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PREFACE

m Objectives and Intended Reader

The MB89580B/BW series of products has been developed as one of the general products of

F2MC-8L family. The F2MC-8L family is an original 8 bit one-chip microcontroller that can be
used for Application Specific ICs (ASICs). The MB89580B/BW series has a wide range of uses
in consumer and industrial equipment.

This manual covers the functions and operations of the MB89580B/BW series and is designed
for engineers who develop products using the MB89580B/BW series of microcontrollers. For

information on the microcontroller’s instruction set, refer to the F2MC-8L Programming Manual.

m Trademarks

F2MC is the abbreviation of FUJITSU Flexible Microcontroller.

Other system and product names in this manual are trademarks of respective companies or
organizations.

The symbols ™ and ® are sometimes omitted in this manual.

m Structure of This Manual
This manual consists of the following 13 chapters and appendix.
CHAPTER 1 "OVERVIEW"

This chapter explains the features and basic specifications of the MB89580B/BW series of
microcontrollers.

CHAPTER 2 "HANDLING DEVICE"

This chapter explains the precautions to be taken when using the USB general-purpose one-
chip microcontroller.

CHAPTER 3 "CENTRAL PROCESSING UNIT (CPU)"

This chapter explains the functions and operation of the CPU.
CHAPTER 4 "1/O PORTS"

This chapter explains the functions and operation of the 1/O ports.
CHAPTER 5 "TIMEBASE TIMER"

This chapter explains the functions and operation of the timebase timer.
CHAPTER 6 "WATCHDOG TIMER"

This chapter explains the functions and operation of the watchdog timer.
CHAPTER 7 "2-CHANNEL 8-BIT PWM TIMER"

This chapter explains the functions and operation of the 2-channel 8-bit PWM timer.
CHAPTER 8 "EXTERNAL INTERRUPT CIRCUIT (LEVEL)"

This chapter explains the functions and operation of the external interrupt circuit (level).
CHAPTER 9 "PARALLEL PORTS"

This chapter explains the functions and operation of the parallel ports.



CHAPTER 10 "USB FUNCTION"

This chapter explains the functions and operation of the USB function circuit.
CHAPTER 11 "UART/SIO"

This chapter explains the functions and operation of UART/SIO.
CHAPTER 12 "CLOCK OUTPUT FUNCTION"

This chapter explains the clock output function and the circuit operation.
CHAPTER 13 "PULL-UP OPTION"

This chapter explains the pull-up option.
APPENDIX

The appendixes provide the I/O map, instruction lists, and other information.



The contents of this document are subject to change without notice. Customers are advised to consult with FUJITSU
sales representatives before ordering.

The information, such as descriptions of function and application circuit examples, in this document are presented
solely for the purpose of reference to show examples of operations and uses of FUJTSU semiconductor device;
FUJITSU does not warrant proper operation of the device with respect to use based on such information. When you
develop equipment incorporating the device based on such information, you must assume any responsibility arising out
of such use of the information. FUJITSU assumes no liahility for any damages whatsoever arising out of the use of the
information.

Any information in this document, including descriptions of function and schematic diagrams, shall not be construed as
license of the use or exercise of any intellectual property right, such as patent right or copyright, or any other right of
FUJTSU or any third party or does FUJITSU warrant non-infringement of any third-party's intellectual property right
or other right by using such information. FUJTSU assumes no liability for any infringement of the intellectua
property rights or other rights of third parties which would result from the use of information contained herein.

The products described in this document are designed, developed and manufactured as contemplated for general use,
including without limitation, ordinary industrial use, general office use, personal use, and household use, but are not
designed, developed and manufactured as contemplated (1) for use accompanying fatal risks or dangers that, unless
extremely high safety is secured, could have a serious effect to the public, and could lead directly to death, personal
injury, severe physical damage or other loss (i.e., nuclear reaction control in nuclear facility, aircraft flight control, air
traffic control, mass transport control, medical life support system, missile launch control in weapon system), or (2) for
use requiring extremely high reliability (i.e., submersible repeater and artificial satellite). Please note that FUJITSU
will not be liable against you and/or any third party for any claims or damages arising in connection with above-
mentioned uses of the products.

Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage or loss from
such failures by incorporating safety design measures into your facility and equipment such as redundancy, fire
protection, and prevention of over-current levels and other abnormal operating conditions.

If any products described in this document represent goods or technologies subject to certain restrictions on export
under the Foreign Exchange and Foreign Trade Law of Japan, the prior authorization by Japanese government will be
required for export of those products from Japan.

©2005 FUJITSU LIMITED Printed in Japan







CONTENTS

CHAPTER 1  OVERVIEW ...t e 1
1.1  MBB8O580B/BW SEIES FEAIUIES .....ieeiiiiieiiieieee e ettt e e e e e e ettt ettt e e e e e e e s s e aababbbbeeeeaaaeeeeaannbneeneees 2
1.2 MBB8I9580B/BW SerieS MOUEIS ..ottt e et ee e e snnaeee s 4
1.3 Differences DetWEEN MOUEIS ......cooi it e e st e e e e e et e e e s anbee s 6
1.4 Block Diagram of MB89580 B/BW SEIES .....ccceiiiiiiiiuitiiiiieiie e e ettt et e e e e e e s e s einteteeeeaaaaaeeaasaanneeneeeeees 8
RS T 1 AN o | T =T o £ SRR 9
1.6 Package DIMENSIONS .......uuiiiiiiiieeieeiiis ittt e ee e e e e e s st aeeeeeeaeeeesassasaetbaaeeeeeaaeesesassnssatenaneeaeaessnanansnes 10
O A 1 I Tox 1 o] o TP UPPURPPPTRRT 12
IR S 1@ @ T U 1) 1Y/ o 1= PPRPRSR 16

CHAPTER 2  HANDLING DEVICE ...ttt 19
2.1 NOtes 0N HANAING DEVICES ...uveiiiiiieiiiiiiiiiieie et e e s et et e et e e e e e s s s s st ae e e e e eae e e s s e asanbaaneeeaaaeeeeseannnnnnes 20

CHAPTER 3 CENTRAL PROCESSING UNIT (CPU) .o 21
70 R IV =70 g (o] VAR o F- Ul T U PP PP PP TP 22

0 I A o L= = 1 R Y A - 1SS 24
3.1.2 Location of 16-Bit Data in MEMOIY ......cciiiiiiiiiiiiiieiiiee e e e e e s s e e e e e e e s s e st reeeeraaeee e s s s nrsanesneees 26
T A B =T o= 1= To [ 2 LT 1] (= £ TP 28
3.2.1 Condition Code REQGISIEr (CCR) ...iviiiieieeiiiiiiiitieie e et e e e e e s ess e e e e ae e e e s e s sassaabbarerreeaaeseesasnnnrenansneees 30
3.2.2 Register Bank POINIEN (RP) ...ciciiiiiiiiiiiieee ettt e e e e e s sttt e e e e e e e e e s sttt aaeeeeaaesesaannneannnnansaeees 33
3.3 GENEral-PUrPOSE REGISIEIS ...ttt e e e e e e e e sttt e e e e e e e e e e e e annnbbeeaeseeeaaeaaaeas 34
G 2 11 =1 (1] £ 36
3.4.1 Interrupt Level Registers (ILR1, ILR2, @aNd ILR3) ...ccovviiiiiiiiiiiiiiiiiee et ee e e e e srnaee e 38
3.4.2 Processing During INterrupt OPEIration ...........ooiiueiiiiiiiiiiia e e e e e e e e e enee s 40
G B Y/ [T ][N ) (= (0o SRS 42
3.4.4  INtErrupt ProCeSSING TIME ..oiiiiiiiiiiiiieee e e et e se ittt e e eeeaeeeessas s taeeaaaeeeeaaeesssaanssssaaaeearaaeeeesesnnansssansnnees 43
3.4.5 Stack Operation During INterrupt ProCESSING ......uueeiiiiiiiiaaiiiiiiitii e e e 44
3.4.6 Stack Area for INErrUPL PrOCESSING ..evviviiiiiii ittt e e s e e e e e e e e e e s e et e e e e e e e e e e s e snnrernesneees 45
R T (=TT TSP PP PP PPPPPPPRPPRPPN 46
3.5. 1 EXEErNAl RESEL PN ...ttt e e e ettt et e e e e e e s s e e b ab b et e e e e e aaeeeeeeaannneneaeeas 48
TR =TT A @ o =T - o) o RS 49
3.5.3  State Of PiNS AfLEr @ RESEL ...ooiiiiieiii ettt e e et e e e neeas 51
1 7L T O (o Tox RO 52
G T8 R O [ T [ CT=T g 1T = (o ) S U TPSRR 54
I G T2 @ [ Tor [ @e o o ]| T PSR TP PP 55
3.6.3 System Clock Control REgIStEr (SYCC) ..coiiiiiiiiiiiieiiieee e ettt e e e et e e e e e e e e e e e anneeeeeeeeeas 57
I 2R S @ T Tor 10 Y/ [ To = PSP PP 59
3.6.5 Oscillation Stabilization Wait TIME .........ueiiiiiiiiiie i e e e e e 60
3.7  Standby Mode (Low Power CONSUMPLION) .......uuiiiiiiiiaeaaie ittt e e e e sttt eeee e e e e e e e e annneeeaeeeaaeaeaeas 62
3.7.1 Standby Mode OPErating STALE .........cciiiieiieiiiiiiiiiieiieeie e e e e s s st r e e e e e e e s s e st e reraaeeeesesnnrereesneees 63
A 1 1= o 1Y/ Yo [ RO 64
T B S (o] o 11 1Y o o = TS UUPURT RSP 65
3.7.4 Standby Control REGISIEr (STBC) ...uuiiiiiiiiiieiiiii it ee e s r e e e e e e s s s e e e e aaeeeseesnnennnees 66
3.7.5  State TranSitionN CRAN .......cueiiiiiiiiee et e e e sttt e e s asbb e e e e e anbeeeeesannbbeeeeennees 68



3.7.6  Notes on USINg StaNdDY MOUE .......uieiiiiiiiaiiii ettt e e e e e e e e bae b e e e e e e e e e e e s ebenneeeeees 70

3.8 MEMOIY ACCESS MOUE ....ieiiiiiiiii ettt e e e e e e s et e e e e e eaeess s s nt e et e e e eeeaeeeeesasnnntanstnneaeaaeeeaeas 72
CHAPTER 4 1/O PORTS oottt ettt ettt e e e e et e s e e e e e et e e e e e eaaa e e e eeenans 75
4.1 OVEIrVIEW OF tNE /O POILS ..eiiiiiiiiiie ittt e et e e ettt e e e st b b e e e s sabeeeeesanbebeeeenan 76
N o ¢ O USROS 79
4.2.1 Port 0 Registers (PDRO @and DDRO) ......uuviiiiiiiiieeeiiiiiiiiieiieeeseeeessssssnninsseeesaaaeeesssssnssrnssneesaesesasses 81
oy © o T= 1 - 11 o o o o 0 PP 82
e N T ¢ A USROS 84
4.3.1 Port 1 Registers (PDRL @and DDRL) ......uuuiiiiiiiiieieiiiiiiiieiireeeee e e e sssssstanereeeeaeaeaessssnnnssassneeeaeaesasses 86
0 T © o T= T 11 o o =0 o PP 87
S T £ USROS 89
441  POrt 2 REQISIEN (PDR2) ...utiiiiiiiiiieeiii sttt et e e e e e e s e st ae e e e taaeeas s e saea e aaeereeaaeeaeessansnnsenstareeaaaeeanes 91
N © 1 o T= T - 11 o o =0 o PP 92
I o ¢ B TSR SPOPPSRR 93
451 Port 3 Registers (PDR3 and DDR3) ......uuuiiiiiiiiieeeiiiiiiiiieiireeesee e s sssssetisraeersaeaeaesssnnnssrasssereaaaeeasses 96
N © o T= T - 11 o] 0 =0 o 0 PP 98
T T ¢ OO 100
4.6.1 Port 4 Registers (PDR4 and DDRA) .....ouuuiiiiiiieeii ettt e e e e e e s sse s eee e e e e e e e s s e annaanbaanneeeaaeaeeaeans 103
T © o T= T = 11 o] o 0 o P ESER 105
o T £ TP 107
4.7.1 Port 5 Registers (PDR5 @nd DDRS5) .....uuuuiiiiiiieeii it eie e e e e e s sss st es e e aeeess s sntanbnaneeeeaaeaeennnns 110
o N © o T= T - 11 o] o =0 o A PRSP 112
N T T OO 114
4.8.1 POrt 6 REQISIEN (PDRB) ...uviiiiiiieiieiiiii ittt e eee e e s e e setaae e e e e aeessassataabeaeeaaaaeasessanssnsenreaeeaaeaeesanns 116
I B © o T= T - 11 o] o =0 o A PSR 117
4.9 Program Example Of the 1/O POIMS ..ottt e e e e e e e e e e 118
CHAPTER S5 TIMEBASE TIMER ...t 119
5.1 Overview of the TIMEDase TIMET ........eiiiiiiiiii et e s rbbeeeeeane 120
5.2  Configuration of the TIMEDASE TIMET ......cciuiiiiie e e e e e e rrraaeaaee s 122
5.3 Timebase Timer Control ReQIStEr (TBTC) .....uuuiiiiiiiei ittt e e e e et e e e e e e e e s e eeeeaaaaeeas 124
5.4  Interrupts of the TIMEDASE TIMEN ....ccciiii et r e e e e e e s s s rarreaeaeeeeas 126
5.5 Operations of the TIMEDASE TIMET ......ciii i e e e e e e e e s e raaraeraaeeaeaaaas 127
5.6 Notes on Using the TIMEDASE TIMEI ...t e e e e e e e e e e e e aaa e as 129
5.7 Program Example of the TIMEDASE TIMEI ......ueiiiiiiiiiiiiie e e e e rr e e e e e e e s 130
CHAPTER 6  WATCHDOG TIMER ..ot 131
6.1  Overview of the WatChdOg TIMET .....ccooiiiiiiiieiie e e e s e e e e e e e e s e e s s s neerreeaaaeeeeas 132
6.2  Configuration of the WatChdOg TIMEI .........eueiiiiiiiie et e e e e e e e e aaaeeas 133
6.3  Watchdog Control REgIStEr (WDTEC) ...cciiiiiiieiieeie e e s e e e ettt ee e e e e e e s e s s s r e e e e e e e e e s s s snraanaaneeaeaaeaeas 135
6.4 Operations of the WatChdog TIMET ........cociiiiiiii e e e e e e e e e e e s e e e e aeas 136
6.5 Notes on Using the Watchdog TImMer ..........eueiiiiiiiiiii e e e e e e e 137
6.6 Program Example of the WatChdog TIMET ........cccviiiiiiiiiiiieeee et a e e e 138
CHAPTER 7 2-CHANNEL 8-BIT PWM TIMER ..o 139
7.1  Overview of the 2-Channel 8-Bit PWM Timer (Interval Timer FUNCLION) .......ccccveeeviviiiiiiiiireeeee e e 140
7.2 Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer FUNCtion) .........ccccccoiriiiiiiiiiiiiiiieeeeeeenn, 143

