access method is
determined by the address. Table 7.2 shows the kind of cache access available in each address
space subdivision.

Table7.2 Address Space Subdivisions and Cache Operation

Address Bits Address Space

A31to 29 Subdivision Cache Operation

Oxx PO Write-back/write-through selectable
100 P1 Write-back/write-through selectable
101 P2 Non-cacheable

110 P3 Write-back/write-through selectable
111 P4 I/0 area, non-cacheable

Note that area P4 is an |/O area, to which the addresses of on-chip registers, etc., are allocated.

To ensure data consistency, the cache stores 32-bit addresses with the upper 3 bits masked to 0.
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711 Cache Structure

The cache mixes data and instructions and uses a 4-way set associative system. It is composed of
four ways (banks), each of which is divided into an address section and a data section. Each of the
address and data sections is divided into 256 entries. The data section of the entry iscalled aline.
Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 4 kbytes (16 bytes x 256
entries), with atotal of 16 kbytes in the cache as awhole (4 ways). Figure 7.1 shows the cache
structure.

Address array (ways 0 to 3) Data array (ways 0 to 3) LRU
1 1
1 1
1 1
Entry 0| v | U | Tag address 0 Lwo LWi1 Lw2 LW3 0
Entry 1 1 1
Entry 255 | T 255 | 255
24 (1 + 1 + 22) bits 128 (32  4) bits 6 bits
- -

LWO to LW3: Longword data 0 to 3

Figure7.1 Cache Structure

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

Inthis LSI, the top three of 32 physical address bits are used as shadow bits (see section 12, Bus
State Controller (BSC)), and therefore the top three bits of the tag address are cleared to 0.

TheV and U bits are initialized to 0 by a power-on reset and retain the previous value by a manual
reset, standby mode, module standby mode, and sleep mode. The tag addressis not initialized by a
power-on or manual reset, standby mode, module standby mode, and sleep mode.

Rev. 4.00 Sep. 14,2005 Page 180 of 982
REJ09B0023-0400 RENESAS




Section 7 Cache

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, standby mode, module
standby mode, and sleep mode.

L RU: With the 4-way set associative system, up to four instructions or data with the same entry
address (address bits 11 to 4) can be registered in the cache. When an entry isregistered, LRU
shows which of the four ways it isrecorded in. There are six LRU bits, controlled by hardware. A
least-recently-used (LRU) algorithm is used to select the way that has been least recently accessed.

Six LRU bits indicate the way to be replaced in case of a cache miss.

The relationship between LRU and way replacement is shown is table 7.3 when the cache lock
function is not used 1 concerning the case where the cache lock function is used, see section 7.2.2,
Cache Control Register 2 (CCR2). If abit pattern other than those listed in table 7.3 is set in the
LRU bits by software, the cache will not function correctly. When modifying the LRU bits by
software, set one of the patterns listed in table 7.3.

The LRU bits areinitialized to 000000 by a power-on reset and retaining the previous value by a
manual reset, standby mode, module standby mode, and sleep mode.

Table7.3 LRU and Way Replacement

LRU (Bits 5to 0) Way to be Replaced
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 111111 0
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7.2 Register Descriptions
The cache has the following registers.

e Cache control register 1 (CCRL1)
e Cache control register 2 (CCR2)

721 Cache Control Register 1 (CCR1)

The cacheis enabled or disabled using the CE bit in CCR1. CCR1 also has the CF bit (which
invalidates al cache entries), and the WT and WB bits (which select either write-through mode or
write-back mode). Programs that change the contents of CCR1 should be placed in an address
space that is not cached. When updating the contents of CCR1, bits 31 to 4 must always be cleared
to 0.

CCR1isinitiaized to H'00000000 by a power-on or manual reset and retain the previous value by
standby mode, module standby mode, and sleep mode.

Initial
Bit Bit Name Value R/W  Description
31to4 — AllO R Reserved

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

3 CF 0 R/W Cache Flush

Writing 1 flushes all cache entries (clears the V, U,
and LRU bits of all cache entries to 0). Always reads
0. Write-back to external memory is not performed
when the cache is flushed.

2 WB 0 R/W  Write Back

Switches write-back/write-through the cache's
operating mode for area P1.

0: Write-through mode
1: Write-back mode

1 WT 0 R/W  Write Through

Indicates the cache's operating mode for areas PO and
P3.

0: Write-back mode
1: Write-through mode
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Initial
Bit Bit Name Value R/W  Description
0 CE 0 R/W  Cache Enable

Indicates whether the cache function is used.
0: Cache not used
1: Cache used

7.2.2 Cache Control Register 2 (CCR2)

CCR2 is used to enable or disable the cache locking function and is valid in cache locking mode
only. In cache locking mode, the DSP bit (bit 12) in the status register (SR) of the CPU isset to 1.
Alternatively, the lock enable bit (bit 16) in CCR2 is set to 1. In the non-cache-locking mode, the
cache locking functionisinvalid.

When a cache miss occurs in cache locking mode by executing the prefetch instruction (PREF
@Rn), the line of data pointed to by Rn isloaded into the cache according to bits 9 and 8 (the
W3LOAD and W3LOCK bits) and bits 1 and 0 (the W2LOAD and W2LOCK hits) in CCR2. The
relationship between the setting of each bit and away, to be replaced when the prefetch instruction
is executed, are listed in table 7.4. On the other hand, when the prefetch instruction is executed
and a cache hit occurs, new datais not fetched and the entry which is already enabled is held. For
example, when the prefetch instruction is executed with W3LOAD =1 and W3LOCK =1
specified in cache locking mode while one-line data already exists in way 0 which is specified by
Rn, a cache hit occurs and datais not fetched to way 3.

In the cache access other than the prefetch instruction in cache locking mode, ways to be replaced
by bits W3LOCK and W2LOCK are restricted. The relationship between the setting of each bit in
CCR2 and ways to be replaced are listed in table 7.5.

The program that change the contents of CCR2 should be placed in an address space that is not
cached.

CCR2 isinitiaized to H'00000000 by a power-on or manual reset and retain the previous value by
standby mode, module standby mode, and sleep mode.
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Bit Bit Name

Initial
value

R/W

Description

31to17 —

AllO

Reserved

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

16 LE

R/W

Lock Enable
This bit enables or disables the cache locking function.
0: Cache locking mode is entered when SR.DSP=1

1: Cache locking mode is entered regardless of the
value of SR.DSP

15010 —

AllO

Reserved

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

W3LOAD
W3LOCK

R/W
R/W

Way 3 Load
Way 3 Lock

When a cache miss occurs by the prefetch instruction
while W3LOAD = 1 and W3LOCK = 1 in cache locking
mode, the data is always loaded into way 3. Under any
other condition, the prefetched data is loaded into the
way to which LRU points.

7t02 —

AllO

Reserved

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

W2LOAD
0 W2LOCK

R/W
R/W

Way 2 Load
Way 2 Lock

When a cache miss occurs by the prefetch instruction
while W2LOAD = 1 and W2LOCK in cache locking
mode, the data is always loaded into way 2. Under any
other condition, the prefetched data is loaded into the
way to which LRU points.

Note: The W2LOAD and W3LOAD bits should not be set to 1 at the same time.
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Table7.4 Way to be Replaced when a Cache Miss Occursin PREF Instruction

Cache

Locking

Mode Bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be Replaced

0 * * * * Decided by LRU (table 7.3)
1 * 0 * 0 Decided by LRU (table 7.3)
1 * 0 0 1 Decided by LRU (table 7.6)
1 0 1 * 0 Decided by LRU (table 7.7)
1 0 1 0 1 Decided by LRU (table 7.8)
1 0 * 1 1 Way 2

1 1 1 0 * Way 3

[Legend]

* Don't care

Note: The W2LOAD and W3LOAD bits should not be set to 1 at the same time.

Table7.5 Way tobeReplaced when a Cache Miss Occursin Other than PREF Instruction

Cache

Locking

Mode Bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be Replaced

0 * * * * Decided by LRU (table 7.3)
1 * 0 * 0 Decided by LRU (table 7.3)
1 * 0 * 1 Decided by LRU (table 7.6)
1 * 1 * 0 Decided by LRU (table 7.7)
1 * 1 * 1 Decided by LRU (table 7.8)
[Legend]

* Don't care

Note: The W2LOAD and W3LOAD bits should not be set to 1 at the same time.

Table7.6 LRU and Way Replacement (when W2L OCK =1 and W3L OCK=0)

LRU (Bits 5to 0) Way to be Replaced
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0
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Table7.7 LRU and Way Replacement (when W2L OCK =0 and W3LOCK=1)

LRU (Bits 5to 0) Way to be Replaced
000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2
000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1
110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0

Table7.8 LRU and Way Replacement (when W2LOCK =1 and W3LOCK=1)

LRU (Bits 5to 0) Way to be Replaced
000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1

010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0

111011, 111100, 111110, 111111

7.3 Cache Operation

731 Sear ching Cache

If the cache is enabled (CE bit in CCR register is 1), whenever instructions or data in spaces of PO,
P1, and P3 are accessed the cache will be searched to see if the desired instruction or dataisin the
cache. Figure 7.2 illustrates the method by which the cacheis searched. The cache is aphysical
cache of which tag address hold an address.

Entries are selected using bits 11 to 4 of the address used to access memory (virtual address) and
the tag address of that entry is read. The physical address (bits 31 to 12) after trandation and the
physical address read from the address section are compared. The address comparison uses al four
ways. When the comparison shows a match and the selected entry isvalid (V = 1), acache hit
occurs. When the comparison does not show a match or the selected entry is not valid (V =0), a
cache miss occurs. Figure 7.2 shows a hit on way 1.
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Address
31 12 11 4 3210
Entry selection | TLongword (LW) selection
Address array Data array
(ways 0 to 3) (ways 0 to 3)
I 1
1
MMU 0 | V| U|Tag address LWOo | Lw1 Lw2 | LW3
1
255 | |
Physical address I I I l
CMPO|CMP1|CMP2|CMP3 l
Hit signal (1)

[Legend]
CMPO: Comparison circuit for way 0
CMP1: Comparison circuit for way 1
CMP2: Comparison circuit for way 2
CMP3: Comparison circuit for way 3

Figure7.2 Cache Search Scheme
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7.3.2 Read Access

Read Hit: In aread access, instructions and data are transferred from the cache to the CPU. LRU
is updated so that the hit way isthe latest.

Read Miss: An external bus cycle starts and the entry is updated. The way replaced follows table
7.5. Entries are updated in 16-byte units. When the desired instruction or data that caused the miss
isloaded from external memory to the cache, the instruction or datais transferred to the CPU in
parallel with being loaded to the cache. When it isloaded in the cache, the U bit is cleared to 0 and
theV bitisset to 1. LRU is updated so that the replaced way becomes the latest. When the U bit
of the entry to be replaced by updating the entry in write-back mode is 1, the cache update cycle
starts after the entry is transferred to the write-back buffer. After the cache completes its update
cycle, the write-back buffer writes the entry back to the memory. The write-back unit is 16 bytes.

7.3.3 Prefetch Operation

Prefetch Hit: LRU is updated so that the hit way becomes the |atest. The contents in other caches
are not modified. No instructions or datais transferred to the CPU.

Prefetch Miss. No instructions or datais transferred to the CPU. The way to be replaced follows
table 7.4. Other operations are the same in case of read miss.

734 Write Access

Write Hit: In awrite access in write-back mode, the data is written to the cache and no external
memory write cycleisissued. The U bit of the entry written isset to 1 and LRU is updated so that
the hit way becomes the latest. In write-through mode, the data is written to the cache and an
external memory write cycle isissued. The U bit of the written entry is not updated and LRU is
updated so that the replaced way becomes the latest.

Write Miss: In write-back mode, an external bus cycle starts when awrite miss occurs, and the
entry is updated. The way to be replaced follows table 7.5. When the U bit of the entry to be
replaced is 1, the cache update cycle starts after the entry is transferred to the write-back buffer.
The write-back unit is 16 bytes. Datais written to the cache and the U bitissetto 1. V bitisset to
1. LRU is updated so that the replaced way becomes the latest. After the cache completesits
update cycle, the write-back buffer writes the entry back to the memory. In write-through mode,
no write to cache occurs in awrite miss; the writeis only to the external memory.
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7.35 Write-Back Buffer

When the U hit of the entry to be replaced in the write-back modeis 1, it must be written back to
the external memory. To increase performance, the entry to be replaced isfirst transferred to the
write-back buffer and fetching of new entries to the cache takes priority over writing back to the
externa memory. After the cache completes to fetch the new entry, the write-back buffer writes
the entry back to external memory. During the write-back cycles, the cache can be accessed. The
write-back buffer can hold one line of cache data (16 bytes) and its physical address. Figure 7.3
shows the configuration of the write-back buffer.

PA (31 to 4) Longword 0 Longword 1 Longword 2 Longword 3

PA (31 to 4): Physical address written to external memory
Longword 0 to 3: The line of cache data to be written to external memory

Figure7.3 Write-Back Buffer Configuration

7.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the external memory. When memory
shared by this LS| and another device is mapped in the address space to be cached, operate the
memory mapped cache to invalidate and write back as required.
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74 Memory-M apped Cache

To allow software management of the cache, cache contents can be read and written by means of
MOV instructions. The cache is mapped onto the P4 area. The address array is mapped onto
addresses H'FO000000 to H'FOFFFFFF, and the data array onto addresses H'F1000000 to
H'F1FFFFFF. Only longword can be used as the access size for the address array and data array,
and instruction fetches cannot be performed.

74.1 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address array, the
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 data
field specifies the address, V bit, U bit, and LRU bits to be written to the address array

(figure 7.4 (2)).

In the address field, specify the entry address selecting the entry (bits 11 to 4), W for selecting the
way (bits 13 and 12). A for specifying the existence of associates operation and H'FO to indicate
address array access (bits 31 to 24). In W (bits 13 and 12), 00 isway 0, Ol isway 1, 10 isway 2,
and 11 isway 3.

74.2 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 specified.
The address field specifies information for selecting the entry to be accessed; the datafield
specifies the longword data to be written to the data array.

Specify the entry address for selecting the entry (bits 11 to 4), L indicating the longword position
within the (16-byte) line, W for selecting the way (bits 13 and 12), and H'F1 to indicate data array
access (bits 31 to 24).

InL (bits3 and 2), 00 islongword 0, 01 islongword 1, 10 islongword 2, and 11 islongword 3. In
W (bits 13 and 12), 00 isway 0, Ol isway 1, 10 isway 2, and 11 isway 3. The access size of the
data array isfixed at longword, so specify 00 for bits 1 and O.

Following two operations are possible for the data array. Information in the address array is not
modified by this operation.
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Data Array Read: The data specified by L (bits 3 and 2) in the addressis read from the entry
address specified by the address and the entry corresponding to the way.

Data Array Write: The longword data specified by the data is written to the position specified by
L (bits 3 and 2) in the address from the entry address specified by the address and the entry

corresponding to the way.

1. Address array access
(a) Address specification

Read access

31 24 23 14 13 12 11 4 3 2 0
[ 1111 0000 [ s | w | Entry [o] o o o |
Write access
31 24 23 14 13 12 11 4 3 2 0
[ 1111 0000 | « | w Entry [A] o o o |
(b) Data specification (both read and write accesses)
3130 29 10 9 4 3 2 1
[o]o]o] Addresstag (28 to 10) LRU X x |[u] v]
2. Data array access (both read and write accesses)
(a) Address specification
31 24 23 14 13 12 11 4 3 2 1 0
[ 1111 0001 [ g s | w Entry L 0 o0
(b) Data specification
31 0

| Longword

[Legend]
*: Don't care bit
X: 0 for read, don't care for write

Figure7.4 Specifying Address and Data for Memory-Mapped Cache Access

RENESAS
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74.3 Usage Examples
Invalidating Specific Entries

Specific cache entries can be invalidated by writing O to the entry's V bit in the memory mapping
cache access. When the A bit is 1, the address tag specified by the write datais compared to the
address tag within the cache selected by the entry address, and data is written to the bitsV and U
specified by the write data when a match is found. If no match isfound, there is no operation.
When the V bit of an entry in the address array is set to 0, the entry iswritten back if the entry's U
bitis1.

An example when awrite datais specified in RO and an address is specified in R1 is shown below.

; RO=H'0110 0000; tag address=B'0000 0001 0001 0000 0000 00, U=0, V=0
; R1I=H'FO000 0088; address array access, entry=B'00001000, A=1

I

MOV.L RO, @R1
Reading the Data of a Specific Entry

The data section of a specific cache entry can be read by the memory mapping cache access. The
longword indicated in the data field of the dataarray in figure 7.4 is read into the register.

An Example when an addressis specified in RO and dataisread in R1.

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

I

MOV.L @RO,R1 ; Longword 3 is read.
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Section 8 X/Y Memory

ThisLSI has on-chip X-RAM and Y-RAM. It can be used by CPU, DSP and DMAC to store
instructions or data.

8.1 Features
The X/Y Memory features are listed in table 8.1.

Table8.1 X/Y Memory Specifications

Parameter Features

Addressing method Mapping is possible in space PO or P2

Ports 3 independent read/write ports
e 8-/16-/32-bit access by the CPU (via L bus or | bus)

¢ Maximum of two simultaneous 16-bit accesses (via X and Y buses), or
16/32-bit accesses, by the DSP (via L bus)

e 8-/16-/32-bit access by the DMAC (via | bus)
Size 8-kbyte RAM for X and Y memory each

The X memory resides in addresses H'05007000 to H'05008FFF in space PO or addresses
H'A5007000 to H'A5008FFF (8 kbytes) in space P2. The X RAM isdivided into page 0 and page
1 according to the addresses. The X memory can be accessed from the L bus, X bus, and | bus.

The Y memory resides in addresses H'05017000 to H'05018FFF in space PO or addresses
H'A5017000 to H'A5018FFF (8 kbytes) in space P2. The X RAM is divided into page 0 and page
1 according to the addresses. The Y memory can be accessed from the L bus, Y bus, and | bus.

In the event of simultaneous accesses to the same page from different buses, the priority order is: |
bus > X bus> L busin the X memory and | bus>Y bus> L busintheY memory. Since thiskind
of contention tends to lower X/Y memory accessihility, it is advisable to provide software
measures to prevent such contention as far as possible. For example, contention will not arise if
different memory or different pages are accessed by each bus.

X/Y memory is accessed by the CPU or DSP from space PO viathe | bus, a contention with the
DMAC may occur on the | bus. Since this kind of contention also tends to lower X/Y memory
accessibility, it is advisable to provide software measures to prevent such contention asfar as
possible. For example, contention on the | bus can be prevented by using space P2 when the X/Y
memory is accessed by the CPU or DSP.
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8.2 XY Memory Access from CPU

The X/Y memory can be accessed by the CPU from spaces PO and P2. Access from space PO uses
the | bus, and access from space P2 use the L bus. To use the L bus, one cycle accessis performed
unless page conflict occurs. Using the | bus takes more than one cycle access. Figure 8.1 shows
X/Y memory address mapping.

Address A[28:0] Areal, 64 Mbytes Address A[28:0] X/Y Memory Spece
H'04000000 H'05000000
I/O space
Reserved
16 Mbytes
H'05000000 H'05007000 X memory page0 4 kbytes
H'05008000 X memory pagel 4 kbytes
H'0501FFFF H'05009000
Reserved Reserved
H'055F0000 H'0500FFFF
U memory H'05010000
H'0560FFFF
H'05610000 Reserved
H'05017000 Y memory page0 4 kbytes
H'05018000 Y memorypagel 4 kbytes
Reserved H'05019000
Reserved
H'07FFFFFF H'0501FFFF

Figure8.1 X/Y Memory Address Mapping

8.3 XIY Memory Access from DSP

The X/Y memory can be accessed by the DSP from spaces PO and P2. Methods for accessing
differ according to instructions. Accesses viathe X bus/Y bus are always 16-bit, while accesses
viathe L bus are either 16-bit or 32-bit. To usethe L bus, one cycle accessis performed unless
page conflict occurs. Using the | bus takes more than one cycle access.

With X datatransfer instructionsand Y data transfer instructions, the X/Y memory is accessed via
the X busor Y bus. These accesses are always 16-hit. In the case of asingle data transfer
instruction, the X/Y memory is accessed viathe L bus. In this case the accessis either 16-bit

or 32-hit.

Accesses viathe X busand Y bus can be specified simultaneously.
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84 X/IY Memory Accessfrom DMAC

The X/Y memory can be accessed by the DMAC viathe | bus. Use the addresses
between H'05007000 and H'05008FFF or H'05017000 and H'05018FFF.

8.5 Usage Note

When accessing the X/Y memory from the CPU and DSP, if the cacheis on, access must be
performed from space P2 (non-cacheable space). Operation during access from space PO cannot be
guaranteed. When the cache is off, spaces PO and P2 can both be used. Specify the P2 areafor
parallel operation and double data transfer. (See section 3.1.9, Data Transfer Operation.)

8.6 Sleep Mode

In sleep mode, the X/Y memory is not accessed from the | bus master module such as DMAC.

8.7 AddressError

When an address error in write access to the X/Y memory occur, the contents of the X/Y memory
may be corrupted.
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Section 9 Exception Handling

Exception handling is separate from normal program processing, and is performed by aroutine
separate from the normal program. For example, if an attempt is made to execute an undefined
instruction code or an instruction protected by the CPU processing mode, a control function may
be required to return to the source program by executing the appropriate operation or to report an
abnormality and carry out end processing. In addition, afunction to control processing requested
by LSI on-chip modules or an LSI external module to the CPU may also be required.

Transferring control to a user-defined exception processing routine and executing the process to
support the above functions are called exception handling. This LS| has two types of exceptions:
general exceptions and interrupts. The user can execute the required processing by assigning
exception handling routines corresponding to the required exception processing and then return to
the source program.

A reset input can terminate the normal program execution and pass control to the reset vector after
register initialization. This reset operation can also be regarded as an exception handling. This
section describes an overview of the exception handling operation. Here, general exceptions and
interrupts are referred to as exception handling. For interrupts, this section describes only the
process executed for interrupt requests. For details on how to generate an interrupt request, refer to
section 10, Interrupt Controller (INTC).
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9.1 Register Descriptions

There are three registers for exception handling. A register with an undefined initial value should
beinitialized by the software.

o TRAPA exception register (TRA)
e Exception event register (EXPEVT)
o Interrupt event register 2 (INTEVT2)

Figure 9.1 shows the bit configuration of each register.

31 10 9 210

| 0 | TRA | 0 | TRA

31 12 11 0

| 0 | EXPEVT EXPEVT
31 12 11 0

| 0 | INTEVT2 INTEVT2

Figure9.1 Register Bit Configuration

9.1.1 TRAPA Exception Register (TRA)

TRA isassigned to address H'FFFFFFDO and consists of the 8-bit immediate data (imm) of the
TRAPA instruction. TRA is automatically specified by the hardware when the TRAPA instruction
is executed. Only bits 9 to 2 of the TRA can be re-written using the software.

Initial
Bit Bit Name Value R/W Description
31to10 — — R Reserved
These bits are always read as 0. The write value
should always be 0.
9to 2 TRA — R/W 8-Bit Immediate Data
1,0 — — R Reserved

These bits are always read as 0. The write value
should always be 0.
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9.1.2 Exception Event Register (EXPEVT)

EXPEVT is assigned to address H'FFFFFFD4 and consists of a 12-bit exception code. Exception
codes to be specified in EXPEVT are those for resets and general exceptions. These exception
codes are automatically specified the hardware when an exception occurs. Only bits 11 to O of
EXPEVT can be re-written using the software.

Initial
Bit Bit Name Value R/W Description
31to12 — AllO R Reserved

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

11to0 EXPEVT * R/W 12-Bit Exception Code
Note: * Initialized to H'000 at power-on reset and H'020 at manual reset.

913 Interrupt Event Register 2 (INTEVT2)

INTEVT2 isassigned to address H'A4000000 and consists of a 12-hit exception code. Exception
codes to be specified in INTEV T2 are those for interrupt requests. These exception codes are
automatically specified by the hardware when an exception occurs. INTEV T2 cannot be modified
using the software.

Initial
Bit Bit Name Value R/W Description
31to12 — AllO R Reserved

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

11to0 INTEVT2 — R/W 12-Bit Exception Code

Note: Initialized to H'000 at power-on reset and H'020 at manual reset.
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9.2 Exception Handling Function

921 Exception Handling Flow

In exception handling, the contents of the program counter (PC) and status register (SR) are saved
in the saved program counter (SPC) and saved status register (SSR), respectively, and execution of
the exception handler is invoked from avector address. The return from exception handler (RTE)
instruction isissued by the exception handler routine on completion of the routine, restoring the
contents of PC and SR to return to the processor state at the point of interruption and the address
where the exception occurred.

A basic exception handling sequence consists of the following operations. If an exception occurs
and the CPU acceptsit, operations 1 to 8 are executed.

The contents of PC is saved in SPC.

The contents of SR issaved in SSR.

Theblock (BL) bitin SR is set to 1, masking any subsequent exceptions.

Theregister bank (RB) bitin SRisset to 1.

An exception code identifying the exception event is written to bits 11 to 0 of the exception

event (EXPEVT) or interrupt event (INTEV T2) register.

6. If aTRAPA instruction is executed, an 8-bit immediate data specified by the TRAPA
instruction is set to TRA.

7. Instruction execution jumps to the designated exception vector address to invoke the handler

routine.

a k~ w DN

The above operations from 1 to 7 are executed in sequence. During these operations, no other
exceptions may be accepted unless multiple exception acceptance is enabled.

In an exception handling routine for a general exception, the appropriate exception handling must
be executed based on an exception source determined by the EXPEVP. In an interrupt exception
handling routine, the appropriate exception handling must be executed based on an exception
source determined by the INTEVT2. After the exception handling routine has been completed,
program execution can be resumed by executing an RTE instruction. The RTE instruction causes
the following operations to be executed.

1. The contents of the SSR are restored into the SR to return to the processing state in effect
before the exception handling took place.

2. A delay dot instruction of the RTE instruction is executed.
3. Control is passed to the address stored in the SPC.

Rev. 4.00 Sep. 14,2005 Page 200 of 982
REJ09B0023-0400 RENESAS



Section 9 Exception Handling

The above operations from 1 to 3 are executed in sequence. During these operations, no other
exceptions may be accepted. By changing the SPT and SSR before executing the RTE instruction,
a status different from that in effect before the exception handling can also be specified.

Note: For details on the CPU processing mode in which RTE delay slot instructions are
executed, please refer to section 9.6, Usage Notes.

9.2.2 Exception Vector Addresses

A vector address for general exceptionsis determined by adding a vector offset to a vector base
address. The vector offset for general exceptions other than the TLB error exception is
H'00000100. The vector offset for interrupts is H'00000600. The vector base addressis loaded into
the vector base register (VBR) using the software.

9.2.3 Exception Codes

The exception codes are written to bits 11 to 0 of the EXPEV T register (for reset or genera
exceptions) or the INTEV T2 register (for interrupt requests) to identify each specific exception
event. See section 10, Interrupt Controller (INTC), for details of the exception codes for interrupt
regquests. Table 9.1 lists exception codes for resets and general exceptions.

924 Exception Request and BL Bit (Multiple Exception Prevention)

TheBL bitin SR isset to 1 when areset or exception is accepted. Whilethe BL bitissetto 1,
acceptance of general exceptionsis restricted as described below, making it possible to effectively
prevent multiple exceptions from being accepted.

If the BL bit isset to 1, an interrupt request is not accepted and is retained. The interrupt request is
accepted when the BL bitis cleared to O. If the CPU isin low power consumption mode, an
interrupt is accepted even if the BL bit is set to 1 and the CPU returns from the low power
consumption mode.

A DMA error is not accepted and is retained if the BL bit is set to 1 and accepted when the BL bit
iscleared to 0. User break requests generated while the BL bit is set are ignored and are not
retained. Accordingly, user breaks are not accepted even if the BL bit iscleared to 0.

If agenera exception other than aDMA address error or user break occurs while the BL bit is set
to 1, the CPU enters a state similar to that in effect immediately after areset, and passes control to
the reset vector (H'’A0000000) (multiple exception). In this case, unlike a normal reset, modules
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other than the CPU are not initialized, the contents of EXPEVT, SPC, and SSR are undefined, and
this statusis not detected by an external device.

To enable acceptance of multiple exceptions, the contents of SPC and SSR must be saved while
the BL bit is set to 1 after an exception has been accepted, and then the BL bit must be cleared to
0. Before restoring the SPC and SSR, the BL bit must be set to 1.

9.25 Exception Sour ce Acceptance Timing and Priority

Exception Request of Instruction Synchronous Type and Instruction Asynchronous Type:
Resets and interrupts are requested asynchronously regardless of the program flow. In general
exceptions, aDMA address error and a user break under the specific condition are a so requested
asynchronously. The user cannot expect on which instruction an exception is requested. For
general exceptions other than aDMA address error and a user break under a specific condition,
each general exception corresponds to a specific instruction.

Re-execution Type and Processing-completion Type Exceptions: All exceptions are classified
into two types: a re-execution type and a processing-completion type. If are-execution type
exception is accepted, the current instruction executed when the exception is accepted is
terminated and the instruction address is saved to the SPC. After returning from the exception
processing, program execution resumes from the instruction where the exception was accepted. In
a processing-compl etion type exception, the current instruction executed when the exception is
accepted is completed, the next instruction address is saved to the SPC, and then the exception
processing is executed.

During adelayed branch instruction and delay slot, the following operations are executed. A re-
execution type exception detected in adelay slot is accepted before executing the delayed branch
instruction. A processing-completion type exception detected in a delayed branch instruction or a
delay dlot is accepted when the delayed branch instruction has been executed. In this case, the
acceptance of delayed branch instruction or a delay slot precedes the execution of the branch
destination instruction. In the above description, adelay slot indicates an instruction following an
unconditional delayed branch instruction or an instruction following a conditional delayed branch
instruction whose branch condition is satisfied. If abranch does not occur in a conditional delayed
branch, the normal processing is executed.

Acceptance Priority and Test Priority: Acceptance priorities are determined for all exception
requests. The priority of resets, general exceptions, and interrupts are determined in this order: a
reset is always accepted regardless of the CPU status. Interrupts are accepted only when resets or
general exceptions are not requested.
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If multiple general exceptions occur simultaneously in the same instruction, the priority is
determined as follows.

A processing-compl etion type exception generated at the previous instruction*

A user break before instruction execution (re-execution type)

An exception related to an instruction fetch (CPU address error: re-execution type)

An exception caused by an instruction decode (General illegal instruction exceptions and slot
illegal instruction exceptions. re-execution type, unconditional trap: processing-completion
type)

An exception related to data access (CPU address error: re-execution type)

Unconditional trap (processing-completion type)

A user break other than one before instruction execution (processing-completion type)

DMA address error

A w DN PR

© N o’

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

Only one exception is accepted at atime. Accepting multiple exceptions sequentially resultsin all
exception requests being processed.
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Table9.1 Exception Event Vectors
Exception  Current Exception Process Vector Vector
Type Instruction Exception Event Priority*' Order at BL=1 Code Offset
Reset Aborted Power-on reset 1 1 Reset H'A00 —
Manual reset 1 2 Reset H020 —
H-UDI reset 1 1 Reset H000 —
General Re-executed  User break 2 0 Ignored H'1EO0 H'00000100
exception (before instruction execution)
events CPU address error 2 1 Reset  HOEO H00000100
(instruction access) **
lllegal general instruction exception 2 2 Reset H'180 H'00000100
lllegal slot instruction exception 2 2 Reset H'1A0 H'00000100
CPU address error (data access)** 2 3 Reset H'OEO/ H'00000100
H'100
Completed Unconditional trap 2 4 Reset H'160 H'00000100
(TRAPA instruction)
User breakpoint 2 5 Ignored  H'1EO0 H'00000100
(After instruction execution, address)
General Completed User breakpoint 2 5 Ignored  H'1EO0 H'00000100
exception (Data break, I-BUS break)
events ) : )
DMA address error 2 6 Retained H'5C0  H'00000100
General Completed Interrupt requests 3 —*2 Retained —*° H'00000600
interrupt
requests
Notes: 1. Priorities are indicated from high to low, 1 being the highest and 3 the lowest.
A reset has the highest priority. An interrupt is accepted only when general exceptions
are not requested.

2. For details on priorities in multiple interrupt sources, refer to section 10, Interrupt
Controller (INTC).

3. If aninterrupt is accepted, the exception event register (EXPEVT) is not changed. The
interrupt source code is specified in interrupt source register 2 (INTEVT2). For details,
refer to section 10, Interrupt Controller (INTC).

4. If one of these exceptions occurs in a specific part of the repeat loop, a specific code

and vector offset are specified.
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9.3 Individual Exception Operations

This section describes the conditions for specific exception handling, and the processor operations.

931 Resets

Power-On Reset:

Conditions

Power-on reset is request

Operations

Set EXPEVT to H'000, initialize the CPU and on-chip peripheral modules, and branch to the
reset vector H'A0000000. For details, refer to the register descriptions in the relevant sections.

M anual Reset:

Conditions

Manual reset is request

Operations

Set EXPEVT to H'020, initialize the CPU and on-chip peripheral modules, and branch to the
reset vector H'A0000000. For details, refer to the register descriptions in the relevant sections.

H-UDI Reset:

Conditions

The H-UDI reset command is entered (See section 15.4.4, H-UDI Reset.)

Operations

Set EXPEVT to H'000, initialize the VBR and SR, and branch to the PC H'A0000000.

The VBR register is set to H'00000000 by initiaization. For the SR, the BL and RB bits are set
to 1 and the interrupt mask bits (13 to 10) are set to 1111.

Initialize the CPU and on-chip peripheral modules. For details, refer to the register descriptions
in the relevant sections.
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Table9.2 Typeof Reset

Internal state

Type Condition to reset CPU On-chip peripheral module

Power-on reset RESETP = Low level Initialization  Refer to the register

Manual reset RESETM = Low level configurations in the relevant
sections.

H-UDI reset H-UDI reset command entry

9.3.2 General Exceptions
CPU addresserror:

e Conditions
— Instruction is fetched from odd address (4n + 1, 4n + 3)
— Word datais accessed from addresses other than word boundaries (4n + 1, 4n + 3)

— Long word is accessed from addresses other than longword boundaries (4n + 1, 4n + 2,
an+3)

— The arearanging from H'80000000 to H'FFFFFFFF in logical space is accessed in user
mode

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

Data access. An instruction address where an exception occurs (a delayed branch instruction
addressif an instruction is assigned to adelay slot)

e Exception code
An exception occurred during read: H'OEQ
An exception occurred during write: H'1EQ
e Remarks
None
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Illegal general instruction exception:

Conditions
— When undefined code not in adelay slot is decoded
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S

Note: For details on undefined code, refer to SH-3/SH-3E/SH-3DSP Software Manual. When an

undefined code other than H'FC00 to H'FFFF is decoded, operation cannot be guaranteed.

Types

Instruction synchronous, re-execution type

Save address

An instruction address where an exception occurs
Exception code

H'180

Remarks

None

Illegal dot instruction:

Conditions
— When undefined code in adelay slot is decoded

Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT/S, BF/S
— When an instruction that rewrites PC in adelay slot is decoded

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

Types

Instruction synchronous, re-execution type
Save address

A delayed branch instruction address
Exception code

H'1A0

Remarks

None
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Unconditional trap:

Conditions

TRAPA instruction executed

Types

Instruction synchronous, processing-completion type
Save address

An address of an instruction following TRAPA
Exception code

H'160

Remarks

The exception is a processing-compl etion type, so PC of the instruction after the TRAPA
instruction is saved to SPC. The 8-bit immediate value in the TRAPA instruction is quadrupled
and setin TRA9 to TRAO.

User break point trap:

Conditions

When a break condition set in the user break controller is satisfied

Types

Break (L bus) before instruction execution: Instruction synchronous, re-execution type
Operand break (L bus): Instruction synchronous, processing-completion type

Data break (L bus): Instruction asynchronous, processing-completion type

I bus break: Instruction asynchronous, processing-completion type

Save address

Re-execution type: An address of the instruction where a break occurs (adelayed branch
instruction addressif aninstruction is assigned to adelay slot)

Operand break (L bus): An address of the instruction following the instruction where a break
occurs (a delayed branch instruction destination address if an instruction is assigned to a delay
sot)

Data bresk (L bus): Instruction asynchronous, processing-completion type

Exception code

H'1EOQ

Remarks

For details on user break controller, refer to section 11, User Break Controller (UBC).
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DMA addresserror:

e 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,
an + 3)
e Types
Instruction synchronous, processing-completion type
e Save address

An address of the instruction following the instruction where a break occurs (a delayed branch
instruction destination addressif an instruction is assigned to a delay slot)

e Exception code
H'5C0

o Remarks
An exception occurs when a DMA transfer is executed while an illegal instruction address
described above is specified in the DMAC. Since the DMA transfer is performed
asynchronously with the CPU instruction operation, an exception is also requested
asynchronously with the instruction execution. For details on DMAC, refer to section 13,
Direct Memory Access Controller (DMAC).
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94 Exception Processing While DSP Extension Function isValid

When the DSP extension function isvalid (the DSP bit of SR is set to 1), some exception
processing acceptance conditions or exception processing may be changed.

94.1 Illegal Instruction Exception and Slot Illegal I nstruction Exception

In the DSP mode, a DSP extension instruction can be executed. If a DSP extension instruction is
executed when the DSP bit of SR is cleared to 0 (in amode other than the DSP mode), an illegal
instruction exception occurs.

94.2 Exception in Repeat Control Period

If an exception is requested or an exception is accepted during repeat control, the exception may
not be accepted correctly or a program execution may not be returned correctly from exception
processing that is different from the normal state. These restrictions may occur from repest
detection instruction to repeat end instruction while the repeat counter is 1 or more. In this section,
this period is called the repeat control period.

The following shows program examples where the number of instructions in the repeat loop are 4
or more, 3, 2, and 1, respectively. In this section, arepeat detection instruction and its instruction
address are described as RPTDTCT. Thefirst, second, and third instructions following the repeat
detection instruction are described as RptDtctl, RptDtct2, and RptDtct2. In addition, [A], [B],
[C1], and [C2] in the following examples indicate instructions where a restriction occurs.

Table 9.3 summarizes the instruction positions and restriction types.

Table9.3 Instruction Positionsand Restriction Types

Instruction lllegal Interrupt, CPU Address
Position SPC*! Instruction*? Break*? Error**

(Al

[B] Retained

[C1] Added Retained Instruction/data
[C2] lllegal Added Retained Instruction/data

Notes: 1. A specific address is specified in the SPC if an exception occurs while SR.RC[11:0] >2.
2. There are a greater number of instructions that can be illegal instructions while
SR.RC[11:0] >1.
3. An interrupt break or DMA address error request is retained while SR.RC[11:0] >1.
4. A specific exception code is specified while SR.RC[11:0] >1.
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Example 1: Repeat loop consisting of four instructions

RptStart:

RptDtct:

RptEnd:

LDRS RptStart

LDRS RptDtct + 4

SETRCT #4
instr0

instrl

RptDtct

RptDtctl
RptDtct2
RptDtct3
InstrNext

;o [A]
;o [A]
;o [A]
;o [A]
;o [A]
;o [A]
i [A]

; [B] A repeat detection instruction is an
instruction three instructions before
a repeat end instruction

;o [C1]
;o [C2]
; [C2][Repeat end instruction]

i [A]

Example 2: Repest loop consisting of three instructions

LDRS
LDRS

RptDtct:

RptStart:

RptEnd:

RptDtct + 4
RptDtct + 4
SETRCT #4
RptDtct

RptDtctl
RptDtct2
RptDtct3

InstrNext

7

7

7

[A]
[A]
[a]

[B] A repeat detection instruction is an
instruction prior to a repeat start
instruction

[C1l] [Repeat start instruction]
[Cc2]
[C2] [Repeat end instruction]

[A]
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e Example 3: Repeat loop consisting of two instructions

LDRS RptDtct + 6 ; [A]
LDRS RptDtct + 4 ; [A]
SETRCT #4 i [A]

RptDtct: RptDtct ; [B] A repeat detection instruction is an
instruction prior to a repeat start
instruction

RptStart: RptDtctl ; [Cl] [Repeat start instruction]

RptEnd: RptDtct3 ; [C2][Repeat end instruction]

InstrNext ; [A]

e Example 4: Repeat loop consisting of one instruction

LDRS RptDtct + 8 ; [A]
LDRS RptDtct + 4 ; [A]
SETRCT #4 i [A]

RptDtct: RptDtct ; [B] A repeat detection instruction is an
instruction prior to a repeat start
instruction

RptStart:

RptEnd: RptDtctl ; [C1l] [Repeat start instruction]== [Repeat end

instruction]
InstrNext ; [A]

SPC Saved by an Exception in Repeat Control Period: If an exception is accepted in the repeat
control period while the repeat counter (RC11 to RCO) in the SR register is two or greater, the
program counter to be saved may not indicate the value to be returned correctly. To execute the
repeat control after returning from an exception processing, the return address must indicate an
instruction prior to arepeat detection instruction. Accordingly, if an exception is accepted in
repeat control period, an exception other than re-execution type exception by arepeat detection
instruction cannot return to the repeat control correctly.
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Table9.4 SPC Value When a Re-Execution Type Exception Occursin Repeat Control

Instruction Where an Number of Instructions in a Repeat Loop
Exception Occurs 1 > 3 4 or Greater
RptDtct RptDtct RptDtct RptDtct RptDtct
RptDtct1 RptDtct1 RptDtct1 RptDtct1 RptDtct1
RptDtct2 — RptDtct1 RptDtct1 RS-4
RptDtct3 — — RptDtct1 RS-2

Note: The following labels are used here.
RptDtct: Repeat detection instruction address
RptDtct1: An instruction address one instruction following the repeat detection instruction
RptDtct2: An instruction address two instruction following the repeat detection instruction
RptDtct3: An instruction address three instruction following the repeat detection instruction
RS: Repeat start instruction address

If a re-execution type exception is accepted at an instruction in the hatched areas above, a
return address to be saved in the SPC is incorrect. If SR.RC[11:0] is 1 or 0, a correct return
address is saved in the SPC.

[llegal Instruction Exception in Repeat Control Period: If one of the following instructionsis
executed at the address following RptDtctl, ageneral illegal instruction exception occurs. For
details on an address to be saved in the SPC, refer to SPC Saved by an Exception in Repeat
Control Period description in section 9.4.2, Exception in Repeat Control Period.

e Branch instructions
BRA, BSR, BT, BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR, IMP, TRAPA
e Repeat control instructions
SETRC, LDRS, LDRE
e Load instructionsfor SR, RS, and RE
LDC Rn,SR, LDC @Rn+,SR, LDC Rn,RE, LDC @Rn+,RE, LDC Rn,RS, LDC @Rn+, Rs

Note: In arepeat loop consisting of one to three instructions, some restrictions apply to repeat
detection instructions and all the remaining instructions. In a repeat |oop consisting of four
or more instructions, restrictions apply to only the three instructions that include a repeat
end instruction.
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An Exception Retained in Repeat Control Period: In the repeat control period, an interrupt or
some exception will be retained to prevent an exception acceptance at an instruction where
returning from the exception cannot be performed correctly. For details, refer to repeat |oop
program example 1 to 4. In the examples, exceptions generated at instructions indicated as [B],
[C], [C]], or [C2], the following processing is executed.

e Interrupt, DMA address error
An exception request is not accepted and retained at instructions [B] and [C]. If an instruction
indicates as [A] is executed the next time, an exception request is accepted.* Asshownin
example 1to 4, any interrupt or DMA address error cannot be accepted in arepeat |oop
consisting of four instructions or less.

Note: * Aninterrupt request or aDMA address error exception request is retained in the
interrupt controller (INTC) and the direct memory access controller (DMAC) until the
CPU can accept arequest.
e User break before instruction execution
A user break before instruction execution is accepted at instruction [B], and an address of
instruction [B] is saved in the SPC. This exception cannot be accepted at instruction [C] but
the exception request is retained until an instruction [A] or [B] is executed the next time. Then,
the exception request is accepted before an instruction [A] or [B] is executed. In this case, an
address of instruction [A] or [B] is saved in the SPC.

e User break after instruction execution
A user break after instruction execution cannot be accepted at instructions [B] and [C] but the
exception request isretained until an instruction [A] or [B] is executed the next time. Then, the
exception request is accepted before an instruction [A] or [B] is executed. In this case, an
address of instruction [A] or [B] is saved in the SPC.

Table9.5 Exception Acceptancein the Repeat L oop

Exception Type Instruction [B] Instruction [C]
Interrupt Not accepted Not accepted
DMA address error Not accepted Not accepted
User break before instruction execution  Accepted Not accepted
User break after instruction execution Not accepted Not accepted
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CPU AddressError in Repeat Control Period: If a CPU address error occurs in the repeat
control period, the exception is accepted but an exception code (H'070) indicating the repeat |oop
period is specified in the EXPEVT. If a CPU address error occurs in instructions following a
repeat detection instruction to repeat end instruction, an exception code for instruction access or
data accessis specified in the EXPEVT.

The SPC is saved according to the SPC Saved by an Exception in Repeat Control Period
description in section 9.4.2, Exception in Repeat Control Period.

After the CPU address error exception processing, the repeat control cannot be returned correctly.
To execute arepeat loop correctly, care must be taken not to generate a CPU address error in the
repeat control period.

Note: Inarepeat loop consisting of one to three instructions, some restrictions apply to repeat
detection instructions and all the remaining instructions. In arepesat |oop consisting of four
or more instructions, restrictions apply to only the three instructions that include a repeat
end instruction. The restriction occurs when SR.RC[11:0] > 1.

Table9.6 Instruction Where a Specific Exception Occurs When a Memory Access
Exception Occursin Repeat Control

Instruction Where an Number of Instructions in a Repeat Loop

Exception Occurs 1 2 3 4 or Greater
RptDtct
RptDtct1 Instruction/data Instruction/data Instruction/data Instruction/data
access access access access
RptDtct2 — Instruction/data Instruction/data Instruction/data
access access access
RptDtct3 — — Instruction/data Instruction/data
access access

Note: The following labels are used here.
RptDtct: Repeat detection instruction address
RptDtct1: An instruction address one instruction following the repeat detection instruction
RptDtct2: An instruction address two instruction following the repeat detection instruction
RptDtct3: An instruction address three instruction following the repeat detection instruction
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9.5 Noteon Initializing thisL S|

This LS| needsto be initialized by a software reset before the power is turned on. Execute the
following program immediately after a power-on reset.

Note that the following program overwrites contents of CPU general registers. Save contents of
registers which should not be overwritten before executing the following program.
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; ATTENTION:

; 1. Please execute below instructions on power-on reset.

;2. This routine would overwrite the general registers on the CPU.

;3. Do not modify these codes.

MOV.
MOV .
MOV.
MOV .
MOV.
MOV .
MOV.
MOV .

| v e e e e e

MOV.W

MOV.

MOV

MOV.
MOV .
MOV.
MOV .

MOV .

W W w &

=

MOV.W

MOV

MOV .
MOV .
MOV .
MOV .

#H'A5007000,R4;
#H'A5008000,R5;
#H'A5017000,R6;
#H'A5018000,R7;

@R4,RO0;
@R5,R0;
@R6,R0;
@R7,R0;

#H'FF40,R10;
#H'A4FC0000,R8;
#H'10,R9;
R10,@R10;
R10,@R10;
R10,@R10;

R9, @RS;

#H'FC000000,R1;

@R1,RO;

#H'00,R9;
R10,@R10;
R10,@R10;
R10,@R10;

R9, @RS8;
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9.6 Usage Notes

1. Aninstruction assigned at adelay slot of the RTE instruction is executed after the contents of
the SSR is restored into the SR. An acceptance of an exception related to instruction accessis
determined according to the SR before restore. An acceptance of other exceptionsis
determined by the SR after restore, processing mode, and BL bit value. A processing-
completion type exception is accepted before an instruction at the RTE branch destination
address is executed. However, note that the correct operation cannot be guaranteed if are-
execution type exception occurs.

2. Inaninstruction assigned at adelay slot of the RTE instruction, a user break cannot be
accepted.

3. If the BL bit of the SR register is changed by the LDC instruction, an exception is accepted
according to the changed SR value from the next instruction.* A processing-completion type
exception is accepted before the next instruction is executed. An interrupt and DMA address
error in re-execution type exceptions are accepted before the next instruction is executed.

Note: * If an LDC instruction is executed for the SR, the following instructions are re-fetched
and an instruction fetch exception is accepted according to the modified SR value.
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Section 10 Interrupt Controller (INTC)

Theinterrupt controller (INTC) ascertains the priority of interrupt sources and controls interrupt
requests to the CPU. The INTC registers set the order of priority of each interrupt, allowing the
user to process interrupt requests according to the user-set priority.

10.1 Features

The INTC has the following features:

16 levels of interrupt priority can be set

By setting the ten interrupt-priority registers, the priorities of on-chip peripheral modules, and
IRQ interrupts can be selected from 16 levels for individual reguest 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 be used as a noise
canceler.

IRQ interrupts can be set
Detection of low level, rising edge, falling edge, or high level
Interrupts can be enabled or disabled

Interrupts can be enabled or disabled individually for each interrupt source with the interrupt
mask registers (IMR) and interrupt mask clear registers (IMCR).
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Figure 10.1 shows a block diagram of the INTC.

DMAC

SCIFO to 2

ADC

USB

CMTO and CMT1
MTUO to MTU4
WDT

H-UDI

lic2

[Legend]
DMAC:
SCIF:
ADC:
USB:
CMT:
MTU:
WDT:
H-UDI:

B —————

E /0

E controller

i 78

L, Interrupt

(Interrupt request) Com- request
(Interrupt request) parator
(Interrupt request) Priority SR
(Interrupt request) identifier m
(Interrupt request)
(Interrupt request) CPU

(Interrupt request)

(Interrupt request)

(Interrupt request)

ICR

IMR

| IRRo

IMCR

Bus
interface

DMA controller
Serial communication interfaces (with FIFO) 0 to 2
A/D converter

USB funciton module
Compare match timers 0 and 1
Multifuncton timer pulse units 0 to 4
Watchdog timer

User debugging interface

Interrupt contoroller

1IC2:  12C interface 2

ICR: Interrupt control regi
IPR:  Interrupt priority regi
IMR:

IMCR: Interrupt mask clear

Internal bus

ster
sters B to J
Interrupt mask registers 0 to 10

registers 0 to 10

IRRO: Interrupt request register 0

SR:  Status register

Figure10.1 Block Diagram of INTC
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10.2  Input/Output Pins

Table 10.1 shows the INTC pin configuration.

Table10.1 Pin Configuration

Name

Abbreviation 1/0 Description

Nonmaskable interrupt input pin  NMI

Input Input of interrupt request signal, not
maskable by the interrupt mask bits in

SR

Interrupt input pins

IRQ7 to IRQO Input Input of interrupt request signals,

maskable by the interrupt mask bits in

SR

10.3  Register Descriptions

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

Interrupt control register O (ICRO)
Interrupt control register 1 (ICR1)
Interrupt control register 3 (ICR3)
Interrupt priority register B (IPRB)
Interrupt priority register C (IPRC)
Interrupt priority register D (IPRD)
Interrupt priority register E (IPRE)
Interrupt priority register F (IPRF)
Interrupt priority register G (IPRG)
Interrupt priority register H (IPRH)
Interrupt priority register | (IPRI)
Interrupt priority register J (IPRJ)
Interrupt request register 0 (IRRO)
Interrupt mask register 0 (IMRO)
Interrupt mask register 1 (IMR1)
Interrupt mask register 2 (IMR2)
Interrupt mask register 3 (IMR3)
Interrupt mask register 4 (IMR4)
Interrupt mask register 5 (IMR5)

RENESAS
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e Interrupt mask register 6 (IMR6)

e Interrupt mask register 7 (IMR7)

e Interrupt mask register 8 (IMR8)

e Interrupt mask register 9 (IMR9)

e Interrupt mask register 10 (IMR10)

e Interrupt mask clear register 0 (IMCRO)
e Interrupt mask clear register 1 (IMCR1)
e Interrupt mask clear register 2 (IMCR2)
e Interrupt mask clear register 3 (IMCR3)
e Interrupt mask clear register 4 (IMCR4)
e Interrupt mask clear register 5 (IMCR5)
e Interrupt mask clear register 6 (IMCR6)
e Interrupt mask clear register 7 (IMCR?7)
e Interrupt mask clear register 8 (IMCRS)
e Interrupt mask clear register 9 (IMCR9)
e Interrupt mask clear register 10 (IMCR10)
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10.31 Interrupt Priority RegistersB to J (IPRB to I1PRJ)

IPRB to IPRJ are 16-hit readable/writable registers in which priority levels from 0 to 15 are set for
on-chip peripheral module and IRQ interrupts. These registers are initialized to H'0000 by a
power-on reset or manual reset, but are not initialized in standby mode.

Initial
Bit Bit Name Value R/W Description
15 IPR15 0 R/W These bits set the priority level for each interrupt
14 IPR14 0 R/W source in 4-bit units. For details, see table 10.2,
13 IPR13 0 R/W Interrupt Sources and IPRB to IPRJ.
12 IPR12 0 R/W
11 IPR11 0 R/W
10 IPR10 0 R/W
9 IPR9 0 R/W
8 IPR8 0 R/W
7 IPR7 0 R/W
6 IPR6 0 R/W
5 IPR5 0 R/W
4 IPR4 0 R/W
3 IPR3 0 R/W
2 IPR2 0 R/W
1 IPR1 0 R/W
0 IPRO 0 R/W

Rev. 4.00 Sep. 14, 2005 Page 223 of 982
RENESAS REJ09B0023-0400



Section 10 Interrupt Controller (INTC)

Table10.2 Interrupt Sourcesand IPRB to IPRJ

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3to O
IPRB WDT Reserved* Reserved* Reserved*
IPRC IRQ3 IRQ2 IRQ1 IRQO

IPRD IRQ7 IRQ6 IRQ5 IRQ4

IPRE Reserved* SCIFO SCIF1 ADCO

IPRF ADCH1 SCIF2 uUsSB CMT

IPRG MTUO (A/B/C/D)  MTUO (V) MTU1 (A/B) MTU1 (V/U)
IPRH MTU2 (A/B) MTU2 (V/U) MTUS3 (A/B/C/D)  MTUS (V)
IPRI MTU4 (A/B/C/D)  MTU4 (V) POE lIc2

IPRJ DMACO DMACH1 DMAC2 DMAC3

Note: * Reserved: These bits are always read as 0. The write value should always be 0.

As shown in table 10.2, on-chip peripheral module or IRQ interrupts are assigned to four 4-bit
groups in each register. These 4-hit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and hits 3 to 0)
are set with values from H'0 (0000) to H'F (1111). Setting of H'0O means priority level 0 (masking
isrequested); H'F means priority level 15 (the highest level).
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10.3.2 Interrupt Control Register O (ICRO)

ICRO is aregister that sets the input signal detection mode of external interrupt input pin NMI, and
indicates the input signal level at the NMI pin. Thisregister isinitialized to H'0000 or H'8000 by a
power-on reset or manual reset, but is not initialized in standby mode.

Initial
Bit Bit Name Value R/W Description
15 NMIL o/1* R NMI Input Level

Sets the level of the signal input at the NMI pin. This bit
can be read from to determine the NMI pin level. This
bit cannot be modified.

0: NMl input level is low
1: NMlI input level is high

14109 — AllO R Reserved

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

8 NMIE 0 R/W  NMI Edge Select
Selects whether the falling or rising edge of the
interrupt request signal on the NMI pin is detected.
0: Interrupt request is detected on falling edge of NMI
input
1: Interrupt request is detected on rising edge of NMI
input

7t00 — AllO R Reserved

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

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

ICR1 is a 16-hit register that specifies the detection mode for external interrupt input pins IRQ5 to
IRQO individually: rising edge, falling edge, high level, or low level. Thisregister isinitialized to
H'4000 by a power-on reset or manual reset, but is not initialized in standby mode.

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
14 IRQE* 1 R/W  Interrupt Request Enable
Enables or disables the use of pins IRQ7 to IRQO as
eight independent interrupt pins.
0: Use of pins IRQ7 to IRQO as eight independent
interrupt pins enabled*
1: Use of pins IRQ7 to IRQO as interrupt pins disabled
13,12 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.
11 IRQ51S 0 R/W IRQn Sense Select
10 IRQ50S 0 R/W  These bits select whether interrupt request signals
9 IRQ41S 0 R/\W corresponding to pins IRQ5 to IRQO are detected by a
rising edge, falling edge, high level, or low level.
8 IRQ40S 0 R/W ) )
Bit 2n+1 Bit 2n
7 IRQ31S 0 R/W
IRQN1S IRQN0OS
6 IRQ30S 0 R/W . .
0 0 : Interrupt request is detected on falling
S IRQ21S 0 R/W edge of IRQn input
4 IRQ20S 0 RW o 1 . Interrupt request is detected on rising
3 IRQ11S 0 R/W edge of IRQn input
2 IRQ10S 0 RW 1 0 . Interrupt request is detected on low
1 IRQO1S 0 RIW level of IRQnN input
0 IRQO0S 0 RIW 1 1 . Interrupt request is detected on high

level of IRQnN input
n=0to5

Note: * The IRQE bit must be cleared to 0 in the initialization routine after a reset, and must then
not be changed.
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10.34 Interrupt Control Register 3 (ICR3)

ICR3 is a 16-hit register that specifies the detection mode for external interrupt input pins IRQ7
and IRQ6 individually: rising edge, falling edge, high level, or low level. Thisregister is
initialized to H'0000 by a power-on reset or manual reset, but is not initialized in standby mode.

Initial

Bit Bit Name Value R/W Description

15t04 — All O R Reserved
These bits are always read as 0. The write value should
always be 0.

3 IRQ71S 0 R/W IRQn Sense Select

2 IRQ70S 0 R/W  These bits select whether interrupt request signals

1 IRQ61S 0 R/W corresponding to pins IRQ7 and IRQ6 are detected by
a rising edge, falling edge, high level, or low level.

0 IRQ60S 0 R/W

Bit 2n+1 Bit 2n
IRQN1S IRQNOS

0 0 . Interrupt request is detected at the
falling edge of IRQn input

0 1 : Interrupt request is detected at the
rising edge of IRQn input

1 0 : Interrupt request is detected on low
level of IRQnN input

1 1 : Interrupt request is detected on high
level of IRQnN input
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10.35 Interrupt Request Register 0 (IRRO)

IRRO is an 8-hit register that indicates interrupt requests from external input pins IRQ7 to IRQO.
Thisregister isinitialized to H'00 by a power-on reset or manual reset, but isnot initialized in
standby mode.

Initial

Bit Bit Name Value R/W Description
7 IRQ7R 0 R/W  IRQn Interrupt Request
6 IRQ6R 0 R/W Indicates whether there is interrupt request input to the
5 IRQ5R 0 R/W IRQn pin. When edg_e-detection moc_it_e is set for IRQn,

an interrupt request is cleared by writing 0 to the IRQnR
4 IRQ4R 0 RW  pit after reading IRQnR = 1.
3 IRQ3R 0 R/W  When level-detection mode is set for IRQn, an interrupt
2 IRQ2R 0 R/W request is set/cleared by only 1/0 input to the IRQn pin.
1 IRQ1R 0 R/W
0 IRQOR 0 R/W IRQNR

0: No interrupt request input to IRQn pin

1: Interrupt request input to IRQn pin
n=0to7
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10.3.6  Interrupt Mask Registers0to 10 (IMRO to IMR10)

IMRO to IMR10 are 8-bit readable/writable registers that mask the IRQ and on-chip peripheral
module interrupts. When an interrupt source is masked, interrupt requests may be mistakenly
detected, depending on the operation state of the IRQ pins and on-chip peripheral modules. To
prevent this, set IMRO to IMR9 while no interrupts are set to be generated, and then read the new
settings from these registers.

Table 10.3 shows the relationship between IMR and each interrupt source.

Initial
Bit Bit Name Value R/W Description
7 IM7 0 R/W  Interrupt Mask
6 IM6 0 R/W  Table 10.3 lists the correspondence between the
5 IM5 0 R/W interrupt sources and interrupt mask registers.
4 IM4 0 rw M
3 IM3 0 r/w ¢ Interrupt source of the corresponding bit is masked.
2 IM2 0 r/w 0: When reading, Interrupt source of the corresponding
] M1 0 RAW bit is not masked. When writing, No processing.
n=7t0
0 IMO 0 R/W
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Table10.3 Correspondence between Interrupt Sourcesand IMROto IMR10

Bit Name (Function Name)

Register

Name 7 6 5 4 3 2 1 0

IMRO IRQ7 IRQ6 IRQ5 IRQ4 IRQ3 IRQ2 IRQ1 IRQO
(IRQ) (IRQ) (IRQ) (IRQ) (IRQ) (IRQ) (IRQ) (IRQ)

IMR1 TxI0 BRIO RxI0O ERIO DEI3 DEI2 DEN DEIO
(SCIFO) (SCIF0) (SCIFO) (SCIFO) (DMAC) (DMAC) (DMAC) (DMAC)

IMR2 — — — ADIO TxI BRI1 RxI1 ERI1
(ADCO) (ADCO) (ADCO) (ADCO) (SCIF1) (SCIF1) (SCIF1) (SCIF1)

IMR4 — — — — ITI — — —
— — — — WDT WDT WDT WDT

IMR5 TxI2 BRI2 RxI2 ERI2 ADI1 USIHP usi uslio
(SCIF2) (SCIF2) (SCIF2) (SCIF2) (ADC1) (USB)  (USB)  (USB)

IMR6 TCl2U TCl2V TGI2B TGI2A TCHU TCHV TGI1B TGHA
(MTU2) (MTU2) (MTU2) (MTU2) (MTU1) (MTU1) (MTU1) (MTU1)

IMR7 — — — TCIOV TGIOD TGIOC TGIOB TGIOA
(MTUO) (MTUO) (MTUO) (MTUO) (MTUO) (MTUO) (MTUO) (MTUO)

IMR8 — — — TCI3V TGI3D TGI3C TGI3B TGI3A
(MTU3)  (MTU3) (MTU3) (MTU3) (MTU3) (MTU3) (MTU3) (MTU3)

IMR9 — — — TClaVv TGl4D TGl4C TG14B TGI4A
(MTU4)  (MTU4) (MTU4) (MTU4) (MTU4) (MTU4) (MTU4) (MTU4)

IMR10 — — CMI CMIO lcali — — OEl
(CMT) (CMT) (CMT) (CMT) (neca) (ncz) (POE) (POE)

Note: —: Reserved: The read value is not guaranteed.
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10.3.7 Interrupt Mask Clear Registers0to 10 (IMCRO to |MCR10)

IMCRO to IMCR10 are 8-hit writable registers that clear the mask settings for the IRQ and on-
chip peripheral module interrupts. Table 10.4 shows the relationship between IMCR and each
interrupt source.

Initial
Bit Bit Name Value R/W Description
7 IMC7 — w Interrupt Mask Clear
6 IMC6 — w Table 10.4 lists the correspondence between the
5 IMC5 e W interrupt sources and interrupt mask clear registers.
4 IMC4 . W IMCn (Write)
3 IMC3 e W 1: The corresponding bit in interrupt mask register
IMCn is cleared

2 IMC2 — w )

0: No processing
1 IMC1 — w

n=7t0
0 IMCO — w

Rev. 4.00 Sep. 14,2005 Page 231 of 982
RENESAS REJ09B0023-0400



Section 10 Interrupt Controller (INTC)

Table10.4 Correspondence between Interrupt Sourcesand IMCROto IMCR10

Bit Name (Function Name)

Register
Name 7 6 5 4 3 2 1 0
IMCRO IRQ7 IRQ6 IRQ5 IRQ4 IRQ3 IRQ2 IRQ1 IRQO
(IRQ) (IRQ) (IRQ) (IRQ) (IRQ) (IRQ) (IRQ) (IRQ)
IMCR1  TxIO BRIO RxI0 ERIO DEI3 DEI2 DEN DEIO
(SCIFO) (SCIF0) (SCIF0) (SCIF0) (DMAC) (DMAC) (DMAC) (DMAC)
IMCR2 — — — ADIO TxI1 BRI1 RxI1 ERI1
(ADCO) (ADCO) (ADCO) (ADCO) (SCIF1) (SCIF1) (SCIF1) (SCIF1)
IMCR4 — — — — ITI — — —
— — — — (WDT) (WDT) (WDT) (WDT)
IMCR5  TxI2 BRI2 RxI2 ERI2 ADI1 USIHP usi uslo

(SCIF2) (SCIF2) (SCIF2) (SCIF2) (ADC1) (USB)  (USB)  (USB)

IMCR6  TCI2U TCl2V TGI2B TGI2A TCHU TCIV TGI1B TGHA

(MTU2) (MTU2) (MTU2) (MTU2) (MTU1) (MTU1) (MTU1) (MTU1)

IMCR7 — — — TCIOV TGIOD TGIOC  TGIOB TGIOA
(MTUO) (MTUO) (MTUO) (MTUO) (MTUO) (MTUO) (MTUO) (MTUO)
IMCR8 — — — TCI3V TGI3D TGIC  TGI3B TGI3A
(MTU3) (MTU3) (MTU3) (MTU3) (MTU3) (MTU3) (MTU3) (MTU3)
IMCR9 — — — TCl4V TGI4D TGI4C  TGI4B TGI4A
(MTU4) (MTU4) (MTU4) (MTU4) (MTU4) (MTU4) (MTU4) (MTU4)
IMCR10 — — CMN CMIo lcal — — OEI
(CMT) (CMT) (CMT) (CMT) (ncz) (ncz) (POE) (POE)
Note: —: Reserved: These bits are always read as 0. The write value should always be 0.
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10.4  Interrupt Sources

There are four types of interrupt sources: NMI, H-UDI, IRQ, and on-chip peripheral modules.
Each interrupt has a priority level (0 to 16), with 1 the lowest and 16 the highest. Priority level O
masks an interrupt, so the interrupt request isignored.

10.4.1 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BL bit in the status register (SR)
is0, NMI interrupts are accepted. NMI interrupts are edge-detected. In sleep or standby mode, the
interrupt is accepted regardless of the BL setting. The NMI edge select bit (NMIE) in the interrupt
control register 0 (ICRO) is used to select either rising or falling edge detection.

When using edge-input detection for NMI interrupts, a pulse width of at least two P cycles
(peripheral clock) is necessary. NMI interrupt exception handling does not affect the interrupt
mask level bits (13 to 10) in the status register (SR).

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

10.4.2 H-UDI Interrupt

The H-UDI interrupt is accepted between one instruction and another when the H-UDI interrupt
command (section 15.4.5, H-UDI Interrupt.) is entered, the SR interrupt mask bit is set to the
value smaller than 15, and the BL bitin SRisset to 0.

The H-UDI interrupt alows the PC to be saved to the SPC immediately after accepting the
interrupt instruction. The SR at the time of the interrupt acceptation is saved to the SSR. The
INTEVT2 isset to H'5EO. The BL and RB bitsin SR are set to 1 and branched to VBR + H'0600.

10.4.3 IRQ Interrupts

IRQ interrupts are input by level or edge from pinsIRQ7 to IRQO. The priority can be set by
interrupt priority registers C and D (IPRC and IPRD) in arange from O to 15.

When using edge-sensing for IRQ interrupts, clear the interrupt source by having software read 1
from the corresponding bit in IRRO, then write O to the bit.

When ICR1 and |CR3 are overwritten, IRQ interrupts may be mistakenly detected, depending on
the IRQ pin level. To prevent this, overwrite the register while interrupts are masked, then release
the mask after clearing theillegal interrupt by writing O to interrupt request register 0 (IRRO).
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Edge input interrupt detection requires input of a pulse width of more than two cycles on a P clock
basis.

When using level-sensing for IRQ interrupts, the pin levels must be retained until the CPU
samples the pins. Therefore, the interrupt source must be cleared by the interrupt handler.

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

10.4.4 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are generated by the following 9 modules:

e DMA controller (DMAC)

e Seria communication interfaces (SCIFO to SCIF2)
e A/D converters (ADCO and ADC1)

e Compare match timers (CMTO and CMT1)

e USB function module (USB)

e Multifunction timer pulse units (MTUO to MTU4)
e Watchdog timer (WDT)

e User debugging interface (H-UDI)

e I°Cbusinterface 2 (11C2)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected in the

interrupt event register (INTEVT2). It is easy to identify sources by using the value of the
INTEVT2 register as abranch offset.

A priority level (from 0to 15) can be set for each module except H-UDI by writing to interrupt
priority registers B to J (IPRB to IPRJ). The priority level of the H-UDI interrupt is 15 (fixed).

Theinterrupt mask bits (I3 to 10) in the status register are not affected by on-chip periphera
module interrupt handling.
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1045 Interrupt Exception Handling and Priority

There are three types of interrupt sources: NMI, IRQ, and on-chip peripheral modules. The
priority of each interrupt sourceis set within level 0 to level 16; level 16 isthe highest and level 1
isthe lowest. When the priority is set to level O, that interrupt is masked and the interrupt request
isignored.

Table 10.5 lists the codes for the interrupt event register (INTEV T2) and the order of interrupt
priority.

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

IRQ interrupt and on-chip peripheral module interrupt priorities can be set freely between 0 and 15
for each module by setting interrupt priority registers A to J (IPRA to IPRJ). A reset assigns
priority level 0 to IRQ and on-chip peripheral module interrupts.