Vi



7.3  Configuration of the 2-Channel 8-Bit PWM TIMEI .......ooiiiiiiiiiieiieee e 146

7.4 Pins of the 2-Channel 8-Bit PWM TIMEI ......uuiiiiiiiiie ettt et e e e s nanaeeee e e eaes 149
7.5 Registers of the 2-Channel 8-Bit PWM TIMET .....ccviiiiiiiiiiiiiiieee e aer e e e e e e s e snnran e e e e e e e e e 150
7.5.1 PWM Control Register 1 (CNTRIL) ...oiiiiiiiiiiiiiitiie et r e e e e e e e e e bbb eeaaaaeaesaeannennes 151
7.5.2 PWM Control REQIStEr 2 (CNTR2) ..uiiiiiiieiiii ittt e e e st e et e e e e e e s s st raeraeeaaeeesaeansnnnnes 153
7.5.3 PWM Control ReQISter 3 (CNTR3B) ..iiiiiiiiiiiiiiiiiiiieie et e e e s e s s r et e e e e e e s e st raeraeeeaeeeseeansnnnnes 155
7.5.4 PWM Compare Register 1 (COMRIL) ...ooiiiiiiiiiiiee ettt e e e e e e e e e e e nneeeees 157
7.5.5 PWM compare register 2 (COMR2) .....cocooiiiiiiiiiiieit e ee e e e s e er et e e e e e e s s st reeaaeaeeaesaennnnnnes 159
7.6 Interrupts of the 2-Channel 8-Bit PWM TIMET .....ccooeiiiiiiiiiiiiiieeeee e s eer e e e e e e e e s raeeeeaaee e e 161
7.7  Operations of the Interval Timer FUNCLION ..........cooiiiiiiii e 162
7.8  Operations of the 8-Bit PWM MOUE ........cc.uuiiiiiiiiiie et e e e e s s ar e e e e e e e e s s e st nareeraaaaeeaeeas 164
7.9 Operations of the 7-Bit PWM MOUOE ........cc.uuiiiiiiiiiie et s s aar e e e e e e e e s s e eanaanrreeraaaaeenees 166
7.10 Operations of the CHLI2PWM MOUE ........uuiiiiiiiiiiiie ettt e e e e e e e e be e e e e e aaaaeaaeas 168
7.11 Prescaler Operation of the 2-Channel 8-Bit PWM TIMET .........cviiiiiieiiiiiiiieiieee e e sesesvvieneee e e ee e e 170
7.12 Operation for Standby Mode and Intermediate StOP .....cccvviiiiiiiiee e e e 172
7.13 Notes on Using the 2-Channel 8-Bit PWM TIMEr .......ooiiiiiiiiiiiiiee et a e e e e 174
7.14 Program Examples of the 2-Channel 8-Bit PWM Timer (Interval FUNCLioN) .......ccccccoeevviiiiiiiieneeeenn, 175
7.15 Program Examples of the 2-Channel 8-Bit PWM Timer (PWM Timer FUNction) ..........cccccceevveeennnnnns 179
CHAPTER 8 EXTERNAL INTERRUPT CIRCUIT (LEVEL) .covvvviiiiiiiieiiie e, 183
8.1  Overview of the External Interrupt CirCUit (LEVEI) .....oooiiiiiiiiiiiiieeie e 184
8.2  Configuration of the External INterrupt CIFCUIL ...........eviviieiii i e e e e e ee e 185
8.3  Pins of the External INterrupt CIrCUIL .......coeoiiiiiiiieeee e e e r e e e e e e e s nnraneeeees 187
8.4  Registers of the External INterrupt CIrCUIL ..........eeeeeiiiiiiie e 190
8.4.1 External Interrupt Control RegISter (EIE) .....coioieiiiiiieiiieee et ee e e e e e snnannnes 191
8.4.2 External Interrupt Flag REQISEr (EIF) ....cccciiiiiiiiiieir ettt e e e e s ee e e e e e e e e s s snnnnes 193
8.5 Interrupt of the External INterrupt CirCUIL .........couueiieiiie e 194
8.6  Operations of the External INterrupt CirCUIL ...........cuviiiiieeiii i e e e e e e ee e 195
8.7 Program Example of the External INterrupt CirCUIL ...........ceeeiiiiiiiiiiiiiiie e 196
CHAPTER 9 PARALLEL PORTS .o 199
9.1 Overview Of the Parallel POIS .........coiiiiiie et e e e e 200
9.2  Configuration of the Parallel POrt ...........oeiiiiiiiiiiiiie e r e e e e e e s s eeeees 201
9.3 PINS Of the Parallel POt .......oeiiiieie et et e e et e e et e e e e snnaeeee s 202
9.4  Registers of the Parallel POIT ..........o et e e e e e e e eneeee e 204
9.4.1 Parallel Port Data ReQIStEr (PDR) ......uuuiiiiiieeiiiiiiiiitie et s e e e e e s ss e arr e e e e e e e e ss s st eeeeeaaeaeeessananns 205
9.4.2 Parallel Port Status REQISEr (PSR) ...uuiiiiiieieiiiiiiiiiiiie st e et e e e e e e s e st rereeeaae e e s e ensnnnnes 206
9.4.3 Parallel Port Data Control RegiSter (PDCR) ........uiiiiiiiiiiaaaiai et e e e e e e 208
9.5  Interrupts Of the Parallel POIT ..........oeiiiiiiie e e e e e e e e e e e s e e e e e snneennees 210
9.6  Operation of the Parallel POIt ..........coiiiiioiii e e e e e e e e e e e s s snannrrneeeees 211
CHAPTER 10 USB FUNCTION ...ttt e e e eeas 213
10.1 Overview Of the USB FUNCLION .......co.uiiiiiiiiiiiee ettt e e e e e e e e et e e e e e e e e e e e e e e annanes 214
10.2 Configuration of the USB FUNCLON CIFCUIL ......viiiiieiieiiiiiiiieiie e e ee s ss s sireieee e e ee e e s e e s snenrreereeeaeeeeeeeenanns 216
10.3 Registers of the USB FUNCHON CIFCUIL .......uiiiiiiieriiiiiiiiiiiiiiiee e e e e e ssire e e e e e e e e e s s ssnnrnnaneeeeaaeeeseeesnnnnnes 218
10.3.1 USB Power Mode Register (PMDR) ...ttt e e e e 222
10.3.2 USB Reset Mode Register (UMDR) ......occciiiiiiiiiiiee e ettt er e e e e e e e s s ae e e e e e aeeess s annnnnnrneeeees 223
10.3.3 DMA Base Address RegiSter (DBAR) .....cccccuuiiiiiiiiee e e e e eesiitree e e e e e e e e s e st e aeeeaeaaeessnssnnnsnreeeeeees 225

Vi



10.3.4 DMA Base Address Registers for MB89589B (DBARH and DBAR) ........ccccoiiiiiiiiiiiiiiiiiiieeeaeeenn, 227

10.3.5 Transfer Data Count Registers (TDCRO t0 TDCR3) ....uuiiiiiiiiiieeiieiiiiiiieiieeieeeeeae e e s e snienvnneeeeee s 229
10.3.6 USB Control REGISIEr (UCTR) ..iiceiiii ittt et e e e s eeeet ittt e e et e e e s e s s st e e e e aaeeesessnnrnsnneeeeeaeeeas 231
10.3.7 USB Status Register 1 (USTRIL) ..ottt et e e e e e e e s aeaeeeaaeaaaaeas 232
10.3.8 USB Status RegiSter 2 (USTR2) ...cccii ittt e st e e et e s st r e e e e e e e e e s e santaananeeaaeaaeeeas 235
10.3.9 USB Interrupt Mask Register (UMSKR) .......oeuiiiieiiiiiiiiiiiiiies e et ee e e e e e e s e s snnvnanneeeaaae e 237
10.3.10 USB Frame Status Register (UFRMR) ........oooiiiiiiii et 240
10.3.11 EndPoint Enable RegiSter (EPER) ......ccccciiiiiieiee ettt s e ttarr e e e e e e e st aeaneaaaeeae e 241
10.3.12 EndPoint Setup Registers (EPBRO, EPBRX1, EPBR X2) .....uuuiiiiiiiieiii e 242
10.4 Interrupts Of the USB FUNCHION ....oooiiiiiie ittt e et e e e e e e et e e e e e e e aaaeeaeaannes 249
10.5 Functions Supported by the USB FUNCLON ..........ooiiiiiiiiiiiiee e ee e e e e e e 251
10.6 Operation of the USB FUNCHON ......ccciiiiiiiiiiiiece et e e e e e s e e e e e e e e e s s nan e e e e e eaaaeaeeaeas 255
10.6.1 Operations of Each Register for Command RESPONSES ......ocovieiiiiiiiiiiiiiiiiiiia et a e 258
OIS T2 ST U ) oY= o I U o o) o SO 262
10.6.3 WaKE-UP FUNCHION ...t e e r e e e e e e e e s s ettt e e eeaaeeeeseanantesnanneeeaeeeeeas 264
CHAPTER 11 UART/SIO ettt e e e e e e et e e e aaa e eaees 267
11.1 Overview Of the UART/SIO ..ottt e e e e e e e e et bbb e e e e e e e e e e e e e e aannes 268
11.2 Configuration of the UART/SIO ....ccciiiiiieeiee ettt e e e e e e s e e e e e e e e sn s an e nae e e e eeaaaaeeeeaaas 269
11.3 PiNS Of the UART/SIO ..eeiiiiiiiiiiie ettt ettt e ettt e e sttt e e e e ettt e e e e s nbbee e e e annes 271
11.4 Registers of the UART/SIO ..ottt et e e e e e e e e et b e e reeaeaaeeeaaaaannes 273
11.4.1 Serial Mode Control REGIStEr 1 (SMCL) ...uuuiiiiiiiiiiie i ciiee e e e e e e serrrr e e e e e e s e e s e nnraeeeeeees 274
11.4.2 Serial Mode Control REGIStEr 2 (SMC2) ....uuiiiiiiiiiiee et a e e r e e e e e s e e s e snraaeaeeees 276
11.4.3 Serial Clock SWitCh REQISIEr (SCS) ....uuiiiiiiiiiiiiiae et e e e e e e e s e eeeeeaeaaae s 278
11.4.4 Serial Status And Data REQISIEr (SSD) ..uuvuiiiiiiieieeiiiiiiiiiieie e et e e e s e s s e e e e e e e e s s e srraararraaaaeeaeeas 279
11.4.5 Serial Input Data REQISIEN (SIDR) .....cccviiiiiiiiiiiee e e e e e e e e e e e e e e e e s ss s saerrrraeeeaaeeeas 281
11.4.6 Serial Output Data RegiSter (SODR) .......uiiiiiiiiiieaeaii e e e e e e e e e e e e aneebbeeeeeeaaaeeas 282
11.4.7 Serial Rate Control REGISIEr (SRC) .....uviiiiiiiiiiee et r e e e e e e e s ss e arraaaeaaaeeas 283
11.5 Interrupts of the UART/SIO ...occciiiii ettt e e e e e e e e s et e e e e e e e s s e s e st aaeeaeeaaaaaeeesnaannnes 284
11.6 Operation Of the UART/ISIO ..ottt e et e et e e e e e e e e e bbb e e eeeaaaaaeeaaaaannes 285
11.7 Explanation of Operating MO O .......c..uuiiiiiiiiiie e e e s s e e e e e e e e s s st rarreaeaeeseeeaananes 286
11.8 Explanation of Operating MOAE 1 .........uuiiiiiiiiiiee i s s e e e e e e e e s s st rarraaeeeeseesaaannes 293
CHAPTER 12 CLOCK OUTPUT FUNCTION ..ot 299
12.1 Overview Of the ClOCK OULPUL .....ooii ittt e e e e e e e e e e e e e e e e e e e s aannes 300
2 @1 o o] Q@ 101 0T L o T (1) TP PRERPR 301
12.3 Register Of the CIOCK OULPUL .......coii it e e e e e s e s e e r e e e e e s e e s s ssnrraeeareeaaaaeesssaannnes 302
CHAPTER 13 PULL-UP OPTION ..ottt e 303
13.1 Overview of the PUll-UP OPLION ...t e e e e e e e e e e eeaaaaaeeaas 304
13.2 Pull-up Option SEttiNG REGISIET ...cieeiiiiii it e e e e e e e e ae e e e e e e e s s e st tereeeaeraaaeeeaaans 305
AP P END I X e 307
F e ad o S T D N 1@ I Y = T o USSP PPRR 308
APPENDIX B OVervieW Of INSIFUCIONS ... .uuiiiiiiiiieiii ettt e e e e e e e e e e e e e nnneneeeeas 312
B.1  OVerview 0f FAMC-8L INSIUCHONS .........o.ovieiveeeseeeeeeeeeeeeeeeseeeseeese s eseee s eeee s seene e, 313
2 T2 1V [ [ =] o PP 315
B.3  SPeCial INSITUCHIONS ... ittt e et e e e e e s e e bbbt e e e e e e e e e e s e annbnbebneeeaaaaaaaas 319



B.4  Bit Manipulation Instructions (SETB, CLRB) .......uuuiiiiiiiiiiiiiiee et 322

B.5  F2MC-8L INSIUCHONS .....vovvveeceeseeeeeesseceeseeseesesseseeseesessesseseesessessees s snessssssessssessenesnsesenssssnsnseneesnes 323
[ G [ 1S 0 Tox 1o T 1Y/ - o SRS 329
APPENDIX C Write Specifications for One-Time PROM and EPROM MicroCOmMpuUter ............ccccoeeveevenee. 330
APPENDIX D Pin State of MB89580B/BW SEIIES .......cooiuiiiiiiieiiieiieie st 332






CHAPTER1 OVERVIEW

This chapter explains the features and basic specifications of the MB89580B/BW
series of microcontrollers.

1.1 "MB89580B/BW Series Features"

1.2 "MB89580B/BW Series Models"

1.3 "Differences between Models"

1.4 "Block Diagram of MB89580B/BW Series"
1.5 "Pin Assignments"

1.6 "Package Dimensions"

1.7 "Pin Functions"

1.8 "I/O Circuit Types"
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1.1 MBB89580B/BW Series Features

The MB89580B/BW series of microcontrollers is a family of general-purpose one-chip
microcontrollers. The series features a compact instruction set and incorporates
various peripheral functions such as PLL clock control, timers (for example, PWM
timer), serial interface, and a USB. The USB function supports a built-in channel and
data transfer at both full and low speeds.

m MBB89580B/BW Series Features

[MB89580B/BW series features
* LQFP64 pin package (0.5 mm pitch), QFP64 pin package (0.65 mm pitch)

[High-speed, low-voltage operation
Minimum execution time: 0.33 us

(The clock frequency supplied externally is 6 MHz. A built-in PLL circuit automatically
generates a main clock signal of 12 MHz and a USB interface synchronization clock signal of
48 MHz.)

[_EfMC-8L CPU core
The controller uses an optimal instruction set.
» Multiplication and division instructions
» 16-bit arithmetic operations
» Branch on bit test instructions

» Bit operation instructions

[PLL clock control

* A built-in PLL clock circuit enables use of an externally supplied low-frequency clock signal
that improves noise characteristics. (The externally supplied clock frequency is 6 MHz. The
internal system clock frequency is 12 MHz.)

[Timers

» 8-bit PWM timer (Can be used as an 8-bit PWM timer for two channels or a PPG timer for
one channel)

e Built-in 21-bit time-base timer

[BLilt-in USB transceiver circuit (supporting transfer at full and low speeds)

[UISB function
» Conformance to USB Protocol Revision 1.0

» Support of transfer at both low and full speeds (selectable)



1.1 MB89580B/BW Series Features

» Specification of up to four end points
« Supported transfer types: Control, interrupt, bulk, and isochronous
e Built-in DMAC (The buffer at each end point is mapped on built-in RAM, and the RAM is
accessed directly to obtain the USB transfer data.)
[CUART and serial interfaces
e Built-in UART and ISO functions (selectable)

[Ekternal interrupts
« External interrupts (low-level detection for eight interrupt inputs)
Eight interrupt inputs are independent of one other, and can be used to release a device
from low power consumption mode. (A low-level detection function is supported.)
[Lbw power consumption (standby mode supported)
» Stop mode (Oscillation is stopped, and most current consumption is suppressed.)

e Sleep mode (The CPU is stopped.)

[Ub to 53 general-purpose I/O ports
* General-purpose I/O ports (CMOS): 34
* General-purpose output ports (CMOS): 8
* General-purpose I/O ports (N-channel open-drain): 3

» General-purpose input ports (CMOS 3.3 V input supported): 8

[Phrallel ports
« Eight general-purpose 1/O ports (CMOS) that can also be used as parallel ports
« Interrupt function supported

« Asynchronous read/write operations based on external signals

[Pbwer supply
e Voltage: 3.0Vto 55V

[Phckage

* FTP-64P-M03
Lead pitch: 0.50 mm
Package size: 10 mm x 10 mm
Lead shape: Gull wing
Packaging type: Plastic mold

* FTP-64P-M09
Lead pitch: 0.65 mm
Package size: 12 mm x 12 mm
Lead shape: Gull wing

Packaging type: Plastic mold
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1.2 MB89580B/BW Series Models

The MB89580B series consists of the three models listed in Table 1.2-1 "MB89580B
Series Models", and the MB89580BW series consists of the two models listed in Table
1.2-2 "MB89580BW Series Models". Table 1.2-3 "CPU and Peripheral Functions of
MB89580B/BW Series Microcontrollers” lists the CPU and peripheral functions.

m MBB89580B/BW Series Models

Table 1.2-1 MB89580B Series Models

MB9583B MB89585B | MB89P585B | MB89589B | MB89P589B
ROM size 8KB 16KB 16KB 16KB 16KB
RAM size 512B 1KB 1KB 18KB 18KB
Package LQFP-64 (FPT-64P-M03) QFP-64 (FPT-64P-M09)
Level during | High impedance
a USB reset
Other Mask ROM Mask ROM OTP-ROM/ Mask ROM OTP-ROM/
product product Evaluation product Evaluation
product product
Table 1.2-2 MB89580BW Series Models
MB89583BW MB89585BW MB89P585BW
ROM size 8KB 16KB 16KB
RAM size 512B 1KB 1KB
Package LQFP-64 (FPT-64P-M03)
Level during | Low level output
a USB reset
Other Mask ROM Mask ROM OTP-ROM/
product product Evaluation
product




1.2 MB89580B/BW Series Models

Table 1.2-3 CPU and Peripheral Functions of MB89580B/BW Series

Item Specification

CPU functions Number of instructions: 136

Instruction bit length: 8 bits

Instruction length: 1 to 3 bytes

Data bit length: 1, 8, or 16 bits

Minimum execution time: 0.33 us (at 6 MHz)
Interrupt processing time: 3 us (at 6 MHz)

Peripheral | General-purpose ports General-purpose /O ports (34 CMOS and 3 N-
functions channel open-drain)

General-purpose output ports (8 CMOS)
General-purpose input ports (8 CMOS)

3.3 Vinput

Parallel ports The general-purpose 1/O ports, eight (P40 to P47)
can also be used as parallel ports. Asynchronous
read and write operations can be executed with
external signals. An interrupt function is available
for data setting.

USB function Setting of full and low speeds possible

Up to 4 EndPoints

Built-in FIFO interface (8 x 8 bits)

Built-in DMAC (mode setting for DMA transfer to
built-in RAM or externally connected FIFO device
possible)

PWM timer 8-bit PWM timer operation x 2 channels (can also
be used as a 1-channel PPG timer)

UART SIO UART (data transfer synchronized with clock or
asynchronous transfer possible) or SIO (simple
serial transfer) selectable

Time base timer 21-bit time-base timer
Clock output Main clock frequency divided by 2 is available for
output.
Standby mode Sleep and stop modes
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1.3 Differences between Models

This section notes important points on selecting MB89580 series models.

m Precautions for Model Selection

[Memory size

When evaluating a model that uses OTP-ROM, check for the differences between the test
model and the production model.

[—Clurrent consumption

* When used at low speed, the model with one-time PROM or EPROM consumes much more
current than the model with mask ROM. In sleep or stop mode, the two models consume the
same amount of current.

» For details of each package, see Section 1.6 "Package Dimensions".

» For details about power consumption, see the electrical characteristics on the Data Sheet.

[Differences between the MB89580B series and MB89580BW series

» MBB89580B series The pins are kept in the high impedance state until a USB connection is
made. Before making a USB connection, use a general-purpose port output to control the
circuit with a pull-up resistor connection through software.

» MBB89580BW series The pins are kept in the low level until a USB connection is made.



1.3 Differences between Models

Figure 1.3-1 Connection Example of the MB89580B Series

MB89580B series
3.3V
Host PC
General-
purpose port
1.5 kQ
D+ RPVP pin
D- RPVM pin
Note: This figure assumes the microcontroller operates at full speed.