If the same priority level is assigned to two or more interrupt sources and interrupts from those
sources occur simultaneously, their priority order isthe default priority order indicated at the right
intable 10.5.
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Table 10.5

Interrupt Exception Handling Sourcesand Priority

Exception Interrupt Priory IPR

Priority
within IPR  Default

Interrupt Source  Code (Initial Value) (Bit Number) Setting Unit Priority
NMI H'1CO0 16 — — High
H-UDI interrupt H'5EQ 15 — — A
IRQ IRQO H'600 0to 15 (0) IPRC (3to 0) —
IRQ1 H'620 0to 15 (0) IPRC (7 to 4) —
IRQ2 H'640 0to 15 (0) IPRC (11 to 8) —
IRQ3 H'660 0to 15 (0) IPRC (15t0 12) —
IRQ4 H'680 0to 15 (0) IPRD (3 to 0) —
IRQ5 H'6A0 0to 15 (0) IPRD (7 to 4) —
IRQ6 H'6CO 0to 15 (0) IPRD (11 to 8) —
IRQ7 H'6EO0 0to 15 (0) IPRD (15t012)  —
DMACO DEIO H'800 0to 15 (0) IPRJ (15to 12) —
DMAC1 DEN H'820 0to 15 (0) IPRJ (11 to 8) —
DMAC2 DEI2 H'840 0to 15 (0) IPRJ (7 to 4) —
DMAC3 DEI3 H'860 0to 15 (0) IPRJ (310 0) —
SCIFO  ERIO H'880 0to 15 (0) IPRE (11 to 8) High
RxI0 H'8A0
BRIO H'8CO I
TxI0 H'8EO0 Low
SCIF1 ERN H'900 0to 15(0) IPRE (7 to 4) High
RxI1 H'920
BRI H'940 I
TxI1 H'960 Low
ADC ADIO H'980 0to 15 (0) IPRE (3 to 0) High
ADI1 H'9A0 IPRF (15 to 12) Low
uSB uUslo H'A00 0to 15 (0) IPRF (7 to 4) High
usi H'A20  /
USIHP H'A40 Low Low
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Exception Interrupt Priory

IPR

Priority
within IPR  Default

Interrupt Source  Code (Initial Value) (Bit Number) Setting Unit Priority
MTUO  TGIOA H'A80 0to 15 (0) IPRG (1510 12) High High
TGIOB H'AA0 A
TGIOC H'ACO
TGIOD H'AEO Low
TCIoV H'BOO IPRG (11 to 8) —
MTU1 TGHA H'C00 0to 15 (0) IPRG (7 to 4) High
TGI1B H'C20 Low
TCHV H'C40 IPRG (3 to 0) High
TCIHU H'C60 Low
MTU2  TGI2A H'C80 0to 15 (0) IPRH (15 to 12) High
TGI2B H'CAO Low
TCI2V H'CCO IPRH (11 to 8) High
TCl2U H'CEO Low
MTU3  TGI3A H'D00 0to 15 (0) IPRH (7 to 4) High
TGI3B H'D20
TGI3C H'D40 I
TGI3D H'D60 Low
TCI3V H'D80 IPRH (3 to 0) —
MTU4  TGI4A H'EOO 0to 15 (0) IPRI (15 to 12) High
TGI4B H'E20
TGI4C H'E40 I
TGI4D H'E60 Low
TCl4V H'E80 IPRI (11 to 8) —
CMT CMIo H'FOO 0to 15 (0) IPRF (3 to 0) High
CMI1 H'F20 Low
SCIF2  ERI2 H'400 0to 15 (0) IPRF (11 to 8) High
RxI2 H'420
BRI2 H'440 I
TxI2 H'460 Low
POE OEl H'480 0to 15 (0) IPRI (7 to 4) —
lc2 lcai H'F40 0to 15 (0) IPRI (3 to 0) — V
WDT ITI H'560 0to 15 (0) IPRB (15t0 12) — Low
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10.5 INTC Operation

10.5.1 Interrupt Sequence

The sequence of interrupt operations is described below. Figure 10.2 is a flowchart of the
operations.

1
2.

© N o o

The interrupt request sources send interrupt request signals to the interrupt controller.

Theinterrupt controller selects the highest-priority interrupt from the interrupt requests sent,
following the priority levels set in interrupt priority registers B to J (IPRB to IPRJ). Lower
priority interrupts are held pending. If two of these interrupts have the same priority level or if
multiple interrupts occur within asingle module, the interrupt with the highest priority is
selected, according to table 10.5.

The priority level of the interrupt selected by the interrupt controller is compared with the
interrupt mask bits (13 to 10) in the status register (SR) of the CPU. If the request priority level
is higher than the level in bits 13 to 10, the interrupt controller accepts the interrupt and sends
an interrupt request signal to the CPU.

Detection timing: The INTC operates, and notifies the CPU of interrupt requests, in
synchronization with the periphera clock (Pd). The CPU receives an interrupt at abreak in
instructions.

The interrupt source code is set in the interrupt event register (INTEVT2).

The status register (SR) and program counter (PC) are saved to SSR and SPC, respectively.
The block bit (BL) 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 adelayed branch. The interrupt
handler may branch with the INTEV T2 register value asits offset in order to identify the
interrupt source. This enablesit to branch to the handling routine for the individual interrupt
source.

Notes: 1. Theinterrupt mask bits (I3 to 10) in the status register (SR) are not changed by

acceptance of aninterrupt inthisLSI.

2. Theinterrupt 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, read
the interrupt source flag after it has been cleared, and then execute an RTE instruction.
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No
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I3 to 10: Interrupt mask bits in status register (SR)

Figure10.2 Interrupt Operation Flowchart
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10.5.2  Multiple Interrupts
When handling multiple interrupts, an interrupt handler should include the following procedures:

1. Branchto aspecific interrupt handler corresponding to a code set in INTEVT2. Thecodein
INTEV T2 can be used as an offset for branching to the specific handler.

Clear the interrupt source in each specific handler.

Save SSR and SPC to memory.

Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask bitsin SR.
Handle the interrupt.

Execute the RTE instruction.

© 0k~ wbd

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 10.2 shows a sample interrupt
operation flowchart.

10.6 Noteson Use

10.6.1 Noteson USB Bus Power Control

Use IRQO/IRQ1 carefully. The USB bus power control uses the interrupt control logic block for
IRQO/TRQL.

For the details about the USB bus power control, refer to section 20, USB Function Module.

10.6.2 Timingto Clear an Interrupt Source

Asdescribed in section 10.5.1, Interrupt Sequence, clear the interrupt source flags in the interrupt
handler.

To avoid accepting an interrupt source flag that has been cleared, read the flag and then, execute
the RTE instruction.
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Section 11 User Break Controller (UBC)

The user break controller (UBC) provides functions that simplify program debugging. These
functions make it easy to design an effective self-monitoring debugger, enabling the chip to debug
programs without using an in-circuit emulator. Break conditions that can be set in the UBC are
instruction fetch or data read/write access, data size, data contents, address value, and stop timing
in the case of instruction fetch.

111 Features

The UBC has the following features:

1

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 A
and B (sequential break setting: channel A and then channel B match with break conditions,
but not in the same bus cycle).

Address

Comparison bits are maskable in 1-bit units.

One of the four address buses (logic address bus (LAB), internal address bus (IAB),
X-memory address bus (XAB), and Y-memory address bus (Y AB)) can be selected.
Data

Only on channel B, 32-bit maskable.

One of the four data buses (L-bus data (LDB), I-bus data (IDB), X-memory data bus (XDB)
and Y-memory data bus (YDB)) can be selected.

Buscycle

Instruction fetch or data access
Read/write

Operand size

Byte, word, and longword

A user-designed user-break condition exception processing routine can be run.

In an instruction fetch cycle, it can be selected that a break is set before or after an instruction
is executed.

M aximum repeat times for the break condition (only for channel B): 2 — 1 times.
Eight pairs of branch source/destination buffers.
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Figure 11.1 shows a block diagram of the UBC.

XAB/YAB
Access IAB  LAB Internal bus

ASID  Control
Access
comparator BBRA
BARA -~
Address
comparator BAMRA
ASID ,_| BASRA |<_>

comparator

Channel A
Access | ]
BBRB
comparator (E==d Y

Address BARB

comparator _B AMRB
ASID BASRB
| comparator |
Data BBRB -~
comparator BDMRB
<—] Channel B BETR |

—>| BRSR |<—>
PC trace
—-l BRDR |<—>

CONTROL [+— BRCR A EE——
LDB/IDB/ |—> User break request

XDB/YDB CPU state

signals

|:| UBC Location |:| 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

Figure11l.1 Block Diagram of User Break Controller
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11.2  Register Descriptions

The user break controller has the following registers. For details on register addresses and access
sizes, refer to section 24, List of Registers.

e Break addressregister A (BARA)

e Break address mask register A (BAMRA)
e Break buscycleregister A (BBRA)

e Break addressregister B (BARB)

e Break address mask register B (BAMRB)
e Break buscycleregister B (BBRB)

o Break dataregister B (BDRB)

e Break datamask register B (BDMRB)

e Break control register (BRCR)

e Execution times break register (BETR)

e Branch source register (BRSR)

e Branch destination register (BRDR)

11.21 Break Address Register A (BARA)

BARA isa32-bit readable/writable register. BARA specifies the address used as a break condition
in channel A.

Initial
Bit Bit Name Value R/W  Description
31to0 BAA31to AllO R/W  Break Address A

BAAO Store the address on the LAB or IAB specifying break

conditions of channel A.
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1122 Break AddressMask Register A (BAMRA)

BAMRA is a 32-bit readable/writable register. BAMRA specifies bits masked in the break address

specified by BARA.
Initial
Bit Bit Name Value R/W  Description
31to0 BAMAS31to AIO R/W  Break Address Mask A
BAMAO

Specify bits masked in the channel A break address
bits specified by BARA (BAA31 to BAAO).

0: Break address bit BAAn of channel A is included in
the break condition

1: Break address bit BAAn of channel A is masked and
is not included in the break condition

Note:n=311t00

11.2.3 Break BusCycle Register A (BBRA)

Break bus cycleregister A (BBRA) is a 16-bit readable/writable register, which specifies (1) L bus
cycleor | bus cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand sizein

the break conditions of channel A.

Initial
Bit Bit Name Value R/W  Description
15t08 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
CDA1 0 R/W L Bus Cycle/l Bus Cycle Select A
CDAO 0 R/W  Select the L bus cycle or | bus cycle as the bus cycle

of the channel A break condition.

00: Condition comparison is not performed
01: The break condition is the L bus cycle
10: The break condition is the | bus cycle
11: The break condition is the L bus cycle
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Bit

Bit Name

Initial
Value

R/W

Description

IDA1
IDAO

0
0

R/W
R/W

Instruction Fetch/Data Access Select A

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel A break condition.

00: Condition comparison is not performed
01: The break condition is the instruction fetch cycle
10: The break condition is the data access cycle

11: The break condition is the instruction fetch cycle or
data access cycle

RWA1
RWAO

R/W
R/W

Read/Write Select A

Select the read cycle or write cycle as the bus cycle of
the channel A break condition.

00: Condition comparison is not performed

01: The break condition is the read cycle

10: The break condition is the write cycle

11: The break condition is the read cycle or write cycle

SZA1
SZAO

R/W
R/W

Operand Size Select A

Select the operand size of the bus cycle for the
channel A break condition.

00: The break condition does not include operand size
01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword access

RENESAS
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1124 Break Address Register B (BARB)

BARB is a 32-bit readable/writable register. BARB specifies the address used as a break condition
in channel B. Control bits CDB1, CDBO, XYE, and XY Sin BBRB select one of the four address
buses for break condition B.

Initial
Bit Bit Name Value R/W  Description
31to0 BAB31to AllO R/W  Break Address B

BABO Store an address which specifies a break condition in

channel B.

If the | bus or L bus is selected in BBRB, an IAB or
LAB address is set in BAB31 to BABO.

If the X memory is selected in BBRB, the values in
bits 15 to 1 in XAB are set in BAB31 to BAB17. In this
case, the values in BAB16 to BABO are arbitrary.

If the Y memory is selected in BBRB, the values in
bits 15to 1 in YAB are set in BAB15 to BAB1. In this
case, the values in BAB31 to BAB16 are arbitrary.

Table11.1 Specifying Break Address Register

Bus Selection in

BBRB BAB31to BAB17 BAB16 BAB15to BAB1 BABO

L bus LAB31 to LABO

| bus IAB31 to IABO

X bus XAB15 to XAB1 Don't care Don't care Don't care
Y bus Don't care Don't care YAB15 to YAB1 Don't care

Rev. 4.00 Sep. 14, 2005 Page 246 of 982
REJ09B0023-0400 RENESAS



Section 11 User Break Controller (UBC)

1125 Break AddressMask Register B (BAMRB)

BAMRB is a 32-hit readabl e/writable register. BAMRB specifies bits masked in the break address

specified by BARB.

Initial
Bit Bit Name Value R/W  Description
31to0 BAMB31to AlO R/W  Break Address Mask B

BAMBO

Specify bits masked in the break address of channel B
specified by BARB (BAB31 to BABO).

0: Break address BABN of channel B is included in the
break condition

1: Break address BABN of channel B is masked and is
not included in the break condition

Note:n=311t00

11.2.6 Break Data Register B (BDRB)

BDRB is a 32-hit readable/writable register. The control bits CDB1, CDBO, XYE, and XYSin
BBRB select one of the four data buses for break condition B.

Initial
Bit Bit Name Value R/W  Description
31to0 BDB31to All 0 R/W  Break Data Bit B

BDBO

Store data which specifies a break condition in
channel B.

If the | bus is selected in BBRB, the break data on IDB
is set in BDB31 to BDBO.

If the L bus is selected in BBRB, the break data on
LDB is set in BDB31 to BDBO.

If the X memory is selected in BBRB, the break data in
bits 15 to 0 in XDB is set in BDB31 to BDB16. In this
case, the values in BDB15 to BDBO are arbitrary.

If the Y memory is selected in BBRB, the break data in
bits 15to 0 in YDB are set in BDB15 to BDBO. In this
case, the values in BDB31 to BDB16 are arbitrary.
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Table11.2 Specifying Break Data Register

Bus Selection in BBRB BDB31to BDB16 BDB15 to BDBO
L bus LDB31 or LDBO

| bus IDB31 to IDBO

X bus XDB15 to XDBO Don't care

Y bus Don't care YDB15 to YDBO

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.

2. When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDRB as the break data.

3. Set the data in bits 31 to 16 when including the value of the data bus as an L-bus break
condition for the MOVS.W @-As,Ds, MOVS.W @As,Ds, MOVS.W @As+,Ds, or
MOVS.W @As+Ix,Ds instruction.

1127 Break DataMask Register B (BDMRB)

BDMRB is a 32-hit readable/writable register. BDMRB specifies bits masked in the break data
specified by BDRB.

Initial
Bit Bit Name Value R/W  Description
31t00 BDMB31to AllO R/W  Break Data Mask B

BDMEO Specify bits masked in the break data of channel B

specified by BDRB (BDB31 to BDBO).

0: Break data BDBn of channel B is included in the
break condition

1: Break data BDBn of channel B is masked and is not
included in the break condition

Note: n=31t00

Notes: 1. Specify an operand size when including the value of the data bus in the break condition.
2. When the byte size is selected as a break condition, the same byte data must be set in
bits 15 to 8 and 7 to 0 in BDRB as the break mask data in BDMRB.
3. Set the mask data in bits 31 to 16 when including the value of the data bus as an L-bus
break condition for the MOVS.W @-As,Ds, MOVS.W @As,Ds, MOVS.W @As+,Ds, or
MOVS.W @As+Ix,Ds instruction.
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11.2.8

Break Bus Cycle Register B (BBRB)

Break bus cycle register B (BBRB) is a 16-hit readable/writable register, which specifies (1) X bus
or Y bus, (2) L buscycleor | bus cycle, (3) instruction fetch or data access, (4) read or write,
and (5) operand size in the break conditions of channel B.

Bit

Bit Name

Initial
Value

R/W

Description

1510 10

AllO

R

Reserved

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

XYE

R/W

Selects the X memory bus or Y memory bus as the
channel B break condition. Note that this bit setting is
enabled only when the L bus is selected with the CDB1
and CDBO bits. Selection between the X memory bus
and Y memory bus is done by the XYS bit.

0: Selects L bus for the channel B break condition
unconditionally

1: Selects X/Y memory bus for the channel B break
condition

XYS

R/W

Selects the X bus or the Y bus as the bus of the
channel B break condition.

0: Selects the X bus for the channel B break condition
1: Selects the Y bus for the channel B break condition

CDBH1
CDBO

R/W
R/W

L Bus Cycle/l Bus Cycle Select B

Select the L bus cycle or | bus cycle as the bus cycle
of the channel B break condition.

00: Condition comparison is not performed
01: The break condition is the L bus cycle
10: The break condition is the | bus cycle
11: The break condition is the L bus cycle
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Initial
Bit Bit Name Value

R/W

Description

5 IDB1 0
4 IDBO 0

R/W
R/W

Instruction Fetch/Data Access Select B

Select the instruction fetch cycle or data access cycle
as the bus cycle of the channel B break condition.

00: Condition comparison is not performed
01: The break condition is the instruction fetch cycle
10: The break condition is the data access cycle

11: The break condition is the instruction fetch cycle or
data access cycle

RWB1
RWBO0 0

R/W
R/W

Read/Write Select B

Select the read cycle or write cycle as the bus cycle of
the channel B break condition.

00: Condition comparison is not performed

01: The break condition is the read cycle

10: The break condition is the write cycle

11: The break condition is the read cycle or write cycle

SZB1 0
0 SZB0 0

R/W
R/W

Operand Size Select B

Select the operand size of the bus cycle for the
channel B break condition.

00: The break condition does not include operand size
01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword access
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11.2.9

BRCR sets the following conditions:

Break Control Register (BRCR)

1. Channels A and B are used in two independent channel conditions or under the sequential
condition.

2. A break is set before or after instruction execution.

3. Specify whether to include the number of execution times on channel B in comparison
conditions.

4. Determine whether to include data bus on channel B in comparison conditions.
5. Enable PC trace.

The break control register (BRCR) is a 32-bit readable/writable register that has break conditions
match flags and bits for setting a variety of break conditions.

Bit

Bit Name

Initial
Value

R/W

Description

31to 16

AllO

R

Reserved

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

15

SCMFCA

0

R/W

L Bus Cycle Condition Match Flag A

When the L 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 into this

bit.

0: The L bus cycle condition for channel A does not
match

1: The L bus cycle condition for channel A matches

14

SCMFCB

0

R/W

L Bus Cycle Condition Match Flag B

When the L 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 into this

bit.

0: The L bus cycle condition for channel B does not
match

1: The L bus cycle condition for channel B matches

RENESAS
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Bit

Bit Name

Initial
Value

R/W

Description

13

SCMFDA

0

R/W

| Bus Cycle Condition Match Flag A

When the | 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 into this

bit.

0: The | bus cycle condition for channel A does not
match

1: The | bus cycle condition for channel A matches

12

SCMFDB

0

R/W

| Bus Cycle Condition Match Flag B

When the | 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 into this

bit.

0: The | bus cycle condition for channel B does not
match

1: The | bus cycle condition for channel B matches

11

PCTE

R/W

PC Trace Enable
0: Disables PC trace
1: Enables PC trace

10

PCBA

R/W

PC Break Select A

Selects the break timing of the instruction fetch cycle
for channel A as before or after instruction execution.

0: PC break of channel A is set before instruction
execution

1: PC break of channel A is set after instruction
execution

9,8

AllO

Reserved

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

DBEB

R/W

Data Break Enable B

Selects whether or not the data bus condition is
included in the break condition of channel B.

0: No data bus condition is included in the condition of
channel B

1: The data bus condition is included in the condition of
channel B
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Bit

Bit Name

Initial
Value

R/W

Description

PCBB

0

R/W

PC Break Select B

Selects the break timing of the instruction fetch cycle
for channel B as before or after instruction execution.

0: PC break of channel B is set before instruction
execution

1: PC break of channel B is set after instruction
execution

54

AllO

Reserved

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

SEQ

R/W

Sequence Condition Select

Selects two conditions of channels A and B as
independent or sequential conditions.

0: Channels A and B are compared under independent
conditions

1: Channels A and B are compared under sequential
conditions (channel A, then channel B)

2,1

AllO

Reserved

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

ETBE

R/W

Number of Execution Times Break Enable

Enables the execution-times break condition only on
channel B. If this bit is 1 (break enable), a user break is
issued when the number of break conditions matches
with the number of execution times that is specified by
BETR.

0: The execution-times break condition is disabled on
channel B

1: The execution-times break condition is enabled on
channel B

RENESAS
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11.2.10 Execution Times Break Register (BETR)

BETR is a 16-hit readable/writable register. 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 number is 2 — 1 times. When a break condition is satisfied, it decreases BETR. A
break isissued when the break condition is satisfied after BETR becomes H'0001.

Initial
Bit Bit Name  Value R/W  Description
15t012 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
11to0 BET11 to AllO R/W  Number of Execution Times

BETO

11.2.11 Branch Source Register (BRSR)

BRSR is a 32-bit read-only register. BRSR stores bits 27 to 0 in the address of the branch source
instruction. BRSR has the flag bit that is set to 1 when a branch occurs. Thisflag bitisclearedto 0
when BRSR isread, the setting to enable PC trace is made, or BRSR is initialized by a power-on
reset. Other bits are not initialized by a power-on reset. The eight BRSR registers have a queue
structure and a stored register is shifted at every branch.

Initial
Bit Bit Name Value R/W  Description
31 SVF 0 R BRSR Valid Flag

Indicates whether the branch source address is stored.
When a branch source address is fetched, this flag is
set to 1. This flag is cleared to 0 by reading from
BRSR.

0: The value of BRSR register is invalid
1: The value of BRSR register is valid

30028 — AllO R Reserved

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

27100 BSA27to — R Branch Source Address

BSAO Store bits 27 to 0 of the branch source address.
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11.2.12 Branch Destination Register (BRDR)

BRDR is a 32-bit read-only register. BRDR stores hits 27 to 0 in the address of the branch
destination instruction. BRDR has the flag bit that is set to 1 when a branch occurs. Thisflag bit is
cleared to 0 when BRDR is read, the setting to enable PC trace is made, or BRDR isinitialized by
a power-on reset. Other bits are not initialized by a power-on reset. The eight BRDR registers
have a queue structure and a stored register is shifted at every branch.

Initial

Bit Bit Name Value R/W  Description

31 DVF 0 R BRDR Valid Flag
Indicates whether a branch destination address is
stored. When a branch destination address is fetched,
this flag is set to 1. This flag is cleared to 0 by reading
BRDR.
0: The value of BRDR register is invalid
1: The value of BRDR register is valid

30to28 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

27to 0 BDA27 to — R Branch Destination Address

BDAO

Store bits 27 to 0 of the branch destination address.
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11.3  Operation

11.31  Flow of the User Break Operation

The flow from setting of break conditionsto user break exception processing is described below:

1.

The break addressesis set in the break address registers (BARA or BARB). The masked
addresses are set in the break address mask registers (BAMRA or BAMRB). The break datais
set in the break dataregister (BDRB). The masked datais set in the break data mask register
(BDMRB). The bus break conditions are set in the break bus cycle registers (BBRA or
BBRB). Three groups of BBRA or BBRB (L bus cyclée/l bus cycle select, instruction
fetch/data access select, and read/write select) are each set. No user break will be generated if
even one of these groupsiis set with 00. The respective conditions are set in the hits of the
break control register (BRCR). Make sureto set all registers related to breaks before setting
BBRA or BBRB.

When the break conditions are satisfied, the UBC sends a user break request to the CPU and

setsthe L bus condition match flag (SCMFCA or SCMFCB) and the | bus condition match

flag (SCMFDA or SCMFDB) for the appropriate channel. When the X/Y memory busis
specified for channel B, SCMFCB is used for the condition match flag.

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.

There is a chance that the break set in channel A and the break set in channel B occur around

the sametime. In this case, there will be only one break request to the CPU, but these two

break channel match flags could be both set.

When selecting the | bus as the break condition, note the following:

— Severa bus masters, including the CPU and DMAC, are connected to the | bus. The UBC
monitors bus cycles generated by all bus masters, and determines the condition match.

— Physical addresses are used for the | bus. Set a physical addressin break address registers
(BARA and BARB). The upper three hits of logical addressesin the PO to P3 areaissued
by the CPU on the L bus are masked (to 0) before they are placed on the | bus. The upper
three bits of the source and destination addresses set in the DMAC are masked in the same
way. However, logical addresses in the P4 area are output unchanged on the | bus.

— For data access cyclesissued on the L bus by the CPU, if their logical addresses are not to
be cached, they are issued with the data size specified on the L bus.

— For instruction fetch cycles issued on the L bus by the CPU, even though their logical
addresses are not to be cached, they are issued in longwords and their addresses are
rounded to match longword boundaries.
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— If alogical addressissued on the L bus by the CPU is an address to be cached and a cache
miss occurs, its bus cycleisissued as a cachefill cycle onthel bus. In thiscase, it isissued
in longwords and its address is rounded to match longword boundaries. However note that
cachefill is not performed for awrite miss in write through mode. In this case, the bus
cycle isissued with the data size specified on the L bus and its address is not rounded. In
write back mode, awrite back cycle may beissued in addition to aread fill cycle. Itisa
longword bus cycle whose address is rounded to match longword boundaries.

— | bus cycles (including read fill cycles) resulting from instruction fetches on the L bus by
the CPU are defined as instruction fetch cycles on the | bus, while other bus cycles are
defined as data access cycles.

— The DMAC only issues data access cycles for | bus cycles.

— If abresak condition is specified for the | bus, even when the condition matchesin an | bus
cycle resulting from an instruction executed by the CPU, at which instruction the break is
to be accepted cannot be clearly defined.

While the block bit (BL) in the CPU status register (SR) is set to 1, no breaks can be accepted.

However, condition determination will be carried out, and if the condition matches, the

corresponding condition match flagisset to 1.

11.3.2 Break on Instruction Fetch Cycle

1.

When L bus/instruction fetch/read/word or longword is set in the break bus cycle register
(BBRA or BBRB), the break condition becomes the L bus instruction fetch cycle. Whether it
breaks before or after the execution of the instruction can then be selected with the PCBA or
PCBB bit of the break control register (BRCR) for the appropriate channel. If an instruction
fetch cycleis set as abreak condition, clear LSB in the break address register (BARA or
BARB) to 0. A break cannot be generated as long asthisbit isset to 1.

An instruction set for abreak before execution breaks when it is confirmed that the instruction
has been fetched and will be executed. This means this feature cannot be used on instructions
fetched by overrun (instructions fetched at a branch or during an interrupt transition, but not to
be executed). When this kind of break is set for the delay slot of a delayed branch instruction,
the break is generated prior to execution of the delayed branch instruction.

Note: If abranch does not occur at adelay condition branch instruction, the subsequent
instruction is not recognized as a delay dlot.

When the condition is specified to be occurred 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 thiskind of break is set for a delayed branch instruction and its delay slot, a break is not
generated until the first instruction at the branch destination.
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4. When aninstruction fetch cycleis set for channel B, the break dataregister B (BDRB) is
ignored. Therefore, break data cannot be set for the break of the instruction fetch cycle.

5. Ifthel busis set for abreak of an instruction fetch cycle, the condition is determined for the
instruction fetch cycles on the | bus. For details, see 5 in section 11.3.1, Flow of the User
Break Operation.

11.3.3 Break on Data Access Cycle

1. If theL busis specified as abreak condition for data access break, condition comparison is
performed for the logical addresses (and data) accessed by the executed instructions, and a
break occursif the condition is satisfied. If the | busis specified as a break condition, condition
comparison is performed for the physical addresses (and data) of the data access cycles that are
issued on the | bus by all bus masters including the CPU, and a break occursiif the condition is
satisfied. For details on the CPU bus cyclesissued on the | bus, see5 in section 11.3.1, Flow of
the User Break Operation.

2. Therelationship between the data access cycle address and the comparison condition for each
operand sizeislisted in table 11.3.

Table11.3 Data Access Cycle Addresses and Operand Size Comparison Conditions

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits 31 to 2
Word Compares break address register bits 31 to 1 to address bus bits 31 to 1
Byte Compares break address register bits 31 to 0 to address bus bits 31 to 0

This means that when address H'00001003 is set in the break address register (BARA or
BARB), 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 isincluded in the break conditions on channel B:
When the data value isincluded in the break conditions, either longword, word, or byteis
specified as the operand size of the break bus cycle register B (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 datain two bytes at hits
15 to 8 and bits 7 to O of the break dataregister B (BDRB) and break data mask register B
(BDMRB). When word or byte is set, bits 31 to 16 of BDRB and BDMRB are ignored. Set the
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word datain bits 31 to 16 in BDRB and BDMRB when including the value of the databusasa
break condition for the MOV S.W @-As,Ds, MOVS.W @As,Ds, MOVSW @As+,Ds, or
MOV S.W @As+Ix,Dsinstruction (bits 15 to O are ignored).

4. Access by aPREF instruction is handled as read accessin longword units without access data.
Therefore, if including the value of the data bus when a PREF instruction is specified asa
break condition, a break will not occur.

5. If theL busis selected, abreak occurs on ending execution of the instruction that matches the
break condition, and immediately before the next instruction is executed. However, when data
is aso specified as the break condition, the break may occur on ending execution of the
instruction following the instruction that matches the break condition. If the | busis selected,
theinstruction at which the break will occur cannot be determined. When this kind of break
occurs at a delayed branch instruction or its delay slot, the break may not actually take place
until the first instruction at the branch destination.

11.34 Break on X/Y-Memory Bus Cycle

1. Thebreak condition on an X/Y-memory bus cycle is specified only in channel B. If the XYE
bitin BBRB is set to 1, the break address and break data.on X/Y-memory bus are selected. At
thistime, select the X-memory bus or Y-memory bus by specifying the XY S hit in BBRB. The
break condition cannot include both X-memory and Y -memory at the same time. The break
condition is applied to an X/Y-memaory bus cycle by specifying L bus/data access/read or
write/word or no specified operand sizein bits 7 to 0 in the break bus cycle register B (BBRB).

2. When an X-memory address is selected as the break condition, specify an X-memory address
in the upper 16 bitsin BARB and BAMRB. When a'Y-memory address is selected, specify a
Y -memory address in the lower 16 bits. Specification of X/Y-memory dataisthe same for
BDRB and BDMRB.

3. Thetiming of adata access break for the X memory or Y memory bus to occur isthe same asa
data access break of the L bus. For details, see 5 in section 11.3.3, Break on Data Access
Cycle.
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11.35 Sequential Break

1.

By setting the SEQ hit in BRCR to 1, the sequential break is issued when a channel B break
condition matches after achannel A break condition matches. A user break is not generated
even if achannel B break condition matches before a channel A break condition matches.
When channels A and B conditions match at the same time, the sequential break is not issued.
To clear the channel A condition match when a channel A condition match has occurred but a
channel B condition match has not yet occurred in a sequential break specification, clear the
SEQ bit in BRCR to 0.

In sequential break specification, the L/I/X/Y bus can be selected and the execution times
break condition can be aso specified. For example, when the execution times break condition
is specified, the break condition is satisfied when a channel B condition matches with BETR =
H'0001 after a channel A condition has matched.

11.3.6  Valueof Saved Program Counter

When a break occurs, the address of the instruction from where execution isto be resumed is
saved in the SPC, and the exception handling state is entered. If the L busis specified as a break
condition, the instruction at which the break should occur can be clearly determined (except for
when dataisincluded in the break condition). If the | busis specified as a break condition, the
instruction at which the break should occur cannot be clearly determined.

1.

When instruction fetch (before instruction execution) is specified as a break condition:

The address of the instruction that matched the break condition is saved in the SPC. The
instruction that matched the condition is not executed, and the break occurs before it. However
when adelay dlot instruction matches the condition, the address of the delayed branch
instruction is saved in the SPC.

When instruction fetch (after instruction execution) is specified as a break condition:

The address of the instruction following the instruction that matched the break condition is
saved in the SPC. The instruction that matches the condition is executed, and the break occurs
before the next instruction is executed. However when a delayed branch instruction or delay
slot matches the condition, these instructions are executed, and the branch destination address
issaved in the SPC.

When data access (address only) is specified as a break condition:

The address of the instruction immediately after the instruction that matched the break
condition is saved in the SPC. The instruction that matches the condition is executed, and the
break occurs before the next instruction is executed. However when adelay slot instruction
matches the condition, the branch destination addressis saved in the SPC.
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4. When data access (address + data) is specified as a break condition:

When adata value is added to the break conditions, the address of an instruction that iswithin
two instructions of the instruction that matched the break condition is saved in the SPC. At
which instruction the break occurs cannot be determined accurately.

When adelay dot instruction matches the condition, the branch destination addressis saved in
the SPC. If the instruction following the instruction that matches the break conditionisa
branch instruction, the break may occur after the branch instruction or delay slot has finished.
In this case, the branch destination address is saved in the SPC.

11.3.7 PC Trace

1. Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, and interrupt
exception) is generated, the branch source address and branch destination address are stored in
BRSR and BRDR, respectively.

2. Thevalues stored in BRSR and BRDR are as given below due to the kind of branch.

— |f abranch occurs due to a branch instruction, the address of the branch instruction is saved
in BRSR and the address of the branch destination instruction is saved in BRDR.

— If abranch occurs due to an interrupt or exception, the value saved in SPC due to exception
occurrence is saved in BRSR and the start address of the exception handling routineis
saved in BRDR.

When arepeat loop of the DSP extended function is used, control being transferred from the
repeat end instruction to the repeat start instruction is not recognized as a branch, and the
values are not stored in BRSR and BRDR.

3. BRSR and BRDR have eight pairs of queue structures. The top of queuesis read first when the
address stored in the PC trace register isread. BRSR and BRDR share the read pointer. Read
BRSR and BRDR in order, the queue only shifts after BRDR isread. After switching the
PCTE hit (in BRCR) off and on, the values in the queues are invalid.
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11.3.8 Usage Examples

Break Condition Specified for L BusInstruction Fetch Cycle:

(Example 1-1)

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'00000400

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'00000404, Address mask: H'00000000

Buscycle: L bus/instruction fetch (after instruction execution)/read (operand size is hot
included in the condition)

<Channel B>
Address:. H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read (operand size is not
included in the condition)

A user break occurs after an instruction of address H'00000404 is executed or before

instructions of addresses H'00008010 to H'00008016 are executed.

(Example 1-2)

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

Specified conditions: Channel A/channel B sequential mode

<Channel A>

Address:.  H'00037226, Address mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read/word

<Channel B>

Address:  H'0003722E, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read/word
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After an instruction with and address H'00037226 is executed, a user break occurs before an
instruction with and address H'0003722E is executed.

(Example 1-3)

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'00000000

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'00027128, Address mask: H'00000000

Buscycle: L bug/instruction fetch (before instruction execution)/write/word

<Channel B>

Address:  H'00031415, Address mask: H'00000000

Data H'00000000, Data mask: H'00000000

Buscycle: L bug/instruction fetch (before instruction execution)/read (operand sizeis not
included in the condition)

On channel A, no user break occurs since instruction fetch is not awrite cycle. On channel B,

no user break occurs since instruction fetch is performed for an even address.

(Example 1-4)

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

Specified conditions: Channel A/channel B sequential mode

<Channel A>

Address.  H'00037226, Address mask: H'00000000

Buscycle L bus/instruction fetch (before instruction execution)/write/word
<Channdl B>

Address:  H'0003722E, Address mask: H'00000000

Data: H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read/word

Sinceinstruction fetch is not awrite cycle on channel A, a sequential condition does not
match. Therefore, no user break occurs.
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(Example 1-5)

o 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'00000001, BETR = H'0005
Specified conditions: Channel A/channel B independent mode
<Channel A>
Address.  H'00000500, Address mask: H'00000000
Buscycle: L bus/instruction fetch (before instruction execution)/read/longword
<Channel B>
Address:  H'00001000, Address mask: H'00000000
Data H'00000000, Data mask: H'00000000
Buscycle: L bus/instruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)

On channel A, auser break occurs before an instruction of address H'00000500 is executed.
On channel B, a user break occurs after the instruction of address H'00001000 are executed
four times and before the fifth time.

(Example 1-6)

o Register 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
Specified conditions: Channel A/channel B independent mode
<Channel A>
Address:  H'00008404, Address mask: H'00000FFF
Buscycle: L bus/instruction fetch (after instruction execution)/read (operand size is not
included in the condition)

<Channel B>
Address;. H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read (operand sizeis not
included in the condition)

A user break occurs after an instruction with addresses H'00008000 to H'00008FFE is executed

or before an instruction with addresses H'00008010 to H'00008016 are executed.
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Break Condition Specified for L Bus Data Access Cycle:

(Example 2-1)

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

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address:  H'00123456, Address mask: H'00000000

Buscycle: L bus/data access/read (operand sizeis not included in the condition)
<Channel B>

Address:. H'000ABCDE, Address mask: H'000000FF

Data: H'0000A512, Data mask: H'00000000

Buscycle: L bus/data accessiwrite/word

On channel A, auser break occurs with longword read from address H'00123454, word read
from address H'00123456, or byte read from address H'00123456. On channel B, a user break
occurs when word H'A512 iswritten in addresses H'000ABCO0 to H'000ABCFE.

(Example 2-2)

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'00000080

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'01000000, Address mask: H'00000000

Buscycle: L bus/data access/read/word

<Channel B>

Y Address: H'0000F000, Address mask: H'FFFFO000

Data H'00004567, Data mask: H'00000000

Buscycle: Y bus/data access/write/word

On channel A, auser break occurs during word read from address H'01000000 in the memory
space. On channel B, a user break occurs when word data H'4567 is written in address
H'0000F000 in the Y memory space. The X/Y-memory space is changed by a mode setting.
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Break Condition Specified for | Bus Data Access Cycle:

(Example 3-1)

Register specifications

BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'00055555,
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00007878, BDMRB = H'00000FOF,
BRCR = H'00000080

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address:  H'00314156, Address mask: H'00000000

Buscycle: | bus/instruction fetch/read (operand size is not included in the condition)
<Channel B>

Address:.  H'00055555, Address mask: H'00000000

Data: H'00000078, Data mask: H'0000000F

Buscycle: | bus/data access/write/byte

On channel A, auser break occurs when instruction fetch is performed for address H'00314156
in the memory space.

On channel B, a user break occurs when the | buswrites byte data H'7* in address
H'00055555.

11.4  Usage Notes

1

The CPU can read from or write to the UBC registers viathe | bus. Accordingly, during the
period from executing an instruction to rewrite the UBC register till the new valueis actually
rewritten, the desired break may not occur. In order to know the timing when the UBC register
is changed, read from the last written register. Instructions after then are valid for the newly
written register value.

UBC cannot monitor access to the L bus and | bus in the same channel.
Note on specification of sequential break:

A condition match occurs when a B-channel match occursin abus cycle after an A-channel
match occurs in another bus cycle in sequential break setting. Therefore, no break occurs even
if abuscycle, in which an A-channel match and a channel B match occur simultaneousdly, is
Set.
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. When auser break and another exception occur at the same instruction, which has higher
priority is determined according to the priority levels defined in table 9.1 in section 9,
Exception Handling. If an exception with higher priority occurs, the user break is not
generated.

— Pre-execution break has the highest priority.

— When a post-execution break or data access break occurs simultaneously with are-
execution-type exception (including pre-execution break) that has higher priority, the re-
execution-type exception is accepted, and the condition match flag is not set (see the
exception in the following note). The break will occur and the condition match flag will be
set only after the exception source of the re-execution-type exception has been cleared by
the exception handling routine and re-execution of the same instruction has ended.

— When a post-execution break or data access break occurs simultaneously with a
completion-type exception (TRAPA) that has higher priority, though a break does not
occur, the condition match flag is set.

. Note the following exception for the above note.

If a post-execution break or data access break is satisfied by an instruction that generates a

CPU address error by data access, the CPU address error is given priority to the break. Note

that the UBC condition match flag is set in this case.

. Note the following when a break occursin adelay slot.

If apre-execution break is set at the delay slot instruction of the RTE instruction, the break

does not occur until the branch destination of the RTE instruction.

. User breaks are disabled during USB module standby mode. Do not read from or write to the

UBC registers during USB modul e standby mode; the values are not guaranteed.

. When the repeat loop of the DSP extended function is used, even though a break condition is

satisfied during execution of the entire repeat loop or severa instructions in the repeat loop, the

break may be held. For details, see section 9, Exception Handling.
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Section 12 Bus State Controller (BSC)

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

12.1 Features

The BSC has the following features:

1

Physical address space is divided into eight areas
— A maximum 32 or 64 Mbytes for each of the eight areas, CS0, CS2 to C34, CS5A, CS5EB,
CS6A and CS6B, totally 384 Mbytes.

— A maximum 64 Mbytes for each of the six areas, CS0, CS2 to C$4, CS5, and CS6, totally a
total of 384 Mbytes.

— Can specify the normal spaceinterface, SRAM interface with byte selection, burst ROM
(clock synchronous or asynchronous), MPX-1/0, burst MPX-1/0, and SDRAM for each
address space.

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

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

Normal space interface

— Supports the interface that can directly connect to the SRAM.
Burst ROM interface (clock asynchronous)

— High-speed access to the ROM that has the page mode function.
MPX-1/O interface

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

— Can set the SDRAM up to 2 areas.

— Multiplex output for row address/column address.

— Efficient access by single read/single write.

— High-speed access by the bank-active mode.

— Supports an auto-refresh and self-refresh.
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— Supports low-frequency and power-down modes.
— Issues MRS and EMRS commands.
6. Byte-selection SRAM interface
— Can connect directly to a byte-selection SRAM
7. Burst MPX-IO interface
— Can connect directly to aperipheral LS| that needs an address/data multiplexing.
— Supports burst transfer
8. Burst ROM interface (clock synchronous)
— Can connect directly to a ROM of the clock synchronous type
9. Busarbitration

— Shares all of the resources with other CPU and outputs the bus enabl e after receiving the
bus request from external devices.

10. Refresh function
— Supports the auto-refresh and self-refresh functions.
— Specifiestherefresh interval using the refresh counter and clock selection
— Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8)
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BSC functional block diagram is shown in figure 12.1.

RERKE <€ Bus
BACK mastership I CMNCR |<->
BREQ > controller
ICSOWCR I<—>
S Wait :
WAIT "1 controller i CS6BWCR I<—>
I RWTCNT |<->
CS0, CS2, CS3,
Cs4, CSSA CS , Area I CSO0BCR |<->
CS6A, CS6B -
controller o
CS6BBCR | ~=p—|
vos .
A25 to A0,
D31 to DO Memory
BS, RD/WR, < controller
RD, WE3 to WEO,
RASU, RASL,
CASU,CASL
CKE, DQMxx, AH, I SDCR |<->
FRAME
A RTCSR
RTCNT
Refresh J
controller
[Legend]
CMNCR: Common control register

\]

BSC

Module bus

CSnWCR: CSn space wait control register (n =0, 2, 3, 4, 5A, 5B, 6A, 6B)

RWTCNT:

Reset wait counter

CSnBCR: CSn space bus control register (n =0, 2, 3, 4, 5A, 5B, 6A, 6B)

SDCR:

SDRAM control register

RTCSR: Refresh timer control/status register

RTCNT:

Refresh timer counter

RTCOR: Refresh time constant register

Internal bus

Figure12.1 BSC Functional Block Diagram
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12.2

I nput/Output Pins

Table 12.1 shows pin configuration of the BSC.

Table12.1 Pin Configuration

Name I/O Function

A25 to AO Output  Address bus

D31 to DO IO Data bus

BS Output Bus cycle start

CS0,CS2t0 CS4  Output  Chip select

CS5A Output  Chip select
Active only for address map 1

RD/WR Output Read/write
Connects to WE pins when SDRAM or byte-selection SRAM is
connected.

RD Output Read pulse signal (read data output enable signal)

WES3/ICIOWR/AH  Output Indicates that D31 to D24 are being written to.
Connected to the byte select signal when a byte-selection SRAM is
connected.
Functions as the address hold signal when the MPX-10O is used.
Functions as the selection signals for D31 to D24 when SDRAM is
connected.

WE2/ICIRD Output Indicates that D23 to D16 are being written to.
Connected to the byte select signal when a byte-selection SRAM is
connected.
Functions as the selection signals for D23 to D16 when SDRAM is
connected.

WE1/WE Output Indicates that D15 to D8 are being written to.

Connected to the byte select signal when a byte-selection SRAM is
connected.

Functions as the selection signals for D15 to D8 when SDRAM is
connected.
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Name I/0 Function

WEO Output Indicates that D7 to DO are being written to.
Connected to the byte select signal when a byte-selection SRAM is
connected.
Functions as the selection signals for D7 to DO when SDRAM is
connected.

RASU Output  Connects to RAS pin when SDRAM is connected.

RASL

CASU Output  Connects to CAS pin when SDRAM is connected.

CASL

CKE OQutput Clock enable for SDRAM

FRAME Output  Functions as FRAME signal when connected to burst MPX-10
interface

WAIT Input  External wait input

BREQ Input Bus request input

BACK Output  Bus enable input

MD3 Input MD3: Select area 0 bus width (16/32 bits)

12.3 AreaOverview

12.3.1 AreaDivision

In the architecture of this LSI, both logical spaces and physical spaces have 32-bit address spaces.
The cache access method is shown by the upper three bits. For details see section 7, Cache. The
remaining 29 bits are used for division of the space into ten areas (address map 1) or eight areas
(address map 2) according to the MAP bit in the CMNCR register setting. The BSC performs
control for this 29-bit space.

Aslisted in tables 12.2 and 12.3, this LSl can connect various memoriesto eight areas or six areas,
and it outputs chip select signals (CS0, CS2 to CS4, CS5A, CS5B, CS6A, and CS6B) for each of
them. CSO is asserted during area 0 access; CS5A is asserted during area 5A access when address
map 1 is selected; and CS5B is asserted when address map 2 is selected. Also CS6A is asserted
during area 6A access when address map 1 is selected; and CS6B is asserted when address map 2
is selected.
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12.3.2 Shadow Area

Areas 0, 2to 4, 5A, 5B, 6A, and 6B are decoded by addresses A28 to A26, which correspond to
areas 000 to 110. Address hits 31 to 29 are ignored. This means that the range of area 0 addresses,
for example, is H'00000000 to H'03FFFFFF, and its corresponding shadow space is the address
space between PO and P3 obtained by adding to it H'20000000 x n (n= 1 to 6). The address range
for area 7 is H'1C000000 to H'1FFFFFFF. The address space H'1C000000 + H'20000000 x n—
H'1FFFFFFF + H'20000000 x n (n = 0 to 7) corresponding to the area 7 shadow space is reserved,
so do not useit.

Area P4 (H'EO000000 to H'EFFFFFFF) isan I/O areaand is assigned for internal register
addresses.

H'00000000 E Area 0 (CS0)
: Area 1 (Internal 1/0)
H'20000000 Area 2 (CS2)
- Area 3 (CS3)
H'40000000 Area 4 (CS4)
- Area 5A (CS5A)
H'60000000 Area 5B (CS5B)
. Area 6A (CSBA)
H'80000000 Area 6B (CS6B)
. '11 . Area 7 (Reserved)
H'A0000000 ¥ iy
F_‘f ‘.’ i Address spacesby A28 to AQ
H'C0000000 § /
P3 /
I S
H'E0000000 4
P4
EV =

Address Spaces by A31 to A0

Figure12.2 Address Space
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1233 AddressMap

The external address space has a capacity of 384 Mbytes and is used by dividing 8 partial spaces.
The kind of memory to be connected and the data bus width are specified in each partial space.
The address map for the external address spaceis listed below.

Table12.2 AddressSpace Map 1 (CMNCR.MAP =0)

Physical Address Area Memory to be Connected Capacity
H'00000000 to H'03FFFFFF  Area O Normal memory 64 Mbytes
Burst ROM (asynchronous)

Burst ROM (synchronous)

H'04000000 to H'07FFFFFF  Area 1 Internal I/O register area** 64 Mbytes
H'08000000 to H'OBFFFFFF  Area 2 Normal memory 64 Mbytes
Byte-selection SRAM
SDRAM
H'0C000000 to H'OFFFFFFF  Area 3 Normal memory 64 Mbytes
Byte-selection SRAM
SDRAM
H'10000000 to H'13FFFFFF  Area 4 Normal memory 64 Mbytes

Byte-selection SRAM
Burst ROM (asynchronous)

H'14000000 to H'15FFFFFF~  Area 5A°  Normal memory 32 Mbytes
H'16000000 to H'17FFFFFF  Area 5B  Normal memory 32 Mbytes
Byte-selection SRAM
MPX-1/0
H'18000000 to H'19FFFFFF  Area 6A  Normal memory 32 Mbytes
H'1A000000 to H'1BFFFFFF Area 6B  Normal memory 32 Mbytes
Byte-selection SRAM
MPX-1/0
H'1C000000 to H'1FFFFFFF  Area 7 Reserved*' 64 Mbytes

Notes: 1. Do not access the reserved area. If the reserved area is accessed, the correct
operation cannot be guaranteed.
2. Access the address indicated in section 24, List of Registers, for the on-chip I/O register
in area 1. Do not access area 1 addresses which are not described in the register map.
Otherwise, the correct operation cannot be guaranteed.
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Table12.3 Address Space Map 2(CMNCR.MAP =1)

Memory to be

Physical Address Area Connected Capacity
H'00000000 to Area 0 Normal memory 64 Mbytes
H'03FFFFFF Burst ROM

(Asynchronous)

Burst ROM

(Synchronous)
H'04000000 to Area 1 Internal I/O register 64 Mbytes
H'07FFFFFF area*’
H'08000000 to Area 2 Normal memory 64 Mbytes
H'OBFFFFFF Byte-selection SRAM

SDRAM
H'0C000000 to Area 3 Normal memory 64 Mbytes
HOFFFFFFF Byte-selection SRAM

SDRAM
H'10000000 to Area 4 Normal memory 64 Mbytes
H13FFFFFF Byte-selection SRAM

Burst ROM

(Asynchronous)
H'14000000 to Area 5** Normal memory 64 Mbytes
H17FFFFFF Byte-selection SRAM

MPX-I/O
H'18000000 to Area 6*° Normal memory 64 Mbytes
H'1BFFFFFF

Byte-selection SRAM
Burst MPX-1/O

H'1C000000 to Area 7 Reserved*' 64 Mbytes
H'1FFFFFFF

Notes: 1. Do not access the reserved area. If the reserved area is accessed, the correct
operation cannot be guaranteed.
2. For area 5, the CS5BBCR and CS5BWCR registers and the CS5B signal are valid.
For area 6, the CS6BBCR and CS6BWCR registers and the CS6B signal are valid.
3. Access the address indicated in section 24, List of Registers, for the on-chip I/O register
in area 1. Do not access area 1 addresses which are not described in the register map.
Otherwise, the correct operation cannot be guaranteed.
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1234 AreaOMemory Typeand Memory BusWidth

The memory bus width in this LS| can be set for each area. In area 0, external pins can be used to
select word (16 bits), or longword (32 bits) on power-on reset. The correspondence between the
external pin MD3 and memory sizeislisted in the table below.

Table12.4 Correspondence between External Pin MD3 and Bus Width of Area0

MD3 Bus Width of Area 0
0 16 bits
1 32 bits

124  Register Descriptions

The BSC has the following registers. For the addresses and access sizes of these registers, see
section 24, List of Registers.

Do not access spaces other than CSO until the termination of the setting the memory interface.

e Common control register (CMNCR)

e Buscontrol register for area 0 (CSOBCR)

e Buscontrol register for area 2 (CS2BCR)

e Buscontrol register for area 3 (CS3BCR)

e Buscontrol register for area4 (C4BCR)

e Buscontrol register for area 5A (CS5ABCR)

e Buscontrol register for area 5B (CS5BBCR)

e Buscontrol register for area 6A (CS6ABCR)

e Buscontrol register for area 6B (CS6BBCR)

e Wait control register for area 0 (CSOWCR)

e Wait control register for area 2 (CS2WCR)

e Wait control register for area 3 (CS3WCR)

e Wait control register for area 4 (CSAWCR)

e Wait control register for area 5A (CSSAWCR)
e Wait control register for area 5B (CS5BWCR)
e Wait control register for area 6A (CS6AWCR)
e Wait control register for area 6B (CS6BWCR)
e SDRAM control register (SDCR)
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o Refresh timer control/status register (RTCSR)
o Refresh timer counter (RTCNT)

o Refresh time constant register (RTCOR)

e Reset wait counter (RWTCNT)

1241 Common Control Register (CMNCR)

CMNCR isa32-bit register that controls the common items for each area. Thisregister isonly
initialized by a power-on reset, and it is not initialized by a manual reset and in the standby mode.
Do not access external memory other than area 0 until the CMNCR register initialization is
complete.

Initial
Bit Bit Name Value R/W  Description
31to16 — AllO R Reserved

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

15 WAITSEL 0 R/W  WAIT Signal Sampling Timing Specification
Specifies the external WAIT signal sampling timing.
0: Samples the WAIT signal at the falling edge of the

CKIO. In this case, the WAIT signal can be input
asynchronously.

1: Samples the WAIT signal at the rising edge of the
CKIO. In this case, the WAIT signal must be input
synchronously.

14,13 — AllO R Reserved

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

12 MAP 0 R/W  Space Specification

Selects the address map for the external address
space. The address maps to be selected are shown in
tables 12.2 and 12.3.

0: Selects address map 1.
1: Selects address map 2.
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Initial

Bit Bit Name Value R/W  Description

11 BLOCK 0 R/W  Bus Clock
Specifies whether or not the BREQ signal is received.
0: Receives BREQ.

1: Does not receive BREQ.

10 DPRTY1 R/W  DMA Burst Transfer Priority

9 DPRTYO R/W  Specify the priority for a refresh request/bus
mastership request during DMA burst transfer.

00: Accepts a refresh request and bus mastership
request during DMA burst transfer.

01: Accepts a refresh request but does not accept a
bus mastership request during DMA burst transfer.

10: Accepts neither a refresh request nor a bus
mastership request during DMA burst transfer.

11: Reserved (setting prohibited)

8 DMAIW2 0 R/W  Wait states between access cycles when DMA single

7 DMAIW1 0 R/W address transfer is performed.

6 DMAIWO 0 rw Specify the number of idle cycles to be inserted after
an access to an external device with DACK when DMA
single address transfer is performed. The method of
inserting idle cycles depends on the contents of
DMAIWA.

000: No idle cycle inserted

001: 1 idle cycle inserted

010: 2 idle cycles inserted

011: 4 idle cycled inserted

100: 6 idle cycled inserted

101: 8 idle cycle inserted

110: 10 idle cycles inserted

111: 12 idle cycled inserted
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Bit

Bit Name

Initial
Value

R/W

Description

5

DMAIWA

0

R/W

Method of inserting wait states between access cycles
when DMA single address transfer is performed.

Specifies the method of inserting the idle cycles
specified by the DMAIW][2:0] bit. Clearing this bit will
make this LSl insert the idle cycles when another
device, which includes this LSI, drives the data bus
after an external device with DACK drove it. However,
when the external device with DACK drives the data
bus continuously, idle cycles are not inserted. Setting
this bit will make this LSl insert the idle cycles after an
access to an external device with DACK, even when
the continuous accesses to an external device with
DACK are performed.

0: Idle cycles inserted when another device drives the
data bus after an external device with DACK drove
it.

1: Idle cycles always inserted after an access to an
external device with DACK

Reserved

This bit is always read as 1. The write value should
always be 1.

Reserved

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

CKD2RDV

CKIO2 Drive

Specifies whether the CKIO2 pin outputs a low level
signal or clock (B¢). In clock mode 7 (CKIO pin input),
the CKIO2 pin has high impedance. The CK2DRYV bit
setting is enabled in the 2 or 6 clock mode.

0: Outputs a low level signal
1: Outputs a clock (B¢)

HIZMEM

R/W

High-Z Memory Control

Specifies the pin state in software standby mode for
A25 to A0, BS, CS, RD/WR, WEn/DQNxx, RD, and
FRAME.

0: High impedance in standby mode.

1: Driven in standby mode

Rev. 4.00 Sep. 14,2005 Page 280 of 982
REJ09B0023-0400

RENESAS



Section 12 Bus State Controller (BSC)

Initial
Bit Bit Name Value R/W  Description
0 HIZCNT 0 R/W  High-Z Control

Specifies the state in software standby mode and bus

released for CKIO2, RASU, RASL, CASU, and CASL.

0: High impedance in software standby mode and bus
released for CKIO2, RASU, RASL, CASU, and
CASL.

1: Driven in standby mode and bus released for
CKI102, RASU, RASL, CASU, and CASL.

12.4.2 CSn Space Bus Control Register (CSnBCR) (n =0, 2, 3, 4, 5A, 5B, 6A, 6B)

CSnBCR is a 32-bit readable/writable register that specifies the function of each area, the number
of idle cycles between bus cycles, and the bus-width. Thisregister isinitialized to H'36DB0600 by
apower-on reset, and it is not initialized by a manual reset and in the standby mode.

Do not access external memory other than area 0 until CSnBCR register initiaization is

completed.
Initial
Bit Bit Name Value R/W  Description
31 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
30 IWW2 1 R/W Idle Cycles between Write-Read Cycles and Write-
29 IWW1 1 p/w  Write Cycles
o8 IWWO 1 R/W  These bits specify the number of idle cycles to be

inserted after the access to a memory that is
connected to the space. The target access cycles are
the write-read cycle and write-write cycle.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Initial
Bit Bit Name Value R/W  Description
27 IWRWD2 1 R/W Idle Cycles for Another Space Read-Write
26 IWRWD1 1 R/W  Specify the number of idle cycles to be inserted after
25 IWRWDO 1 R/W the access to a memory that is c_:onnected t<_) the .
space. The target access cycle is a read-write one in
which continuous accesses switch between different
spaces.
000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
24 IWRWS2 1 R/W Idle Cycles for Read-Write in the Same Space
23 IWRWSH1 1 R/W  Specify the number of idle cycles to be inserted after
20 IWRWSO0 1 R/W the access to a memory that is connected to the

space. The target cycle is a read-write cycle of which
continuous accesses are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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Bit

Bit Name

Initial
Value

R/W

Description

21
20
19

IWRRD2
WRRD1
IWRRDO

1
1
1

R/W
R/W
R/W

Idle Cycles for Read-Read in Another Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous accesses switch between different spaces.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

18
17
16

IWRRS2
IWRRSH1
IWRRSO0

R/W
R/W
R/W

Idle Cycles for Read-Read in the Same Space

Specify the number of idle cycles to be inserted after
the access to a memory that is connected to the
space. The target cycle is a read-read cycle of which
continuous accesses are for the same space.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

15

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
14 TYPE2 0 R/W  Specify the type of memory connected to a space.
13 TYPEA1 0 R/W  0000: Normal space
12 TYPEO 0 R/W  0001: Burst ROM (clock synchronous)
0010: MPX-1/O
0011: Byte-selection SRAM
0100: SDRAM
0101: Reserved (Setting prohibited)
0110: Burst MPX-I/O
0111: Burst ROM (Clock synchronous)
For details for memory type in each area, refer to
tables 12.2 and 12.3.
11 — 0 R Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W  Description
10 BSZ1 1* R/W  Data Bus Size
9 BSZ0 1* R/W  Specify the data bus sizes of spaces.
The data bus sizes of areas 2, 3, 4 and 5A are shown
below.

00: Reserved (setting prohibited)

01: 8-bit size

10: 16-bit size

11: 32-bit size

For MPX-I/O, selects bus width by address

Notes: 1. If area 5B is specified as MPX-1/O, the bus
width can be specified as 8 bits or 16 bits by
the address according to the SZSEL bit in
CS5BWCR by specifying these bits to 11.

2. The data bus width for area 0 is specified by
the external pin. The BSZ1 and BSZ0 bit
settings in the CSOBCR register are
ignored.

3. If area 6 is specified as burst MPX-1/O, the
bus width can be specified as 32 bits only.

4. If area 2 or area 3 is specified as SDRAM
space, the bus width can be specified as
either 16 bits or 32 bits.

8to0 — All O R Reserved

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

Note: * The CSOCR samples the external pins (MD3) that specify the bus width at power-on
reset.
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12.43  CSn Space Wait Control Register (CST\WCR) (n =0, 2, 3, 4, 5A, 5B, 6A, 6B)

Thisregister specifies various wait cycles for memory accesses. The bit configuration of this
register varies as shown below according to the memory type (TYPE2 to TY PEO) specified by the
CSn space bus control register (CSNBCR). Specify the CSnWCR register before accessing the
target area. Specify CSnBCR register first, then specify the CSnWCR register.

CSnWCRisinitialized to H'00000500 by a power-on reset, and it isnot initialized by a manual
reset and in the standby mode.

Normal Space, Byte-Selection SRAM, MPX-1/O:

e CSOWCR
Initial
Bit Bit Name Value R/W  Description
31t013 —* All0 R/W  Reserved
When the normal space interface and SRAM interface
with byte selection are specified, these bits should be
set to 0.
12 SWi1 0 R/W  Number of Delay Cycles from Address, CSn Assertion
11 SWo 0 R/W to RD, WEnN Assertion

Specify the number of delay cycles from address and
CSn assertion to RD and WEnN assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit

Bit Name

Initial
Value

R/W

Description

10

WR3
WR2
WR1
WRO

1

0
1
0

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5t02

AllO

R

Reserved

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

Bit Bit Name Value

R/W

Description

1 HWA1 0
0 HWO 0

R/W
R/W

Delay Cycles from RD, WEn Negation to Address, CSn
Negation

Specify the number of delay cycles from RD and WEnN
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

Note: *

To connect the burst ROM to the CS0 area and use the burst ROM interface after the

BSC is activated, enables the burst access through bit 20, specifies the number of burst
wait cycles through bits 17 and 16, and then set the bits TYPE[2:0] in CSOBCR.
Reserved bits other than above should not be set to 1.

For details on the burst ROM interface, see Burst ROM (Clock Asynchronous).

e CS2WCR, CS3WCR
Initial

Bit Bit Name Value

R/W

Description

31to21 — AllO

Reserved

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

20 BAS 0

R/W

Byte-Selection SRAM Byte Access Selection

Specifies the WEn and RD/WR signal timing when the

byte-selection SRAM interface is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access cycle
and asserts the RD/WR signal at the write timing.

19to 11 — AllO

Reserved

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

Bit Name

Initial
Value

R/W

Description

10

WR3
WR2
WR1
WRO

1

0
1
0

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of cycles that are necessary for
read/write access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait is valid
1: External wait is ignored

5t00

AllO

R

Reserved

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

Bit Bit Name Value R/W  Description

31to21 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

20 BAS 0 R/W  Byte-Selection SRAM Byte Access Selection
Specifies the WEn and RD/WR signal timing when the
byte-selection SRAM interface is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access cycle
and asserts the RD/WR signal at the write timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

18 Ww2 0 R/W  Number of Write Access Wait Cycles

17 WWH1 0 R/W  Specify the number of cycles that are necessary for

16 WWO 0 R/W write access.

000: The same cycles as WR[3:0] setting (number of

read access wait cycles)

001: No cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

15013 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W  Description
12 SwWi1 0 R/W  Number of Delay Cycles from Address, CSn Assertion
11 SWo 0 R/W to RD, WE Assertion
Specify the number of delay cycles from address and
CSn assertion to RD and WE assertion.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
10 WR3 1 R/W  Number of Read Access Wait Cycles
9 WR2 0 R/W  Specify the number of cycles that are necessary for
WR1 1 R/ readaccess.
WRO 0 R/W 0000: No cycle
0001: 1 cycle
0010: 2 cycles
0011: 3 cycles
0100: 4 cycles
0101: 5 cycles
0110: 6 cycles
0111: 8 cycles
1000: 10 cycles
1001: 12 cycles
1010: 14 cycles
1011: 18 cycles
1100: 24 cycles
1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)
6 WM 0 R/W  External Wait Mask Specification
Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.
0: External wait is valid
1: External wait is ignored
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Initial
Bit Bit Name Value

R/W

Description

5t02 — AllO

Reserved

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

HWH1
0 HWO

R/W
R/W

Delay Cycles from RD, WEn Negation to Address, CSn
Negation

Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

¢ CS5AWCR
Initial
Bit Bit Name Value

R/W

Description

31to19 — AllO

Reserved

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

18 Ww2
17 Wwi1
16 WWO0 0

R/W
R/W
R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary for
write access.

000: The same cycles as WR[3:0] setting (number of
read access wait cycles)

001: No cycle
010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t013 — AllO

Reserved

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

Bit Name

Initial
Value

R/W

Description

12
11

Swi1
SWo

0
0

R/W
R/W

Number of Delay Cycles from Address, CSn Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CSn assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

WR3
WR2
WR1
WRO

o = O =

R/W
R/W
R/W
R/W

Number of Read Access Wait Cycles

Specify the number of cycles that are necessary for
read access.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

WM

R/W

External Wait Mask Specification

Specify whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait is valid
1: External wait is ignored

RENESAS
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Initial
Bit Bit Name Value R/W  Description
5t02 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
HW1 0 R/W  Delay Cycles from RD, WEn Negation to Address,
0 HWO 0 RWw  CSn Negation
Specify the number of delay cycles from RD and WEnN
negation to address and CSn negation.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
e CS5BWCR
Initial
Bit Bit Name Value R/W  Description
31to22 — All O R Reserved

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

21 SZSEI 0 R/W  MPX-IO Interface Bus Width Specification

Specifies an address to select the bus width when the
BSZ[1:0] of CS5BBCR are specified as 11. This bit is
valid only when area 5B is specified as MPX-1/O.

0: Selects the bus width by address A14
1: Selects the bus width by address A21

The relationship between the SZSEL bit and bus width
selected by A14 or A21 are summarized below.

SZSEL A14 A21 Bus Width

0 0 Not affected 8 bits
0 0 Not affected 16 bits
1 Not affected 0 8 bits
1 Not affected 1 16 bits
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Initial
Bit Bit Name Value R/W  Description
20 MPX 0 R/W  MPX-10 Interface Address Wait

Specifies the address cycle insertion wait for MPX-10

interface. This bit setting is valid only when area 5B is

specified as MPX-1/O.

0: Inserts no wait cycle

1: Inserts 1 wait cycle

BAS 0 R/W  Byte-Selection SRAM Byte Access Selection

This bit setting is valid only when area 5B is specified

as byte-selection SRAM.

Specifies the WEn and RD/WR signal timing when the

byte-selection SRAM interface is used.

0: Asserts the WEn signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WEn signal during the read access cycle
and asserts the RD/WR signal at the write timing.

19 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
18 Ww2 R/W  Number of Write Access Wait Cycles
17 WW1 R/W  Specify the number of cycles that are necessary for
16 WWo R/W write access.

000: The same cycles as WR[3:0] setting (number of

read access wait cycles)

001: No cycle

010: 1 cycle

011: 2 cycles

100: 3 cycles

101: 4 cycles

110: 5 cycles

111: 6 cycles

15t0 13 — AllO R Reserved

These bits are always read as 0. The write value

should always be 0.
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Initial
Bit Bit Name Value R/W  Description
12 SwWi1 0 R/W  Number of Delay Cycles from Address, CSn Assertion
11 SWo 0 R/W to RD, WE Assertion
Specify the number of delay cycles from address and
CSn assertion to RD and WE assertion.
00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
10 WR3 1 R/W  Number of Read Access Wait Cycles
9 WR2 0 R/W  Specify the number of cycles that are necessary for
WR1 1 R/ readaccess.
WRO0 0 R/w  0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait is valid
1: External wait is ignored
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Initial
Bit Bit Name Value

R/W

Description

5t02 — AllO

Reserved

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

HWA1
0 HWO

R/W
R/W

Delay Cycles from RD, WEn Negation to Address,
CSn Negation

Specify the number of delay cycles from RD and WEnN
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

¢ CS6AWCR
Initial
Bit Bit Name Value

R/W

Description

31t0o 13 — AllO

Reserved

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

12 Swi1
11 SWo

R/W
R/W

Number of Delay Cycles from Address, CSn Assertion
to RD, WE Assertion

Specify the number of delay cycles from address and
CSn assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Initial
Bit Bit Name Value R/W  Description
10 WR3 1 R/W  Number of Access Wait Cycles
9 WR2 0 R/W  Specify the number of cycles that are necessary for
8 WR1 1 R/w  read/write access.
7 WRO0 0 r/w  0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

6 WM 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5to2 — AllO R Reserved

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

Bit Bit Name Value R/W  Description

1 HW1 0 R/W  Delay Cycles from RD, WEn Negation to Address,

0 HWO 0 RWw  ©Sn Negation
Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles

01: 1.5 cycles

10: 2.5 cycles

11: 3.5 cycles

e CS6BWCR

Initial

Bit Bit Name Value R/W  Description

31to21 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.

20 BAS 0 R/W  Byte-Selection SRAM Byte Access Selection
Specifies the WEn and RD/WR signal timing when the
byte-selection SRAM interface is used.

0: Asserts the WEN signal at the read timing and
asserts the RD/WR signal during the write access
cycle.

1: Asserts the WERn signal during the read/write access
cycle and asserts the RD/WR signal at the write
timing.

19t0 13 — All 0 R Reserved
These bits are always read as 0. The write value
should always be 0.

12 SWA1 R/W  Number of Delay Cycles from Address, CSn Assertion

11 SWo R/W to RD, WEn Assertion

Specify the number of delay cycles from address, CSn
assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles

10: 2.5 cycles
11: 3.5 cycles
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Initial
Bit Bit Name Value R/W  Description
10 WR3 1 R/W  Number of Access Wait Cycles
9 WR2 0 R/W  Specify the number of cycles that are necessary for
8 WR1 1 R/\W read/write access.
7 WRO 0 r/w  0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

6 WN 0 R/W  External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification of this bit is valid even when the
number of access wait cycles is 0.

0: The external wait input is valid.

1: The external wait input is ignored.

5to2 — AllO R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W  Description
1 HW1 0 R/W  Number of Delay Cycles from RD, WEn Negation to
0 HWO 0 R/W Address, CSn Negation

Specify the number of delay cycles from RD, WEn
negation to address, and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

Burst ROM (Clock Asynchronous):

¢ CSOWCR

Initial

Bit Bit Name Value R/W  Description

31to21 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

20 BEN 0 R/W  Burst Enable Specification
Enables or disables 8-burst access for a 16-bit bus
width or 16-burst access for an 8-bit bus width during
16-byte access. If this bit is set to 0, 2-burst access is
performed four times when the bus width is 16 bits and
4-burst access is performed four times when the bus
width is 8 bits. To use a device that does not support
8-burst access or 16-burst access, set this bit to 1.
0: Enables 8-burst access for a 16-bit bus width and

16-burst access for an 8-bit bus width.
1: Disables 8-burst access for a 16-bit bus width and
16-burst access for an 8-bit bus width.
19, 18 — All O R Reserved

These bits are always read as 0. The write value
should always be O.
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Initial
Bit Bit Name Value R/W  Description
17 BW1 0 R/W  Number of Burst Wait Cycles
16 BWO 0 R/W  Specify the number of wait cycles to be inserted
between the second or later access cycles in burst
access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15to 11 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
10 W3 1 R/W  Number of Access Wait Cycles
w2 0 R/W  Specify the number of wait cycles to be inserted in the
W1 1 rw first access cycle.
Wo 0 R/W 0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)
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Initial

Bit Bit Name Value R/W  Description

6 WM 0 R/W  External Wait Mask Specification
Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.
0: External wait is valid
1: External wait is ignored

5t00 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

e CHAWCR

Initial

Bit Bit Name Value R/W  Description

31to21 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.