Figure 1.3-2 Connection Example of the MB89580BW Series

Host PC 3.3V MB89580BW series
1.5 kQ
D+ RPVP pin
D- RPVM pin

Note: This figure assumes the microcontroller operates at full speed.




CHAPTER 1 OVERVIEW

1.4 Block Diagram of MB89580 B/BW Series

Figure 1.4-1 "Full Block Diagram of MB89580B/BW Series" is a full block diagram of

the MB89580B/BW series.

m Full Block Diagram of MB89580B/BW Series

Figure 1.4-1 Full Block Diagram of MB89580B/BW Series
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RPVM 4P %
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P50/OBF/IBFX/W 4P| o
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ps2/EFX € g
ps3aiFFx |3
Ps4/cEX P S

X0 <—_>| ) L
Main clock oscillation |
X1 L »| Reset output
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s ]
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_ > p47PWM2ID7
=}
g 2
5 lep uArRT L3 [ Pasuckipa
o —» <= [ pasiU0D5
2 SIO o
w ‘
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USB PINS = [€P P40/DO to P43/D3
Funcﬂo_n > poo to PO7, P10 to P17
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L o
> » 2 P p20toP27
DMAC <« > g
Q
4 <
?
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3
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External interrupts
(level) <—’I RAM 18k/1k/512 Byte |
>
<—b| F?MC - 8L CPU |
q_pl ROM 8K /16K Byte |
P
| Other pins |
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1.5 Pin Assignments

1.5 Pin Assighments

Figure 1.5-1 "MB89580B/BW Series Pin Assignments” shows the MB89580B/BW series

pin assignments.

m MB89580B/BW Series Pin Assignments

Figure 1.5-1 MB89580B/BW Series Pin Assignments
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1.6 Package Dimensions

Two types of packages are available in the MB89580B/BW series.

Notes:
For MB89589B/P589B, the FPT-64P-M09 only.
For other models, the FPT-64P-M03 only.

m Package Dimensions (FPT-64P-M03)
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64-pin plastic LQFP

(FPT-64P-M03)

Lead pitch 0.50 mm
Package width x 10.0 x 10.0 mm
package length

Lead shape Gull-wing
Sealing method Plastic mold
Mounting height 1.70 mm MAX

Weight 0.329

64-pin plastic LQFP
(FPT-64P-MO03)

12.00+0.20(.472+.008)SQ

10.00+0.10(.394+.004)SQ

= INDEX

IEEEERRER

© 2000 FUJITSU LIMITED F64009S-c-4-7

0.20+0.05
— (.0082.002) 40.08(.003) @)

#Pins width and pins thickness include plating thickness.

0.145+0.055

(:006+.002)

(=[0.08(.003)]

r -
Details of "A" part

1.50°5%

008

|
|
. . |
< Mounting height
(o507 ¢ 9 heighy !
y 0000000000 |
|

; 0.10£0.10 !

0°~8° ! (.004£.004) |

; 1| _y(Stand off) |

N A I
\ A f ‘
0.50£0.20 [0.25(.010)] |

(:020+.008) }

0.600.15 |

(.024.006) |

Dimensions in mm (inches).




m Package Dimensions (FPT-64P-M09)

1.6 Package Dimensions

64-pin plastic LQFP

(FPT-64P-M09)

Lead pitch 0.65 mm
Package width x 12 % 12 mm
package length

Lead shape Gull-wing
Sealing method Plastic mold
Mounting height 1.70 mm MAX

64-pin plastic LQFP
(FPT-64P-M09)

14.000.20(.551+.008)SQ

12.00£0.10(.472+.004)SQ

®
HAAARAAAAAAAAAAT
% Q %@
@ Q =®
HHHHHHHHHHHHHHHH
)|
oestez] ] (.%iéi%gi)

© 2001 FUJITSU LIMITED F640185-c-2-4

Note: Pins width and pins thickness include plating thickness.

0.145+0.055

(:0057£.0022)

Details of "A" part

|
! \

\
| 1.50 5%

(Mounting height) |

I [Coso &) |

|
P

\
: 0.25(.010) |
| = !
| 0-~8° i }
| - |
| —/ v
e |
| 050:0.20 010:0.10 | |
| (:020%.008) (004£.004) |
| 0.60£0.15 (Stand off) }
| (024.006) |

Dimensions in mm (inches).
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1.7

Pin Functions

Table 1.7-1 "Pin Functions" lists I/O pins and their functions.
The letters in the "1/O circuit type" column in Table 1.7-1 "Pin Functions" correspond to
those in the "Type" column in Table 1.8-1 "1/O Circuit Types".

m Pin Functions

Table 1.7-1 Pin Functions (1/4)

Pin No.

Pin name

1/O circuit
type

Description

P44/UCK/D4

E

General-purpose CMOS I/O pin

UART/SIO clock 1/0

This pin is also used for parallel interface and external FIFO data
output.

P45/U0O/D5

General-purpose CMOS I/O pin

UART/SIO serial data output

This pin is also used for parallel interface and external FIFO data
output.

P46/Ul/
PWM1/D6

General-purpose CMOS input pin

UART/SIO serial data input

PWM timer

This pin is also used for parallel interface and external FIFO data
output.

P47/PWM2/
D7

General-purpose CMOS input pin

PWM timer

This pin is also used for parallel interface and external FIFO data
output.

P30/INTO/
CLK

General-purpose CMOS I/0 pin

Clock output

This pin is also used for external interrupt input.

External interrupt input is a hysteresis input. (Level detection)

P31/INT1

General-purpose CMOS I/O pin
This pin is also used for external interrupt input.
External interrupt input is a hysteresis input. (Level detection)

P32/INT2

General-purpose CMOS I/O pin
This pin is also used for external interrupt input.
External interrupt input is a hysteresis input. (Level detection)

P33/INT3

General-purpose CMOS I/0 pin
This pin is also used for external interrupt input.
External interrupt input is a hysteresis input. (Level detection)

12




Table 1.7-1 Pin Functions (2/4)

1.7 Pin Functions

Pin No. Pin name VO circuit Description
type
9 P34/INT4 E General-purpose CMOS I/O pin
This pin is also used for external interrupt input.
External interrupt input is a hysteresis input. (Level detection)
10 P35/INT5 E General-purpose CMOS I/O pin
This pin is also used for external interrupt input.
External interrupt input is a hysteresis input. (Level detection)
11 P36/INT6/ E General-purpose CMOS I/O pin
WEX This pin is also used for external interrupt input.
External interrupt input is a hysteresis input. (Level detection)
This pin is also used for the input of the parallel interface write
strobe.
12 P37/INT7/ E General-purpose CMOS I/O pin
RDX This pin is also used for external interrupt input.
External interrupt input is a hysteresis input. (Level detection)
This pin is also used for the input of the parallel interface read
strobe.
13 P50/0OBF/ B General-purpose CMOS I/O pin
IBFX/W Host interrupt output from parallel interface
This pin is also used for FIFO data strobe output (OUT direction).
14 Vgg Power supply pin (GND)
15 P51/R B General-purpose CMOS 1/O pin
This pin is also used for FIFO data strobe output (IN direction).
16 P52/EFX K General-purpose N-channel open-drain 1/O pin
This pin is also used for FIFO data input enable (IN direction).
17 P53/A0/FFX K General-purpose N-channel open-drain 1/O pin
Data select input to parallel interface
This pin is also used for FIFO data input enable (OUT direction).
18 P54/CEX K General-purpose N-channel open-drain 1/O pin
This pin is also used for device select input to the parallel
interface.
19 RST I Reset pin (reset at negative logic low level)
20 MODO F Operating mode select pin
Directly connect this pin to Vgg.
21 MOD1 F Operating mode select pin
Directly connect this pin to Vgs.
22 X0 A Crystal oscillator pin (6 MHz)
23 X1
24 Vgg - Power supply pin (GND)
25 P27 B General-purpose CMOS output pin
26 P26 B General-purpose CMOS output pin

13
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Table 1.7-1 Pin Functions (3/4)

Pin No. Pin name I/Ot;:/iprguit Description

27 P25 B General-purpose CMOS output pin

28 P24 B General-purpose CMOS output pin

29 P23 B General-purpose CMOS output pin

30 p22 B General-purpose CMOS output pin

31 P21 B General-purpose CMOS output pin

32 P20 B General-purpose CMOS output pin

33 P17 B General-purpose CMOS I/O pin

34 P16 B General-purpose CMOS I/O pin

35 P15 B General-purpose CMOS I/O pin

36 P14 B General-purpose CMOS I/O pin

37 P13 B General-purpose CMOS I/O pin

38 P12 B General-purpose CMOS I/O pin

39 P11 B General-purpose CMOS I/O pin

40 P10 B General-purpose CMOS 1/O pin

41 P07 B General-purpose CMOS 1/O pin

42 P06 B General-purpose CMOS 1/O pin

43 P05 B General-purpose CMOS 1/O pin

44 P04 B General-purpose CMOS 1/O pin

45 P03 B General-purpose CMOS 1/O pin

46 P02 B General-purpose CMOS 1/O pin

47 PO1 B General-purpose CMOS 1/O pin

48 P00 B General-purpose CMOS 1/0 pin

49 Vee - Power supply pin

50 C - Pin for connecting external 0.1 uF capacitor. When using with
3.3 V power supply, connect this pin with the V¢ pin to set to
3.3 Vinput.

51 RPVP USBDRV USB route port + pin

52 RPVM USBDRV USB route port - pin

53 P60/DIO F General-purpose CMOS input pin (3.3 V input)
This pin is also used for external FIFO data input (LSB).

54 P61/DI1 F General-purpose CMOS input pin (3.3 V input)

This pin is also used for external FIFO data input.

14




Table 1.7-1 Pin Functions (4 /4)

1.7 Pin Functions

Pin No. Pin name VO circuit Description
type
55 P62/DI2 F General-purpose CMOS input pin (3.3 V input)
This pin is also used for external FIFO data input.
56 P63/DI3 F General-purpose CMOS input pin (3.3 V input)
This pin is also used for external FIFO data input.
57 P64/Dl4 F General-purpose CMOS input pin (3.3 V input)
This pin is also used for external FIFO data input.
58 P65/DI5 F General-purpose CMOS input pin (3.3 V input)
This pin is also used for external FIFO data input.
59 P66/DI6 F General-purpose CMOS input pin (3.3 V input)
This pin is also used for external FIFO data input.
60 P67/DI7 F General-purpose CMOS input pin (3.3 V input)
This pin is also used for external FIFO data input.
61 P40/D0 B General-purpose CMOS I/O pin
This pin is also used for parallel interface and external FIFO data
output.
62 P41/D1 B General-purpose CMOS I/O pin
This pin is also used for parallel interface and external FIFO data
output.
63 P42/D2 B General-purpose CMOS I/O pin
This pin is also used for parallel interface and external FIFO data
output.
64 P43/D3 B General-purpose CMOS I/O pin

This pin is also used for parallel interface and external FIFO data

output.

15
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1.8 1/O Circuit Types

Table 1.8-1 "1/O Circuit Types" lists the 1/O circuit types.
The letters in the "Type" column in Table 1.8-1 "I/O Circuit Types" correspond to those
in the "1/O circuit type" column in Table 1.7-1 "Pin Functions".

m |/O Circuit Types

Table 1.8-1 1/O Circuit Types (1/2)

Type Circuit Remarks

A Oscillation feedback resistor
M About 1 MQ

R G

B « CMOSI/O

|—q_— Pull-up
control register

E « CMOSI/O
e Hysteresis input

|—<(_— Pull-up
control register

"—_E))— Port input
{>c Peripheral input

16



1.8 /O Circuit Types

Table 1.8-1 1/O Circuit Types (2/2)

Type Circuit Remarks

F + CMOSI/O

1 {>C Input

I » Hysteresis I/O

» Pull-up resistor
R
P-ch

7 {>¢ Input
USBDRV e Hysteresis input
e N-channel open-drain I/O
@ D+input
D+ > D input
E i>— Differential input
D
¢‘T Full D+input
I
<4 Full D input
Low D+input
4‘ Low D input
@_ Direction
@— Speed
K e N-channel open-drain I/O

R
P-ch

|—q_— Pull-up
control register

|:|—-—|’J
|
I N-ch

4 o——— portinput

17
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CHAPTER 2 HANDLING DEVICE

This chapter explains the precautions to be taken when using the USB general-
purpose one-chip microcontroller.

2.1 "Notes on Handling Devices"

19



CHAPTER 2 HANDLING DEVICE

2.1

Notes on Handling Devices

This section explains the precautions to be taken when handling the power supply
voltage and pins of the device.

m Notes on Handling Devices

20

[Preventing latch-up

latch-up may occur on CMOS ICs if voltage higher than V¢ or lower than Vgg is applied to

input or output pins other than the medium- and high-voltage pins or if voltage higher than the
rating is applied between V¢ and Vgg.

When latch-up occurs, power supply current increases rapidly and might thermally damage
elements. When using, take great care not to exceed the absolute maximum ratings.

[Pbwer supply voltage fluctuations

Although V- power supply voltage is assured to operate within the rated range, a rapid

fluctuation of the voltage could cause malfunctions even if it occurs within the rated range.
Stabilizing voltage supplied to the IC is therefore important.

As stabilization guidelines, it is recommended to control power so that V¢ ripple fluctuations
(P-P value) will be less than 10% of the standard V. value at the commercial frequency (50 to

60 Hz) and the transient fluctuation rate will be less than 0.1 V/ms at the time of a momentary
fluctuation such as when power is switched.

[Tleatment of unused input pins

Leaving unused input pins open could cause malfunctions and latch-up leading to permanent
damage to the pins. These unused pins should be connected to a pull-up or pull-down
resistance of at least 2 kQ between the pin and the power supply.

Unused 1/O pins should be placed in output state to leave it open or pins that are in input state
should be handled the same as unused input pins.

[Nbte on operations during PLL clock mode

If the PLL clock mode is selected, the microcontroller attempt to be working with the self-oscillating
circuit even when there is no external oscillator or external clock input is stopped. Performance
of this operation, however, cannot be guaranteed.



CHAPTER 3 CENTRAL PROCESSING UNIT (CPU)

This chapter expl

ains the functions and operation of the CPU.

3.1"
3.2"
3.3 "
34"
35"
3.6 "
3.7 "
3.8 "

Memory Space"

Dedicated Registers"

General-Purpose Registers”

Interrupts”

Resets"

Clock"

Standby Mode (Low Power Consumption)"

Memory Access Mode"
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CHAPTER 3 CENTRAL PROCESSING UNIT (CPU)

3.1 Memory Space

The MB89580B/BW memory space is 64K bytes and consists of an I/O area, RAM area,
and ROM area. The memory space also includes areas, such as general-purpose
registers and vector tables, that are used for specific applications.

m Memory Space Configuration

[1/D area (address: 0000, to 007Fy)

The control registers and data registers of built-in peripheral functions are allocated.

The 1/O area is allocated to a part of the memory space, and can be accessed in the same
way as memory. Direct addressing enables faster access to the 1/O area.

[RIAM area

Static RAM is included for the internal data area.
The internal RAM size depends on the model.

Direct addressing enables fast access to the area from 80y to FFy

The area from 1004 to 1FF can be used as a general-purpose register area (the amount of
usable area depends on the model).

A reset causes RAM data to be undefined.

[CRIOM area

22

ROM is included for the internal program area.
The internal ROM size depends on the model.

The area from FFCOy to FFFFy is used for the vector table.



[Memory map

Figure 3.1-1 Memory Map

MB89583B

MB89583BW
0000+

110

0080+

01004 |----- -
General- |
purpose |

1

02004 |1E9ISer

0280+

Access disabled

E000 1

ROM
8KB

FFCOM [ ——————1
FFFFH

Vector table

0000

MB89585B
MB89585BW
MB89P585B
MB89P585BW

110

0080+

0100+

0200+

RAM
1KB

General- |
purpose :
register 1

0480+

Access disabled

E000H

FFCOH

ROM*
16KB

FFFF

(for reset, interrupt, and vector call command)

0000

MB89589B
MB89P589B

110

0080+

0100+

0200+

48801

C000H

FFCOy

General- |
purpose |
register 1

Access disabled

ROM *
16KB

FFFF

* ROM is changed to EPROM for the MB89P585B,

MB89P585BW, and MB89P589B.

3.1 Memory Space
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3.1.1 Special-Use Areas

In addition to the I/O area, the general-purpose register and vector table areas are
available as special-use areas.

m General-purpose Register Area (address: 01004 to 01FF.)

» This area provides a auxiliary registers that can be used for 8-bit arithmetic operations and
transfer.

e This area is allocated to a part of the RAM area, and can also be used as normal RAM.

* When this area is used as general-purpose registers, general-purpose register addressing
enables fast access to this area with a short instruction.

See Section 3.2.2 "Register Bank Pointer (RP)", and Section 3.3 "General-Purpose Registers",
for details.

m Vector Table Area (address: FFCOy to FFFFR)

» This area is used as vector tables for the vector call instruction, interrupts, and resets.

» This area is allocated at the beginning of the ROM area. The start addresses of the
corresponding processing routines are set as the data for the vector tables addresses.

Table 3.1-1 "Vector Tables" lists the addresses of the vector tables that are referenced by the
vector call instruction, interrupts, and resets.

See Section 3.4 "Interrupts", Section 3.5 "Reset", and (6) CALLV #vct in Appendix B.3 "Special
Instructions”, for details.