20 BEN 0 R/W  Burst Enable Specification
Enables or disables 8-burst access for a 16-bit bus
width or 16- burst access for an 8-bit bus width during
16-byte access. If this bit is set to 0, 2-burst access is
performed four times when the bus width is 16 bits and
4-burst access is performed four times when the bus
width is 8 bits. To use a device that does not support
8-burst access or 16-burst access, set this bit to 1.
0: Enables 8-burst access for a 16-bit bus width and

16-burst access for an 8-bit bus width.
1: Disables 8-burst access for a 16-bit bus width and
16-burst access for an 8-bit bus width.
19, 18 — All O R Reserved

These bits are always read as 0. The write value
should always be 0.
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Initial
Bit Bit Name Value R/W  Description
17 BW1 0 R/W  Number of Burst Wait Cycles
16 BWO 0 R/W  Specify the number of wait cycles to be inserted
between the second or later access cycles in burst
access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15t0 13 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
12 SWi1 0 R/W  Number of Delay Cycles from Address, CSn Assertion
11 SWo 0 R/W to RD, WE Assertion

Specify the number of delay cycles from address and
CSn assertion to RD and WE assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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Bit

Bit Name

Initial
Value

R/W

Description

10

W3
w2
Wi1
WO

1

0
1
0

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5t02

AllO

R

Reserved

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

RENESAS
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Bit Bit Name

Initial
Value R/W

Description

1 HWA1
0 HWO

0 R/W
0 R/W

Delay Cycles from RD, WEn Negation to Address, CSn
Negation

Specify the number of delay cycles from RD and WEn
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles

SDRAM*:

e CS2WCR

Bit Bit Name

Initial
Value R/W

Description

31 to 11 —

AllO R

Reserved

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

10 —

Reserved

This bit is always read as 1. The write value should
always be 1.

Reserved

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

A2CLA1
A2CLO

R/W
0 R/W

CAS Latency for Area 2

Specify the CAS latency for area 2.
00: 1 cycle

01: 2 cycles

10: 3 cycles

11: 4 cycles

6to0 —

AllO R

Reserved

These bits are always read as 0. The write value
should always be 0.
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e CS3WCR

Bit

Bit Name

Initial
Value

R/W

Description

31to 15

AllO

Reserved

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

14
13

WTRP1*
WTRPO

R/W
R/W

Number of Auto-Precharge Completion Wait Cycles

Specify the number of minimum precharge completion
wait cycles during the periods shown below.

o From the start of auto-precharge to issuing of the
ACTV command for the same bank

e From issuing of the PRE/PALL command to issuing
of the ACTV command for the same bank

e Until entering the power-down mode or deep
power-down mode

e From issuing of the PALL command to issuing of
the REF command in auto refreshing

e From issuing of the PALL command to issuing of
the SELF command in self refreshing

The setting for areas 2 and 3 is common.

00: No cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles

12

Reserved

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

11
10

WTRCD1
WTRCDO

0
1

R/W
R/W

Number of Wait Cycles between ACTV Command and
READ(A)/WRIT(A) Command

Specify the minimum number of wait cycles from
issuing the ACTV command to issuing the
READ(A)/WRIT(A) command. The setting for areas 2
and 3 is common.

00: No cycle
01: 1 cycle

10: 2 cycles
11: 3 cycles
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Initial
Bit Bit Name Value R/W  Description
9 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
8 A3CL1 R/W  CAS Latency for Area 3
A3CLO 0 R/W  Specify the CAS latency for area 3.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: 4 cycles
6,5 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
TRWL1* 0 R/W  Number of Auto-Precharge Startup Wait Cycles
3 TRWLO R/W  Specify the number of minimum precharge startup wait

cycles during the periods shown below.

e From issuing of the WRITA command by this LSI to
starting of auto-precharge in SDRAM
The number of cycles from issuing the WRITA
command to issuing the ACTV command for the
same bank. See the SDRAM data sheets to
confirm the number of cycles precede issuing of
auto-precharge after the SDRAM has received the
WRITA command. Set these bits so that the
confirmed cycles should be equal to or less than
the cycles specified by these bits.

e From issuing of the WRIT command by this LSI to
issuing of the PRE command

When different row addresses are accessed from
the same bank address in bank-active mode

The setting for areas 2 and 3 is common.
00: No cycle (Initial value)

01: 1 cycle
10: 2 cycles
11: 3 cycles
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Initial

Bit Bit Name Value R/W  Description

2 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

WTRC1* 0 R/W  Number of Idle Cycles from REF Command/Self-

0 WTRCO 0 R\ Refresh Release to ACTV/REF/MRS Command
Specify the number of minimum idle cycles during the
periods shown below.

e From issuing of the REF command to issuing of the
ACTV/REF/MRS command
e From releasing self-refresh to issuing of the
ACTV/REF/MRS command
The setting for areas 2 and 3 is common.
00: 2 cycles (Initial value)
01: 3 cycles
10: 5 cycles
11: 8 cycles
Note: If both areas 2 and 3 are specified as SDRAM, WTRP[1:0], WTRCD[1:0], TRWL[1:0],
and WTRC[1:0] bit settings are common. If only one area is connected to the SDRAM,
specify area 3. In this case, specify area 2 as normal space or byte-selection SRAM.
Burst MPX-10:
e CS6BWCR
Initial

Bit Bit Name Value R/W  Description

31to22 — All0 R Reserved
These bits are always read as 0. The write value
should always be O.

21 MPXAW1 R/W  Number of Address Cycle Waits

20 MPXAWO 0 R/W  Specify the number of waits to be inserted in the
address cycle.

00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
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Initial
Bit Bit Name Value R/W  Description
19 MPXMD 0 R/W  Burst MPX-1O Interface Mode Specification
Specify the access mode in 16-byte access
0: One 4-burst access by 16-byte transfer
1: Two 2-bursts accesses by quad word (8-byte)
transfer
Transfer size when MPXMD = 0
D31 D30 D29 Transfer Size
0 0 0 Byte (1 byte)
0 0 1 Word (2 byte)
0 1 0 Longword (4 bytes)
0 1 1 Reserved (quad word) (8 bytes)
1 0 0 16 bytes
1 0 1 Reserved (32 bytes)
1 1 0 Reserved (64 bytes)
Transfer size when MPXMD = 1
D31 D30 D29 Transfer Size
0 0 0 Byte (1 byte)
0 0 1 Word (2 byte)
0 1 0 Longword (4 bytes)
0 1 1 Quad word (8 bytes)
1 0 0 Reserved (32 bytes)
18 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.
17 BWA1 0 R/W  Number of Burst Wait Cycles
16 BWO R/W  Specify the number of wait cycles to be inserted at the
2nd and the subsequent access cycles in burst access
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
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Bit

Bit Name

Initial
Value

R/W

Description

15 to 11

AllO

Reserved

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

W3
w2
Wi1
WO

o == O =

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is valid.
The specification by this bit is valid even when the
number of access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5t00

AllO

R

Reserved

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

RENESAS

Rev. 4.00 Sep. 14,2005 Page 311 of 982
REJ09B0023-0400



Section 12 Bus State Controller (BSC)

Burst ROM (Clock Synchronous):

¢ CSOWCR
Initial
Bit Bit Name Value R/W  Description
31t018 — All O R Reserved
These bits are always read as 0. The write value
should always be 0.
17 BWA1 0 R/W  Number of Burst Wait Cycles
16 BWO 0 R/W  Specify the number of wait cycles to be inserted
between the second or later access cycles in burst
access.
00: No cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles
15to 11 — AllO R Reserved

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

Bit Name

Initial
Value

R/W

Description

10

W3
w2
Wi1
WO

1

0
1
0

R/W
R/W
R/W
R/W

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted in the
first access cycle.

0000: No cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Reserved (Setting prohibited)

WM

R/W

External Wait Mask Specification

Specifies whether or not the external wait input is
valid. The specification by this bit is valid even when
the number of access wait cycle is 0.

0: External wait is valid

1: External wait is ignored

5t00

AllO

R

Reserved

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

RENESAS
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12.44 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMsto be
connected.

Thisregister isinitialized to H'00000000 by a power-on reset, and it is not initialized by a manual
reset and in the standby mode.

Initial
Bit Bit Name Value R/W  Description

31to21 — AllO R Reserved

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

20 A2ROW1 0 R/W  Number of Bits of Row Address for Area 2
19 A2ROWO0 0 R/W  Specify the number of bits of row address for area 2.
00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (Setting prohibited)

18 — 0 R Reserved

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

17 A2COL1 0 R/W  Number of Bits of Column Address for Area 2

16 A2COLO 0 R/W  Specify the number of bits of column address for
area 2.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (Setting prohibited)

15, 14 — AllO R Reserved

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

Bit Name

Initial
Value

R/W

Description

13

DEEP

0

R/W

Deep Power-Down Mode

This bit is valid for low-power SDRAM. If the RFSH or
RMODE bit is set to 1 while this bit is set to 1, the deep
power-down entry command is issued and the low-
power SDRAM enters the deep power-down mode.

0: Self-refresh mode

1: Deep power-down mode

12

SLOW

R/W

Low-Frequency Mode

Specifies the output timing of command, address, and
write data for SDRAM and the latch timing of read data
from SDRAM. Setting this bit makes the hold time for
command, address, write and read data extended for
half cycle (output or read at the falling edge of CKIO).
This mode is suitable for SDRAM with low-frequency
clock.

0: Command, address, and write data for SDRAM is
output at the rising edge of CKIO. Read data from
SDRAM is latched at the rising edge of CKIO.

1: Command, address, and write data for SDRAM is
output at the falling edge of CKIO. Read data from
SDRAM is latched at the falling edge of CKIO.

11

RFSH

R/W

Refresh Control

Specifies whether or not the refresh operation of the
SDRAM is performed.

0: No refresh
1: Refresh

10

RMODE

R/W

Refresh Control

Specifies whether to perform auto-refresh or self-
refresh when the RFSH bit is 1. When the RFSH bit is
1 and this bit is 1, self-refresh starts immediately.
When the RFSH bit is 1 and this bit is 0, auto-refresh
starts according to the contents that are set in registers
RTCSR, RTCNT, and RTCOR.

0: Auto-refresh is performed
1: Self-refresh is performed

RENESAS
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Bit

Bit Name

Initial
Value

R/W

Description

PDOWN

0

R

Power-Down Mode

Specifies whether the SDRAM will enter the power-
down mode or not after the access to the external
memory other than the SDRAM or to the internal /0O
resister. With this bit being set to 1, the access to the
external memory other than the SDRAM or to the
internal 1/O register drives the CKE signal low and
causes the SDRAM to enter the power-down mode.

0: The SDRAM does not enter the power-down mode.

1: The SDRAM enters the power-down mode after the
access to the external memory other than the
SDRAM or to the internal I/O resister.

BACTV

R/W

Bank Active Mode

Specifies to access whether in auto-precharge mode

(using READA and WRITA commands) or in bank

active mode (using READ and WRIT commands).

0: Auto-precharge mode (using READA and WRITA
commands)

1: Bank active mode (using READ and WRIT
commands)

Note: Bank active mode can be used only when
either the upper or lower bits of the CS3 space
are used. When both the CS2 and CS3 spaces
are set to SDRAM, specify the auto-precharge
mode.

7105

All0

R

Reserved

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

A3ROW1
A3ROWO

R/W
R/W

Number of Bits of Row Address for Area 3

Specify the number of bits of the row address for
area 3.

00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (Setting prohibited)
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Initial

Bit Bit Name Value R/W  Description

2 — 0 R Reserved
This bit is always read as 0. The write value should
always be 0.

A3COL1 0 R/W  Number of Bits of Column Address for Area 3

0 A3COLO 0 R/W  Specify the number of bits of the column address for
area 3.
00: 8 bits
01: 9 bits
10: 10 bits

11: Reserved (Setting prohibited)

1245 Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM. Thisregister isinitialized to
H'00000000 by a power-on reset, and it is not initialized by a manual reset and in the standby
mode. When the RTCSR is written, the upper 16 bits of the write data must be H'A55A to cancel
write protection.

The clock which counts up the refresh timer counter (RTCNT) is adjusted its phase only by a
power-on reset. Thus, when CKS[2:0] are set to other than B'000 and atimer isin operation, an
error isfound until the first compare match flag is set.

Initial
Bit Bit Name Value R/W  Description
31to8 — All 0 R Reserved
These bits are always read as 0.
7 CMF 0 R/W  Compare Match Flag

Indicates that a compare match occurs between the

refresh timer counter (RTCNT) and refresh time

constant register (RTCOR). This bit is set or cleared in

the following conditions.

0: Clearing condition: When 0 is written in CMF after
reading out RTCSR during CMF = 1.

1: Setting condition: When the condition RTCNT =
RTCOR is satisfied.
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Bit Bit Name

Initial
Value

R/W

Description

6 —

0

Reserved

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

5 CKS2
CKS1
CKSO0

R/W
R/W
R/W

Clock Select

Select the clock input to count-up the refresh timer
counter (RTCNT).

000: Stop the counting-up
001: By/4

010: B¢/16

011: Bo/64

100: By/256

101: B¢/1024

110: B¢/2048

111: B¢/4096

2 RRC2
1 RRC1
0 RRCO

R/W
R/W
R/W

Refresh Count

Specify the number of continuous refresh cycles, when
the refresh request occurs after the coincidence of the
values of the refresh timer counter (RTCNT) and the
refresh time constant register (RTCOR). These bits
can make the period of occurrence of refresh long.

000: Once

001: Twice

010: 4 times

011: 6 times

100: 8 times

101: Reserved (Setting prohibited)
110: Reserved (Setting prohibited)
111: Reserved (Setting prohibited)
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12.4.6 Refresh Timer Counter (RTCNT)

RTCNT is an 8-hit counter that increments using the clock selected by bits CKS2 to CKS0 in
RTCSR. When RTCNT matches RTCOR, RTCNT iscleared to 0. Thevalue in RTCNT returnsto
0 after counting up to 255. When the RTCNT iswritten, the upper 16 bits of the write data must
be H'A55A to cancel write protection. This counter isinitialized to H'00000000 by a power-on
reset, and it is not initialized by a manual reset and in the standby mode.

Initial
Bit Bit Name Value R/W  Description
31to8 — All O R Reserved
These bits are always read as 0.
7100 — AllO R/W  8-Bit Counter

12.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-hit register. When RTCOR matches RTCNT, the CMF bit in RTCSR isset to 1
and RTCNT iscleared to 0.

When the RFSH bit in SDCR is 1, amemory refresh request is issued by this matching signal.
Thisrequest is maintained until the refresh operation is performed. If the request is not processed
when the next matching occurs, the previous request isignored.

When the RTCOR is written, the upper 16 bits of the write data must be H'A55A to cancel write
protection. This register isinitialized to H'00000000 by a power-on reset, and it is not initialized
by a manual reset and in the standby mode.

Initial
Bit Bit Name Value R/W  Description
31to8 — AllO R Reserved
These bits are always read as 0.
7t00 — AllO R/W  8-Bit Counter
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1248 Reset Wait Counter (RWTCNT)

RWTCNT isa 7-hit counter. This counter starts to increment by synchronizing the CKIO after a
power-on reset is released, and stops when the value reaches H'007F. External bus accessis
suspended while the counter is operating. This counter is provided to minimize the time from
releasing areset for flash memory to the first access.

If avalueiswritten to the lower seven bits of this register, the counter starts to increment from the
specified value and the external bus access is suspended until the incrementing has been
completed. When the RWTCNT iswritten, the upper 16 bits of the write data must be H'AS55A to
cancel write protection.

Initial
Bit Bit Name Value R/W  Description
31to7 — AllO R Reserved
These bits are always read as 0.
6100 — All O R/W  7-Bit Counter
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125 Operating Description

125.1 Endian/Access Size and Data Alignment

This LS supports big endian, in which the 0 address is the most significant byte (MSByte) in the
byte data.

Three data bus widths (8 bits, 16 bits, and 32 hits) are available for normal memory and byte-
selection SRAM. Two data bus width (16 bits and 32 bits) are available for SDRAM. Data bus
width for MPX-10 is fixed to 32 bits. Data alignment is performed in accordance with the data bus
width of the device. This also means that when longword data is read from a byte-width device,
the read operation must be done four times. In this LS|, data alignment and conversion of data
length is performed automatically between the respective interfaces.

Table 12.5 through 12.7 show the relationship between device datawidth and access unit.

Table12.5 32-Bit External Device Access and Data Alignment

Data Bus Strobe Signals

D31 to D23 to D15 to WES, WE2, WEH1, WEQO,
Operation D24 D16 D8 D7 to DO DQMUU DQMUL DQMLU DQMLL
Byte access Data — — — Assert — —
ato0 7t00
Byte access — Data — — — Assert — —
at 1 7100
Byte access — — Data — — — Assert —
at2 7t00
Byte access — — — Data — — — Assert
at3 7t00
Word access Data Data — — Assert Assert — —
ato 15t0 8 7t00
Word access — — Data Data — Assert Assert
at2 15t0 8 7t00
Longword Data Data Data Data Assert Assert Assert Assert

access at0 31to24 2310 16 15108 7t00
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Table12.6 16-Bit External Device Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15to WES, WE2, WEH1, WEO,
Operation D24 D16 D8 D7to DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — Data — — — Assert —
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — Data — — — Assert —
7100
Byte access at 3 — — — Data — — — Assert
7100
Word access at 0 — — Data Data — — Assert Assert

15t0 8 7t00

Word access at 2 — — Data Data — — Assert Assert
15t0 8 7t00
Longword  1st — — Data Data — — Assert Assert
access at0 time atO 31t024 23t0 16
2nd — — Data Data — — Assert Assert
time at 2 15t0 8 7t00
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Table12.7 8-Bit External Device Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15to WES, WE2, WEH1, WEO,
Operation D24 D16 D8 D7to DO DQMUU DQMUL DQMLU DQMLL
Byte access at 0 — — — Data — — — Assert
7t00
Byte access at 1 — — — Data — — — Assert
7t00
Byte access at 2 — — — Data — — — Assert
7t00
Byte access at 3 — — — Data — — — Assert
7t00
Word 1st time — — — Data — — — Assert
accessat0 atoO 15t0 8
2nd time — — — Data — — — Assert
at1 7t00
Word 1st time — — — Data — — — Assert
accessat2 at2 15t0 8
2nd time  — — — Data — — — Assert
at3 7100
Longword 1st time — — — Data — — — Assert
accessat0 atoO 311024
2nd time — — — Data — — — Assert
at 1 231to 16
3rd time — — — Data — — — Assert
at2 15t0 8
4th time — — — Data — — — Assert
at3 7t00
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125.2 Normal Space Interface

Basic Timing: For accessto anormal space, this LS| uses strobe signal output in consideration of
the fact that mainly static RAM will be directly connected. When using SRAM with a byte-
selection pin, see section 12.5.8, Byte-Selection SRAM Interface. Figure 12.3 shows the basic
timings of normal space access. A no-wait normal access is completed in two cycles. The BS
signal is asserted for one cycle to indicate the start of abus cycle.

CKIO

Read < RD

\ D31 to DO L G

Write <

Note: * The waveform for DACKn is when active low is specified.

Figure12.3 Normal Space Basic Access Timing (Access Wait 0)

There is no access size specification when reading. The correct access start address is output in the
least significant bit of the address, but since there is no access size specification, 32 bits are always
read in case of a 32-bit device, and 16 bitsin case of a 16-hit device. When writing, only the WEn
signal for the byte to be written is asserted.
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It is necessary to output the data that has been read using RD when a buffer is established in the
data bus. The RD/WR signal isin aread state (high output) when no access has been carried out.
Therefore, care must be taken when controlling the external data buffer, to avoid collision.

Figures 12.4 and 12.5 show the basic timings of normal space accesses. If the WM hit in
CSnWCRiscleared to 0, a Tnop cycleisinserted after the CSn space access to evaluate the
external wait (figure 12.4). If the WM bit in CSnWCR is set to 1, external waits are ignored and
no Tnop cycleisinserted (figure 12.5).

CKIO

A25 to A0

Write {
D15 to DO

DACKn*

WAIT

Note: * The waveform for DACKn is when active low is specified.

Figure12.4 Continuous Accessfor Normal Space 1
BusWidth = 16 Bits, Longword Access, CShWCR.WN Bit =0
(Access Wait = 0, Cycle Wait = Q)
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T T2 0 T T2
T T T T T 1

CKIO

n U
1
1
1 1
1
A25 to A0 X !
1

RD
Read
D15 to DO

I I I I

WEn N N : ' :

. 1 1 | |
Write ' | |
1 T T

pisoos — | X

I 1 1

1 1 I

1 1 1 1 1

>C
/
..>C
CD—
>_
/_

DACKn* _\ I
waT I/IIIIIIIIIIIIIIIIIIIIIIIIIIIIII/

Note: * The waveform for DACKn is when active low is specified.

Figure12.5 Continuous Accessfor Normal Space 2
Bus Width = 16 Bits, Longword Access, CSN\WCR.WN Bit =1
(Access Wait = 0, Cycle Wait = Q)
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128k x 8-bit
This LSI SRAM
A18 . A6
A2 ' ~— Ao
csn cs
RD OE
D31 - 1107
D24 - /00
WE3 WE
D2§
D16 ’ A16
WE2
D15 : AQ
il cs
D8 OE
WET — 107
o7 I
: : /00
DO WE
WEO
A16
Ao
cs
OE
1107
1/00
WE
A16
Ao
cs
OE
1107
/00
WE

Figure12.6 Exampleof 32-Bit Data-Width SRAM Connection
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128k x 8-bit
This LSI SRAM
A17 : | A16
A —{ Ao
CSn CS
RD OE
D15 - 1/07
_D8|— 1/00
WET WE
b7
_Do - A16
WEO I
A0
[¢55}
OE
107
1/00
WE

Figure12.7 Exampleof 16-Bit Data-Width SRAM Connection

128K x 8-bit
This LSI SRAM
A16 A16
A0 A0
CSn CS
RD OE
D7 1107
DO 1/00
WEO WE

Figure 12.8 Example of 8-Bit Data-Width SRAM Connection
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1253 AccessWait Control

Wait cycle insertion on a normal space access can be controlled by the settings of bits WR3 to
WRO in CSnWCR. It is possible for areas 4, 5A, and 5B to insert wait cycles independently in
read access and in write access. The areas other than 4, 5A, and 5B have common access wait for
read cycle and write cycle. The specified number of Tw cycles are inserted as wait cyclesin a
normal space access shown in figure 12.9.

A25t0A0:§XE . ' . ')C
e

D31toDO—§-(
BS :\ Y
Aok N\ i |

Note: * The waveform for DACKn is when active IoW is specified.

-
/j{_

Figure12.9 Wait Timing for Normal Space Access (Software Wait Only)
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When the WM hit in CSnWCR is cleared to O, the external wait input WAIT signal isalso
sampled. WAIT pin sampling is shown in figure 12.10. A 2-cycle wait is specified as a software
wait. The WAIT signal is sampled on the falling edge of CKIO at the transition fromthe T1 or Tw
cycletothe T2 cycle.

Wait states inserted

by WAIT signal
T Tw Tw Twx T2
CKIO N/ N/ \_/
A25t0 AO ! )<
osno o\ o
RDWR ' X X
RD b \ {0 A/ 5
Read . . VO
D310 D0 —— e %
A T e A
Write ! ' ' ' ' | | : Il

D31toD0—;—(
ZZUAVUNVARNAR SRR ANB Y20 S ALVARRANNY

BS I\ /. 1

E

Note: * The waveform for DACKn is when active low is specified.

Figure12.10 Wait State Timing for Normal Space Access
(Wait State Insertion Using WAIT Signal)
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1254 CSn Assert Period Expansion

The number of cycles from CSn assertion to RD, WEn assertion can be specified by setting bits
SW1 and SWO0 in CSnWCR. The number of cycles from RD, WEn negation to CSn negation can
be specified by setting bits HW1 and HWO. Therefore, aflexible interface to an external device
can be obtained. Figure 12.11 shows an example. A Th cycle and a Tf cycle are added before and
after an ordinary cycle, respectively. In these cycles, RD and WEn are not asserted, while other
signals are asserted. The data output is prolonged to the Tf cycle, and this prolongation is useful
for devices with slow writing operations.

. Th . T . T2 . Tf .

CKIO_/_\_/_\_/_\_/_\_/_
A25toA0:§X I X:
mN L AN

X

RD/WR :)(

RD | | : i : | i i
Read &) % i
D3ftoDO . . . :>_._

WEn ! : v : ' A ' v
Write { E : 1 ' 1 ' | , i
D31 to DO —.-( V—
B —\ |

N S N

Note: * The waveform for DACKn is when active low is specified.

Figure12.11 CSn Assert Period Expansion
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1255 MPX-1/O Interface

Access timing for the MPX space is shown below. In the MPX space, CS5B, AH, RD, and WEn
signals control the accessing. The basic access for the MPX space consists of 2 cycles of address
output followed by an access to a normal space. The bus width for the address output cycle or the
datainput/output cycleisfixed to 8 bits or 16 bits. Alternatively, it can be 8 bits or 16 bits
depending on the address to be accessed.

Output of the addresses D15 to DO or D7 to DO is performed from cycle Ta2 to cycle Ta3.
Because cycle Tal has a high-impedance state, collisions of addresses and data can be avoided
without inserting idle cycles, even in continuous accesses. Address output is increased to 3 cycles
by setting the MPXW bit in the CSSBWCR register to 1. The RD/WR signal is output at the same
time asthe CS5B signal; it ishigh in the read cycle and low in the write cycle.

The data cycle is the same as that in a normal space access.

Timing charts are shown in figures 12.12 to 12.14.

. Tal , Ta2 , Ta3 , 0TI, T2
w0 AN NSNS
A25toA16:XI I — X:
w Al 1 1111
D S

RD
Read D7 to DO or : i :

. \
D15 to DO —‘—{: Address /
wen T 0 N/
Write { i 1 | h

D7 to DO or

D15 to DO .—5—( Address X Data ).—

BS :\i /
m_'\

Note: * The waveform for DACKn is when active low is specified.

Figure12.12 Access Timing for MPX Space (Address Cycle No Wait, Data Cycle No Wait)
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Ta2 Ta3 T1 T2

Tadw

A25 to A16

Address

D7 to DO or
D15 to DO

Read {

I
©
..... -|a
....... >
(2]
[%2]
...... 8
ie}
©
<C
c -
5 Ss
DO
2 e
= 0
~
on
(l)\nl\
o
=

Note: * The waveform for DACKn is when active low is specified.

Figure 12.13 Access Timing for MPX Space (Address Cycle Wait 1, Data Cycle No Wait)
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R
Read ¥ D7toDOoOr &+ &+ e ::::::

D15toD0 —— Address — @—
WEn T 1 N b
Write E E E E | 1 , | , | ' ' ' ' | |

D7 to DO or
D15 to DO

BS:::-...:.:.:.:.::

AV S S S O T T N

Note: * The waveform for DACKn is when active low is specified.

Figure12.14 Access Timing for MPX Space
(Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)
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1256 SDRAM Interface

SDRAM Direct Connection: The SDRAM that can be connected to this LSl is aproduct that has
11/12/13 bits of row address, 8/9/10 hits of column address, 4 or less banks, and uses the A10 pin
for setting precharge mode in read and write command cycles. The control signals for direct
connection of SODRAM are RASU, RASL, CASU, CASL, RD/WR, DQMUU, DQMUL, DQMLU,
DQMLL, CKE, CS2, and CS3. All the signals other than CS2 and CS3 are common to al| areas,
and signal's other than CKE are valid when CS2 or CS3 is asserted. SDRAM can be connected to
up to 2 spaces. The data bus width of the areathat is connected to SDRAM can be set to 32 or 16
bits.

Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are supported as
the SDRAM operating mode.

Commands for SDRAM can be specified by RASU, RASL, CASU, CASL, RD/WR, and specific
address signals. These commands supports:

e NOP

o Auto-refresh (REF)

e Self-refresh (SELF)

o All banks pre-charge (PALL)

o Specified bank pre-charge (PRE)
e Bank active (ACTV)

¢ Read (READ)

o Read with pre-charge (READA)
e Write (WRIT)

o Writewith pre-charge (WRITA)
e Write mode register (MRS)

e EMRS

The byte to be accessed is specified by DQMUU, DOMUL, DQMLU, and DQMLL. Reading or
writing is performed for a byte whose corresponding DQMxx is low. For details on the
relationship between DQMxx and the byte to be accessed, refer to section 12.5.1, Endian/Access
Size and Data Alignment.
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Figures 12.15 to 12.17 show examples of the connection of the SDRAM with the LS.

Asshown in figure 12.17, two sets of SDRAMSs of 32 Mbytes or smaller can be connected to the
same CS space by using RASU, RASL, CASU, and CASL. In this case, atotal of 8 banks are
assigned to the same CS space: 4 banks specified by RASL and CASL, and 4 banks specified by
RAS and CAS. When accessing the address with A25 = 0, RASL and CASL are asserted. When
accessing the address with A25 = 1, RASU and CASU are asserted.

64M SDRAM
This LSI (1M x 16-bit x 4-bank)
A15 A13
A2 A0
CKE CKE
CKIO CLK
CSn CS
RASU Unused
CASU Unused
RASL RAS
CASL CAS
RD/WR WE
D31 |/_O1 5
D16 1/00
DQMUU DQMU
DQMUL DQML
D15
: — A13
DO :
DQMLU A0
DQMLL CKE
CLK
CS
RAS
CAS
WE
1/015
1/00
DQMU
DQML

Figure12.15 Example of 32-Bit Data Width SDRAM Connection

(RASU and CASU are Not Used)
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64M SDRAM
This LSI (1M x 16-bit x 4-bank)
Al4 A13
Al A0
CKE CKE
CKIO CLK
Csn cs
RASU Unused
CASU Unused
RASL RAS
CASL CAS
RD/WR WE
D15 I/_O1 5
DO 1/00
DQMLU DQMU
DQMLL DQML

Figure12.16 Example of 16-Bit Data Width SDRAM Connection
(RASU and CASU are Not Used)
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64M SDRAM
This LSI (1M x 16-bit x 4-bank)
A14 A13
Ai AO
CKE CKE
CKIO CLK
CSn [
RASU
CASU
RASL RAS
CASL CAS
RD/WR WE
D15 11015
D16 1100
DQMLU DQMU
DQMLL DQML
A13
A0
CKE
CLK
cs
RAS
CAS
WE
/1015
1/100
DQMU
DQML

Figure12.17 Example of 16-Bit Data Width SDRAM Connection
(RASU and CASU are Used)
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Address Multiplexing: An address multiplexing is specified so that SDRAM can be connected
without external multiplexing circuitry according to the setting of bits BSZ1 and BSZ0 in
CSnBCR, AXROW[1:0] and AXCOL[1:0] in SDCR. Tables 12.8 to 12.13 show the relationship
between the settings of bits BSZ1 and BSZ0, AXROW[1:0], and AXCOL[1:0] and the bits output
at the address pins. Do not specify those bits in the manner other than thistable, otherwise the
operation of this LS| is not guaranteed. A25 to A18 are not multiplexed and the origina values of
address are always output at these pins.

When the data bus width is 16 bits (BSZ1 and BSZ0 = B'10), A0 of SDRAM specifies aword
address. Therefore, connect this A0 pin of SDRAM to the Al pin of the LSI; the A1 pin of
SDRAM to the A2 pin of the LSI, and so on. When the data bus width is 32 bits (BSZ1 and BSZ0
=B'11), the A0 pin of SDRAM specifies alongword address. Therefore, connect this A0 pin of
SDRAM to the A2 pin of the LSI; the A1 pin of SDRAM to the A3 pin of the LSI, and so on.
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Table12.8 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(D-1
Setting
BSz A2/3 A2/3
1,0 ROW COL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
A14 A22*? A22+? A12 (BA1) Specifies bank
A13 A21*? A21** A11 (BAO)
A12 A20*? L/H* A10/AP Specifies
address/precharge
A1 A19 A11 A9 Address
A10 A18 A10 A8
A9 A17 A9 A7
A8 A16 A8 A6
A7 A15 A7 A5
A6 Al4 A6 A4
A5 A13 A5 A3
A4 A12 A4 A2
A3 A11 A3 A1l
A2 A10 A2 A0
A1l A9 Al Unused
A0 A8 AO

Example of connected memory

64-Mbit product (512 kwords x 32 bits x 4 banks, column 8 bits product): 1
16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 2

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table12.8 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(1-2
Setting
BSz A2/3 A2/3
1,0 ROW COL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A25 A17 Unused
A16 A24 A16
A15 A23*+* A23**
A14 A22*? A22*? A13 (BA1) Specifies bank
A13 A21 A13 A12 (BAO)
A12 A20*? L/H* A10/AP Specifies
address/precharge
A1 A19 A11 A9 Address
A10 A18 A10 A8
A9 A17 A9 A7
A8 A16 A8 A6
A7 A15 A7 A5
A6 Al4 A6 A4
A5 A13 A5 A3
A4 A12 A4 A2
A3 A11 A3 A1l
A2 A10 A2 A0
A1l A9 Al Unused
A0 A8 AO

Example of connected memory

128-Mbit product (1 Mword x 32 bits x 4 banks, column 8 bits product): 1
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table12.9 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(2-1
Setting
BSz A2/3 A2/3
1,0 ROW CoL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address
This LSI Output Cycle Output Cycle SDRAM Pin Function
A17 A26 A17 Unused
A16 A25 A16
A15 A24** A24%* A13 (BA1) Specifies bank
Al14 A23*? A23*? A12 (BAO)
A13 A22 A13 A1 Address
A12 A21 L/H* A10/AP Specifies
address/precharge
A1 A20*? A1 A9 Address
A10 A19 A10 A8
A9 A18 A9 A7
A8 A17 A8 A6
A7 A16 A7 A5
A6 A15 A6 A4
A5 A14 A5 A3
A4 A13 A4 A2
A3 A12 A3 A1l
A2 A11 A2 AO
A1 A10 Al Unused
A0 A9 AO

Example of connected memory

256-Mbit product (2 Mwords x 32 bits x 4 banks, column 9 bits product): 1
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 2

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification

3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.
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Table12.9 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(2-2
Setting
BSz A2/3 A2/3
1,0 ROW COoL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address SDRAM Pin Function
This LSI Output Cycle Output Cycle
A17 A27 A17 Unused
A16 A26 A16
A15 A25*? A25*+° A13 (BA1) Specifies bank
Al14 A24*2 A24+* A12 (BAO)
A13 A23 A13 Al1 Address
A12 A22 L/H* A10/AP Specifies
address/precharge
A11 A21 A1 A9 Address
A10 A20*? A10 A8
A9 A19 A9 A7
A8 A18 A8 A6
A7 A17 A7 A5
A6 A16 A6 A4
A5 A15 A5 A3
Ad Al14 A4 A2
A3 A13 A3 A1l
A2 A12 A2 A0
A1 A1 Al Unused
A0 A10 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10 bits product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 2

Notes: 1.

access mode.
2. Bank address specification

3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.

L/H is a bit used in the command specification; it is fixed at L or H according to the
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Table 12.10 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

©)
Setting
BSz A2/3 A2/3
1,0 ROW COoL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address SDRAM Pin Function
This LSI Output Cycle Output Cycle
A17 A26 A17 Unused
A16 A25*%*3 A25*? A14 (BA1) Specifies bank
A15 A24*? A24** A13 (BAO)
Al14 A23 A14 A12 Address
A13 A22 A13 A1
A12 A21 L/H* A10/AP Specifies
address/precharge
A1 A20*? Al1 A9 Address
A10 A19 A10 A8
A9 A18 A9 A7
A8 A17 A8 A6
A7 A16 A7 A5
A6 A15 A6 A4
A5 Al14 A5 A3
A4 A13 A4 A2
A3 A12 A3 A1l
A2 Al A2 A0
A1 A10 Al Unused
A0 A9 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9 bits product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 2

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification

3. Only the RASL pin is asserted because the A 25 pin specified the bank address.
RASU is not asserted.
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Table 12.11 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(4-1
Setting
BSz A2/3 A2/3
1,0 ROW COL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address SDRAM Pin Function
This LSI Output Cycle Output Cycle
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
A14 A22 A4
A13 A21*? A21*2 A12 (BA1) Specifies bank
A12 A20** A20** A11 (BAO)
Al1 A19 L/H* A10/AP Specifies
address/precharge
A10 A18 A10 A9 Address
A9 A17 A9 A8
A8 A16 A8 A7
A7 A15 A7 A6
A6 Al4 A6 A5
A5 A13 A5 A4
A4 A12 A4 A3
A3 A11 A3 A2
A2 A10 A2 A1l
A1l A9 A1 A0
AO A8 AO Unused

Example of connected memory

16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table 12.11 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(4-2
Setting
BSz A2/3 A2/3
1,0 ROW COL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address SDRAM Pin Function
This LSI Output Cycle Output Cycle
A17 A25 A17 Unused
A16 A24 A16
A15 A23 A15
A14 A22*? A22+? A13 (BA1) Specifies bank
A13 A21*? A21** A12 (BAO) Address
A12 A20 A20 A1l
Al1 A19 L/H* A10/AP Specifies
address/precharge
A10 A18 A10 A9 Address
A9 A17 A9 A8
A8 A16 A8 A7
A7 A15 A7 A6
A6 Al4 A6 A5
A5 A13 A5 A4
A4 A12 A4 A3
A3 A11 A3 A2
A2 A10 A2 A1l
A1l A9 A1 A0
AO A8 AO Unused

Example of connected memory

64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the

access mode.

2. Bank address specification
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Table 12.12 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(6)-1
Setting
BSz A2/3 A2/3
1,0 ROW COL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address SDRAM Pin Function
This LSI Output Cycle Output Cycle
A17 A26 A17 Unused
A16 A25 A16
A15 A24 A15
A14 A23 A23** A13 (BA1) Specifies bank
A13 A22*2 A22*2 A12 (BAO)
A12 A21*? A12 Al Address
Al1 A20 L/H* A10/AP Specifies
address/precharge
A10 A19 A10 A9 Address
A9 A18 A9 A8
A8 A17 A8 A7
A7 A16 A7 A6
A6 A15 A6 A5
A5 A14 A5 A4
A4 A13 A4 A3
A3 A12 A3 A2
A2 A11 A2 A1l
A1l A10 A1 A0
AO A9 AO Unused

Example of connected memory

128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.

2. Bank address specification
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Table 12.12 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(5)-2
Setting
BSz A2/3 A2/3
1,0 ROW COL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address SDRAM Pin Function
This LSI Output Cycle Output Cycle
A17 A27 A17 Unused
A16 A26 A16
A15 A25 A15
A14 A24*? A24** A13 (BA1) Specifies bank
A13 A23** A23** A12 (BAO)
A12 A22 A12 A11 Address
Al1 A21 L/H* A10/AP Specifies
address/precharge
A10 A20 A10 A9 Address
A9 A19 A9 A8
A8 A18 A8 A7
A7 A17 A7 A6
A6 A16 A6 A5
A5 A15 A5 A4
A4 A14 A4 A3
A3 A13 A3 A2
A2 A12 A2 A1l
A1l Al1 A1 A0
AO A10 A0 Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the

access mode.

2. Bank address specification
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Table 12.13 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(6)-1
Setting
BSz A2/3 A2/3
1,0 ROW COL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address SDRAM Pin Function
This LSI Output Cycle Output Cycle
A17 A26 A17 Unused
A16 A25 A16
A15 A24*2 A24*2 A14 (BA1) Specifies bank
A14 A23*? A23** A13 (BAO)
A13 A22 A13 A12 Address
A12 A21 A12 Al1
Al1 A20** L/H* A10/AP Specifies
address/precharge
A10 A19 A10 A9 Address
A9 A18 A9 A8
A8 A17 A8 A7
A7 A16 A7 A6
A6 A15 A6 A5
A5 A14 A5 A4
A4 A13 A4 A3
A3 A12 A3 A2
A2 A11 A2 A1l
A1l A10 A1 A0
AO A9 AO Unused

Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1
Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.
2. Bank address specification

3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.
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Table 12.13 Relationship between BSZ1, 0, A2/3ROW 1, 0, and Address M ultiplex Output

(6)-2
Setting
BSz A2/3 A2/3
1,0 ROW COL
1,0 1,0
11 (32 bits) 00 (11 bits) 00 (8 bits)
Output Pin of Row Address  Column Address SDRAM Pin Function
This LSI Output Cycle Output Cycle
A17 A27 A17 Unused
A16 A26 A16
A15 A25*? A25*%*3 A14 (BA1) Specifies bank
Al14 A24*? A24** A13 (BAO)
A13 A23 A13 A12 Address
A12 A22 A12 A1l
Al1 A21 L/H* A10/AP Specifies
address/precharge
A10 A20** A10 A9 Address
A9 A19 A9 A8
A8 A18 A8 A7
A7 A17 A7 A6
A6 A16 A6 A5
A5 A15 A5 A4
A4 A14 A4 A3
A3 A13 A3 A2
A2 A12 A2 A1l
A1l Al1 A1 A0
AO A10 A0 Unused

Example of connected memory

512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1

Notes: 1. L/H is a bit used in the command specification; it is fixed at L or H according to the
access mode.
2. Bank address specification
3. Only the RASL pin is asserted because the A25 pin specified the bank address. RASU
is not asserted.
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Burst Read: A burst read occurs in the following cases with this LS.

e Accesssizeinreading islarger than data bus width.
e 16-bytetransfer in cache error.
e 16-bytetransfer in DMAC

This LS| aways accesses the SDRAM with burst length 1. For example, read access of burst
length 1 is performed consecutively 4 timesto read 16-byte continuous data from the SDRAM that
is connected to a 32-bit data bus.

Table 12.14 shows the relationship between the access size and the number of bursts.

Table 12.14 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts

16 bits 8 bits
16 bits
32 bits
16 bits

32 bits 8 bits
16 bits
32 bits
16 bits

Al =2 =2 =200 N| =] =

Figures 12.18 and 12.19 show atiming chart in burst read. In burst read, an ACTV command is
output in the Tr cycle, the READ command isissued in the Tcl, Tc2, and Tc3 cycles, the READA
command isissued in the Tc4 cycle, and the read datais received at the rising edge of the external
clock (CKIO) inthe Td1 to Td4 cycles. The Tap cycle isused to wait for the completion of an
auto-precharge induced by the READA command in the SDRAM. In the Tap cycle, anew
command will not be issued to the same bank. However, access to another CS space or another
bank in the same SDRAM space is enabled. The number of Tap cyclesis specified by the WTRP1
and WTRPO bitsin the CS3WCR register.

Inthis LSI, wait cycles can be inserted by specifying each bit in the CS3WCR register to connect
the SDRAM in variable frequencies. Figure 12.19 shows an example in which wait cycles are
inserted. The number of cyclesfrom the Tr cycle where the ACTV command is output to the Tcl
cycle where the READ command is output can be specified using the WTRCD1 and WTRCDO
bitsin the CS3WCR register. If the WTRCD1 and WTRCDO bits specify one cycles or more, a
Trw cycle where the NOT command isissued is inserted between the Tr cycle and Tcl cycle. The
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number of cycles from the Tcl cycle where the READ command is output to the Td1 cycle where
the read datais latched can be specified for the CS2 and CS3 spaces independently, using the
A2CL1 and A2CLO bitsin the CS2WCR register or the A3CL 1 and A3CLO0 bitsin the CS3WCR
register and WTRCDO bit in the CS3WCR register. The number of cyclesfrom Tcl to Td1
corresponds to the SDRAM CAS latency. The CAS latency for the SDRAM is normally defined
as up to three cycles. However, the CAS latency inthis LS| can be specified as 1 to 4 cycles. This
CAS latency can be achieved by connecting a latch circuit between this LS| and the SDRAM.

A Tde cycleisan idle cyclerequired to transfer the read data into this LSl and occurs once for
every burst read or every single read.

Td1 Td2 Td3 Td4

T Tet  Te2 1 Ted o+ Ted . Tde . (Tap) .
ckio _f ! | ! : : : . / ! :
A25 to AD :X X X A X X

arair X RN\ _ A

RASLRASU :\ & /1 1 T o
CASL,CASU . : .\ | ! i '

W)
[9)]
=
X
b3

e
YN
X

N U I S B
mowe N L L L e

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.18 Burst Read Basic Timing (CASLatency 1, Auto Pre-Charge)
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Td1 Td2 Td3 Td4

Tw

CKIO

n

A12/A11*1
RASL, RASU
CASL, CASU

DQMxx

D31 to DO

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure12.19 Burst Read Wait Specification Timing

1 Cycle, Auto Pre-Charge)

(CASLatency 2, WTRCD1 and WTRCDO
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Single Read: A read access ends in one cycle when data exists in non-cacheabl e region and the
data bus width is larger than or equal to access size. Asthe burst length is set to 1 in synchronous
DRAM hburst read/single write mode, only the required data is output.

Figure 12.20 shows the single read basic timing.

CKIO

A25 to A0

A12/A11*1

CSn

RASL, RASU

CASL, CASU

X

—\
g e

g s

A

DQMxx

D31 to DO

BS

DACKn*2

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.20 Basic Timingfor Single Read (CASLatency 1, Auto Pre-Charge)
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Burst Write: A burst write occursin the following casesin this LS.

e Accesssizeinwriting islarger than data bus width.
e Write-back of the cache
e 16-bytetransfer in DMAC

This LSl aways accesses SDRAM with burst length 1. For example, write access of burst length 1
is performed continuously 4 times to write 16-byte continuous data to the SDRAM that is
connected to a 32-bit data bus.

The relationship between the access size and the number of burstsis shown in table 12.14.

Figure 12.21 shows atiming chart for burst writes. In burst write, an ACTV command is output in
the Tr cycle, the WRIT command isissued in the Tcl, Tc2, and Tc3 cycles, and the WRITA
command isissued to execute an auto-precharge in the Tc4 cycle. In the write cycle, the write data
is output simultaneously with the write command. After the write command with the auto-
prechargeis output, the Trw1 cycle that waits for the auto-precharge initiation is followed by the
Tap cycle that waits for completion of the auto-precharge induced by the WRITA command in the
SDRAM. Between the Trwl and the Tap cycle, a new command will not be issued to the same
bank. However, access to another CS space or another bank in the same SDRAM space is enabled.
The number of Trw1 cyclesis specified by the TRWL1 and TRWLO bitsin the CS3WCR register.
The number of Tap cyclesis specified by the WTRP1 and WTRPO bitsin the CS3WCR register.
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[
)
/
[

B
-\

BS

CKIO
Sn

o
<<
L
0
ISV
<<

DQMxx
D31 to DO
DACKn*2

A12/A11*1
RASL, RASU

CASL, CASU

2. The waveform for DACKn is when active low is specified.

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
Figure12.21 Basic Timingfor Burst Write (Auto Pre-Charge)
RENESAS
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Single Write: A write access ends in one cycle when data is written in non-cacheable region and
the data bus width is larger than or equal to access size.

Figure 12.22 shows the single write basic timing.

CKIO

A25 to A0

A12/A11*1 >< Y

5

CASL, CASU H \

RD/WR i

DQMxx _é'\

D31 to DO

BS

DACKn*2 _"\

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.22 Single Write Basic Timing (Auto-Prechar ge)
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Bank Active: The synchronous DRAM bank function is used to support high-speed accesses to
the same row address. When the BACTV bit in SDCR is 1, accesses are performed using
commands without auto-precharge (READ or WRIT). This function is called bank-active function.
Thisfunction isvalid only for either the upper or lower bits of area 3. When area 3 is set to bank-
active mode, area 2 should be set to normal space. When areas 2 and 3 are both set to SDRAM or
both the upper and lower bits of area 3 are connected to SDRAM, auto pre-charge mode must be
set. In this case, precharging is not performed when the access ends. When accessing the same row
address in the same bank, it is possible to issue the READ or WRIT command immediately,
without issuing an ACTV command. As synchronous DRAM isinternally divided into several
banks, it is possible to activate one row address in each bank. If the next accessis to a different
row address, a PRE command isfirst issued to precharge the relevant bank, then when precharging
is completed, the accessis performed by issuing an ACTV command followed by a READ or
WRIT command. If thisisfollowed by an access to a different row address, the access time will
be longer because of the precharging performed after the access request isissued. The number of
cycles between issuance of the PRE command and the ACTV command is determined by the
WTRP1 and WTPRO hitsin CS3WCR.

In awrite, when an auto-precharge is performed, a command cannot be issued to the same bank
for aperiod of Trwl + Tap cycles after issuance of the WRITA command. When bank active mode
is used, READ or WRIT commands can be issued successively if the row addressis the same. The
number of cycles can thus be reduced by Trwl + Tap cycles for each write.

Thereisalimit on tRAS, the time for placing each bank in the active state. If there is no guarantee
that there will not be a cache hit and another row address will be accessed within the period in
which this value is maintained by program execution, it is necessary to set auto-refresh and set the
refresh cycle to no more than the maximum value of tRAS.

A burst read cycle without auto-prechargeis shown in figure 12.23, aburst read cycle for the same
row addressin figure 12.24, and a burst read cycle for different row addressesin figure 12.25.
Similarly, aburst write cycle without auto-precharge is shown in figure 12.26, a burst write cycle
for the same row addressin figure 12.27, and a burst write cycle for different row addressesin
figure 12.28.

Infigure 12.24, a Tnop cycle in which no operation is performed is inserted before the Tc cycle
that issues the READ command. The Tnop cycle isinserted to acquire two cycles of CAS latency
for the DQMxx signal that specifies the read byte in the data read from the SDRAM. If the CAS
latency is specified as two cycles or more, the Tnop cycle is not inserted because the two cycles of
latency can be acquired even if the DQMxx signal is asserted after the Tc cycle.
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When bank active mode is set, if only accesses to the respective banks in the area 3 space are
considered, aslong as accesses to the same row address continue, the operation starts with the
cycleinfigure 12.23 or 12.26, followed by repetition of the cycle in figure 12.24 or 12.27. An
access to a different area during this time has no effect. If thereis an accessto a different row
address in the bank active state, after thisis detected the bus cycle in figure 12.24 or 12.27 is
executed instead of that in figure 12.25 or 12.28. In bank active mode, too, al banks become
inactive after arefresh cycle or after the busis released as the result of bus arbitration.

Td1 Td2 Td3 Td4
Tr Tel ) Te2 ~ Ted3 | Tcd | . Tde

CKIO

A25 to A0

A12/A11*1

RASLRASU .\ ' /. & & 1 1
CASL,CASU  : . . \.! ! 1 i i

RD/WR

DQMxx

D31 to DO

BS

SR EEEEEEEEY -

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.23 Burst Read Timing (Bank Active, Different Bank, CAS Latency 1)
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CKIO

D31 to DO

A12/A11*1
CASL, CASU

in to be connected to pin A10 of SDRAM.

Notes: 1. Address p

2. The waveform for DACKn is when active low is specified.

Figure12.24 Burst Read Timing
(Bank Active, Same Row Addressesin the Same Bank, CAS Latency 1)
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Td2 Td3 Td4

Td1

S

RASL, RASU
CASL, CASU

D31 to DO

1. Address pin to be connected to pin A10 of SDRAM.

Notes:

2. The waveform for DACKn is when active low is specified.

Figure12.25 Burst Read Timing
(Bank Active, Different Row Addressesin the Same Bank, CAS Latency 1)
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n2sono X X

A12/A11*1 ix , \
csn 1\

RASL, RASU

H

CASL, CASU
RD/WR :
DQMxx _é-\
D31 to DO _l_'_‘—D_
TCKH*Z _E\

i

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.26 Single Write Timing (Bank Active, Different Bank)
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CKIO

A25to A0

A12/A11*1

CSn

RASL, RASU

CASL, CASU

RD/WR

DQMxx

D31 to DO

BS

DACKn*2

Notes: 1. Address pin to be connected to pin A10 of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure12.27 Single Write Timing (Bank Active, Same Row Addresses in the Same Bank)
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CKIO

A25to A0

A12/A11*1

CSn

RASL, RASU

CASL, CASU

RD/WR

DQMxx

D31 to DO

BS

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.28 Single Write Timing
(Bank Active, Different Row Addressesin the Same Bank)

Refreshing: This LS| has afunction for controlling synchronous DRAM refreshing. Auto-
refreshing can be performed by clearing the RMODE bit to 0 and setting the RFSH bitto 1 in
SDCR. A continuous refreshing can be performed by setting the RRC2 to RRCO bitsin RTCSR. If
synchronous DRAM is not accessed for along period, self-refresh mode, in which the power
consumption for data retention is low, can be activated by setting both the RMODE bit and the
RFSH hit to 1.
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1. Auto-refreshing
Refreshing is performed at intervals determined by the input clock selected by bits CKS2 to
CKS0in RTCSR, and the value set by in RTCOR. The value of bits CKS2 to CKS0 in
RTCOR should be set so as to satisfy the refresh interval stipulation for the synchronous
DRAM used. First make the settings for RTCOR, RTCNT, and the RMODE and RFSH bitsin
SDCR, then make the CK S2 to CK S0 and RRC2 to RRCO settings. When the clock is selected
by bits CKS2 to CKS0, RTCNT starts counting up from the value at that time. The RTCNT
value is constantly compared with the RTCOR value, and if the two values are the same, a
refresh request is generated and an auto-refresh is performed for the number of times specified
by the RRC2 to RRCO. At the same time, RTCNT is cleared to zero and the count-up is
restarted. Figure 12.29 shows the auto-refresh cycle timing.

After starting, the auto refreshing, PALL command isissued in the Tp cycle to make all the
banksto pre-charged state from active state when some bank is being pre-charged. Then REF
command isissued in the Trr cycle after inserting idle cycles of which number is specified by
the WTRP1 and WTRPO bitsin CS3WCR. A new command is not issued for the duration of
the number of cycles specified by the WTRC1 and WTRCO bitsin CS3WCR after the Trr
cycle. The WTRC1 and WTRCO bits must be set so asto satisfy the SDRAM refreshing cycle
time stipulation (tRC). Anidle cycleisinserted between the Tp cycle and Trr cycle when the
setting value of the WTRP1 and WTRPO bitsin CS3WCR islonger than or equal to 1 cycle.
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CKIO

A25 to AO

A12/A11*1

CSn

RASL, RASU

CASL, CASU

RD/WR

DOMXX ———

D31t0 D0 ——t—t—t iy

BS —

AT I A Am,

DACKn*2 _— .

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.29 Auto-Refresh Timing

2. Self-refreshing

Self-refresh mode in which the refresh timing and refresh addresses are generated within the
synchronous DRAM. Self-refreshing is activated by setting both the RMODE bit and the
RFSH hit in SDCR to 1. After starting the self-refreshing, PALL command isissued in Tp
cycle after the completion of the pre-charging bank. A SELF command is then issued after
inserting idle cycles of which number is specified by the WTRP1 and WTRPO bitsin
CS3WSR. Synchronous DRAM cannot be accessed while in the self-refresh state. Self-refresh
mode is cleared by clearing the RMODE bit to 0. After self-refresh mode has been cleared,
command issuance is disabled for the number of cycles specified by the WTRC1 and WTRCO
bitsin CS3WCR.
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Self-refresh timing is shown in figure 12.30. Settings must be made so that self-refresh
clearing and data retention are performed correctly, and auto-refreshing is performed at the
correct intervals. When self-refreshing is activated from the state in which auto-refreshing is
set, or when exiting standby mode other than through a power-on reset, auto-refreshing is
restarted if the RFSH bit is set to 1 and the RMODE hit is cleared to 0 when self-refresh mode
is cleared. If the transition from clearing of self-refresh mode to the start of auto-refreshing
takes time, this time should be taken into consideration when setting the initial value of
RTCNT. Making the RTCNT value 1 less than the RTCOR value will enable refreshing to be
started immediately.

After self-refreshing has been set, the self-refresh state continues even if the chip standby state
is entered using the LS| standby function, and is maintained even after recovery from standby
mode. Note that the HIZCNT hit in the CMNCR register needs to be set to 1 and pins such as
CKE aredriven in standby mode. The self-refresh state cannot be cleared through a manual
reset. In case of a power-on reset, the bus state controller's registers are initialized, and
therefore the self-refresh stateis cleared.

CKIO

e TN N

' ' ' '
| ! | ' 1 ' ' Vi ' ' ' ' '

A25toA0:;_XI' : XSS

' H ' ' ' ' ' ' Vi | | ' |

A12/A111_/\)5

X

. —

oS BRI
RS, S0 BREEEEEEEY
casr EREEREEEES
o EEEED EEEEEEEE
N S S N S S S JA FN S N N N N
DQMxxE:E:i:EEE»:élélii\_
DBItD0 L
e
R R
DACKn*Z.;.g.E..-»...::,\_

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.30 Self-Refresh Timing
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Relationship between Refresh Requests and Bus Cycles: If arefresh request occurs during bus
cycle execution, the refresh cycle must wait for the bus cycle to be completed. If arefresh request
occurs while the bus is released by the bus arbitration function, the refresh will not be executed
until the bus mastership is acquired.

If anew refresh request occurs while waiting for the previous refresh request, the previous refresh
request is deleted. To refresh correctly, a bus cycle longer than the refresh interval or the bus
mastership occupation must be prevented from occurring. If a bus mastership is requested during
self-refresh, the bus will not be released until the refresh is completed.

L ow-Frequency Mode: When the SLOW bit in SDCR is set to 1, output of commands, addresses,
and write data, and fetch of read data are performed at atiming suitable for operating SDRAM at a
low frequency.

Figure 12.31 shows the access timing in low-frequency mode. In this mode, commands, addresses,
and write data are output in synchronization with the falling edge of CKIO, which is half acycle
delayed than the normal timing. Read datais fetched at the rising edge of CKIO, which ishalf a
cycle faster than the normal timing. Thistiming allows the hold time of commands, addresses,
write data, and read data to be extended.

If SDRAM is operated at a high frequency with the SLOW bit set to 1, the setup time of
commands, addresses, write data, and read data are not guaranteed. Take the operating frequency
and timing design into consideration when making the SLOW bit setting.
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CASL, CASU

RDWR _. /

DQMxx _g_r\ i E

D31 to DO T

85

m*z—:“\ E

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.31 Low-Frequency Mode Access Timing

Power-Down Mode: If the PDOWN bit in the SDCR register is set to 1, the SDRAM isplaced in
the power-down mode by bringing the CKE signal to the low level in the non-access cycle. This
power-down mode can effectively lower the power consumption in the non-access cycle.

However, please note that if an access occurs in the power-down mode, a cycle of overhead occurs
because a cycle is needed to assert the CKE in order to cancel the power-down mode.

Figure 12.32 shows the access timing in the power-down mode.
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2. The waveform for DACKn is when active low is specified.

Figure12.32 Power-Down Mode Access Timing

The conditions to shift to the power-down mode are as follows.

Write or read access (including instruction fetch) occurs to the memory other than the

SDRAM, which is to be set to the power-down mode.

Read or write access occurs to the control register with the address H'Axxx xxxx or to the

periphera 1/O register.
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Power-On Sequence: In order to use synchronous DRAM, mode setting must first be performed
after powering on. To perform synchronous DRAM initialization correctly, the bus state controller
registers must first be set, followed by awrite to the synchronous DRAM mode register. In
synchronous DRAM mode register setting, the address signal value at that timeis latched by a
combination of the CSn, RASU, RASL, CASU, CASL, and RD/WR signals. If the value to be set
is X, the bus state controller provides for value X to be written to the synchronous DRAM mode
register by performing awrite to address H'A4FD4000 + X for area 2 synchronous DRAM, and to
address H'/A4FD5000 + X for area 3 synchronous DRAM. In this operation the datais ignored, but
the mode write is performed as a byte-size access. To set burst read/single write, CAS latency 2 to
3, wrap type = sequential, and burst length 1 supported by the LS, arbitrary dataiswritten in a
byte-size access to the addresses shown in table 12.15. In thistime O is output at the external
address pins of A12 or later.

Table12.15 Access Addressin SDRAM Mode Register Write

e Setting for Area 2
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'A4FD4440 H'0000440

3 H'A4FD4460 H'0000460
32 bits 2 H'A4FD4880 H'0000880

3 H'A4FD48C0 H'00008C0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'A4FD4040 H'0000040

3 H'A4FD4060 H'0000060
32 bits 2 H'A4FD4080 H'0000080

3 H'A4FD40C0O H'00000C0
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e Setting for Area 3
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'A4FD5440 H'0000440

3 H'A4FD5460 H'0000460
32 bits 2 H'A4FD5880 H'0000880

3 H'A4FD58C0O H'00008C0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Address Pin
16 bits 2 H'A4FD5040 H'0000040

3 H'A4FD5060 H'0000060
32 bits 2 H'A4FD5080 H'0000080

3 H'A4FD50C0 H'00000C0

Mode register setting timing is shown in figure 12.33. A PALL command (all bank pre-charge
command) isfirstly issued. A REF command (auto refresh command) is then issued 8 times. An
MRS command (mode register write command) is finally issued. Idle cycles, of which number is
specified by the WTRP1 and WTRPO bitsin CS3WCR, are inserted between the PALL and the
first REF. Idle cycles, of which number is specified by the WTRC1 and WTRCO bitsin CS3WCR,
are inserted between REF and REF, and between the 8th REF and MRS. Idle cycles, of which
number is one or more, are inserted between the MRS and a command to be issued next.

It is necessary to keep idle time of certain cycles for SDRAM before issuing PALL command after
power-on. Refer the manual of the SDRAM for the idle time to be needed. When the pulse width
of thereset signal islonger then the idle time, mode register setting can be started immediately
after the reset, but care should be taken when the pulse width of the reset signal is shorter than the
idletime.
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Tp Tpw Trr Trc Trc Trr Trc Trc Tmw Tnop

CKIO , .:
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Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.33 Synchronous DRAM ModeWrite Timing (Based on JEDEC)

L ow-Power SDRAM: The low-power SDRAM can be accessed using the same protocol as the
norma SDRAM. The differences between the low-power SDRAM and normal SDRAM are that
partial refresh takes place that puts only a part of the SDRAM in the self-refresh state during the
self-refresh function, and that power consumption is low during refresh under user conditions such
as the operating temperature. The partial refresh is effective in systemsin which thereisdatain a
work area other than the specific area can be lost without severe repercussions.

The low-power SDRAM supports the extension mode register (EMRS) in addition to the mode
registers as the normal SDRAM. This LS| supports issuing of the EMRS command.

The EMRS command is issued according to the conditions specified in table 12.21. For example,
if dataH'OYYYYYYY iswritten to address H'A4FD5X X0 in longword, the commands are issued
to the CS3 space in the following sequence: PALL -> REF x 8 -> MRS -> EMRS. In this case, the
MRS and EMRS issue addresses are H'0000XX0 and HYYYYYYY, respectively. If data
H1YYYYYYY iswritten to address H'A4FD5X X0 in longword, the commands are issued to the
CS3 spacein the following sequence: PALL -> MRS -> EMRS.
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Table 12.16 Output Addresseswhen EMRS Command | s | ssued

Write MRS EMRS
Command to be Access Access Command Command
Issued Address Access Data Size Issue Address Issue Address
CS2 MRS H'A4FD4XX0 H"**xsxxx* 16 bits H'0000XX0 —
CS3 MRS H'A4FD5XX0  Hx#sxx®x* 16 bits H'0000XX0 —

CS2 MRS + EMRS  H'A4FD4XX0 H'OYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)

CS3 MRS + EMRS H'A4FD5XX0 H'OYYYYYYY 32 bits H'0000XX0 HYYYYYYY
(with refresh)

CS2 MRS + EMRS  H'A4FD4XX0 H1YYYYYYY 32 bits H'0000XX0 HYYYYYYY

(without refresh)

CS3 MRS + EMRS  H'A4FD5XX0 H'1YYYYYYY 32bits  H'0000XX0 HYYYYYYY
(without refresh)

Tpw Trr _ Trc Trc  Trr Trc Trc Tmw_ Tnop Temw Tnop

, PALL | REF, . REF, . MRS EMRS

CKIO _| : e o ﬂ : . |
A25toA0::_XI:I:II:I 5 ) : )C
W A O O

0 T O W S Y O
e =
oS N\ T NN X
RASL, AASU T\ /TN T T\ LT
CASL, CASU \ / jf — . N T\ T
romR N T TN
e I A R D I B B W

D31toDOE:E:E:::EgEE jj
B i:i:i:i:i%ii's'i’ﬁi{f’:i--f-i-s;\_

DACKN*4 e — ; ;

T T T DL T T T '.\_

Notes: 1. Address pin to be connected to pin BA1 of SDRAM.
2. Address pin to be connected to pin BAO of SDRAM.
3. Address pin to be connected to pin A10 of SDRAM.
4. The waveform for DACKn is when active low is specified.

Figure12.34 EMRS Command Issue Timing
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Deep power-down mode

The low-power SDRAM supports the deep power-down mode as a low-power consumption
mode. In the partial self-refresh function, self-refresh is performed on a specific area. In the
deep power-down mode, self-refresh will not be performed on any memory area. Thismodeis
effective in systems where all of the system memory areas are used as work areas.

If the RMODE bit in the SDCR is set to 1 while the DEEP and RFSH bitsin the SDCR are set to
1, the low-power SDRAM enters the deep power-down mode. If the RMODE bit is cleared to 0,
the CKE signal is pulled high to cancel the deep power-down mode. Before executing an access
after returning from the deep power-down mode, the power-up sequence must be re-executed.

:Tp . Tew pod: T'rc: ITrc ) Trc B Trc ) Trc

oe T PN L)

A25toA0:X ' — X X
A12/A11*1_;/E \ )/)/ X:
o NN/ T T T TTC

mermss N\ /T T o
cromy R L L
G U N 4 e B B B A A
oo S
N EEER R R

DACKn*2 )5/ R \_

Notes: 1. Address pin to be connected to pin A10 of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.35 Deep Power-Down Mode Transition Timing
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125.7 Burst ROM (Clock Asynchronous) Interface

The burst ROM (clock asynchronous) interface is used to access a memory with a high-speed read
function using a method of address switching called the burst mode or page mode. In a burst ROM
(clock asynchronous) interface, basically the same access as the normal space is performed, but
the 2nd and subsequent accesses are performed only by changing the address, without negating the
RD signal at the end of the 1st cycle. In the 2nd and subsequent accesses, addresses are changed at
the falling edge of the CKIO.

For the 1st access cycle, the number of wait cycles specified by the W3 to WO bitsin the
CSnWCR register isinserted. For the 2nd and subsequent access cycles, the number of wait cycles
specified by the W1 to WO bitsin the CSnNWCR register isinserted.

In the access to the burst ROM (clock asynchronous), the BS signal is asserted only to the first
access cycle. An external wait input isvalid only to the first access cycle. In the single access or
write access that do not perform the burst operation in the page flash ROM interface, access
timing is same as anormal space. Table 12.17 lists arelationship between bus width, access size,
and the number of bursts. Figure 12.36 shows atiming chart.

Table12.17 Relationship between Bus Width, Access Size, and Number of Bursts

Bus Width CSnWCR. BEN Bit Access Size Number of Bursts Number of Accesses

8 bits Not affected 8 bits 1 1
Not affected 16 bits 2 1
Not affected 32 bits 4 1
0 16 bytes 16 1
1 4 4
16 bits Not affected 8 bits 1 1
Not affected 16 bits 1 1
Not affected 32 bits 2 1
0 16 bytes 8 1
1 2 4
32 bits Not affected 8 bits 1 1
Not affected 16 bits 1 1
Not affected 32 bits 1 1
Not affected 16 bytes 4 1
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Note: * The waveform for DACKn when active low is specified.

Figure12.36 Burst ROM Access Timing (Clock Asynchronous)
(BusWidth = 32 Bits, 16-Byte Transfer (Number of Burst 4), Wait Cycles Inserted in First
Access = 2, Wait CyclesInserted in Second and Subsequent Accesses = 1)

125.8 Byte-Selection SRAM Interface

The byte-selection SRAM interfaceis for accessto an SRAM which has a byte-selection pin
(WEn). Thisinterface has 16-bit data pins and accesses SRAMs having upper and lower byte

selection pins, such asUB and LB.

When the BAS bit in the CSnWCR register is cleared to O (initial value), the write accesstiming
of the byte-selection SRAM interface is the same as that for the normal space interface. Whilein
read access of a byte-selection SRAM interface, the byte-selection signal is output from the WEn
pin, which is different from that for the normal space interface. The basic access timing is shown
in figure 12.37. In write access, data is written to the memory according to the timing of the byte-
selection pin (WEn). For details, please refer to the Data Sheet for the corresponding memory.

If the BAS bit in the CSNWCR register is set to 1, the WEn pin and RD/WR pin timings change.
Figure 12.38 shows the basic access timing. In write access, data is written to the memory
according to the timing of the write enable pin (RD/WR). The data hold timing from RD/WR
negation to data write must be acquired by setting the HW1 and HWO bits in the CSnWCR
register. Figure 12.39 shows the access timing when a software wait is specified.
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A25 to A0

D31 to DO

N

D31 to DO

~

Read <

Write <

Note: * The waveform for DACKn is when active low is specified.
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Figure 12.37 Byte-Selection RAM Basic Access Timing (BAS
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Note: * The waveform for DACKn is when active low is specified.
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Figure 12.38 Byte-Selection RAM Basic Access Timing (BAS
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Note: * The waveform for DACKn is when active low is specified.

Figure12.39 Byte-Selection SRAM Wait Timing (BAS=1)
(SW[1:0] = 01, WR[3:0] = 0001, HWI[1:0] = 01)
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64k x 16-bit
This LSI SRAM
A7 A15
A2 A0
CSn CS
RD OE
RD/WR WE
D31 11015
D16 1/00
WE3 uB
WE2 LB
D15
: L1 A15
DO :
WET A0
WEO cs
OE
WE
11015
1/00
uB
B

Figure12.40 Example of Connection with 32-Bit Data-Width Byte-Selection SRAM

64k x 16-bit
This LSI SRAM
A16 A15
A1 AO
CSn CS
RD OE
RD/WR] WE
D15 10 15
Do 1100
WET uB
WED B

Figure12.41 Example of Connection with 16-Bit Data-Width Byte-Selection SRAM
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1259 Burst MPX-1/O Interface

Figure 12.42 shows an example of a connection between the LSI and an MPX device. Figures
12.43 to 12.46 show the burst MPX space access timings.

Area 6 can be specified as the address/data multiplex 1/0O (MPX-1/O) interface using the TYPE2 to
TYPEO bitsin the CS6BCR register. This MPX-1/0 interface enables the LSl to be easily
connected to an external memory controller chip that uses an address/data multiplexed 32-bit
single bus. In this case, the address and the access size for the MPX-1/O interface are output to
D25 to DO and D31 to D29, respectively, in address cycles. For the access sizes of D31 to D29,
see the description of the CS6BWCR register (burst MPX-1/0). Address pins A25 to AO are used
to output normal addresses.

In the burst MPX-1/O interface, the bus sizeis fixed at 32 bits. The BSZ1 and BSZ0 bitsin
CS6BBCR must be specified as 32 hits.

In the MPX-I/O interface, a software wait or hardware wait can be inserted using the WAIT pin.
In read cycles, await cycleisinserted automatically following the address output even if the
software wait insertion is specified as 0.