Table 3.1-1 Vector Tables

Vector call Addresses of vector table

instruction Upper L ower
CALLV #0 FFCOy FFC1y
CALLV #1 FFC24 FFC34
CALLYV #2 FFC4y FFC5y
CALLYV #3 FFC6y FFC7y
CALLV #4 FFC8 FFC9,
CALLYV #5 FFCAy FFCBy
CALLYV #6 FFCCh FFCDy
CALLV #7 FFCEy FFCFy
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Addresses of vector table

Interrupts
Upper Lower
IRQB FFE4 FFE5y
IRQA FFE6y FFE7,
IRQ9 FFES8, FFE9,
IRQ8 FFEAy FFEBy
IRQ7 FFECy FFEDy
IRQ6 FFEE, FFEFy
IRQ5 FFFO4 FFF1y
IRQ4 FFF2, FFF3,
IRQ3 FFF4,, FFF5y
IRQ2 FFF64 FFF74
IRQ1 FFF84 FFF9y
IRQO FFFA4 FFFBy
Mode data - FFFDy
Reset vector FFFEL FFFFY

*: FFFCy is not available (FF is set).

3.1 Memory Space
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3.1.2

Location of 16-Bit Data in Memory

The high-order data of 16-bit data and stack data is stored at the lower address in

memory.

m Storage State of 16-Bit Data in RAM

The high-order byte of 16-bit data written to memory is stored at the lower address. The low-
order byte of the data is stored at the next address. Data read from memory is also handled the
same way.

Figure 3.1-2 "Location of 16-Bit Data in Memory" shows the storage location of 16-bit data in
memory.

Figure 3.1-2 Location of 16-Bit Data in Memory

MOVW 0081+, A

0080k 0080k
0081+ 12+ | 0081
A L2344 0082+ AlL234 344 | 0082+
0083+ 0083+

m Storage State of a 16-Bit Operand
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If 16-bit data is specified by the operand in an instruction, the high-order byte is also stored at
the address nearer the operation code (instruction). The low-order byte is also stored at the
next address.

This is also true both if the operand indicates a memory address or if it indicates 16-bit
immediate data.

Figure 3.1-3 "Location of 16-Bit Data in an Instruction" shows the location of 16-bit data in an
instruction.

Figure 3.1-3 Location of 16-Bit Data in an Instruction

[Example] MOV A, 5678k ; Extended address
MOVW A, #1234+ ; 16-bit immediate data

@ After assembly

XX XX

60 56 78 ; Extended address
E4 12 34 ; 16-bit immediate data
XX

X XXX
XXX X
X XXX
O oINO
ITzIzx




3.1 Memory Space

m Storage State of 16-Bit Stack Data

The high-order byte of 16-bit register data saved on the stack by an interrupt is also stored at
the lower address in the same way.
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CHAPTER 3 CENTRAL PROCESSING UNIT (CPU)

3.2 Dedicated Registers

The dedicated registers in the CPU include the program counter (PC), two arithmetic
operation registers (A and T), three address pointers (I1X, EP, and SP), and program
status (PS). Each register is 16 bits.

m Dedicated Register Configuration

The dedicated registers in the CPU include seven 16-bit registers. In some of the registers, only
the low-order 8 bits can be used.

Figure 3.2-1 "Dedicated Register Configuration" shows the dedicated register configuration.

Figure 3.2-1 Dedicated Register Configuration

Initial value

FEFDH
Undefined
Undefined
Undefined

Undefined

Undefined

I flag = 0,
IL1,0=11

16 bits

E

(0] - o

O
@)
Py

Other bits are undefined.

. Program counter
. Accumulator
- Temporary accumulator

- Index register

. Extra pointer

. Stack pointer

: Program status

Indicates the current instruction storage location.
Temporary storage register for arithmetic operation and transfer
Performs arithmetic operations with the accumulator.

Indicates the index address.

Indicates the memory address.

Indicates the current stack location.

Contains the register bank pointer and condition code.

m Dedicated Register Functions

[Program counter (PC)

The program counter is 16 bits and indicates the memory address of the instruction the CPU is
currently being executed. Instruction execution, interrupts, and resets update the contents of
the program counter. During reset operation, the initial value is the address (FFFDH) at which

the mode data is read.
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3.2 Dedicated Registers

[—Accumulator (A)

The accumulator is a 16-bit arithmetic operation register and uses memory data and data in
another register, such as the temporary accumulator (T), for arithmetic operations and transfer.
Data in the accumulator can also be handled as both word length (16 bits) and byte length (8
bits). When arithmetic operations and transfer are performed in byte length, only low-order 8
bits (AL) of the accumulator are used. The high-order 8 bits (AH) remain unchanged. After a
reset, the initial value is undefined.

[ Teémporary accumulator (T)

The temporary accumulator is a 16-bit auxiliary arithmetic operation register that is used to
perform arithmetic operations on data in the accumulator (A). Data in the temporary
accumulator is handled as word length if arithmetic operations for the accumulator (A) are word
length (16 bits). The data is handled as byte length if arithmetic operations are byte length (8
bits). When byte-length arithmetic operations are performed, only the low-order 8 bits (TL) of
the temporary accumulator are used. The high-order 8 bits (TH) are not used.

When a MOV instruction is used to transfer data to the accumulator (A), data in the accumulator
before transfer is automatically transferred to the temporary accumulator. For a byte-length
transfer, the high-order 8 bits (TH) of the temporary accumulator are not changed. After a reset,
the initial value is undefined.

[Iddex register (1X)

The index register is 16 bits, and holds the index address. When used, the index register is
combined with a one-byte offset (-128 to +127). It generates a memory address for accessing
data by adding the code-expanded offset value to the index address. After a reset, the initial
value is undefined.

[Ektra pointer (EP)
The extra pointer is a 16-bit register that provides the memory address for accessing data. After
a reset, the initial value is undefined.

[—Stack pointer (SP)

The stack pointer is a 16-bit register that hold the addresses referenced by interrupts,
subroutine calls, and the stack save and restore instructions. The value of the stack pointer
during program execution is the address containing the latest data saved on the stack. After a
reset, the initial value is undefined.

[Program status (PS)

The program status register is a 16-bit control register. The high-order 8 bits are the register
bank pointer (RP), which is used to indicate the address of a general-purpose register.

The low-order 8 bits are the condition code register (CCR), which consists of flags that indicate
the CPU state. Each 8-bit register forms part of the program status, and cannot be accessed
independently (the only instructions that access the program status are MOVW A, PS and
MOVW PS, A).
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3.2.1

Condition Code Register (CCR)

The condition code register (CCR) is the low-order 8 bits of the program status (PS)
register. This register consists of the bits (C, V, Z, N, and H) that indicate the
arithmetic operation results and the transfer data contents and the bits (I, IL1, and ILO)
that control acceptance of an interrupt request.

m Configuration of Condition Code Register (CCR)

Figure 3.2-2 Configuration of Condition Code Register

RP CCR
. ) ) . . . . . . . . . ] ] ] ] Initial value
bit15 bit14 bit13 bit12 bit11 bit10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit1 bit 0 of CCR
PS|R4|R3|R2|R1|RO| - | - | - | H I [ILL|{ILOf N | Z | V| C | XO11XXXXs

Half carry register Q

Interrupt enable flag
Interrupt level bit
Negative flag
Zero flag
Overflow flag
Carry flag

x: Undefined

m Bits That Indicate Arithmetic Operation Results

30

[HElf carry flag (H)

As a result of an arithmetic operation, this flag is set to 1 when a carry from bit 3 to bit 4 or a
borrow from bit 4 to bit 3 occurs. In other cases, this flag is cleared to 0. This flag is intended
for decimal adjustment instructions. Use this flag only for addition and subtraction.

[Negative flag (N)
As a result of an arithmetic operation, this flag is set to 1 when the highest bit is set to 1, and is

cleared to O when it is set to 0.

[—Zkro flag (2)
This flag is set to 1 if the result of an arithmetic operation is 0. In other cases, this flag is
cleared to O.

[—Qwerflow flag (V)

As a result of an arithmetic operation, this flag is set to 1 when two’s complement overflow
occur. This flag is cleared to 0 when the overflow does not occur.



3.2 Dedicated Registers

[ Chrry flag (C)

As a result of an arithmetic operation, this flag is set to 1 when a carry from bit 1 or a borrow to
bit 7 occurs. This flag is cleared to 0 otherwise. In a shift instruction, this flag becomes the
shift-out value.

Figure 3.2-3 "Carry Flag Change Caused by Shift Instruction" shows the change in the carry flag
caused by the shift instruction.

Figure 3.2-3 Carry Flag Change Caused by Shift Instruction

- For left shift (ROLC) - For right shift (RORC)
bit7 bit0  bit7 bit0
C |« —>| c
I r oA |
Note:

The condition code register is part of the program status (PS), and therefore cannot be
accessed independently.

Reference:

The flags are hardly ever used directly after the flag bits are fetched. Usually, the flags are
used indirectly by the branch instruction (BNZ) and decimal adjustment instructions (DAA
and DAS). The initial values of these flags are undefined after a reset.

m Bits That Control Acceptance of an Interrupt

[Idterrupt enable flag (1)

When this flag is set to 1, interrupts are enabled and the CPU accepts them. When this flag is
set to 0, interrupts are disabled and the CPU does not accept them.

After a reset, the initial value is set to O.

Usually, this flag is set to 1 by the SETI instruction and cleared to O by the CLRI instruction.

[Idterrupt level bits (IL1 and ILO)

These bits indicate the level of interrupts that the CPU currently accepts, and are compared with
the value of the interrupt level register (ILR1 to ILR3) set according to interrupt requests (IRQO
to IRQB) from the peripheral functions.

The CPU processes an interrupt only if the interrupt request has an interrupt level that is smaller
than the values indicated by these bits when the interrupt enable flag is enabled (I = 1). Table
3.2-1 "Interrupt Levels" lists priority of interrupt levels. After a reset, the initial value is set to 11.
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Table 3.2-1 Interrupt Levels

IL1 ILO Interrupt Priority
level
0 0 i
1 High
0 1
1 0 2
1 1 3 Low (no interrupt)
Reference:

While the CPU is not processing an interrupt (during execution of main program), the
interrupt level bits (IL1 and ILO) are setto 11.

See Section 3.4 "Interrupts”, for more information about interrupts.
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3.2 Dedicated Registers

3.2.2 Register Bank Pointer (RP)

The register bank pointer (RP), which is the high-order 8 bits of the program status
(PS), indicates the address of the general-purpose register bank currently in use. The
register bank pointer is converted to an actual address in general-purpose register

addressing

mode.

m Configuration of Register Bank Pointer (RP)

Figure 3.2-4 "Configuration of Register Bank Pointer" shows the configuration of register bank
pointer.

Figure 3.2-4 Configuration of Register Bank Pointer

RP CCR
Initial val
bit15 bit14 bit13 bit12 bitl1 bit10 bit 9 bit 8 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit0 of RP
Ps|R4|R3|R2|R1|RO H| o ieafiof N |z | v | c| xooxxxxe
x: Undefined

The register bank pointer indicates the address of the register bank currently in use. The
relationship between the contents of the register bank pointer and the actual address follows the
conversion rule shown in Figure 3.2-5 "Conversion Rule for Actual Address in General-purpose
Register Area".

Figure 3.2-5 Conversion Rule for Actual Address in General-purpose Register Area

Generated address [A15 Al4 A13 A12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

High-order  Low-order bits of
bits of RP operation code

“o" "o" "0" "0" "0" "0" "0" "1"|R4 R3 R2 R1 R0|b2 bl b0|

A A A A A A A

The register bank pointer specifies the memory block (register bank) that is to be used as the
general-purpose register in the RAM area. There are 32 register banks in all, which are
specified by setting a value of 0 to 31 in the high-order 5 bits of the register bank pointer. One
register bank has eight 8-bit general-purpose registers that are selected by the low-order 3 bits
of the operation code.

The register bank pointer enables the area from 0100H to 01FFH to be used as the general-
purpose register area. The amount of usable area depends on the model. After a reset, the
initial value is undefined.

Note:
Before using a general-purpose register, always set the register bank pointer (RP).

The register bank pointer is part of the program status (PS), and therefore cannot be
accessed independently.
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3.3 General-Purpose Registers

The general-purpose registers are a memory block in which each bank is 8 bits x 8.
The register bank pointer (RP) is used to specify a register bank. Functionally, up to
32 banks in all can be used, but the internal RAM size is small and all banks may not
be able to be used. Using the general-purpose registers for interrupt processing,
vector call processing, and subroutine call is effective.

m General-Purpose Register Configuration

» A general-purpose register is 8 bits and is located in a register bank in the general-purpose
register area (RAM).

» Each bank has eight registers (RO to R7), and up to 32 banks in all can be used. However, if
internal RAM alone is used, the number of banks that can be used depends on the model.

» The register bank currently in use is specified by the register bank pointer (RP).

Figure 3.3-1 "Register Bank Configuration" shows the register bank configuration.

Figure 3.3-1 Register Bank Configuration

Low-order 3 bits of
operation code
100H* RO 000
R1 001
R2 010 Bank 0
R3 011 (RP="00000---8")
R4 100
R5 101
R6 110
R7 111
20 000 32 banks (RAM area)
108H* .
" Bank 1 The number of banks is
(RP="00001---8") limited by the amount
R7 111 of usable RAM.
Bank 2
Bank 30
1F8H* RO :000
Bank 31
(RP="11111---8")
1FFH R7 111
*: First address of register bank = 0100+ + 8 x (high-order 5 bits of RP)

See Section 3.1.1 "Special-Use Areas", for information about the general-purpose register area
that can be used for each model.

34



3.3 General-Purpose Registers

m Features of General-Purpose Registers
General-purpose registers have the following features:
« A short instruction can be used for fast RAM access (general-purpose register addressing).

e The general-purpose registers are divided into blocks of register banks to facilitate the
protection of register contents and to facilitate separation into functional units.

General-purpose registers enable permanent allocation of dedicated register banks to the
interrupt processing routines and vector call (CALLV #0 to #7) processing routines. For
example, the fourth register bank is used for the second interrupt.

Unless another routine accidentally rewrites the contents of the dedicated register bank used for
the processing of an interrupt, the contents of general-purpose registers existing before an
interrupt are only saved by specifying the dedicated register bank at the beginning of the
interrupt processing routine. This eliminates the need to save the general-purpose registers on
the stack and enables the fast acceptance of an interrupt without any confusion being caused.

For subroutine calls, in addition to protection of the contents of general-purpose registers, the
reentrant program (reentrant program that does not use a fixed variable address) usually
created when the index register (1X) is used can also be implemented with a register bank.

Note:

An interrupt processing routine must be programmed so that the values of interrupt level bits
(CCR: IL1 and ILO) of the condition code register are not changed when the register bank
pointer (RP) is rewritten to specify the register bank.
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3.4 Interrupts

MB89580B/BW series products have 12 interrupt request inputs for peripheral
functions. Interrupt levels can be set independently for each. The interrupt controller
compares the interrupt levels of interrupt requests issued from peripheral functions if
output of interrupt requests from peripheral functions is enabled. The CPU performs
interrupt operations according to the interrupt acceptance state. An interrupt request
releases standby mode, and returns control to interrupt operation or normal operation.

m Interrupt Requests from Peripheral Functions

Table 3.4-1 "Functions of TBTC Bits" lists the interrupt requests for the peripheral functions.
When an interrupt is accepted, the system uses the contents of the interrupt vector table
address corresponding to the interrupt request as the branch destination address to branch to
the interrupt processing routine.

Interrupt requests enable interrupt processing to be set to three priority levels with the interrupt
level registers (ILR1, ILR2, and ILR3).

Interrupt requests at the same or lower level occurring during execution of a interrupt processing
routine are usually processed after the current interrupt processing routine is terminated. If
interrupt requests of the same level occur concurrently, IRQO has the highest priority.

Table 3.4-1 "Functions of TBTC Bits" Interrupt requests and interrupt vector
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Table 3.4-1 Functions of TBTC Bits

3.4 Interrupts

Address of vector Name of Priority when
table interrupt the same level
Interrupt request
- level occurs
Higher Lower register bit concurrently
IRQO (external interrupt) FFFAL FFFBY LO1,L00
High
IRQ1 (parallel port) FFF84 FFF9y4 L11,L10 A
(Unused) FFF64 FFF74 L21,L.20
IRQ3 (USB FUNCTION 1) | FFF4y FFF54 L31,L30
(Unused) FFF2y FFF34 L41,L40
IRQ5 (USB FUNCTION 2) | FFFOy FFF14 L51,L50
IRQ6 (UART/SIO) FFFEL FFFFY L61,L60
IRQ7 (timebase timer) FFFCH FFFDy L71,L70
IRQ8 (8-bit PWM timers 1 | FFFA FFFBH L81,L80
and 2)
IRQ9 (unused) FFF84 FFF9y L91,L90
IRQA (unused) FFF6y FFF74 LAL1,LAO \
Low
IRQB (unused) FFF4y FFF54 LB1,LBO
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3.4.1 Interrupt Level Registers (ILR1, ILR2, and ILR3)

Twelve 2-bit data units corresponding to interrupt requests from the peripheral
functions are assigned to the interrupt level registers (ILR1, ILR2, and ILR3). Interrupt
levels can be set in these 2-bit data (interrupt level bits).

m Configuration of Interrupt Level Registers (ILR1, ILR2, and ILR3)

Figure 3.4-1 Configuration of Interrupt Level Register

Register ~ Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bitd Initial value

ILR1 007Cn L31 L30 |(L21 L20|L11 L10|LO1 LOO 11111111s
W W W W w W W w

ILR2 00 7 D+ L71 L70 | L61 L60 | L51 LS5O |L41 L40 11111111e
W w W W w W W w

ILR3 007En LB1 LBO | LA1 LAO | L91 1L90 |L81 L80 11111111s
W W W W w W W w

W:Write-only

Two bits in an interrupt level register are assigned to each interrupt request. The values of
interrupt level bits set in the registers provide priority levels for interrupt processing (interrupt
levels 1 to 3).

The interrupt level bits are compared with the interrupt level bits (CCR: IL1 and ILO) of the
condition code register.

If interrupt level 3 is set, the CPU does not accept any interrupts.

Table 3.4-2 "Relationship Between Interrupt Level Bits and Interrupt Levels" shows the
relationship between the interrupt level bits and the interrupt levels.