64k x 16-bit
This LSI SRAM
CS6B cs
BS BS
FRAME FRAME
RD/WR WE
D31 11031
Do 1100
WAIT WAIT

Figure12.42 Burst MPX Device Connection Example
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Tmd1

Tmdiw

Tm1

D31 to DO

A25 to A0

Note: * The waveform for DACKn is when active low is specified.

Figure 12.43 Burst MPX Space Access Timing (Single Read, No Wait, or Software Wait 1)
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Note: * The waveform for DACKn is when active low is specified.
RENESAS

Figure12.44 Burst MPX Space Access Timing
(Single Write, Software Wait 1, Hardware Wait 1)
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Note: * The waveform for DACKn is when active low is specified.

Figure12.45 Burst MPX Space Access Timing
(Burst Read, No Wait, or Software Wait 1, CS6BWCR.MPXMD = 0)
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Note: * The waveform for DACKn is when active low is specified.

Figure12.46 Burst MPX Space Access Timing
(Burst Write, No Wait, CS6BWCR.MPXMD = 0)

125.10 Burst ROM Interface (Clock Synchronous)

The burst ROM (clock synchronous) interface is supported to access a ROM with a synchronous
burst function at high speed. The burst ROM interface accesses the burst ROM in the same way as
anormal space. Thisinterfaceisvalid only for area 0.

In the first access cycle, wait cycles are inserted. In this case, the number of wait cyclesto be
inserted is specified by the W3 to WO bitsin CSOWCR. In the second and subsequent cycles, the
number of wait cyclesto be inserted is specified by the BW1 and BWO bitsin CSOWCR.

While the burst ROM is accessed (clock synchronous), the BS signal is asserted only for the first
access cycle and an externa wait input is also valid for the first access cycle.

If the bus width is 16 bits, the burst length must be specified as 8. If the bus width is 32 bits, the
burst length must be specified as 4. The burst ROM interface does not support the 8-bit bus width
for the burst ROM.
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The burst ROM interface performs burst operations for all read accesses. For example, in a
longword access over a 16-bit bus, valid 16-bit datais read two times and invalid 16-hit datais
read six times. These invalid data read cycles increase the memory access time and degrade the
program execution speed and DMA transfer speed. To prevent this problem, it is recommend
using a 16-byte read by cachefill or 16-byte read by the DMAC. Thus, the burst ROM (clock
synchronous) should be accessed with the cache having been set on. The burst ROM interface
performs write accesses in the same way as normal space access.

T Tw Tw T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2B Twbh T2
L e et g g Bt B B e e Mt i g Sy S i B S Sara Sy

CKIO
FRAME
D31 to DO
A25 to A0

CS6B
RD/WR
WAIT \\I{
BS
DACKn*

Note: * The waveform for DACKn is when active low is specified.

Figure 12.47 Burst ROM Access Timing (Clock Synchronous)
(Burst Length = 8, Wait CyclesInserted in First Access= 2,
Wait CyclesInserted in Second and Subsequent Accesses= 1)

125.11 Wait between Access Cycles

As the operating frequency of L SIs becomes higher, the off-operation of the data buffer often
collides with the next data access when the read operation from devices with slow access speed is
completed. Asaresult of these collisions, the reliability of the device islow and malfunctions may
occur. A function that avoids data collisions by inserting wait cycles between continuous access
cycles has been newly added.

The number of wait cycles between access cycles can be set by bits IWW?2 to IWWO0, IWRWD2 to
IWRWDO, IWRWS2 to IWRWSO, IWRRD2 to IWRRDO, and IWRRS2 to IWRRS 0 in the
CSnBCR register , and bit DMAIW2 to DMAIWO0 and DMAIWA in CMNCR. The conditions for
setting the wait cycles between access cycles (idle cycles) are shown below.

Continuous accesses are write-read or write-write
Continuous accesses are read-write for different spaces
Continuous accesses are read-write for the same space
Continuous accesses are read-read for different spaces
Continuous accesses are read-read for the same space

SEFICENS -
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6. Dataoutput from an external device caused by DMA single address transfer is followed by
data output from another device that includes this LSl (DMAIWA = 0)
For details, see the description of the DMAIWA bit in the CMNCR register.

7. Dataoutput from an external device caused by DMA single address transfer is followed by any
type of access (DMAIWA = 1)

Besides the wait cycles between access cycles (idle cycles) described above, idle cycles must be
inserted to reserve the minimum pulse width for an interface with an internal busand a
multiplexed pin (WEN).

8. ldlecycle of the externa busfor the interface with the internal bus

A.

B.

Insert oneidle cycle immediately before awrite access cycle after an external busidle
cycleor aread cycle.

Insert oneidle cycle to transfer the read data to the internal bus when aread cycle of the
external bus terminates.

Insert two to three idle cyclesincluding theidle cycle in A. for the write cycle immediately
after aread cycle.

9. ldlecycle of the externa bus for accessing different memory
For accessing different memory, insert idle cycles as follows. The byte-selection SRAM
interface with the BAS bit = 1 specified is handled as an SDRAM interface because the WEN
change timing isidentical.

A.

B.

Insert oneidle cycle to access the interface other than the SDRAM interface after the write
access cycle is performed in the SDRAM interface.

Insert oneidle cycle to access the SDRAM interface after the normal space interface with
the external wait invalidated or the byte-selection SRAM interface with the BAS bit =0
specified is accessed.

Insert oneidle cycle to access the SDRAM interface after the MPX-IO interfaceis
accessed.

Insert oneidle cycle to access the MPX-10 interface from the external busthat isin theidle
status.

Insert oneidle cycle to access the MPX-10 interface after aread cycleis performed in the
normal space interface, byte-selection SRAM interface with the BAS bit = O specified or
the SDRAM interface.

Insert two idle cycles to access the MPX-10 interface after awrite cycle is performed in the
SDRAM interface.

Insert oneidle cycle to access the SDRAM interface which is not in the low frequency
mode after the interface in the SDRAM low frequency mode (SDCR.SLOW =1) is
accessed.
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Tables 12.18 to 12.22 lists the minimum number of idle cyclesto be inserted for the normal space
interface and the SDRAM interface. The CSnBCR |dle Setting column in the tables describes the
number of idle cyclesto be set for IWW, IWRWD, IWRWS, IWRRD, and IWRRS.

Table 12.18 Minimum Number of Idle Cycles between CPU Access Cyclesfor the Normal
Space Interface

When Access Size is Less than
BSC Register Setting Bus Width When Access Size Exceeds Bus Width

Contin- Contin-
CSnWCR. CSnBCR Read to Writeto Read to Write uous uous Read to Writeto Read to Write to
WM Setting Idle Setting Read ~ Write  Write  to Read Read*' Write*" Read*’ Write** Write*’ Read*’

1 0 MR 1M2B  3B45 0000 0000 0000 142 O00A 3845 0000
0 0 AR 1ARB 3345 TAMA TAMA TAMA AR 1ARA 3845 1AAA
1 1 AR 1ARB 3345 TAMA TAMA TAMA L AR 1ARA 3845 1AAA
0 1 AR 1ARB 3345 TAMA TAMA TAMAL AR 1ARA 3845 1AAA
1 2 oPRR oPPB 3345 20RR  20RR  20RR 20RR 20RR 3345 20RR
0 2 oDRR PR3 3345 20RR  2RR 2RR 20RR 20RR 3345 20RR
1 4 GANL  NNNL NS NANA  NNNA  NNNA NNNA NNNA NNAS 4ANA
0 4 AN NNNA  NNAS  NANA NN NNNA NN NNNA  ANNS A4
1 6 6666 6666 6666 6666 6666 6666 6666 6666 6666 6666
0 6 6666 6666 6666 6666 6666 G666 6666 6666 G666 6666
0,1 n(n>=8) nhhh nhhh  nhh nhvh  nhvh  nhvh  nhvh  nhhh  nbhhh  nhih

Notes: The minimum number of idle cycles is described sequentially for lo: B (4:1/3:1/2:1/1:1).

1. Minimum number of idle cycles between the upper and lower 16-bit access cycles in the
32-bit access cycle when the bus width is 16 bits, and the minimum number of idle
cycles between continuous access cycles during 16-byte transfer

2. Minimum number of idle cycles for other than the above cases
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Table 12.19 Minimum Number of Idle Cycles between Access Cyclesduring DMAC Dual

AddressMode Transfer for the Normal Space Interface

When Access Size is

BSC Register Setting Less than Bus Width When Access Size Exceeds Bus Width
CSnWCR. CSnBCR Read to Write to Continuous Read to Continuous Write to
WM Setting Idle Setting Write Read Read** Write*? Write** Read*?
1 0 2 0 0 2 0 0

0 0 2 1 1 2 1 1

1 1 2 1 1 2 1 1

0 1 2 1 1 2 1 1

1 2 2 2 2 2 2 2

0 2 2 2 2 2 2 2

1 4 4 4 4 4 4 4

0 4 4 4 4 4 4 4

0,1 n (n>6) n n n n n n
Notes: DMAC is operated by Bo. The minimum number of idle cycles is not affected by

changing a clock ratio.

1. Minimum number of idle cycles between the upper and lower 16-bit access cycles in the
32-bit access cycle when the bus width is 16 bits, and the minimum number of idle
cycles between continuous access cycles during 16-byte transfer

2. Minimum number of idle cycles for other than the above cases.
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Table 12.20 Minimum Number of Idle Cycles during DMAC Single Address Mode Transfer
to the Normal Space I nterface from the External Device with DACK

(1) Transfer from the external device with DACK to the normal space interface

When Access Size is

BSC Register Setting*® Less than Bus Width

CSNWCRWM  CMNCR.DMAIWA CMNCR.DMAIW  Continuous  Non-Continuous
Setting Setting Idle Setting Transfer** Transfer*?
1 0 — 0 2

0 0 — 1 2

1 1 0 0 2

0 1 0 1 2

1 1 1 1 2

0 1 1 1 2

1 1 2 2 2

0 1 2 2 2

1 1 4 4 4

0 1 4 4 4

0,1 1 n (n>6) n n
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(2) Transfer from the normal space interface to the external device with DACK

BSC Register Setting** When Access Size is Less than Bus Width
Continuous Non-Continuous

CSnWCR.WM Setting CSnBCR Idle Setting  Transfer*! Transfer**

1 0 0 3

0 0 1 3

1 1 1 3

0 1 1 3

1 2 2 3

0 2 2 3

1 4 4 4

0 4 4 4

0,1 n (n=6) n n

Notes: DMAC is operated by B¢. The minimum number of idle cycles is not affected by

changing a clock ratio.

1. Minimum number of idle cycles between the upper and lower 16-bit access cycles in the
32-bit access cycle when the bus width is 16 bits, and the minimum number of idle
cycles between continuous access cycles during 16-byte transfer

2. Other than the above cases.

3. For single transfer from the external device with DACK to the normal space interface,
the minimum number of idle cycles is not affected by the IWW, IWNRWD, IWRWS,
IWRRD, and IWRRS bits in CSnBCR.

4. For single transfer from the normal space interface to the external device with DACK,

the minimum number of idle cycles is not affected by the DMAIWA and DMAIW bits in
CMNCR.
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Table 12.21 Minimum Number of Idle Cycles between Access Cycles of CPU and the DMAC
Dual Address Modefor the SDRAM Interface

BSC Register Setting CPU Access DMAC Access
CSnBCR CS3WCR. CS3WCR.
Idle WTRP TRWL Readto Writeto Readto Writeto Readto Writeto
Setting  Setting  Setting Read Write Write Read Write Read
0 0 0 1/1/1/2 1/1/2/3 3/3/4/5 0/0/0/0 2 0

11172 1/1/2/3 3/3/4/5 1111
1/1/1/2 2/2/2/3 3/3/4/5 2/2/2/2
11172 3/3/3/3 3/3/4/5 3/3/3/3
2/2/2/2 1/1/2/3 3/3/4/5 1111
2/2/2/2 2/2/2/3 3/3/4/5 2/2/2/2
2/2/2/2 3/3/3/3 3/3/4/5 3/3/3/3
2/2/2/2 4/4/4/4 3/3/4/5 4/4/4/4
3/3/3/3 2/2/2/3 3/3/4/5 2/2/2/2
3/3/3/3 3/3/3/3 3/3/4/5 3/3/3/3
3/3/3/3 4/4/4/4 3/3/4/5 4/4/4/4
3/3/3/3 5/5/5/5 3/3/4/5 5/5/5/5
4/4/4/4 3/3/3/3 4/4/4/5 3/3/3/3
4/4/4/4 4/4/4/4 4/4/4/5 4/4/4/4
4/4/4/4 5/5/5/5 4/4/4/5 5/5/5/5
4/4/4/4 6/6/6/6 4/4/4/5 6/6/6/6
2/2/2/2 1/1/2/3 3/3/4/5 1111
2/2/2/2 1/1/2/3 3/3/4/5 1111
2/2/2/2 2/2/2/3 3/3/4/5 2/2/2/2
2/2/2/2 3/3/3/3 3/3/4/5 3/3/3/3
2/2/2/2 1/1/2/3 3/3/4/5 1111
2/2/2/2 2/2/2/3 3/3/4/5 2/2/2/2
2/2/2/2 3/3/3/3 3/3/4/5 3/3/3/3
2/2/2/2 4/4/4/4 3/3/4/5 4/4/4/4
3/3/3/3 2/2/2/3 3/3/4/5 2/2/2/2
3/3/3/3 3/3/3/3 3/3/4/5 3/3/3/3
3/3/3/3 4/4/4/4 3/3/4/5 4/4/4/4

| 2|22 222|222 2O O0O|O|O|O0O|O|OC|O|O|]O|OC|O|O|O|O
W W[N] W[OW|ND[ND|INDIND|DNDND]DN
A OINBDROIN[=OIN =2 =0 ARO[ OIN|=O|DN|=

NN =222 OO0 0|0 W|W(W|WINDINMDINDIN=2|==2=O|lOC|O
N =2 O WIN|=|O|W|IN 2O W|IN|=2|OC|lW|IN|=2|OC[lW|IN=2|OClOW|IN|=
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BSC Register Setting CPU Access DMAC Access
CSnBCR CS3WCR. CS3WCR.
Idle WTRP TRWL Read to Writeto Readto Writeto Readto Writeto
Setting  Setting  Setting Read Write Write Read Write Read
1 2 3 3/3/3/3 5/5/5/5 3/3/4/5 5/5/5/5 5

4/4/4/4 3/3/3/3  4/4/4/5 3/3/3/3

A/4/414  AI4IAI4  AJAIAI5  4)4/4/4

4/4/4/4 5/5/5/5 4/4/4/5 5/5/5/5

4/4/4/4 6/6/6/6 4/4/4/5 6/6/6/6

3/3/3/3 2/2/2/3 3/3/4/5 2/2/2/2

3/3/3/3 2/2/2/13  3/3/4/5  2/2/2/2

3/3/3/3 2/2/2/3 3/3/4/5 2/2/2/2

3/3/3/3 3/3/3/3  3/3/4/5 3/3/3/3

3/3/3/3 2/2/2/2 3/3/4/5 2/2/2/2

3/3/3/3 2/2/2/2 3/3/4/5 2/2/2/2

3/3/3/3 3/3/3/3 3/3/4/5 3/3/3/3

3/3/3/3 4/4/4/4 3/3/4/5 4/4/4/4

3/3/3/3  2/2/2/13  3/3/4/5  2/2/2/2

3/3/3/3 3/3/3/3 3/3/4/5 3/3/3/3

3/3/3/3 4/4/4/4 3/3/4/5 4/4/4/4

3/3/3/3 5/5/5/5 3/3/4/5 5/5/5/5

4/4/4/4 3/3/3/3 4/4/4/5 3/3/3/3

4/414)4 4444 A4/AJAI5  4/4/4)4

4/4/4/4 5/5/5/5 4/4/4/5 5/5/5/5

4/4/4/4 6/6/6/6 4/4/4/5 6/6/6/6

5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4

5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4

5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4

5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4

5/5/5/5  4/4/4/4  5/5/5/5  4/4/4/4

5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4

5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4

AP D[PA]|DBDIDOIDNDINDINDINDINDINDINDINDINDINDINDINDN NN IN=] =] =] =
= | =2 2| 2O O[O W W[ W WININDINDIN=| =22 20| 0|0 OC|W|W|W| W
W[ |OlWO|IN[=|OCOlWOIN=_|OClWIN=|OClWN=|OC|lWN—=OC|lW|IN|—=|O
alaojfaojloalala[fa (| DA DR OOV VWV VW VW WW WA PP PP
B I I S e > B O 1 T A PN I @ ) B S O T I Ao 2 I - B @S 2 B \C T I \o 2 @V I I o 20 I\ T I o B o> T & I I~ @)

5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4
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BSC Register Setting CPU Access DMAC Access
CSnBCR CS3WCR. CS3WCR.
Idle WTRP TRWL Read to Writeto Readto Writeto Readto Writeto
Setting  Setting  Setting Read Write Write Read Write Read
4 2 0 5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4 5 4
4 2 1 5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4 5 4
4 2 2 5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4 5 4
4 2 3 5/5/5/5 5/5/5/5 5/5/5/5 5/5/5/5 5 5
4 3 0 5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4 5 4
4 3 1 5/5/5/5 4/4/4/4 5/5/5/5 4/4/4/4 5 4
4 3 2 5/5/5/5 5/5/5/5 5/5/5/5 5/5/5/5 5 5
4 3 3 5/5/5/5 6/6/6/6 5/5/5/5 6/6/6/6 5 6
n (n>=6) — — All n+1 n/n/n/n All n+1 n/n/n/n n+1 n
Notes: The minimum number of idle cycles in CPU Access is described sequentially for 10:Bo

(4:1/3:1/2:1/1:1).
1. DMAC is operated by B¢. The minimum number of idle cycles is not affected by
changing a clock ratio.
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Table 12.22 Minimum Number of Idle Cycles between Access Cycles of the DMAC Single
Address Mode for the SDRAM Interface

(1) Transfer from the external devicewith DACK to the SDRAM interface

BSC Register Setting*?

CMNCR.DMAIW CS3WCR.WTRP CS3WCR.TRWL Minimum Number of
Setting Setting Setting Idle Cycles
0 0 0 3

=== 2|2 |22 |22 |O|O|O|O|O|O|O|O|O|O|O|O|O|O|O

WL(WININDIND|IN(=2 |2 2|2 |O(C|CO(0C|W|WIW|WINDINDINDIN|=2|2=-|O|O|O
2 ([O|WIN|=2|O(WIN|=|O|WIN|=[OC|VWINI=|OWIN|=|O|WIN|=OC|W|N|=
PO PR VWPV WV WW|W(W|O|OM[R|WO|AP VWP W|W(W|W|W|W
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BSC Register Setting*?

CMNCR.DMAIW CS3WCR.WTRP CS3WCR.TRWL Minimum Number of
Setting Setting Setting Idle Cycles
1 3 2 5

W W[W|WINDINDNINDIN|=2|=2 2O |CO|W|W(W|WINDINMDIDIND|2|=2|=lO|lO|O|®
WIN2|OWIN[=|O|WIN|=OCO|WIN2|O(WIN|=|O|WIN|=O|W|IN2|OlW|IN|[=|®

S|P R|RD(R[APPA|D(R(AR[A]|AIDIDDDINDINDINDIDINDINDINDIDINDIND|IND|IN|—
S0 DI PIMPIPMIPOIOIP VORI VOW|WIR|WWWWW|W[O®

(n>=6)
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(2) Transfer from the SDRAM interface to the external device with DACK

. L
BSC Register Setting Minimum Number of

CS3BCR Idle Setting CS3WCR.WTRP Setting Idle Cycles
0 0 3

0 1 3

0 2 3

0 3 4

1 0 3

1 1 3

1 2 3

1 3 4

2 0 3

2 1 3

2 2 3

2 3 4

4 0 5

4 1 5

4 2 5

4 3 5

n (n>=6) — n+1

Notes: DMAC is operated by B¢. The minimum number of idle cycles is not affected by

changing a clock ratio.

1. For single transfer from the external device with DACK to the SDRAM interface, the
minimum number of idle cycles is not affected by the IWW, IWNRWD, IWRWS, IWRRD,
and IWRRS bits in CSnBCR.

For CMNCR.DMIWA = 0, the setting is identical to CMNCR.DMAIW[1:0] in (1) in the
above table.

2. Minimum number of idle cycles for other than the above cases.
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12.5.12 BusArbitration

The bus arbitration of this LS| has the bus mastership in the normal state and releases the bus
mastership after receiving a bus request from another device.

Bus mastership is transferred at the boundary of bus cycles. Namely, bus mastership isreleased
immediately after receiving a bus request when a bus cycle is not being performed. The release of
bus mastership is delayed until the bus cycle is complete when a bus cycleisin progress. Even
when from outside the L S| it looks like a bus cycle is not being performed, a bus cycle may be
performing internally, started by inserting wait cycles between access cycles. Therefore, it cannot
be immediately determined whether or not bus mastership has been released by looking at the CSn
signal or other bus control signals. The states that do not allow bus mastership release are shown
below.

16-byte transfer because of a cache miss
During write-back operation for the cache
Between the read and write cycles of a TAS instruction

Multiple bus cycles generated when the data bus width is smaller than the access size (for
example, between bus cycles when longword access is made to a memory with a data bus
width of 8 bits)

5. 16-bytetransfer by the DMAC
6. Setting the BLOCK bit in the CMNCR register to 1

A w DN

The LS| has the bus mastership until a bus regquest is received from another device. Upon
acknowledging the assertion (low level) of the external bus request signal BREQ, the LSl releases
the bus at the completion of the current bus cycle and asserts the BACK signal. After the LS|
acknowledges the negation (high level) of the BREQ signal that indicates the external device has
released the bus, it negates the BACK signal and resumes the bus usage.

The SDRAM interface issues all bank pre-charge commands (PALLS) when active banks exist and
releases the bus after completion of a PALL command.

The bus sequence is as follows. The address bus and data bus are placed in a high-impedance state
synchronized with the rising edge of CKIO. The bus mastership enable signal is asserted 0.5
cycles after the above timing, synchronized with the falling edge of CK10O. The bus control signals
(BS, CSn, RASU, RASL, CASU, CASL, CKE, DQMxx, WEn, RD, and RD/WR) are placed in
the high-impedance state at subsequent rising edges of CKI10. Bus request signals are sampled at
the falling edge of CKIO. Even when the busis released, signals CKE, RASU, RASL, CASU, and
CASL can be driven with previous values according to the setting of the HIZCNT bitin CMNCR.
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The sequence for reclaiming the bus mastership from an external device is described below. 1.5
cycles after the negation of BREQ is detected at the falling edge of CKIO, the bus control signals
are driven high. The bus enable signal is negated at the next falling edge of the clock. The fastest
timing at which actual bus cycles can be resumed after bus control signal assertion is at therising
edge of the CK10 where address and data signals are driven. Figure 12.48 shows the bus
arbitration timing.

While releasing the bus mastership, the SLEEP instruction (to enter the sleep mode or the standby
mode), as well as a manual reset, cannot be executed until the LS| obtains the bus mastership. The
BREQ input signal isignored in the standby mode and the BACK output signal are placed in the
high impedance state. If the bus mastership request is required in this state, the bus mastership
must be released by pulling down the BACK pin to enter the standby mode. The bus mastership
release (BREQ signal for high level negation) after the bus mastership request (BREQ signal for
low level assertion) must be performed after the bus usage permission (BACK signal for low level
assertion). If the BREQ signal is negated before the BACK signal is asserted, only one cycle of the
BACK signa is asserted depending on the timing of the BREQ signal to be negated and this may
cause a bus contention between the external device and the LSI.

e e e el S R S N N

BACK | & . & o) & Nt oonn o e
A25 to AQ —————— N pee——
D31 t0 D0 —————— D Lot L N
csn \ e /—‘:‘:

Other bus —:—:—:—:—:JLT/ T

contorol sigals

Figure12.48 BusArhbitration Timing (Clock Mode7 or CMNCR.HIZCNT =1)
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12513 Others

Reset: The bus state controller (BSC) can be initialized completely only at power-on reset. When
a power-on reset occurs, internal clocks are synchronized by the reset, then all signals are negated
and output buffers are turned off regardless of the bus cycle state. All control registers are
initialized.

In standby, sleep, and manual reset, control registers of the bus state controller are not initialized.
At manual reset, the current bus cycle being executed is completed and then the access wait state
is entered. If a16-byte transfer is performed by a cache or if another LS| on-chip bus master
module is executed when amanual reset occurs, the current accessis cancelled in longword units
because the access request is cancelled by the bus master at manual reset. If amanual reset is
requested during cache fill operations, the contents of the cache cannot be guaranteed. Since the
RTCNT continues counting up during manual reset signal assertion, arefresh request occurs to
initiate the refresh cycle. However, a bus arbitration request by the BREQ signal cannot be
accepted during manual reset signal assertion.

Some flash memories may specify a minimum time from reset release to the first access. To
ensure this minimum time, the bus state controller supportsa 7-bit counter (RWTCNT). At power-
on reset, the RWTCNT is cleared to 0. After power-on reset, RWTCNT is counted up
synchronously together with CK10 and an external access will not be generated until RWTCNT is
counted up to H'007F. At manual reset, RWTCNT isnot cleared.

Accessfrom the Site of the LSl Internal Bus Master: There are three types of LS| internal
buses: a cache bus, internal bus, and peripheral bus. The CPU and cache memory are connected to
the cache bus. Internal bus masters other than the CPU and bus state controller are connected to
the internal bus. Low-speed peripheral modules are connected to the peripheral bus. Internal
memories other than the cache memory are connected bidirectionally to the cache bus and interna
bus. Access from the cache bus to the internal bus is enabled but access from the internal bus to
the cache bus is disabled. This givesrise to the following problems.

On-chip bus masters such as DMAC other than the CPU can access internal memory other than
the cache memory but cannot access the cache memory. If an on-chip bus master other than the
CPU writes data to an external memory other than the cache, the contents of the external memory
may differ from that of the cache memory. To prevent this problem, if the external memory whose
contents is cached is written by an on-chip bus master other than the CPU, the corresponding
cache memory should be purged by software.
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If the CPU initiates read access for the cache, the cache is searched. If the cache stores data, the
CPU latches the data and completes the read access. If the cache does not store data, the CPU
performs four contiguous longword read cycles to perform cache fill operations viathe internal
bus. If a cache miss occursin byte or word operand access or at a branch to an odd word boundary
(4n + 2), the CPU performs four contiguous longword accesses to perform a cache fill operation
on the external interface. For a cache-through area, the CPU performs access according to the
actual access addresses. For an instruction fetch to an even word boundary (4n), the CPU performs
longword access. For an instruction fetch to an odd word boundary (4n + 2), the CPU performs
word access.

For aread cycle of anon-cache area or an on-chip peripheral module, the read cycleisfirst
accepted and then read cycleisinitiated. The read datais sent to the CPU viathe cache bus.

In awrite cycle for the cache area, the write cycle operation differs according to the cache write
methods.

In write-back mode, the cache isfirst searched. If datais detected at the address corresponding to
the cache, the datais then re-written to the cache. In the actual memory, data will not be re-written
until datain the corresponding address is re-written. If datais not detected at the address
corresponding to the cache, the cache is modified. In this case, data to be modified isfirst saved to
theinternal buffer, 16-byte dataincluding the data corresponding to the addressis then read, and
data in the corresponding access of the cacheisfinally modified. Following these operations, a
write-back cycle for the saved 16-byte datais executed.

In write-through mode, the cache isfirst searched. If datais detected at the address corresponding
to the cache, the datais re-written to the cache simultaneously with the actual write viathe internal
bus. If datais not detected at the address corresponding to the cache, the cache is not modified but
an actual writeis performed viathe internal bus.

Since the bus state controller (BSC) incorporates a one-stage write buffer, the BSC can execute an
access viathe internal bus before the previous external bus cycle is completed in awrite cycle. If
the on-chip module is read or written after the external low-speed memory is written, the on-chip
module can be accessed before the completion of the external low-speed memory write cycle. In
read cycles, the CPU is placed in the wait state until read operation has been completed. To
continue the process after the data write to the device has been completed, perform a dummy read
to the same address to check for completion of the write before the next process to be executed.

The write buffer of the BSC functions in the same way for an access by a bus master other than
the CPU such asthe DMAC. Accordingly, to perform dual address DMA transfers, the next read
cycleisinitiated before the previous write cycle is completed. Note, however, that if both the
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DMA source and destination addresses exist in external memory space, the next write cycle will
not be initiated until the previous write cycle is completed.

If BSC registers are modified while the write buffer is functioning, correct access cannot be
performed. Thus, do not modify BSC registersimmediately after the writing has finished. If BSC
registers need to be modified, modify the registers after dummy reading the write data.

On-Chip Peripheral M odule Access. To access an on-chip module register, two or more
peripheral module clock (Pd) cycles are required. Care must be taken in system design.
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Section 13 Direct Memory Access Controller (DMAC)

This LSl includes the direct memory access controller (DMAC).

The DMAC can be used in place of the CPU to perform high-speed transfers between external
devices that have DACK (transfer request acknowledge signal), external memory, on-chip
memory, memory-mapped external devices, and on-chip peripheral modules.

Figure 13.1 shows a block diagram of the DMAC.

13.1 Features

e Four channels (Two channels can receive an external request)
e 4-Gbyte physical address space
o Datatransfer unit is selectable: Byte, word (two bytes), longword (four bytes), and 16 bytes
(longword x 4)
e Maximum transfer count: 16,777,216 transfers (24 bits)
e Address mode: Dual address mode and single address mode are supported.
o Transfer requests
— External request
— On-chip peripheral module request
— Auto request
The following modules can issue an on-chip peripheral module request.
— SCIFO, SCIF1, SCIF2, MTUO, MTUL, MTU2, MTU3, MTU4, USB, CMTO, CMT1, A/D
converter 0, A/D converter 1
e Selectable bus modes
— Cycle steal mode (normal mode and intermittent mode)
— Burst mode

e Selectable channel priority levels: The channel priority levels are sel ectable between fixed
mode and round-robin mode.

e Interrupt request: An interrupt request can be generated to the CPU at the end of the specified
counts of data transfer.

e External request detection: There are following four types of DREQ input detection.
— Low level detection
— High level detection
— Rising edge level detection
— Falling edge level detection
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e Transfer request acknowledge and transfer end signals: Active levelsfor DACK and TEND
can be set independently.

Figure 13.1 shows the block diagram of the DMAC.

DMAC module _~

lteration || -
control
Cov O

(1)

X/Y memory

On-chip
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Register
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E f
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T e o
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interface
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U _______________________________________________ J

K_| Bus state

controller

External device
(memory mapped)

External device
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ment)
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DACKO, DACK1
TEND
DREQO , DREQ1

[Legend]

SAR_n: DMA source address register

DAR_n: DMA destination address register
DMATCR_n: DMA transfer count register

CHCR_n:  DMA channel control register

DMAOR: DMA operation register

DMARSO,1: DMA extension resource selector

DEIn: DMA transfer end interrupt request to the CPU
n: 0,1,2,3

Figure13.1 Block Diagram of the DMAC
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13.2  Input/Output Pins

The external pinsfor DMAC are described below. Table 13.1 lists the configuration of the pins
that are connected to external bus. DMAC has pins for 2 channels (channels 0 and 1) for external
bus use.

Table13.1 Pin Configuration

Channel Name Symbol I/O  Function

0 DMA transfer request DREQO I DMA transfer request input from external
device to channel 0

DMA transfer request DACKO O Strobe output to an external I/O at DMA

acknowledge transfer request from external device to
channel 0
DMA transfer end TEND @) DMA transfer end output for channel 0
1 DMA transfer request DREQf1 I DMA transfer request input from external

device to channel 1

DMA transfer request DACK1 0] Strobe output to an external I/O at DMA
acknowledge transfer request from external device to
channel 1
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13.3  Register Descriptions

Register configuration is described below. See section 24, List of Registers, for the addresses of
these registers and the state of them in each processing status.

Channel 0:

e DMA source addressregister 0 (SAR_0)

o DMA destination addressregister_0 (DAR_0)
e DMA transfer count register 0 (DMATCR_0)
e DMA channel control register 0 (CHCR_0)

Channdl 1:

e DMA source addressregister_1 (SAR_1)

e DMA destination addressregister_1 (DAR 1)
e DMA transfer count register 1 (DMATCR_1)
e DMA channel control register 1 (CHCR 1)

Channel 2:

o DMA source addressregister 2 (SAR 2)

e DMA destination addressregister_2 (DAR_2)
o DMA transfer count register 2 (DMATCR_2)
e DMA channel control register 2 (CHCR_2)

Channel 3:

o DMA source address register 3 (SAR_3)

e DMA destination addressregister_3 (DAR_3)
o DMA transfer count register 3 (DMATCR_3)
e DMA channel control register 3 (CHCR_3)

Common:

e DMA operation register (DMAOR)
e DMA extension resource selector 0 (DMARSO)
e DMA extension resource selector 1 (DMARSL)
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13.31 DMA Source Address Registers (SAR)

DMA source address registers (SAR) are 32-bit read/write registers that specify the source address
of aDMA transfer. During a DMA transfer, these registers indicate the next source address. When
the data of an external device with DACK istransferred in the single address mode, the SAR is
ignored.

To transfer datain 16 bits or in 32 bits, specify the address with 16-bit or 32-bit address boundary.
When transferring data in 16-byte units, a 16-byte boundary (address 16n) must be set for the
source address value. The SAR isundefined at reset and retains the current value in standby or
module standby mode.

13.3.2 DMA Destination Address Registers (DAR)

DMA destination address registers (DAR) are 32-bit read/write registers that specify the
destination address of a DMA transfer. These registers include count functions, and during aDMA
transfer, these registersindicate the next destination address. When the data of an external device
with DACK istransferred in the single address mode, the DAR isignored.

To transfer datain 16 bits or in 32 bits, specify the address with 16-bit or 32-hit address boundary.
When transferring data in 16-byte units, a 16-byte boundary (address 16n) must be set for the
source address value. The DAR is undefined at reset and retains the current value in standby or
module standby mode.

13.3.3 DMA Transfer Count Registers (DMATCR)

DMA transfer count registers (DMATCR) are 32-bit read/write registers that specify the DMA
transfer count (bytes, words, or longwords). The number of transfersis 1 when the setting is
H'000001, 16777215 when H'OOFFFFFF is set, and 16777216 (the maximum) when H'000000 is
set. During aDMA transfer, these registers indicate the remaining transfer count.

The upper eight bits of DMATCR will return O if read, and should only be written with 0. To
transfer datain 16 bytes, one 16-byte transfer (128 bits) counts one. The DMATCR is undefined at
reset and retains the current value in standby or modul e standby mode.
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13.34 DMA Channd Control Registers (CHCR)

DMA channel control registers (CHCR) are 32-bit read/write registers that control the DMA
transfer mode. The CHCR isinitialized to H'00000000 at reset and retains the current value in the

standby or module standby mode.

Initial
Bit Bit Name Value R/W

Descriptions

31 TC 0 R/W

Transfer Count Mode

This bit selects whether it transmits once by one
transfer request or transmits the number of setting
times of DMATCR by one transfer request. This bit is
effective only when transfer request original is MTUO to
MTU4, and CMTO and CMT1 at an On-chip peripheral
module request. Other than this, please specify 0 to be
this bit then.

0: It transmits once by one transfer request.

1: It transmits the number of setting times of DMATCR
by one transfer request.

30to24 — AllO R

Reserved

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

23 DO 0 R/W

DMA Overrun

This bit selects whether DREQ is detected by overrun

0 or by overrun 1. This bit is valid only in CHCR_0 and
CHCR_1.This bit is always read as 0 in CHCR_1 and

CHCR_S3. The write value should always be 0.

0: Detects DREQ by overrun 0
1: Detects DREQ by overrun 1

22 TL 0 R/W

Transfer End Level

This bit specifies the TEND signal output is high active
or low active. This bit is valid only in CHCR_0.This bit
is always read as 0 in CHCR_1 and CHCR_3. The
write value should always be 0.

0: Low-active output of TEND
1: High-active output of TEND
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Initial
Bit Bit Name Value R/W  Descriptions
21t018 — AllO R Reserved
These bits are always read as 0. The write value
should always be 0.
17 AM 0 R/W  Acknowledge Mode
AM specifies whether DACK is output in data read
cycle or in data write cycle in dual address mode.
In single address mode, DACK is always output
regardless of the specification by this bit.
This bit is valid only in CHCR_0 and CHCR_1.This bit
is always read as 0 in CHCR_2 and CHCR_3. The
write value should always be 0.
0: DACK output in read cycle (Dual address mode)
1: DACK output in write cycle (Dual address mode)
16 AL 0 R/W  Acknowledge Level
AL specifies the DACK (acknowledge) signal output is
high active or low active.
This bit is valid only in CHCR_0 and CHCR_1.This bit
is always read as 0 in CHCR_2 and CHCR_8. The
write value should always be 0.
0: Low-active output of DACK
1: High-active output of DACK
15 DM1 0 R/W  Destination Address Mode
14 DMO 0 R/W  DM1 and DMO select whether the DMA destination

address is incremented, decremented, or left fixed. (In
single address mode, DM1 and DMO bits are ignored
when data is transferred to an external device with
DACK.)

00: Fixed destination address (Setting prohibited in 16-
byte transfer)

01: Destination address is incremented (+1 in 8-bit
transfer, +2 in 16-bit transfer, +4 in 32-bit transfer,
+16 in 16-byte transfer)

10: Destination address is decremented (-1 in 8-bit
transfer, —2 in 16-bit transfer, —4 in 32-bit transfer;
illegal setting in 16-byte transfer)

11: Reserved (Setting prohibited)
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Bit

Bit Name

Initial
Value

R/W

Descriptions

13
12

SM1
SMo

0
0

R/W
R/W

Source Address Mode

SM1 and SMO select whether the DMA source address

is incremented, decremented, or left fixed. (In single

address mode, SM1 and SMO bits are ignored when
data is transferred from an external device with

DACK.)

00: Fixed source address (Setting prohibited in 16-byte
transfer)

01: Source address is incremented (+1 in 8-bit transfer,
+2 in 16-bit transfer, +4 in 32-bit transfer, +16 in
16-byte transfer)

10: Source address is decremented (—1 in 8-bit
transfer, —2 in 16-bit transfer, —4 in 32-bit transfer;
illegal setting in 16-byte transfer)

11: Reserved (Setting prohibited)

11
10

RS3
RS2
RS1
RSO

o O O o

R/W
R/W
R/W
R/W

Resource Select

RS3 to RSO specify which transfer requests will be
sent to the DMAC. The changing of transfer request
source should be done in the state that DMA enable bit
(DE) is set to 0.

0 0 O O External request, dual address mode

0 0 0 1 Reserved (Setting prohibited)

0 0 1 0 External request/Single address mode
External address space — external device with DACK

0 0 1 1 External request/Single address mode
External device with DACK — external address space

Auto request

Reserved (Setting prohibited)

Reserved (Setting prohibited)

Reserved (Setting prohibited)

DMA expansion request module selection specification

Reserved (Setting prohibited)

Reserved (Setting prohibited)

Reserved (Setting prohibited)

Reserved (Setting prohibited)

Reserved (Setting prohibited)

a|la|la|lo|lo|lo|low|a|=a]|=
|||+ | |O|O|=|=|O|O

A/D converter 0

a|la|la|lajla|la|la|la]|lo|lo|lo|o

= |O|=|O|=|O|=|[O|=|O|=|OC

—_

1 CMTO

Note: External request specification is valid only in
CHCR_0 and CHCR_1. None of the request
sources can be selected in channels CHCR_2
and CHCR_3.
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Initial
Bit Bit Name Value R/W  Descriptions
7 DL 0 R/W  DREQ Level and DREQ Edge Select
6 DS 0 R/W  These bits specify the sampling method of the DREQ
pin input and the sampling level.
These bits are valid only in CHCR_0 and CHCR_1.
These bits are always read as 0 in CHCR_2 and
CHCR_3. The write value should always be 0.
In channels 0 and 1, also, if the transfer request source
is specified as an on-chip peripheral module or if an
auto-request is specified, the specification by this bit is
ignored.
00: DREQ detected in low level
01: DREQ detected at falling edge
10: DREQ detected in high level
11: DREQ detected at rising edge
5 B 0 R/W  Transfer Bus Mode
This bit specifies the bus mode when DMA transfers
data.
0: Cycle steal mode (Initial Value)
1: Burst mode
Set this bit to 0 when the on-chip peripheral module is
requesting DMA transfer, the setting for the transfer
count mode bit is 0, and the source of the transfer
request is the MTU.
TSH R/W  Transmit Size
3 TSO R/W  TS1 and TS0 specify the size of data to be transferred.
Select the size of data to be transferred when the
source or destination is an on-chip peripheral module
register of which transfer size is specified.
00: Byte size
01: Word size (two bytes)
10: Longword size (four bytes)
11: 16-byte unit (four longword transfers)
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Initial
Bit Bit Name Value R/W

Descriptions

2 IE 0 R/W

Interrupt Enable

This bit specifies whether or not an interrupt request is
generated to the CPU at the end of the DMA transfer.
Setting this bit to 1 generates an interrupt request
(DEI) to the CPU when TE bit is set to 1.

0: Interrupt request is not generated

1: Interrupt request is generated

Transfer End Flag

This bit shows that DMA transfer ends. TE is set to 1
when data transfer ends when DMATCR becomes
to 0.

The TE bit is not set to 1 in the following cases.

e DMA transfer ends due to a NMI interrupt or DMA
address error before DMATCR becomes to 0.

e DMA transfer is ended by clearing the DE bit and
DME bit in DMA operation register (DMAOR).

Even if the DE bit is set to 1 while this bit is set to 1,
transfer is not enabled.

0: During the DMA transfer or DMA transfer has been
interrupted

1: Data transfer ends by the specified count (DMACTR

[Clearing condition]
Writing O after TE = 1 read
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Bit

Bit Name

Initial
Value

R/W

Descriptions

DE

0

R/W

DMA Enable

This bit enabler or disables the DMA transfer. In an
auto request mode, DMA transfer starts by setting the
DE bit and DME bit in DMAOR to 1. In this time, all of
the bits TE, NMIF in DMAOR, and AE must be 0's. In
an external request or peripheral module request, DMA
transfer starts if DMA transfer request is generated by
the devices or peripheral modules after setting the bits
DE and DME to 1. In this case, however, all of the bits
TE, NMIF, and AE must be 0's an in the case of auto
request mode. Clearing the DE bit to 0 can terminate
the DMA transfer.

0: DMA transfer disabled
1: DMA transfer enabled

Note:

*

Writing O is possible to clear the flag.

RENESAS
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13.35

DMA Operation Register (DMAOR)

The DMA operation register (DMAOR) is a 32-hit read/write register that specifies the priority
level of channdls at the DMA transfer. This register shows the DMA transfer status. The DMAOR
isinitialized to H'00000000 at reset and retains the current value in the standby or module standby

mode.

Bit

Bit Name

Initial
Value

R/W

Description

31, 30

AllO

Reserved

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

29
28

CMS1
CMS0

R/W
R/W

Cycle Steal Mode Select 1, 0

These bits select either normal mode or intermittent
mode in cycle steal mode.

It is necessary that the bus modes of all channels be
set to cycle steal mode to make the intermittent mode
valid.

00: Normal mode
01: Reserved (Setting prohibited)
10: Intermittent mode 16

Executes one DMA transfer in each of 16 clocks of
an external bus clock.

11: Intermittent mode 64

Executes one DMA transfer in each of 64 clocks of
an external bus clock.

27,26

AllO

R

Reserved

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

Bit Name

Initial
Value

R/W

Description

25
24

PR1
PRO

0
0

R/W
R/W

Priority Mode 1, 0

PR1 and PRO select the priority level between
channels when there are transfer requests for multiple
channels simultaneously.

00: Fixed mode 1: CHO > CH1 > CH2 > CH3
01: Fixed mode 2: CHO > CH2 > CH3 > CH1

10: The status of the channel select round-robin mode:
RCn bit is reflected to the priority.

11: All channel round-robin mode

23to 19

AllO

Reserved

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

18

AE

Address Error Flag

AE indicates that an address error occurred during
DMA transfer. If this bit is set during data transfer,
transfers on all channels are suspended. The CPU
cannot write 1 to this bit. This bit can only be cleared
by writing 0 after reading 1.

0: No DMAC address error

1: DMAC address error

[Clear condition]

Writing AE = 0 after AE = 1 read

17

NMIF

R/(W)*

NMI Flag

NMIF indicates that a NMI interrupt occurred. This bit
is set regardless of whether DMAC is in operating or
halt state. The CPU cannot write 1 to this bit. Only 0

can be written to clear this bit after 1 is read.

When the NMl is input, the DMA transfer in progress
can be done in one transfer unit. When the DMAC is
not in operational, the NMIF bit is set to 1 even if the
NMI interrupt was input.

0: No NMl input

1: NMl interrupt occurs

[Clearing condition]

Writing NMIF = 0 after NMIF = 1 read
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Initial
Bit Bit Name Value

R/W

Description

16 DME 0

RW

DMA Master Enable

DME enables or disables DMA transfers on all
channels. If the DME bit and the DE bit corresponding
to each channel in CHCR are set to 1s, transfer is
enabled in the corresponding channel. If this bit is
cleared during transfer, transfers in all the channels
can be terminated.

Even if the DME bit is set, transfer is not enabled if the
TE bit is 1 or the DE bit is 0 in CHCR, or the NMIF bit
is 1 in DMAOR.

0: Disable DMA transfers on all channels
1: Enable DMA transfers on all channels

15to6 — AllO

R

Reserved

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

RCO
RC1
RC2
RC3

N W b~ O
o O O o

R/W
R/W
R/W
R/W

Round Robin Cannel Select

RC3, RC2, RC1, and RCO select the priority level
between channels when there are transfer requests for
multiple channels simultaneously.

0: The priority level of the CHn (n: 0 to 3) is fixed.
When all RC bits is 0, the priority level is:

CHO > CH1 > CH2 > CH3, equals with fixed mode
(mdoe7).

1: The priority level of the CHn (n: 0 to 3) is determined
by the round-robin. When all RC bits are 1, the
priority level between channels equals with round-
robin mode (mode 5).

1,0 — AllO

R

Reserved

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

Note: * Writing O is possible to clear the flag.

If DMA transfers are requested to multiple channels simultaneously, the DMAC performs
transfers according to the specified channel priority. The channel priority is determined by the
round-robin select bits (RCO, RC1, RC2, RC3) and priority mode bits (PR1 and PRO) of the

DMAOR register.
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If (PR1 and PRO) = (B'10) is specified, the channdl priority is determined according to the settings
of the round-robin select bits. In this case, the channel priority is changed between channels
whose corresponding round-robin select bit is set to 1. If (PR1 and PRO) = (B'01) is specified, the
channel priority is specified as fixed mode 2 (CHO > CH2 > CH3 > CH1). If (PR1 and PRO) =
(B'11) is specified, the channel priority is specified as the all-channel round-robin mode. If (PR1
and PRO) = (B'00) is specified, the channel priority is specified as fixed mode 1 (CHO > CH1 >
CH2 > CH3). Note that the round-robin select bit values are ignored except when (PR1 and PRO)
= (B'10) is specified.

If the round-robin select bit or the priority mode bit is modified after a DMA transfer, the channel
priority isinitialized to be changed. If fixed mode 2 is specified, the channel priority is specified
as CHO > CH2 > CH3 > CHL. If fixed mode 1 is specified, the channel priority is specified as
CHO > CH1 > CH2 > CH3. If amode including round-robin mode is specified again, the transfer
end channel isreset.

Table 13.2 summarizes the relationship among the round-robin select bits, priority bits, channel
priority, and priority modes (mode O to mode 7). Each priority mode includes up to five kinds of
channel priority according to the transfer end channel.

For example, if the round-robin select bits are specified as (RCO to RC3) = (B'1110) to select
mode 3 and if the transfer end channel is channel 1, the priority of the channel to accept the next
transfer request is specified as CHO > CH1 > CH2 >CH3. When the channel on which the transfer
was just finished is CH3, CH3 is not intended for round-robin. Therefore the priority level is not
changed.
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Table13.2 Combination of the Round-Robin Select Bitsand Priority M ode Bits

Priority Level

Round-robin Transfer
Select bit End Priority bit High €4—— P Low
Mode No. RCO RC1 RC2 RC3 CH No. PR1 PRO 0 1 2 3
0 0 0 1 1 CH2 1 0 CHo CH1 CH3 CH2
1 0 1 1 1 CH1 1 0 CHo CH2 CH3 CH1
0 1 1 1 CH2 1 0 CHo CH3 CH1 CH2
2 1 1 0 0 CHo 1 0 CH1 CHoO CH2 CH3
3 1 1 1 0 CHoO 1 0 CH1 CH2 CHO CH3
1 1 1 0 CH1 1 0 CH2 CHoO CH1 CH3
4 1 1 1 1 CHO 1 0 CH1 CH2 CH3 CHo
1 1 1 1 CH1 1 0 CH2 CH3 CHO CH1
1 1 1 1 CH2 1 0 CH3 CHo CH1 CH2
— Other than the above — 1 0 — — — —

setting prohibited

5 * * * * CHo 1 1 CH1 CH2 CH3 CHO
(All-channel * * * * CHA1 1 1 CH2 CH3 CHo CHA1
round-robin) * * * * CH2 1 1 CH3 CHO CH1 CH2
6 (Fixed mode 2)  * * * * * 0 1 CHO CH2 CH3 CH1
7 (Fixed mode 1)  * * * % * 0 0 CHO CHA1 CH2 CH3
Note: * Any
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13.3.6

DMA Extension Resour ce Selector 0 and 1 (DMARSO, DMARS1)

DMARS is a16-hit read/write register that specifies the DMA transfer sources from peripheral
modules in each channel. DMARSO specifies for channels 0 and 1, DMARS1 specifiesfor
channels 2 and 3. This register can set the transfer request of SCIFO, SCIF1, SCIF2, MTUO,
MTU1, MTU2, MTU3, MTU4, MTU, USB, A/D converter 1, and CMT1.

Thisregister isinitialized to H'0000 by power-on manual reset. The previousvalueisheld in
standby mode or module standby mode.

e DMARSO
Initial
Bit Bit Name Value R/W  Description
15 C1MID5 0 R/W  Transfer request module ID5 for DMA channel 1 (MID).
14 C1MID4 0 RW  See table 13.3.
13 C1MID3 0 R/W
12 C1MID2 0 R/W
11 C1MID1 0 R/W
10 C1MIDO 0 R/W
9 C1RID1 0 R/W  Transfer request register ID for DMA channel 1 (RID).
8 C1RIDO 0 R/Ww  See table 13.3.
7 COMID5 0 R/W  Transfer request module ID for DMA channel 0 (MID).
6 COMID4 0 R/ See table 13.3
5 CoMID3 0 R/W
4 CoMID2 0 R/W
3 COoMID1 0 R/W
2 COoMIDO 0 R/W
1 CORID1 0 R/W  Transfer request register ID for DMA channel 0 (RID).
0 CORIDO 0 RW  See table 13.3.
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e DMARS1L
Initial
Bit Bit Name Value R/W  Description
15 C3MID5 0 R/W  Transfer request module ID for DMA channel 3 (MID).
14 C3MID4 0 R/W See table 13.3.
13 C3MID3 0 R/W
12 C3MID2 0 R/W
11 C3MID1 0 R/W
10 C3MIDO 0 R/W
9 C3RID1 0 R/W  Transfer request module ID for DMA channel 3 (RID).
8 C3RIDO 0 R/W See table 13.3.
7 C2MID5 0 R/W  Transfer request module ID for DMA channel 2 (MID).
6 C2MID4 0 R/W See table 13.3.
5 C2MID3 0 R/W
4 C2MID2 0 R/W
3 C2MID1 0 R/W
2 C2MIDO 0 R/W
1 C2RID1 0 R/W  Transfer request module ID for DMA channel 2 (RID).
0 C2RIDO 0 RW See table 13.3.
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Transfer requests from the various modules are specified by the MID and RID as shown in table

13.3.

Table13.3 Transfer Request Module/Register 1D

Setting Value for One

Peripheral Module  Channel (MID + RID) MID RID Function
SCIF0 H'88 B'100010 B'00 Transmit
H'89 B'01 Receive
SCIF1 H'90 B'100100 B'00 Transmit
H'91 B'01 Receive
SCIF2 H'40 B'010000 B'00 Transmit
H'41 B'01 Receive
MTUO H'A8 B'101010 B'00 TGIOA
MTU1 H'CO B'110000 B'00 TGHHA
MTU2 H'C8 B'110010 B'00 TGI2A
MTU3 H'DO B'110100 B'00 TGI3A
MTU4 H'E8 B'111010 B'00 TGI4A
usB H'A0 B'101000 B'00 Transmit
H'A1 B'01 Receive
A/D converter 1 H'BO B'101100 B'00 —
CMTH1 H'FO B'111100 B'00 —

When MID/RID other than the values listed in table 13.3 is set, the operation of thisLSI is not
guaranteed. The transfer request from the DMARS register is valid only when the resource select
bits (RS3 to RS0) have been set to B'1000 for CHCRO to CHCRS registers. Otherwise, even if the
DMARS has been set, transfer request source is not accepted.
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134  Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it ends the
transfer. Transfers can be requested in three modes: auto request, external request, and on-chip
module request. The dual address mode has direct address transfer mode and indirect address
transfer mode. In the bus mode, the burst mode or the cycle steal mode can be selected.

1341 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAR), DMA
transfer count registers (DMATCR), DMA channel control registers (CHCR), DMA operation
register (DMAOR), and DMA extension resource selector (DMARS) are set, the DMAC transfers
data according to the following procedure:

1. Checksto seeif transfer isenabled (DE=1, DME =1, TE=0, AE =0, NMIF =0)

2. When atransfer request comes and transfer is enabled, the DMAC transfers 1 transfer unit of
data (depending on the TSO and TS1 settings). For an auto request, the transfer begins
automatically when the DE bit and DME bit are set to 1. The DMATCR vaue will be
decrement for each transfer. The actual transfer flows vary by address mode and bus mode.

3. When the specified number of transfer have been completed (when DMATCR reaches 0), the
transfer ends normally. If the |E bit of the CHCR is set to 1 at thistime, a DEI interrupt is sent
to the CPU.

4. When aNMI interrupt is generated, the transfer is aborted. Transfers are also aborted when the
DE hit of the CHCR or the DME bit of the DMAOR are changed to 0.
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Figure 13.2 isaflowchart of this procedure.

¢ Start )

1
Initial settings
(SAR, DAR, DMATCR, CHCR,
DMAOR, DMARS)

DE, DME =1 and
NMIF, AE, TE = 0?

Yes

Transfer request
occurs?*1

Bus mode,
transfer request mode,
REQ detection selection
system

*3

Transfer (1 transfer unit);
DMATCR -1 — DMATCR, SAR and
DAR updated

DMATCR = 0? No

DEI interrupt request (when IE = 1) I

NMIF =1 No
orAE=10orDE=0

or DME = 0?

NMIF = 1
orAE=10rDE=0
or DME = 0?

No

( Transfer end ) ( Normal end ) ( Transfer aborted )

Notes: 1. In auto-request mode, transfer begins when NMIF and TE are all 0 and the DE and DME bits are
setto 1.
2. DREQ = level detection in burst mode (external request) or cycle-steal mode.
3. DREQ = edge detection in burst mode (external request), or auto-request mode in burst mode.

Figure13.2 DMA Transfer Flowchart

Rev. 4.00 Sep. 14,2005 Page 425 of 982
RENESAS REJ09B0023-0400




Section 13 Direct Memory Access Controller (DMAC)

134.2 DMA Transfer Requests

DMA transfer requests are basically generated in either the data transfer source or destination, but
they can also be generated by devices and on-chip peripheral modules that are neither the source
nor the destination. Transfers can be requested in three modes: auto request, external regquest, and
on-chip module request. The request mode is selected in the RS3 to RSO bits of the DMA channel
control registers0to 3 (CHCR_0to CHCR_3), and the DMA extension resource selectors 0 and 1
(DMARSO, DMARS1).

Auto-Request Mode: When there is no transfer request signal from an external source, asin a
memory-to-memory transfer or atransfer between memory and an on-chip peripheral module
unable to request a transfer, the auto-request mode allows the DMAC to automatically generate a
transfer request signal internally. When the DE bits of CHCR_0to CHCR_3 and the DME bhit of
the DMAOR are set to 1, the transfer begins so long as the TE bits of CHCR _0to CHCR_3 and
the NMIF bit of DMAOR areall 0.

External Request Mode: In this mode atransfer is performed at the request signals (DREQO to
DREQ1) of an external device. Thisisvalid for DMA channels 0 to 1. Choose one of the modes
shown in table 13.4 according to the application system. When this mode is selected, if the DMA
transfer isenabled (DE =1, DME =1, TE=0, AE =0, NMIF = 0), atransfer is performed upon a
request at the DREQ input.

Table13.4 Selecting External Request Modes with the RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destination
0 0 0 0 Dual address mode  Any Any
0 0 1 0 Single address mode External memory, External device with

memory-mapped DACK
external device

1 External device with External memory,
DACK memory-mapped
external device

Choose to detect DREQ by either the falling edge or low level of the signal input with the DREQ
level (DL) bit and DS bit of CHCR_0 and CHCR 1 as shown in table 13.5. The source of the
transfer request does not have to be the data transfer source or destination.
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Table13.5 Selecting External Request Detection with DI, DS Bits

CHCR
DL DS Detection of External Request
0 0 Low level detection
1 Falling edge detection
1 0 High level detection
1 Rising edge detection

When DREQ is accepted, the DREQ pin becomes request accept disabled state (non-sensitive
period). After issuing acknowledge signal DACK for the accepted DREQ, the DREQ pin again
becomes request accept enabled state.

When DREQ isused by level detection, there are following two cases by the timing to detect the
next DREQ after outputting DACK.

OverrunO: Transfer is aborted after the same number of transfer has been performed as requests.

Overrunl: Transfer is aborted after transfers have been performed for (the number of requests
plus 1) times.

The DO bit in CHCR selects this overrun 0 or overrun 1.

Table13.6 Selecting External Request Detection with DO Bit

CHCR_0 or CHCR_1

DO External Request
0 Overrun 0
Overrun 1
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On-Chip Peripheral Module Request: In this mode, the transfer is performed in response to the
DMA transfer request signal of an on-chip peripheral module. Signals that request DMA transfer
include A/D conversion-completed transfer requests from A/D converter 0, compare-match
transfer requests from the CMTO timer, transmit-data empty transfer requests and receive-data full
transfer requests from the SCIFO to SCIF2 that are set by DMARSO and 1, compare-match and
input-capture interrupts from the MTUO to MTU4 timers, transmit-data-empty transfer requests
and receive-data-full transfer requests from the USB module, A/D conversion-completed transfer
reguests from A/D converter 1, and compare-match transfer requests from the CMT1 timer.

When the transfer request is atransmit-data-empty transfer request, set the transfer destination as
the corresponding SCIF transmit-data register. Likewise, when the transfer request is areceive-
data full transfer request, set the transfer destination as the corresponding SCIF receive-data
register. Requests from the USB are handled in an analogous way. If atransfer is requested from
the A/D converter 0 and A/D converter 1, the transfer source must be the A/D data register
(ADDR). Any address can be specified for data source and destination, when transfer request is
generated by CMTO, CMT1, and MTUO to MTUA4.

Table13.7 Selecting On-Chip Peripheral Module Request Modeswith the RS3 to RSO Bits

CHCR DMARS DMA Transfer
Request DMA Transfer
RS[3:0] MID RID Source Request Signal Source Destination Bus Mode
1110 Any Any A/D converter 0 ADI (A/D conversion ADDR Any Cycle steal
end interrupt)
1111 Any Any CMTO Compare-match transfer Any Any Burst/
request cycle steal
1000 100010 00 SCIFO TXI (transmit data FIFO Any SCFTDRO  Cycle steal
transmitter empty interrupt)
01  SCIFO receiver RXI (receive data FIFO SCFRDRO Any Cycle steal
full interrupt)
100100 00 SCIF1 TXI (transmit data FIFO Any SCFTDR1  Cycle steal
transmitter empty interrupt)
01  SCIF1 receiver RXI (receive data FIFO SCFRDR1 Any Cycle steal
full interrupt)
010000 00 SCIF2 TXI (transmit data FIFO Any SCFTDR2  Cycle steal
transmitter empty interrupt)
01  SCIF2 receiver RXI (receive data FIFO SCFRDR2 Any Cycle steal

full interrupt)

Rev. 4.00 Sep. 14, 2005 Page 428 of 982
REJ09B0023-0400 RENESAS



Section 13 Direct Memory Access Controller (DMAC)

CHCR DMARS DMA

Transfer
Request DMA Transfer Desti-
RS[3:0] MID RID Source Request Signal Source nation Bus Mode
1000 101010 00 MTUO TGIOA Any Any Burst/
(input capture interrupt/ cycle steal
compare match interrupt)

110000 00 MTUA1 TGHA Any Any Burst/
(input capture interrupt/ cycle steal
compare match interrupt)

110010 00 MTU2 TGI2A Any Any Burst/
(input capture interrupt/ cycle steal
compare match interrupt)

110100 00 MTU3 TGI3A Any Any Burst/
(input capture interrupt/ cycle steal
compare match interrupt)

111010 00 MTU4 TGI4A Any Any Burst/
(input capture interrupt/ cycle steal
compare match interrupt)

101000 00 USB transmitter EP2FIFO empty transfer ~ Any USBEPDR2 Cycle steal
request

01 USB EP1FIFO full transfer USBEPDR1 Any Cycle steal
receiver request

101100 00 A/D converter 1 ADI (A/D conversion ADDR1 Any Cycle steal
end interrupt)

111100 00 CMT1 Compare-match transfer ~ Any Any Burst/

request cycle steal

13.4.3 Channd Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it selectsa
channel according to a predetermined priority order. The four modes (fixed mode 1, fixed mode 2,
channel selective round-robin mode, and all-channel round-robin mode) are selected using the
priority bits PRO, PR1, and RCO to RC3 in the DMA operation register (DMAOR).

Fixed Mode: In these modes, the priority levels among the channels remain fixed. There are two
kinds of fixed modes as follows:

Fixed mode 1: CHO > CH1 > CH2> CH3
Fixed mode 2: CHO > CH2 > CH3>CH1
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These are selected by the PR1 and the PRO bitsin the DMA operation register (DMAOR).

Round-Robin Mode: Each time one word, byte, or longword is transferred on one channel, the
priority order is rotated. The channel on which the transfer was just finished rotates to the bottom
of the priority order. The round-robin mode operation is shown in figure 13.3. The priority of the
round-robin modeis CHO > CH1 > CH2 > CH3 immediately after reset.

When the round-robin mode has been specified, do not concurrently specify cycle steal mode and
burst mode as the bus modes of any two channels.

(1) When channel 0 transfers
Initial priority order

Priority order
afrer transfer

(2) When channel 1 transfers
Initial priority order

Priority order
afrer transfer

(3) When channel 2 transfers

Initial priority order

Priority order
afrer transfer

Post-transfer priority order
when there is an
immediate transfer
request to channel 5 only

(4) When channel 3 transfers

Priority order
afrer transfer

Priority order
afrer transfer

|CHO>CH1>CH2>CH3|
L

]
| CH1 >CH2>CH3>CHO|

| CHO > CH1 > CH2 > CH3 |

| CH2 > CH3 > CHO > CH1 |

|CHO>CH1 > CH2 > CH3 |

|CH3>CI:IO>CH1 > CH2 |

|CH2>CH3>CHO>CH1 |

| CHO > CH1 >CH2>CH3|

[ cHo > cH1 > cHz > chs|

Channel 0 becomes bottom
priority

Channel 1 becomes bottom
priority.

The priority of channel 0, which
was higher than channel 1, is also
shifted.

Channel 2 becomes bottom
priority.

The priority of channels 0 and 1,
which were higher than channel 2,
are also shifted. If immediately
after there is a request to transfer
channel 1 only, channel 1 becomes
bottom priority and the priority of
channels 0 and 3, which were
higher than channel 1, are also
shifted.

Priority order does not change

Figure13.3 Round-Robin Mode
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Figure 13.4 shows how the priority order changes when channel 0 and channel 3 transfers are
requested simultaneously and a channel 1 transfer is requested during the channel 0 transfer. The
DMAC operates as follows:

1. Transfer requests are generated simultaneously to channels 0 and 3.

2. Channel 0 has ahigher priority, so the channel O transfer begins first (channel 3 waits for
transfer).

3. A channel 1 transfer request occurs during the channel 0 transfer (channels 1 and 3 are both
waiting)
4. When the channel 0 transfer ends, channel 0 becomes lowest priority.

5. At thispoint, channel 1 has ahigher priority than channel 3, so the channel 1 transfer begins
(channel 3 waits for transfer).

6. When the channel 1 transfer ends, channel 1 becomes lowest priority.
7. Thechannel 3 transfer begins.

8. When the channel 3 transfer ends, channels 3 and 2 shift downward in priority so that channel
3 becomes the lowest priority.

Transfer request ~ Waiting channel (s) DMAC operation Channel priority

(1) Channels 0 and 3
T~_—  (2) Channel O transferstat < 0>1>2>3
3
(3) Channel 1—— ——
Priority order

1,3 (4) Channel 0 transfer ends changes

——  (5) Channel 1 transfer starts /

Priority order

1>2>3>0

3 (6) Channel 1 transfer ends changes 2>3>0>1
—T— (7) Channel 3 transfer starts /
None Priority order

changes
—L—  (8) Channel 3 transferends ———— > 0>1>2>3

Figure 13.4 Changesin Channd Priority in Round-Robin Mode
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1344 DMA Transfer Types

DMA transfer has two types; single address mode transfer and dual address mode transfer. They
depend on the number of bus cycles of access to source and destination. A data transfer timing
depends on the bus mode, which has cycle steal mode and burst mode. The DMAC supports the

transfers shown in table 13.8.

Table13.8 Supported DMA Transfers

Destination

External Device External Memory-Mapped On-Chip XIY Memory
Source with DACK Memory External Device Peripheral Module U Memory
External device Not available Dual, single Dual, single Not available Not available
with DACK
External memory  Dual, single Dual Dual Dual Dual
Memory-mapped  Dual, single Dual Dual Dual Dual
external device
On-chip Not available Dual Dual Dual Dual
peripheral module
X/Y memory, Not available Dual Dual Dual Dual
U memory

Notes: 1. Dual: Dual address mode
2. Single: Single address mode
3. 16-byte transfer is not available for on-chip peripheral modules.
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Address M odes:

1. Dua Address Mode

In the dual address mode, both the transfer source and destination are accessed (selected) by an
address. The source and destination can be located externally or internally.

DMA transfer requires two bus cycles because datais read from the transfer source in adata
read cycle and written to the transfer destination in a data write cycle. At thistime, transfer
datais temporarily stored in the DMAC. In the transfer between external memories as shown
in figure 13.5, datais read to the DMAC from one external memory in adataread cycle, and
then that data is written to the other external memory in awrite cycle.

Memory

\-- DMAC  --,
Transfer source

:
:

1 ' module

\ | Data bUﬁerI E Transfer destination

, g module

The SAR value is an address, data is read from the transfer source module,
and the data is tempolarily stored in the DMAC.

First bus cycle

bus )

T

Address bus
Data

\-- DMAC --
a s
i :
E | Data bufferl :

, ! k/

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Memory

Transfer source
module

Data bus

Address bus

Transfer destination
module

Q[

Second bus cycle

Figure13.5 Data Flow of Dual Address Mode

Auto request, external request, and on-chip peripheral module request are available for the
transfer request. DACK can be output in read cycle or write cycle in dual address mode. The
AM bit of the channel control register (CHCR) can specify whether the DACK is output in
read cycle or write cycle.
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Figure 13.6 shows an example of DMA transfer timing in dual address mode.

CKIO | |

address address

A25 to AO §>< Transfer source E>< E><Transferdestination:

(Active-Low)
. Datareadcycle

' ' Data write cycle E
H (1st cycle) H

(2nd cycle)

Note: In transfer between external memories, with DACK output in the read cycle,
DACK output timing is the same as that of CSn.

Figure 13.6 Example of DMA Transfer Timingin Dual Mode
(Source: Ordinary Memory, Destination: Ordinary Memory)

2. Single Address Mode

In single address mode, either the transfer source or transfer destination peripheral deviceis
accessed (selected) by means of the DACK signal, and the other device is accessed by address.
In this mode, the DMAC performs one DMA transfer in one bus cycle, accessing one of the
external devices by outputting the DACK transfer request acknowledge signal to it, and at the
same time outputting an address to the other device involved in the transfer. For example, in
the case of transfer between external memory and an external device with DACK shown in
figure 13.7, when the external device outputs data to the data bus, that data is written to the
external memory in the same bus cycle.
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External address bus External data bus

T~
This LSI m J »)
: External
DMAC ' memory
N —
/| !
v |/ \| External device
TN with DACK
UL\
DACK
----= Data flow DREQ

Figure 13.7 Data Flow in Single Address M ode

Two kinds of transfer are possible in single address mode: (1) transfer between an external
device with DACK and a memory-mapped external device, and (2) transfer between an
external device with DACK and external memory. In both cases, only the external request
signal (DREQ) is used for transfer requests.
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Figure 13.8 shows example of DMA transfer timing in single address mode.

ck L\
A25 to A0 ~<—— Address output to external memory space
CSn — | N <«—— Select signal to external memory space
WE L/ <~—— Write strobe signal to external memory space
D31to D0 — Data output from external device with DACK
DACKn — N__ | <~ DACK signal (active-low) to external device with DACK
(a) External device with DACK — external memory space (ordinary memory)
ok L\
A25 to A0 ~—— Address output to external memory space
CcSn TN | <— Select signal to external memory space
RD \_| / -<—— Read strobe signal to external memory space
D31 to DO Data output from external memory space
DACKn —N__ | <—— DACK signal (active-low) to external device with DACK

(b) External memory space (ordinary memory) — external device with DACK

Figure13.8 Example of DMA Transfer Timingin Single Address Maode

Bus Modes: There are two bus modes: cycle steal and burst. Select the mode in the TB bits of the

channel control register (CH

1. Cycle-Steal Mode
e Norma mode

CR).

In the norma mode of cycle-steal, the bus mastership is given to another bus master after a
one-transfer-unit (byte, word, longword, or 16 bytes unit) DMA transfer. When another
transfer request occurs, the bus masterships are obtained from the other bus master and a
transfer is performed for one transfer unit. When that transfer ends, the bus mastership is
passed to the other bus master. Thisis repeated until the transfer end conditions are satisfied.

In the cycle-steal mode, transfer areas a