Table 3.4-2 Relationship Between Interrupt Level Bits and Interrupt Levels

LO1-LB1 LOO-LBO Interrupt Priority
level
0 0 High
1 g
0 1
1 0 2
1 1 3 Low (no interrupt)
Reference:

During execution of the main program, the interrupt level bits (CCR: IL1 and ILO) of the
condition code register are usually set to 11.
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3.4 Interrupts

Note:

Because ILR1, ILR2, and ILR3 registers are write-only, the bit manipulation instructions
(SETB and CLRB) cannot be used.
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3.4.2 Processing During Interrupt Operation

When an interrupt request is issued from a peripheral function, the interrupt controller
sends the interrupt level to the CPU. If the CPU is ready to accept an interrupt, it
temporarily stops the current program and executes the interrupt processing routine.

m Processing During Interrupt Operation

The steps during interrupt operation are the occurrence of an interrupt cause for a peripheral
function, setting of the interrupt request flag bit (request FF), determination of the interrupt
request enable bit (enable FF), determination of the interrupt level (ILR1, ILR2, ILR3, and CCR:
IL1 and ILO), determination of whether concurrent same-level requests exist, and determination
of the interrupt enable flag (CCR: ).

Figure 3.4-2 "Processing During Interrupt Operation" shows the processing during interrupt
operation.

Figure 3.4-2 Processing During Interrupt Operation

g Condition code register (CCR)
E
L
o
c
w
START (7)) FMC-8L CPU |_> Release stop mode
Release sleep mode|
Initialize peripheral (6.)
@ v —_[ES G
e
Enable FF [H ] %
~—Ts interrupt request YES AND S
sued from a peripherg Request FFH 1 2
function? 1=
- (3) ) S | Interrupt
- << Peripheral functions — controller
S ou

ut of interrup!

reques{) from peripheral
unctions enabled2—"73.) YESl

NO (@) Determine priority of interrupt
’ and transfer level to CPU

NO

Compare level and IL bit in PS|

) YES
s level higher than IL?
@) Execute . NO JE
: main program T

‘ T N2 R '

Interrupt processing routine

| Save PC and PS on stack |
1

. h
] | Clear interrupt request | ]
. .
1 1
(7) |Return control to PC and PS| ' | Execute interrupt processing | ' (6.) | Interrupt vector -> PC |
: :
. .

| Update IL in PS |

' | RETI |
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3.4 Interrupts

. After a reset, all interrupt requests are disabled.

The peripheral function initialization program is used to initialize peripheral functions that
generate interrupts. The interrupt levels are set in the interrupt level registers (ILR1, ILR2,
and ILR3), then peripheral functions start operation.

Interrupt level 1, 2, or 3 can be set. Level 1 is the highest, and level 2 is the second highest.
If level 3 is set, interrupts from the relevant peripheral functions are disabled.

. The main program (for multiple interrupts, the interrupt processing routine) is executed.

. When an interrupt cause occurs in a peripheral function, the interrupt request flag bit
(request FF) of the peripheral function is set to 1. When the interrupt request enable bit of
the peripheral function is set to enable (enable FF = 1), the interrupt request is output to the
interrupt controller.

. The interrupt controller always monitors the interrupt requests from peripheral functions, and
transfers the highest interrupt level of the current interrupt requests to the CPU. If requests
with the same interrupt level are issued concurrently, priority is also determined.

. If the received interrupt level has higher priority (level is a smaller number) than the level set
in the interrupt level bit (CCR: IL1 and ILO) of the condition code register, the CPU checks
the contents of the interrupt enable flag (CCR: ). The CPU accepts an interrupt if the flag is
set to enable (CCR: | =1).

. The contents of the program counter (PC) and the program status (PS) are saved on the
stack. The first address of the interrupt processing routine is fetched from the appropriate
interrupt vector table. The values of the interrupt level bits (CCR: IL1 and ILO) of the
condition code register are changed to the value of the accepted interrupt level. Execution of
the interrupt processing routine is then started.

. The RETI instruction is used to restore the program counter (PC) and program status (PS)
values. Processing is executed from the instruction that follows the instruction that was
executed immediately before the interrupt.

Note:

The interrupt request flag bit of the peripheral function is not automatically cleared when the
interrupt request is accepted. The interrupt processing routine must be used to clear the
interrupt request by programming (usually, writing O to the interrupt request flag bit).

Standby mode (low power consumption) is released by an interrupt. See Section 3.7 "Standby
Mode (Low Power Consumption)”, for details.

Reference:

If the interrupt request flag bit is cleared at the beginning of the interrupt processing routine,
the peripheral function that caused the interrupt can cause another interrupt (reset the
interrupt request flag bit) during execution of the interrupt processing routine. However, the
interrupt is usually accepted after the current interrupt processing routine has terminated.
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3.4.3 Multiple Interrupts

Multiple interrupts can be generated for multiple interrupt requests from peripheral
functions by setting different interrupt levels in the interrupt level registers (ILR1, ILR2,
and ILR3).

m Multiple Interrupts

If an interrupt request set at higher interrupt level occurs during execution of the interrupt
processing routine, the higher interrupt request is accepted. Interrupt levels of 1 to 3 can be set.
If level 3 is set, however, the CPU does not accept any interrupt requests.

m Example of Multiple Interrupts

The example of multiple interrupt processing assumes that an external interrupt has precedence
over a timer interrupt. The timer interrupt level is set to 2, and the external interrupt level is set
to 1. If an external interrupt occurs during timer interrupt processing, the processing shown in
Figure 3.4-3 "Example of Multiple Interrupts” is executed.

Figure 3.4-3 Example of Multiple Interrupts

Main program Timer interrupt processing External interrupt processing

Interrupt level 2 Interrupt level 1
(CCR:IL1, 0=10) (CCR:IL1, 0=01)

Initialization of peripheral )

functions External interrupt

~

4)

Occurrence of

Occurrence of timer i
interrupt (f) < (3) external interrupt processing
op
| Restart
. Timer interrupt Return from
Restart of main program (8) (6) processing 5) external interrupt

(7) Return from timer interrupt

» During timer interrupt processing, the interrupt level bits (CCR: IL1 and ILO) of the condition
code register have the same value (2 in the example) as the value of the interrupt level
register (ILR1, ILR2, or ILR3) corresponding to the timer interrupt. If an interrupt request set
at a higher interrupt level (1 in the example) occurs, that interrupt is processed first.

» To temporarily disable multiple interrupts during a timer interrupt, set the interrupt enable flag
in the condition code register to interrupt disabled (CCR: | = 0) or the interrupt level bits (IL1
and ILO) to 00.

* When interrupt processing terminates and an interrupt return instruction (RETI) is executed,
the program counter (PC) and program status (PS) values saved on the stack are restored to
return to processing of the interrupted program. The condition code register (CCR) has the
value it had before the interrupt by restoring the program status (PS) value.
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3.4.4 Interrupt Processing Time

3.4 Interrupts

The time required until control is transferred to the interrupt processing routine after
an interrupt request occurs is the sum of the time required for termination of the
instruction currently being executed and the interrupt handling time (time required to
prepare interrupt processing). This time can be up to 30 instruction cycles.

m Interrupt Processing Time

An interrupt request sample wait time and interrupt handling time are required from the
occurrence of an interrupt until acceptance of the interrupt and execution of the interrupt

processing routine.

[Idterrupt request sample wait time

An interrupt request is sampled in the last cycle of each instruction to determine whether the
interrupt request has occurred. During execution of an instruction, the CPU is unable to
recognize an interrupt request. The wait time becomes the maximum wait time if an interrupt
request occurs immediately after execution of the DIVU instruction (at 21 instruction cycles, the

longest execution cycle) is started.

[Idterrupt handling time

The CPU requires 9 instruction cycles to accept an interrupt and to prepare interrupt processing,

as follows:

» Saving the program counter (PC) and program status (PS)

» Setting the first address (interrupt vector) of the interrupt processing routine in the PC

« Updating the interrupt level bit (PS: CCR: IL1 and ILO) in the program status (PS)

Figure 3.4-4 "Interrupt Processing Time" shows the interrupt processing time.

Figure 3.4-4 Interrupt Processing Time

. Normal instruction execution
CPU operation

Interrupt handling

Interrupt processing routine

PR P

Interrupt request sample

Interrupt wait time wait time

Interrupt handling time
(9 instruction cycles)

1

Occurrence of interrupt request

<=L ast cycle of instruction; sampling for an interrupt request occurs.

If an interrupt request occurs immediately after execution of the DIVU instruction (at 21
instruction cycles, the longest execution cycle) is started, an interrupt processing time of 21 + 9
= 30 instruction cycles is required. However, if the DIVU and MULU instructions are not used in
the program, an interrupt processing time of 6 + 9 = 15 instruction cycles is required.
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3.4.5 Stack Operation During Interrupt Processing

This section explains how registers are saved and restored during interrupt
processing.

m Stack Operation When Interrupt Processing Starts

When an interrupt is accepted, the CPU automatically saves the contents of the current program
counter (PC) and the program status (PS) on the stack.

Figure 3.4-5 "Stack Operation When Interrupt Processing Starts" shows stack operation when
interrupt processing starts.

Figure 3.4-5 Stack Operation When Interrupt Processing Starts

| Immediately before" | Immediately after"
interrupt i
D Address Memory interrupt Address  Memory
027Ch | XXu SP 027CH > 027CH | 08w
PS
PS | 0870~ 027Dy | XXn 027Du | 70+
pc [Eo00n 027En | XX PS 0870H 027En | E O« bC
027Fn | XXu pC EOOO 027F1 | 00+
SP| 02801 |> 02804 | XX ” 02804 | XX
0281x | XXu 02814 | XXu

m Stack Operation on Return from an Interrupt

When an interrupt return instruction (RETI) is executed at the termination of interrupt
processing, the program status (PS) and program counter (PC) values are restored from the
stack in this order, which is the reverse of the order when interrupt processing starts. This
processing restores their PS and PC states at the point immediately before the interrupt started.

Note:

The accumulator (A) and temporary accumulator (T) are not automatically saved on the
stack. Use the PUSHW and POPW instructions to save and restore the A and T values.
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3.4 Interrupts

3.4.6 Stack Area for Interrupt Processing

The stack area in RAM is used to execute interrupt processing. The contents of the
stack pointer (SP) indicate the first address of the stack area.

m Stack Area for Interrupt Processing

The stack area is also used to save and restore the program counter when the subroutine call
instruction (CALL) and vector call instruction (CALLV) are executed. It is also used for the
PUSHW and POPW instructions to temporarily save and restore registers.

* The stack area is allocated in RAM with the data area.

e The stack pointer (SP) should be initialized to indicate the maximum RAM address value.
The data area should be provided at a lower RAM address.

Figure 3.4-6 "Stack Area for Interrupt Processing" shows an example of setting the stack area.

Figure 3.4-6 Stack Area for Interrupt Processing

0000+

/10

A~ 0080k
Data area RAM
. i 0100k [--===x

1
General-purpose!

register

: A 0200k [------ :
:: Stack area
0280+

Recommended setting value of SP
(if the maximum value of RAM address is 0280+)

Access
disabled

ROM

FFFFH

Reference:

Interrupts, subroutine calls, and the PUSHW instruction use the stack area in descending
order of address value. The return instructions (RETI and RET) and POPW instruction
release the stack area in ascending order of address value. Be sure that the stack area
used by multiple interrupts and subroutine calls does not overlap the data area and general-
purpose register area used to hold other data when the address value of the stack area
becomes smaller.
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3.

5 Resets

A reset results from one of the following four reset causes:

External reset
Software reset
Watchdog reset
Power-on reset

46

Reset Causes

Table 3.5-1 Reset Causes

Reset cause

Reset condition

External reset

The external reset pin is set to the L level.

Software reset

0 is written to the software reset bit (STBC: RST) of the standby
control register.

Watchdog reset

Watchdog timer overflows.

Power-on reset

Power is turned on.

[Ekternal reset

An external reset causes a reset by inputting the L level to the external reset pin (RST). When

the reset pin is set to H level, the external reset is released.

The external reset pin also functions as the reset output pin.

[Sbftware reset

A software reset causes a reset of 4 instruction cycles by writing 0 to the software reset bit

(STBC: RST) of the standby control register.

[Watchdog reset

A watchdog reset causes a reset of 4 instruction cycles when data is not written to the watchdog

control register (WDTC) within the specified time after activation of watchdog timer.

[Pbwer-on reset

A power-on reset causes a reset by turning on the power.




3.5 Resets

m Reset Causes and Main Clock Oscillation Stabilization Wait Time

The oscillation stabilization wait time depends on the operating mode when a reset occurs.

After termination of a reset, normal operation is started in main clock mode regardless of
operating mode (clock mode and standby mode) before the reset and the reset cause. If a reset
occurs when main clock oscillation stops or during the main clock oscillation stabilization wait
time, the main clock oscillation stabilization wait reset state is entered.

For a software reset and watchdog reset, during operation in main clock mode, an oscillation

stabilization wait time is not required.

Table 3.5-2 "Reset Causes and Oscillation Stabilization Wait Time" lists the relationship
between reset causes and main clock oscillation stabilization wait time and the reset operation

(mode fetch).

Table 3.5-2 Reset Causes and Oscillation Stabilization Wait Time

Reset cause Operation Reset operation and main clock oscillation
state stabilization wait time
External reset 1 At power-on | If an external reset is released after the main clock
and in stop oscillation stabilization wait time elapses, the reset
mode operation is performed "2.
Software resetand | Main clock After a reset of 4 instruction cycles occurs, the reset
watchdog reset mode operation is performed "3,

Power-on reset

After power-on, the main clock oscillation stabilization
wait time elapses, and then the reset operation is
performed 2.

*1: During operation in main clock mode, an external reset does not require the oscillation
stabilization wait time. After the external reset is released, the reset operation is

performed.

*2: During the main clock oscillation stabilization wait time, the L level is output to the RST

pin.

*3: Within 4 instruction cycles, the L level is output to the RST pin.

47



CHAPTER 3 CENTRAL PROCESSING UNIT (CPU)

3.5.1 External Reset Pin

An external reset pin causes a reset when the L level is input to it. The external reset
pin outputs the L level for an internal reset cause.

m Block Diagram of the External Reset Pin

The external reset pin (RST) of a model is set to hysteresis input and pulled up N-ch open drain
output.

Figure 3.5-1 "Block Diagram of External Reset Pin" is a block diagram of the external reset pin.

Figure 3.5-1 Block Diagram of External Reset Pin

Pull-up resistor
About 50 kQ (on 5 V)

RST P-ch
Pin Internal reset cause
T

C

|>o—> Internal reset signal
Input buffer

m Functions of the External Reset Pin
The external reset pin (RST) generates an internal reset signal by inputting the L level.

The external reset pin outputs the L level for an internal reset cause and based on the
oscillation stabilization wait time caused by a reset. Internal reset causes include software
resets, watchdog resets, and power-on resets.

Note:

External reset input is accepted asynchronously regardless of the internal clock. Initialization
of the internal circuit requires a clock.
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3.5 Resets

3.5.2 Reset Operation

When areset is released, the CPU reads mode data and the reset vector from the
internal ROM according to the setting of the mode pin (mode fetch). At power-on, to
return from stop mode after a reset, mode fetch is performed after the oscillation
stabilization wait time elapses. If areset occurs, the RAM contents are not assured.

m Overview of Reset Operation

Figure 3.5-2 Flow of Reset Operation

Software reset

External reset input Power-on reset
Watchdog reset

Regulator recovery
time

At power-on or

. i ?
During reset in stop mode?
Regulator stabilization
time
Regulator recovery
time
Main clock oscillation Main clock oscillation
stabilization wait time stabilization wait time
reset state reset state

NO
Is external reset released?

YES

Mode fetch | Fetch mode data |
(reset operation) \|,
| Fetch reset vector |

Normal operation

Fetch instruction code from address indicated
(Run state)

by the reset vector and execute instruction
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m Mode Pin

The MB89580B/BW is dedicated to single-chip mode. Be sure to set the mode pins (MODO and
MOD1) to Vss. Select the internal ROM from which mode data and the reset vector will be
read. Do not change the setting of the mode pin after termination of the reset operation.

m Mode Fetch

When a reset is released, mode data and the reset vector are read from the internal ROM.

[Mode data (address: FFFDy)

Be sure to set single-chip mode (00) for the mode data.

[REset Vector (address: Higher FFFE/lower FFFF)

After termination of the reset operation, the address at which execution started is written. An
instruction is executed at the address contained in the reset vector.

m Oscillation Stabilization Wait Time Reset State

Reset operations for a power-on reset and an external reset in stop mode are performed after
the oscillation stabilization wait time elapses. Unless external reset input is released, the reset
operation is performed after the external reset is released.

Because the oscillation stabilization wait time is required, an external clock must be input for a
reset.

The main clock oscillation stabilization wait time is generated by the timebase timer.

m Effect of a Reset on the Contents of RAM

An external reset is not synchronized with the internal clock but provides an internal reset
directly. The contents of RAM may be changed before and after the reset. Be sure to initialize
RAM before it is used.

m Regulatory Recovery Time

The MB89580B/BW incorporates a voltage step-down circuit to ensure operation at 3.3 V. The
voltage step-down circuit reduces power consumption to a minimum level during stop mode.
The regulator recovery time, which is the time required for the voltage reduction circuit to restart
normal operation, requires 20 us or longer.

m Regulatory Stabilization Time

Power-on reset requires a regulatory stabilization time in addition to an oscillation stabilization
waiting time. The voltage supplied to the power source terminals is required to reach the
minimum operating voltage within the regulatory stabilization time.

The regulatory stabilization time requires 219Fch or more, depending on the oscillation
frequency (Fch: main clock oscillation frequency).
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3.5 Resets

3.5.3 State of Pins After a Reset

A reset initializes pins.

m Pin State During Reset

If a reset cause occurs, all pins (resource pins) except some I/O pins enter the high impedance
state, and mode data is read from the internal ROM.

m Pin State After Mode Data Is Read

Most I/O pins remain in the high impedance state immediately after mode data is read (pins with
pull-up resistor selected in the pull-up option register are set to the H level).

Note:

Be sure that the equipment connected to a pin that enters the high impedance state when a
reset cause occurs does not cause a malfunction.
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3.6 Clock

A clock is generated by connecting a resonator externally. A clock is input to the clock
controller, then it is multiplied by the PLL circuit and divided as the CPU operating
clock and peripheral circuit operating clock. Supply of these operating clocks is
controlled according to the operating mode of low power consumption mode.

m Clock Supply Map
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Oscillation of a clock and supply of a clock to the peripheral circuit (peripheral functions) are
controlled by the clock controller. The operating clocks of the CPU and peripheral circuits are
affected by standby mode (sleep or stop).

Divide-by output of the free-running counter operating on the clock for the peripheral circuits is
supplied to the peripheral functions. However, peripheral functions to which HCLK output that
provides divide-by-two output of the main clock oscillation and divide-by output of the timebase
timer are supplied are not affected by the gear function.

The USB function section (in full speed operation mode) operates on a clock multiplied by 8 by
the PLL circuit (48 MHz) and the divide-by-four clock (12 MHz).

In low speed operation mode, the USB function section operates at 6 MHz and on the divide-by-
four clock (1.5 MHz).

Figure 3.6-1 "Clock Supply Map" shows the clock supply map.



Figure 3.6-1 Clock Supply Map

3.6 Clock

CLK
Pin

:Main clock oscillation
USB clock oscillation

:Instruction cycle

Oscillation stabilization wait

Main clock
oscillation circuit
X0 8 circuit
& Fon [ Divide - -
X1 = Trush by two Time-base timer
Pin —
IR
Clock controller
52 Divide by 4 Gear function
=2 Divide by 8 :
S Divide by 16
Divide by 64

Supplied to CPU
I 1T
1t
inst

Supplied to
peripheral circuits

1tinst

Free-running counter

*2

Lelly

Watchdog timer

Baud rate clock

generation circuit [ |

Peripheral function

*1

*2

; Ly

SIO/UART

*2

SCK

CPin ]

High-speed baud rate
generation circuit

*2

USB-HUB

:Not affected by clock mode and gear function.

:‘The operating speed is affected by the clock mode and gear function.
:When the clock at its original oscillation stops, operation stops.

:Be sure to use the gear function at the maximum speed.

USB-

FUNCTION

Oscillation stabilization

wait control

*4

*1
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3.6.1 Clock Generator

Stop mode controls enabling and stopping of the main clock oscillation.

m Clock Generator

[Fbr crystal resonator

Connect as shown in Figure 3.6-2 "Example of Connecting a Crystal Resonator".

Figure 3.6-2 Example of Connecting a Crystal Resonator

Main clock
oscillation circuit

X0 X1

Ui
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3.6 Clock

3.6.2 Clock Controller

The clock controller consists of the following six blocks:
* Main clock oscillation circuit

» System clock selector

» Clock control circuit

* Oscillation stabilization wait time selector

» System clock control register (SYCC)

» Standby control register (STBC)

m Block Diagram of the Clock Controller

Figure 3.6-3 "Block Diagram of Clock Controller" is a block diagram of the clock controller.

Figure 3.6-3 Block Diagram of Clock Controller

Standby control register (STBC)
[ste|sp|spifrsT| - | - | - | - |

Pin state
Stop
Sleep

— Timebase
Divide by two timer clock

Main clock control ?X-?F?.’ﬂ .9'.0.(.3!(. _s_(_e!(_e_c_t_o_r_ eaens

Operation : :
allowed . |Prescaler, : —— Supply to CPU
Main clock i | Diidebyd |—> B
oscillation circuit| -, | Diideby8 |—>| Selector 5 gé%%l —
.| Divide by 16 |[—>| : circuit 1tinst
. | Divide by 64 |—> : Supply to
peripheral circuits
1tinst
Frorrl; 214/ For—s OS(k:)i_III_atiqn Stop of clock supply to CPU
timebase stabilization
timer 21T FeH— ait time
218/ Fcn—>| selector 2
] )
- - - |WT1{WTO| - CS1|Cs0

Fc : Main clock oscillation System clock control register (SYCC)

tinst : Instruction cycle
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[Main clock oscillation circuit

This circuit oscillates the main clock and stops oscillation in stop mode.

[Clock control circuit

This circuit controls supply of the operating cycle to the CPU and peripheral circuits based on
the standby mode (sleep or stop).

This circuit stops supply of the clock to the CPU until the clock supply stop signal of the
oscillation stabilization wait time selector is released.
[Oscillation stabilization wait time selector

This selector selects one of three main clock oscillation stabilization wait times generated by the
timebase timer (determined by the standby mode or reset), and outputs it as a clock supply stop
signal to the CPU.

[—Skstem clock control register (SYCC)

This register selects the main clock speed and main clock oscillation stabilization wait time.

[Standby control register (STBC)

This register switches from normal operation (run) to standby mode, sets the state of pins in
stop mode, and performs a software reset.

[—Skstem clock selector

This selector selects one of four clocks that are divisions of the main clock oscillation and
supplies it to the clock control circuit.
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3.6.3 System Clock Control Register (SYCC)

3.6 Clock

The system clock control register (SYCC) selects the main clock speed and oscillation
stabilization wait time.

m System Clock Control Register (SYCC)

Figure 3.6-4 Configuration of System Clock Control Register (SYCC)

Address
000 7+

R/IW

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
WT1|WTO CS1 | CSO XXX11X00s
R/W R/W R/W R/W
L1
Main clock speed selection bit
CS1|Cso Instruction cycle
FcH=12MHz
0 0 | 64/FcH (5.3 ps)
0 1 | 16/FcH (1.3 ps)
1 | 0 | 8/FcH(0.6 ps)
1 1 | 4/FcH (0.3 ps)
Oscillation stabilization wait time selection bit
WTZ1| WTO | Main clock oscillation stabilization wait time generated
by timebase timer output Fex=12MHz
0 0 | Setting not allowed
0 1 | About214 /FcH (about 1.36 ms)
1 0 | About21?/FcH (about 10.9 ms)
1 | 1 | About2!®/FcH (about 21.8ms)

: Readable and writable
: Unused

: Undefined

: Initial value

FcH : Main clock oscillation
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Table 3.6-1 Functions of System Clock Control Register (SYCC) Bits

Bit name Function
bit7 Unused * Read values are undefined.
bit6 « Writing has no effect on operation.
bit5
bit4 WT1,WTO: « This bit selects the main clock oscillation stabilization wait
bit3 Oscillation time.
stabilization * When an external interrupt returns control from stop mode
wait time to normal operation, the oscillation stabilization wait time
selection bit selected by this bit is used.
* The initial values of these bits are WT1 =1 and WTO = 1.
bit2 Unused Note:
Always write 1.
bitl CS1,Cso: « This bit selects the clock speed.
bit0 Main clock « Four speeds for operating clocks for the CPU and
speed peripheral functions can be set (gear function). However,
selection bit these bits do not affect the operating clock for the
timebase timer.

m Instruction Cycle (tj,st)

The instruction cycle (minimum execution time) can be selected from divide-by four, divide-by
eight, divide-by-16, and divide-by-64 clocks of the main clock using the main clock selection bits
(CS1 and CSO0) of the SYCC register.

In main clock mode (SYCC: CS1, SCO = 11g), the instruction cycle becomes 4/Fcy = about
0.33 us if main clock oscillation (Fcp) is 12 MHz.

Before enabling the USB circuit function, be sure to set this instruction cycle to divide-by-four.
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3.6 Clock

3.6.4 Clock Mode

The main clock speed is switched by selection from among four clocks generated by
dividing the main clock oscillation.

m Clock Mode Operating State

Table 3.6-2 Clock Mode Operating State

Operating clock for sections
Main clock speed Cause of release
Clock SYCC register Standby Clock Time Peripheral of standby mode
mode CS1.CS0 mode CPU base eripheral . A
(CS1,CS0) . functions (except reset)
timer
Main RUN Fcn/d
clock ) Oscillation Fcnl/2 Fcnl4 Interrupt request
mode | (1.1) High Sleep
speed Stop :
‘ Stop Stop Stop Stop External mterrupt
and USB interrupt
RUN Fcn/8
Oscillation Fcnl/2 Fcn/8 Interrupt request
(1.0) Sleep
Stop External interru
pt
Stop Stop Stop Stop and USB interrupt
RUN Fcn/16
Oscillation Fcnl/2 Fcn/16 Interrupt request
©0.1) Sleep
Stop External interru
pt
Stop Stop Stop Stop and USB interrupt
RUN Fcn/64
' Oscillation Fcnl/2 Fcn/64 Interrupt request
Slee
(0.0) ] P
ow Stop .
External interrupt
speed Stop Stop Stop Stop and USB interrupt

Fcn : Main clock oscillation

The corresponding standby mode can be entered from each clock mode. See Section 3.7
"Standby Mode (Low Power Consumption)”, for information about standby mode.

m Operation in Main Clock Mode
If standby mode is specified, sleep mode or stop mode can be entered.

Regardless of which type of reset occurs, operation is always started in main clock run mode
(operating modes are released by a reset).
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3.6.5 Oscillation Stabilization Wait Time

At power-on or in main stop mode, when the main clock stops, the main clock

stabilization wait time is required for operation in main clock run mode.

m Oscillation Stabilization Wait Time

For stabilization at a proper oscillation (oscillation frequency), the crystal resonator generally
requires from a few milliseconds to some tens of milliseconds between the start of oscillation

and its stabilization.

Immediately after oscillation starts, CPU operation is disabled. When the oscillation stabilization
wait time elapses and oscillation is completely stabilized, a clock is supplied to the CPU.

Since the oscillation stabilization time depends on the type of the resonator connected to the
oscillator (clock generator), the oscillation stabilization wait time appropriate to the resonator

being used must be selected.

Figure 3.6-5 "Oscillator Operation Immediately After Oscillation Starts" shows oscillator

operation immediately after oscillation starts.

Figure 3.6-5 Oscillator Operation Immediately After Oscillation Starts

Normal operation

I return from stop mode or
Resonator Oscillation ( P

oscillation time ! stabilization wait time : reset operation)

WA

f !

Oscillation Oscillation
start stabilization
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3.6 Clock

m Main Clock Oscillation Stabilization Wait Time

When main clock oscillation stops, a main clock oscillation stabilization wait time is required
before operation starts.

Incrementing of the main clock oscillation stabilization wait time starts when the timebase timer
counter is cleared, and ends when the specified bit overflows.

[ Okscillation stabilization wait time during operation

The oscillation stabilization wait time selection bits (SYCC: WT1, WTO0) of system control
register can be used to select one of three oscillation stabilization wait times for returning from
stop mode to main clock run mode in response to an external interrupt.

[Oscillation stabilization wait time for a reset

The oscillation stabilization wait time (initial values of WT1, WTO) for a reset is a fixed value.

Table 3.6-3 Conditions for Starting Main Clock Mode Operation and Oscillation Stabilization Wait Time

Stop mode release
Main clock mode operation

start condition At power-on External External USB
reset interrupt interrupt
Oscillation stabilization wait time SYCC:WT1=1,WT0=1"* SYCC:WTLWTO *

selection

*. Oscillation stabilization wait time selection bit of the system clock control register
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3.7 Standby Mode (Low Power Consumption)

Standby mode consists of a sleep mode and stop mode.

Entry into standby mode is controlled by the setting of the standby control register
(STBC).

In main clock mode, two modes, sleep and stop, can be entered.

Stopping the operation of the CPU and peripheral functions in standby mode reduces
power consumption.

This section explains the relationship between standby mode and clock mode and the
operating state of each section in standby mode.

m Standby Mode

In standby mode, power consumption is reduced by using the clock controller to stop supply of
the clock to the CPU (sleep mode) and stopping oscillation (stop mode).

[Sleep mode

Sleep mode stops operation of the CPU and watchdog timer, and operates on the main clock.

[—Stop mode

Stop mode stops operation of the CPU and peripheral functions, and stops all functions except
external and USB interrupts.
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3.7 Standby Mode (Low Power Consumption)

3.7.1 Standby Mode Operating State

This section explains operating states of the CPU and peripheral functions in standby

mode.

m Standby Mode Operating State

Table 3.7-1 Operating States of CPU and Peripheral Functions in Standby Mode

Operating mode

Main clock mode

. Stop Stop
Function RUN Sleep (SPL=0) (SPL=1)
Main clock Operation Operation Stop Stop
Instruction Operation Stop Stop Stop
CPU ROM
Operation Hold Hold Hold
RAM
I/O port Operation Hold Hold Hold
Timebase timer Operation Operation Stop Stop
Watchdog timer Operation Stop Stop Stop
Penph_eral 8-bit PWM timer 1, 2 Operation Operation Stop Stop
function
8-bit serial 110 Operation Operation Stop Stop
External interrupt Operation Operation Operation Operation
USB function Operation Operation Stop Stop
Pin Operation Hold Hold Hi-Z
Release method Reset and Reset and Reset and interrupts
interrupts interrupts

[State of pins in standby mode

The pin state selection bit (STBC: SPL) of the standby control register can be used to keep
most I/O pins in the state there were in immediately before entry to stop mode or in high
impedance state without relation to clock mode.
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3.7.2 Sleep Mode

This section explains operation in sleep mode.

m Operation in Sleep Mode

[Ehtering sleep mode

Sleep mode stops the operating clock of the CPU. The CPU retains the contents of registers
and RAM existing immediately before sleep mode is entered and stops. The peripheral
functions except the watchdog timer continue to operate.

Sleep mode is entered by writing 1 to the sleep bit (STBC: SLP) of the standby control register.
If an interrupt request occurs when 1 is written to the SLP bit, the write is ignored and execution
of instruction continues without sleep mode being entered (sleep mode is not entered after
interrupt processing).

[REleasing sleep mode
Sleep mode is released by a reset and an interrupt from the peripheral functions.
Reset in main sleep mode does not require an oscillation stabilization wait time.

The states of pins are initialized by a reset operation.

If peripheral functions or an external interrupt circuit issues an interrupt request in sleep mode at
a request level that is higher than 11, sleep mode is released regardless of the setting of CPU
interrupt enable bit (CCR: ) and interrupt level bits (CCR: IL1, ILO).

After release, normal interrupt operation is performed. If an interrupt is accepted, interrupt
processing is executed. If an interrupt is not accepted, processing is executed starting with the
instruction following the instruction that was executed immediately before sleep mode was
entered.
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3.7 Standby Mode (Low Power Consumption)

3.7.3 Stop Mode

This section explains operation in stop mode.

m Operation in Stop Mode

[Ehtering stop mode

Stop mode stops oscillation. The contents of registers and RAM immediately before stop mode
was entered are retained, and most functions stop.

In main clock mode, main clock oscillation stops. Peripheral functions and the CPU stop
operation except the external interrupt circuit and USB interrupt circuit. Data is preserved using
the least amount of power.

Stop mode is entered by writing 1 to the stop bit (STBC: STP) of the standby control register. If
the pin state selection bit (STBC: SPL) is 0, the state of the power-on pin is retained. If the bit is
1, the external pin is placed in the high-impedance state (the external pin with pull-up resistor
selected in the pull-up setting register is set to the H level).

If an interrupt request occurs when 1 is written to the STP bit, the write is ignored and execution
of the instruction continues without stop mode being entered (stop mode is not entered after
interrupt processing).

To enter stop mode, disable interrupt request output of the timebase timer (TBTC: TBIE = 0) if
this is required.

[REleasing stop mode
Stop mode is released by a reset or an external interrupt or USB interrupt.

If a reset occurs in stop mode, the reset operation is performed after the main clock oscillation
stabilization wait time elapses.

The states of pins are initialized by a reset.

If the external interrupt circuit issues an interrupt request during stop mode at an interrupt level
that is higher than 11, stop mode is released regardless of the setting of the CPU interrupt
enable bit (CCR: I) and interrupt level bits (CCR: IL1, ILO). In stop mode, peripheral functions
stop, and no interrupt requests, except external and USB interrupts, are not issued.

After release, normal interrupt operation is performed after the oscillation stabilization wait time
elapses. If an interrupt is accepted, interrupt processing is executed. If an interrupt is not
accepted, processing is executed starting with the instruction following the instruction that was
executed immediately before stop mode was entered.

When stop mode is released by an external interrupt, some peripheral functions restart
operations from where they stopped. The initial interval time of the interval timer function is
undefined. Be sure that peripheral functions are initialized after a return from stop mode.

Reference:

Stop mode is only released by interrupt requests from the external interrupt circuit and USB
interrupt circuit.
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3.7.4 Standby Control Register (STBC)

The standby control register (STBC) is used to switch to sleep mode or stop mode, to
set pin states in stop mode, and to perform a software reset.

m Standby Control Register (STBC)

Figure 3.7-1 Standby Control Register (STBC)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO Initial value
0008+ |STP | SLP | SPL | RST 0001XXXXs
w w R/W W

Software reset bit
RST -
Read Write
0 A reset signal of 4 instruction
cycles is generated.
1 1 is always read. Operation is not affected.
SPL Pin state selection bit

0 In stop mode, the external pin maintains the immediately preceding state.

1 In stop mode, the external pin is placed in the high-impedance state.

sSLp Sleep bit .
Read Write
0 0 is always read. Operation is not affected.
1 Mode is changed to sleep mode.
Stop bit
STP -
Read Write
0 | Ois always read. Operation is not affected.
1 Mode is changed to stop mode.

R/W : Readable and writable
w : Write only

- : Unused
X : Undefined
[ : Initial value
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3.7 Standby Mode (Low Power Consumption)

Table 3.7-2 Functions of Standby Control Register (STBC) Bits

Bit name

Function

bit7

STP: Stop bit

This bit specifies that stop mode is entered.
Stop mode is entered by writing 1 to this bit.
Writing 0 has no effect on operation.

When this bit is read, 0 is always read.

bit6

SLP: Sleep bit

This bit specifies that stop mode is entered.
Stop mode is entered by writing 1 to this bit.
Writing O has no effect on operation.

When this bit is read, O is always read.

bit5

SPL: Pin state
selection bit

This bit selects the state of the power-on pin in stop
mode.

If O is written to this bit, the state (level) of the power-on
pin is retained when stop mode is entered.

If 1 is written, the external pin enters the high-impedance
state when stop or clock mode is entered (the external pin
with pull-up resistor selected in the pull-up setting register
is set to the H level).

A reset sets this bit to 0.

bit4

RST: Software
reset bit

This bit selects a software reset.

An internal reset cause of 4 instruction cycles is
generated by writing 0 to this bit.

Writing 1 has no effect on operation.

If this bit is read, 1 is always read.

bit3
bit2
bitl
bit0

Unused

Always write 1.
Read values are undefined.
Writing has no effect on operation.
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3.7.5 State Transition Chart

Figure 3.7-2 "State Transition Chart" shows the state transition chart.

m State Transition Chart

Figure 3.7-2 State Transition Chart

Power on

l Power-on reset

Oscillation

Reset state

stabilization wait
reset state

Main stop state

Main clock mode

Main clock
run state

) TMainsleep state

Main clock
oscillation
stabilization
wait

[Ehtering normal state (RUN) and reset

Table 3.7-3 Entering Main Clock Run Mode and Reset

State transition

Transition condition (Figure 3.7-2 "State Transition Chart")

After power-on,

[1] Main clock oscillation stabilization wait time ends (timebase

entering normal state timer output)

(RUN) : :
[2] Resetinputis released

Reset in the run state [3] External reset, software reset, and watchdog reset




3.7 Standby Mode (Low Power Consumption)

[Ehtering and releasing standby mode

Table 3.7-4 Entering and Releasing Standby Mode

State transition

Transition condition (Figure 3.7-2 "State Transition Chart")

Entering sleep mode

[1] STBC:SLP=1

Releasing sleep mode

[21  Interrupts (all types)

[3] External reset

Entering stop mode

[4] STBC:STP=1

Releasing stop mode

[5] External interrupt or USB interrupt

[6] Main clock oscillation stabilization wait time ends
(timebase timer output)

[71  External reset

[8] External reset (during oscillation stabilization wait)

STBC: Standby control register
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3.7.6

Notes on Using Standby Mode

Even though standby mode is set in the standby control register (STBC), standby
mode is not entered if an interrupt request is issued from a peripheral function. If an
interrupt returns from standby mode to the normal operating state, operation after the
return depends on whether the interrupt request is accepted.

m Entering Standby Mode and Interrupts

An interrupt request with an interrupt priority that is higher than 11 may be issued from a
peripheral function to the CPU. In this case, if 1 is written to the stop bit (STBC: STP) and the
sleep bit (SLP) of the standby control register, the write is ignored. Standby mode is not
entered (standby mode is not entered after interrupt processing).

This has no relation to whether or not the CPU accepts an interrupt.

Even though the CPU is processing an interrupt, the interrupt request flag bit is cleared. Unless
there is another interrupt request, standby mode can be entered.

m Releasing Standby Mode with an Interrupt

When an interrupt request with interrupt priority that is higher than 11 is issued from a peripheral
function in sleep or stop mode, standby mode is released. This has not relation to whether or
not the CPU accepts an interrupt.

After release, the priority of the interrupt level register (ILR1 to ILR3) corresponding to the
interrupt request may be higher than the interrupt level bits (CCR: IL1 and ILO) of the condition
code register and the interrupt enable flag may be set to enable (CCR: | = 1). In this case, as
part of normal interrupt operation, a branch to the interrupt processing routine occurs. If the
interrupt is not accepted, operation is restarted with the instruction following the instruction that
started standby mode.

If a branch to the interrupt processing routine is not made immediately after return, action must
be taken to disable interrupts before the standby mode is set.

m Note on Setting Standby Mode

70

Set standby mode in the standby control register (STBC) according to Table 3.7-5 "Setting of
Low Power Consumption Mode in the Standby Control Register (STBC)". If 1 is written to these
bits concurrently, stop mode has precedence over sleep mode. Be sure that 1 is set to only one
of the bits.

Table 3.7-5 Setting of Low Power Consumption Mode in the Standby Control Register
(STBC)

STBC register
Mode
STP(bit7) SLP(bit6)
0 0 Normal
0 1 Sleep
1 0 Stop




3.7 Standby Mode (Low Power Consumption)

m Oscillation Stabilization Wait Time

Because the oscillator stops in stop mode, an oscillation stabilization wait time is required when
an oscillator starts operation.

One of three types of main clock oscillation stabilization wait times generated by the timebase
timer can be selected as the oscillation stabilization wait time,.

In main clock mode, if the selected timebase timer interval time is less than the oscillation
stabilization wait time, an interval timer interrupt request is issued during the oscillation
stabilization wait time. Before entering stop mode in main clock mode, disable interrupt request
output of the timebase timer (TBTC: TBIE = 0) if this is required.
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3.8 Memory Access Mode

The only operating mode for MB89580B/BW memory access is single-chip mode.

m Single-chip Mode

Single-chip mode uses only internal RAM and ROM. The CPU can access only the internal 1/O,
RAM, and ROM areas (internal access).

m Mode Pins (MODO, MOD1)
Be sure to set the mode pins (MODO, MOD1) to Vss.
For a reset, mode data and the reset vector are read from internal ROM.

Do not change the setting of the mode pins after the reset operation has terminated (during
reset operation).

Table 3.8-1 "Mode Pin Settings" lists the settings for the mode pins.

Table 3.8-1 Mode Pin Settings

Pin state
Description
MODO MOD1
Vsg Vss Mode data and the reset vector are read from internal ROM.
Vss Vee
Vee Vss Setting not allowed
Vee Vee

m Mode Data
Be sure to set mode data in internal ROM to 00H and select single-chip mode.

Figure 3.8-1 "Mode Data Configuration" shows the mode data configuration.

Figure 3.8-1 Mode Data Configuration

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

Address
F F F D
\ /
Data Operation
00H Select single-chip mode
Other than 00+ | Reserved. Do not set
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3.8 Memory Access Mode

m Memory Access Mode Selection Operation
Only single-chip mode can be selected.

Table 3.8-2 "Mode Pins and Mode Data" lists the mode pins and mode data.

Table 3.8-2 Mode Pins and Mode Data

Memory access mode Mode pins (MODO, MOD1) Mode data
Single-chip mode Vsg, Vgg 00y
Other mode Setting not allowed Setting not allowed

Figure 3.8-2 "Memory Access Selection Operation" shows the memory access selection
operation.

Figure 3.8-2 Memory Access Selection Operation

( Occurrence of reset cause )
Other
Setting Mode pins
not allowed (MOD1,0)
Vss,Vss
Mode pin check
Single-chip mode
Read mode data from internal
ROM
1/0 pin
High impedance
Wait for release of reset cause
(external reset or oscillation Reset
stabilization wait time)
Fetch mode data and reset
Mode fetch vector from internal ROM
Setting
Mode data check | | not allowed Mode data
Single-chip mode 00H
) ) ) Set input-output of /O pins
Setting of 1/0 pin function in port data direction
in program execution (RUN) state register (DDR)
1/0 pin can be used as port
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CHAPTER 4 1/O PORTS

This chapter explains the functions and operation of the 1/O ports.

4.1 "Overview of the I/O Ports"

4.2 "Port 0"

4.3 "Port 1"

4.4 "Port 2"

4.5 "Port 3"

4.6 "Port 4"

4.7 "Port 5"

4.8 "Port 6"

4.9 "Program Example of the 1/0O Ports"



CHAPTER 4 1/0 PORTS

4.1 Overview of the I/O Ports

The I/O ports can be used as 6-port (53) general-purpose I/O ports.
Ports 3to 6 can also be used for resources (I/O pins for peripheral functions).

m |/O Port Functions

I/O ports have functions for outputting data from the CPU to the 1/O pins and for fetching the
signals input on the 1/O pins to the CPU according to the setting of port data register (PDR). For
some ports, the input-output direction of the 1/O pin can be set at the bit level using the port data
direction register (DDR).

The functions of the ports and the resources ports can be used for are listed below:

Port 0: General-purpose I/O port
Port 1: General-purpose I/O port
Port 2: General-purpose output port

Port 3: Both general-purpose I/O port and resources ports (external interrupt, clock output,
and parallel port control pin)

Port 4: Both general-purpose /0O port and resources ports (UART/SIO, PWM, parallel port
data pin, and external FIFO data output)

Port 5: Both general-purpose 1/0O port and resources ports (external FIFO control pin and
parallel port control pin)

Port 6: Both general-purpose input port and resources ports (external FIFO data input)

Table 4.1-1 "Functions of Ports" lists the functions of the ports. Table 4.1-2 "Port Registers"
lists the port registers.
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Table 4.1-1 Functions of Ports

4.1 Overview of the I/O Ports

Port Pin name Input Output Function Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
name format format
Port 0 | POO to PO7 CMOS CMOS General- PO7 P06 PO5 PO4 P03 P02 PO1 POO
push-pull | purpose /O port
Port1 | P10to P17 General- P17 | P16 | P15 | P14 | P13 | P12 | P11 | P10
purpose /O port
Port 2 | P20 to P27 - General-
purpose output P27 P26 P25 P24 P23 P22 P21 P20
port
Port 3 | P30/INTO/CLK CMOS, General-
to P37/INT7 resource purpose /O port P37 P36 P35 P34 P33 P32 P32 P30
interface
with External INT7 | INT6 | INT5 | INT4 | INT3 | INT3 | INT2 | INTL
hysteresis interrupt
Resource 2 RDX WEX - - - - - CLK
Port 4 | P40/D0 to P47/ | CMOS ™ General-
D7/PWM purpose output P47 P46 P45 P44 P43 P42 P41 P40
port
Parallel port D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
output
UART/SIO - Ul uo UCK - - - -
PWM PWM2 | PWM1 | - - - - - -
Port 5 | P50/OBF/IBFX/ CMOS CMOS "2 | General-
W to P54/CEX push-pull | purpose output - - - P54 P53 P52 P51 P50
port
Parallel port OBF/
control ) . . CEX | A0 ) ) IBFX
External FIFO ) ) ) ) FEX EEX R W
control
Porté | P60/DIO to P67/ - General-
DI7 purpose input P67 P66 P65 P64 P63 P62 P61 P60
port
r:]";‘)ﬁ”e' port DI7 | DI6 | DI5 | D4 | DI3 | DI2 | DIL | DIO

*1: P44/UCK/D4 and P46/UI/D6 resources have an interface with hysteresis input.

*2: P52, P53, and P54 are set to N-ch open-drain output.
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Table 4.1-2 Port Registers

Register name Read, write Address Initial value
Port 0 data register (PDRO) R/W 0000y XXXXXXXXg
Port 0 data direction register (DDRO) " W 0001y 000000005
Port 1 data register (PDR1) R/W 0002y XXXXXXXXg
Port 1 data direction register (DDR1) " W 0003y 000000005
Port 2 data register (PDR2) R/W 0004y XXXXXXXXg
Port 3 data register (PDR3) R/W 000CH XXXXXXXXp
Port 3 data direction register (DDR3) R/W 000Dy 000000005
Port 4 data register (PDR4) R/W 0010y XXXXXXXXg
Port 4 data direction register (DDR4) R/W 0011y 000000005
Port 5 data register (PDR5) R/W 0012y XXX111XXg
Port 5 data direction register (DDR5) R/W 0013y XXXXXX00g
Port 6 data register (PDR6) R 0014y XXXXXXXXg

R/W: Readable and writable
R: Read only
W: Write only
X: Undefined

*:. DDRO and DDR1 cannot use bit manipulation commands.

78




42 PortO

4.2 PortO

Port 0 is the general-purpose I/O port.
This section includes the port 0 configuration, pins, pin block diagram, and related

registers.

m Port 0 Configuration

Port 0 consists of the following three elements:

[Pbrt 0
e 1/O pins (P00 to P0O7)

e Port 0 data register (PDRO)

< Port 0 data direction register (DDRO)

m Port 0 Pins

Port 0 has eight CMOS 1/O pins.
Table 4.2-1 "Port 0 Pins" lists the port O pins.

Table 4.2-1 Port 0 Pins

I/1O

Port Pin . Circuit
Function
name name Input Output type
P00 P00 general-purpose 1/0
P01 P01 general-purpose 1/0
P02 P02 general-purpose 1/0
P03 P03 general-purpose /0
Port 0 CMOS CMOS B
P04 P04 general-purpose 1/0
P05 P05 general-purpose 1/0
P06 P06 general-purpose 1/0
PO7 P07 general-purpose 1/0

See Section 1.7 "Pin Functions”, for details of the circuit format.
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m Block Diagram of Port 0

Figure 4.2-1 Block Diagram of Port 0 Pins

PDR(port data register)

Stop mode
— Yadl :

PDRread

From pull-up
é ﬂ :  option register ﬂ>7_| [ P-ch
a : :
8 PDRread (bit manipulation instruction) | :
[ > Output latch
[T Do——| P-ch
c : PDR write o
S I in
% DDR @W—' N-ch
: (Port data direction register) :

. DDRwrite

Stop (SPL=1)

SPL:Pin state selection bit of standby control register (STBC)

m Port 0 Registers (PDR0O and DDRO)
The registers related to port 0 are PDRO and DDRO.
The bits in the registers correspond to the port 0 pins on a one-to-one basis.
Table 4.2-2 "Correspondence Between Port 0 Registers and Pins" shows the correspondence

between port 0 registers and pins.

Table 4.2-2 Correspondence Between Port 0 Registers and Pins

Port Related register bit and corresponding pin
name
PDRO,DDRO Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Port O ;
;‘r’]”esr’o”d'”g PO7 | PO6 | PO5 | PO4 PO3 | PO2 PO1 P00
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4.2.1

Port O Registers (PDRO and DDRO)

4.2 PortO

This section explains the registers related to port O.

m Functions of the Port O Registers

[Pbrt 0 data register (PDRO)

The PDRO register indicates pin state. If a pin is set as an output port, the same value (0 or 1)
as the output latch can be read, but if it is set as an input port, the output latch value cannot be

read.

Reference:

Because the bit manipulation instructions (SETB and CLRB) read the output latch values
instead of the pin values, the output latch values of bits other than those that can be
manipulated are not changed.

[Pbrt 0 data direction register (DDRO)

The DDRO register sets the input-output direction of the pin for the corresponding bit.

When the bit corresponding to the port is set to 1, the port is set as an output port. When the bit
is set to O, the port is set as an input port.

Table 4.2-3 Functions of the Port O Registers

Register Data Read Write Regd, Address | Initial value
name write
Set the output latch to 0
0 Pin stateis L | and output the L level to
level. the pin set as the output
Port 0 data port.
register R/W 0000y XXXXXXXXg
(PDRO) Set the output latch to 1
1 Pin state is and output the H level to
H level. the pin set as the output
port.
Input port Disable output transistor
S_Oft 0 data 0 state operation and set input pin.
irection
register Output port Enable_ output transistor W 00014 000000005
(DDRO) 1 State operation and set output
pin.

R/W: Readable and writable

W: Write only
X: Undefined
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4.2.2

Operation of Port O

This section explains the operation of port O.

m Operation of Port 0

82

[—QOperation for output port

When the corresponding DDRO register bits are set to 1, port 0 becomes an output port.

When port 0 is an output port, output transistor operation is enabled and output latch data is
output to the pins.

When data is written to the PDRO register, data is retained by the output latch and output to
the pins unchanged.

When the PDRO register is read, the pin values can be read.

[—QOperation for input port

When the corresponding DDRO register bits are set to 0, port 0 becomes an input port.

When port 0 is an input port, the output transistor is set to off and the pins enter the high-
impedance state.

When data is written to the PDRO register, data is retained by the output latch, but it is not
output to the pins.

When the PDRO register is read, the pin values can be read.

[QOperation for a reset

When the CPU is reset, the DDRO register values are initialized to 0. The output transistor is
set to off (input port) and the pins enter the high-impedance state.

The PDRO register is not initialized by a reset. If port 0 is used as an output port, output data
must be set in the PDRO register before the corresponding DDRO register is set to output.

[—Operation in stop mode

If the pin state selection bit (STBC: SPL) of the standby control register is set to 1 when stop
mode is entered, the pins enter the high-impedance state. This is because the output transistor
is forcibly set to off regardless of the DDRO register values. Input pin status is kept in a fixed
level to prevent leakage from the pin when it is left in a open state.

Table 4.2-4 "Port 0 Pin States" lists the states of port 0 pins.



Table 4.2-4 Port 0 Pin States

Normal operation

Pin name Sleep Stop (SPL =1) Reset
Stop (SPL =0)
P00 to PO7 General-purpose /O port Hi-Z Hi-Z

SPL: Pin state selection bit (STBC: SPL) of standby control register

Hi-Z: High impedance

—PUll-up

4.2 PortO

If pull-up resistor is selected in the pull-up option register, the state of pins in stop mode (SPL =
1) becomes H level (pull-up state) instead of high impedance. However, during reset, the pull-
up state becomes invalid, and the state of the pins becomes Hi-Z.
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43 Portl

Port 1 is the general-purpose I/O port that also serves as input pins.
This section includes the port 1 configuration, pins, pin block diagram, and related

registers.

m Port 1 Configuration

Port 1 consists of the following three elements:

e General-purpose I/O pins (P10 to P17)
« Port 1 data register (PDR1)
» Port 1 data direction register (DDR1)

m Port 1 Pins

Port 1 has eight CMOS 1/O pins.
Table 4.3-1 "Port 1 Pins" lists the port 1 pins.

Table 4.3-1 Port 1 Pins

Port Pin . /o Circuit
Function
name name Input Output type
P10 P10 general-purpose 1/0
P11 P11 general-purpose I/O
P12 P12 general-purpose 1/0
P13 P13 general-purpose 1/0
Port 1 CMOS CMOS B
P14 P14 general-purpose 1/0
P15 P15 general-purpose 1/0
P16 P16 general-purpose 1/0
P17 P17 general-purpose 1/O

See Section 1.7 "Pin Functions", for details of the circuit format.
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m Block Diagram of Port 1

Figure 4.3-1 Block Diagram of Port 1 Pin

4.3 Port 1l

PDR (port data register)

PDR read
A

/—ij Stop mode
N

option register

N

PDR read(bit manipulation instruction)

AN

=

Output latch

From pull-up i):

PDR write

P-ch

[ P-ch

Internal data bus

..................

DDR

(Port

. DDR write

data direction register)

Stop (SPL=1)

Y
>

SPL:Pin state selection bit of standby control register (STBC)

1 L

N-ch

Pin

m Port 1 Registers (PDR1 and DDR1)

The registers related to port 1 are PDR1 and DDR1.

The bits in the registers correspond to the port 1 pins on a one-to-one basis.

Table 4.3-2 "Correspondence Between Port 1 Registers and Pins" shows the correspondence

between port 1 registers and pins.

Table 4.3-2 Correspondence Between Port 1 Registers and Pins

Port Related register bit and corresponding pin
name
PDR1,DDR1 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Port 1 ;
pci?]”eSpO”d'”g P17 | Pl6 | P15 |P14 P13 | P12 P11 P10
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4.3.1 Port 1 Registers (PDR1 and DDR1)

This section explains the registers related to port 1.

m Functions of the Port 1 Registers

[Pbrt 1 data register (PDR1)

The PDR1 register indicates pin state. If a pin is set as an output port, the same value (0 or 1)
as the output latch can be read, but if it is set as an input port, the output latch value cannot be
read.

Reference:

Because the bit manipulation instructions (SETB and CLRB) read the output latch values
instead of the pin values, the output latch values of bits other than those that can be
manipulated are not changed.
[Pbrt 1 data direction register (DDR1)
The DDR1 register sets the input-output direction of the pin for the corresponding bit.

When the bits corresponding to the port are set to 1, the pins are set as an output port. When
the bits are set to 0, the pins are set as an input port.

Table 4.3-3 "Functions of the Port 1 Registers" lists the functions of the port 1 registers.

Table 4.3-3 Functions of the Port 1 Registers

Register Data Read Write Re‘?‘d* Address | Initial value
name write
Set the output latch to 0
0 Pin stateis L | and output the L level to
level. the pin set as the output
Port 1 data port.
register R/W 0002y XXXXXXXXg
(PDR1) Set the output latch to 1
1 Pin state is and output the H level to
H level. the pin set as the output
port.
Input port Disable output transistor
(';’_Oft 1 data 0 state operation and set input pin.
irection
register Output port Enable_ output transistor W 00034 00000000g
(DDR1) 1 state operation and set output
pin.
R/W: Readable and writable
W: Write only
X: Undefined
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4.3 Port 1l

4.3.2 Operation of Port 1

This section explains the operation of port 1.

m Operation of Port 1

[—Qperation for output port

When the corresponding DDR1 register bits are set to 1, port 1 becomes an output port.

When port 1 is an output port, output transistor operation is enabled and output latch data is
output to the pins.

When data is written to the PDR1 register, data is retained by the output latch and output to
the pins unchanged.

When the PDR1 register is read, the pin values can be read.

[QOperation for input port

When the corresponding DDR1 register bits are set to 0, port 1 becomes an input port.

When port 1 is an input port, the output transistor is set to off and the pins enter the high-
impedance state.

When data is written to the PDR1 register, data is retained by the output latch, but it is not
output to the pins.

When the PDR1 register is read, the pin values can be read.

[Qperation for areset

When the CPU is reset, the DDR1 register values are initialized to 0. The output transistor is
set to off (input port) and the pins enter the high-impedance state.

The PDR1 register is not initialized by a reset. If port 1 is used as an output port, output data
must be set in the PDR1 register before the corresponding DDR1 register is set to output.

[Operation in stop mode

If the pin state selection bit (STBC: SPL) of the standby control register is set to 1 when stop
mode is entered, pins enter the high-impedance state. This is because the output transistor is
forcibly set to off regardless of the DDR1 register values. Input is fixed to prevent leak caused
by opening input.

Table 4.3-4 "Port 1 Pin States" lists the states of the port 1 pins.

Table 4.3-4 Port 1 Pin States

Normal operation
Pin name Sleep Stop (SPL =1) Reset
Stop (SPL =0)

P10 to P17 General-purpose 1/O port Hi-Z Hi-Z

SPL: Pin state selection bit (STBC: SPL) of standby control register
Hi-Z: High impedance
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Reference:

If pull-up resistor is selected in the pull-up option register, the state of pins in stop mode
(SPL = 1) becomes H level (pull-up state) instead of high impedance. However, during
reset, the pull-up state becomes invalid, and the state of the pins becomes Hi-Z.
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4.4 Port?2

4.4 Port 2

Port 2 is the general-purpose output port that also used for resource I/0O.
This section includes the port 2 configuration, pins, pin block diagram, and related

registers.

m Port 2 Configuration

Port 2 consists of the following two elements:

e General-purpose output pins (P20 to P27)
e Port 2 data register (PDR2)

m Port 2 Pins

Port 2 has eight CMOS output pins.

Table 4.4-1 "Port 2 Pins" lists the port 2 pins.

Table 4.4-1 Port 2 Pins

Port Pin . o Circuit
Function
name name Input Output type
P20 P20 general-purpose /0
P21 P21 general-purpose 1/0
P22 P22 general-purpose 1/0
P23 P23 general-purpose /0
Port 2 CMOS CMOS B
P24 P24 general-purpose 1/0
P25 P25 general-purpose 1/0
P26 P26 general-purpose 1/0
p27 P27 general-purpose 1/0

See Section 1.7 "Pin Functions", for details of the circuit format.

89



CHAPTER 4 1/0 PORTS

m Block Diagram of Port 2

Figure 4.4-1 Block Diagram of Port 2 Pins (P20 to P27)

PDR (port data register)

W

Pull-up option register

PDR read (bit manipulation instruction)

%[}— Output latch

: PDR write

I
O
>

Internal data bus

Pin

Stop mode (SPL=1)

SPL:Pin state selection bit of standby control register (STBC)

m Port 2 Register (PDR2)
The register related to port 2 is PDR2.
The bits in the register correspond to the port 2 pins on a one-to-one basis.

Table 4.4-2 "Correspondence Between Port 2 Registers and Pins" shows the correspondence
between the port 2 register and pins.

Table 4.4-2 Correspondence Between Port 2 Registers and Pins

Port Related register bit and corresponding pin
name
PDR2 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Port 2 ;
;ﬂrres‘)o”d'”g P27 | P26 | P25 | P24 P23 | P22 P21 P20
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4.4 Port 2

4.4.1 Port 2 Register (PDR2)

This section explains the register related to port 2.

m Function of Port 2 Register

[Pbrt 2 data register (PDR2)
The PDR2 register indicates the output latch state. The states of pins cannot be read.
Reference:

Because the bit manipulation instructions (SETB and CLRB) read the output latch values
instead of the pin values, the output latch values of bits other than those that can be
manipulated are not changed.

Table 4.4-3 "Functions of the Port 2 Registers" lists the function of port 2 register.

Table 4.4-3 Functions of the Port 2 Registers

Register Data Read Write Regd, Address | Initial value
name write
: . Set the output latch to 0
0 |P|n Ttate IsL and output the L level to
Port 2 data evel. the pin.
register R/W 0004y XXXXXXXXg
(PDR2) . : Set the output latch to 1
1 Pin state is and output the H level to
H level. :
the pin.

R/W: Readable and writable
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4.4.2

Operation of Port 2

This section explains the operation of port 2.

m Operation of Port 2
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[—QOperation for output port

» When data is written to the PDR2 register, data is retained by the output latch and output to
the pins via the output buffer.

[QOperation for a reset

» When the CPU is reset, the PDR2 register values are initialized to 0, and the pins enter the L
level output state.

[—QOperation in stop mode

If the pin state selection bit (STBC: SPL) of the standby control register is set to 1 when stop
mode is entered, the output transistor is forcibly set to off and the pins enter the high-impedance
state. Input is fixed to prevent leak caused by opening input.

Table 4.4-4 "Port 2 Pin States" lists the states of the port 2 pins.

Table 4.4-4 Port 2 Pin States

Normal operation
Pin name Sleep Stop (SPL = 1) Reset
Stop (SPL =0)

P20 to P27 General-purpose output port Hi-Z Hi-Z

SPL: Pin state selection bit (STBC: SPL) of standby control register
Hi-Z: High impedance

Reference:

If pull-up resistor is selected in the pull-up option register, the state of pins in stop mode
(SPL = 1) becomes H level (pull-up state) instead of high impedance. However, during
reset, the pull-up state becomes invalid, and the state of the pins becomes Hi-Z.



4.5 Port 3

45 Port3

Port 3 is the general-purpose I/O port. Pins can be used by switching between
resources and port for the corresponding bit.

This section explains the functions of the general-purpose 1/O port.

This section includes the port 3 configuration, pins, pin block diagram, and related
registers.

m Port 3 Configuration
Port 3 consists of the following three elements:
« General-purpose /O pins/resource 1/0 pins (P30/INTO/CLK and P31/INT1 to P37/INT7)
« Port 3 data register (PDR3)
« Port 3 data direction register (DDR3)

m Port 3 Pins
Port 3 has eight CMOS 1/O pins.

Of these pins, a pin that is also used for resources cannot be used as a general-purpose 1/O pin
if resources are used.

Table 4.5-1 "Port 3 Pins" lists the port 3 pins.
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Table 4.5-1 Port 3 Pins
I/0 i
Port Pin name Function Resources Ctlrcun
name Input Output ype
External interrupt
P30/INTO/CLK PE? ggg?}g" input (INTO)
purp CLK clock output
— P31 general- External interrupt
P31/INT1 purpose I/O input (INT1)
— P32 general- External interrupt
P32/INT2 purpose I/O input (INT2)
— P33 general- External interrupt
P33/INT3 purpose I/O input (INT3)
— P34 general- External interrupt N
Port3 | P34/INT4 purpose /0 input (INT4) CMOS CMOS E
— P35 general- External interrupt
P35/INTS purpose I/O input (INT5)
External interrupt
— P36 general- input (INT6)
P36/INTE/WEX purpose I/O WEX parallel port
control signal
External interrupt
— P37 general- input (INT7)
P37/INT7/RDX purpose I/O RDX parallel port
control signal

*. Resource inputs are hysteresis.
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See Section 1.7 "Pin Functions", for details of the circuit format.




m Block Diagram of Port 3

Figure 4.5-1 Block Diagram of Port 3 Pin

4.5 Port 3

Internal data bus

To external interrupt circuit

/I/T External interrupt input enable bit

AN

. PDR read

:From resource

output
From resource :
: output enable 5
' PDR read

¢ (bit manipulation instruction)

Output latch

:P30 only

Pull-up option register

o

PDR write

DDR

: (Port data direction register) | :
: DDR write :

:DDR read

DDR (port data direction register)

SPL:Pin state selection bit of standby control register (STBC)

Stop (SPL=1)

sl

—IL

P-ch

Pin

m Port 3 Registers (PDR3 and DDR3)
The registers related to port 3 are PDR3 and DDR3.

The bits in the registers correspond to the port 3 pins on a one-to-one basis.

Table 4.5-2 "Correspondence Between Port 3 Registers and Pins" shows the correspondence
between port 3 registers and pins.

Table 4.5-2 Correspondence Between Port 3 Registers and Pins

Port . . . .
name Related register bit and corresponding pin
PDR3, DDR3 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Port 3 ;
;‘r’]rreSpO”d'”g P37 | P36 | P35 | P34 P33 | P32 P31 P30
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45.1

Port 3 Registers (PDR3 and DDR3)

This section explains the registers related to port 3.

m Functions of the Port 3 Registers
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[Pbrt 3 data register (PDR3)

The PDR3 register indicates pin state. If a pin is set as an output port, the same value (0 or 1)
as the output latch can be read, but if it is set as an input port, the output latch value cannot be
read.

[Pbrt 3 data direction register (DDR3)
The DDR3 register sets the input-output direction of the pin for the corresponding bit.

When the bits corresponding to the port are set to 1, the pins are set as an output port. When
the bits are set to 0, the pins are set as an input port.

Reference:

Because the bit manipulation instructions (SETB and CLRB) read the output latch values
instead of the pin values, the output latch values of bits other than those that can be
manipulated are not changed.

[—Sktting for resource output

To use resources having output pins, set the resource output enable bit to enable.

Because resource output has priority, the setting values of the PDR3 and DDR3 registers
relevant to the resource output pins are not effective to the resource output values or output
enable state.

[Sktting for resource input

To use resources having input pins, set the pins corresponding to resource inputs as the input
port. The corresponding output latch values are not effective.

Table 4.5-3 "Functions of the Port 3 Registers" lists the functions of the port 3 registers.



Table 4.5-3 Functions of the Port 3 Registers

4.5 Port 3

pin.

Register Data Read Write Regd, Address | Initial value
name write
Set the output latch to 0
0 Pin stateis L | and output the L level to
level. the pin set as the output
Port 3 data port.
register R/W 000Cy XXXXXXXXg
(PDR3) Set the output latch to 1
1 Pin state is and output the H level to
H level. the pin set as the output
port.
Input port Disable output transistor
Port 3 data 0 state operation and set input pin.
direction : RW | 000D 00000000
register Output port Enable_ output transistor H H
(DDR3) 1 State operation and set output

R/W: Readable and writable
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4.5.2

Operation of Port 3

This section explains the operation of port 3.

m Operation of Port 3
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[—QOperation for output port

When the corresponding DDR3 register bits are set to 1, port 0 becomes an output port.

When port 3 is an output port, output transistor operation is enabled and output latch data is
output to the pins.

When data is written to the PDRS3 register, data is retained by the output latch and output to
the pins unchanged.

When the PDR3 register is read, the output latch values are always read.

[—QOperation for input port

When the corresponding DDR3 register bits are set to 0, port 3 becomes an input port.

When port 3 is an input port, the output transistor is set to off and the pins enter the high-
impedance state.

When data is written to the PDR3 register, data is retained by the output latch, but it is not
output to the pins.

When the PDR3 register is read, the pin values can be read.

[—QOperation for resource output

When the resource output enable bit is set to enable, the corresponding pins are set to
resource outputs.

[—Operation for resource input

The DDR3 register bits corresponding to the resource input pins are set to 0 to set an input
port.

The pin values are always input as resource inputs.

When the PDR3 register is read, the pin values can be read regardless of whether resources
use input pins.

[Operation for a reset

When the CPU is reset, the DDR3 register values are initialized to 0. All output transistors
are set to off (the port becomes an input port) and the pins enter the high-impedance state.

The PDR3 register is not initialized by a reset. If port 3 is used as an output port, output data
must be set in the PDR3 register before the corresponding DDR3 register is set to output.

[—Operation in stop mode

If the pin state selection bit (STBC: SPL) of the standby control register is set to 1 when stop
mode is entered, the output transistor is forcibly set to off and the pins enter the high-impedance
state. Inputis fixed to prevent leak caused by opening input.



4.5 Port 3

Table 4.5-4 "Port 3 Pin States" lists the states of port 3 pins.

Table 4.5-4 Port 3 Pin States

Normal operation
Pin name Sleep Stop (SPL =1) Reset
Stop (SPL =0)

General-purpose /O port/ Hi-Z (external

resource I/O interrupt input) Hi-Z

P30 to P37

SPL: Pin state selection bit (STBC: SPL) of standby control register
Hi-Z: High impedance

Reference:

If pull-up resistor is selected in the pull-up option register, the state of pins in stop mode
(SPL = 1) becomes H level (pull-up state) instead of high impedance. However, during
reset, the pull-up state becomes invalid, and the state of the pins becomes Hi-Z.
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46 Port4

Port 4 is the general-purpose I/O port that is also used for resource I/0O. The pins can
be used by switching between resources and port for each corresponding bit.

This section explains the functions of the general-purpose 1/0O port.

This section includes the port 0 configuration, pins, pin block diagram, and related
registers.

m Port 4 Configuration
Port 4 consists of the following three elements:
» General-purpose I/O pins/resource 1/O pins (P40/D0 to P47/PWM?2)
» Port 4 data register (PDR4)
» Port 4 data direction register (DDR4)

m Port 4 Pins
Port 4 has eight CMOS 1/O pins.

Of these pins, the pin that is also used for resources cannot be used as the general-purpose 1/0
port if resources are being used.

Table 4.6-1 "Port 4 Pins" lists the port 4 pins.
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Table 4.6-1 Port 4 Pins
I/0 i
Port Pin name Function Resources CtIrCUIt
name Input Output ype
DO parallel port input-
P40/D0 P40 general- output/external FIFO
purpose /O
data output
D1 parallel port input-
payp1 | PALgeneral output/external FIFO
purpose I/0O
data output
CMOS B
D2 parallel port input-
pagpp | P42 general output/external FIFO
purpose I/O
data output
D3 parallel port input-
P43/D3 P43 general- output/external FIFO
purpose I/O
data output
D4 parallel port input-
P44/D4/ P44 general- output/external FIFO *
Port4 | yck purpose 1/0 data output CMOS CMOS E
UCK UART/SIO
D5 parallel port input-
P45/D5/ P45 general- output/external FIFO
uo purpose I/0O data output CMOS B
UOK UART/SIO
D6 parallel port input-
P46/D6/ P46 general- output/external FIFO .
UIPWM2 | purpose I/0 data output CMOS E
PUTP UIK UART/SIO
PWM1 PWM output
D7 parallel port input-
P47/D7/ P47 general- output/external FIFO CMOS B
PWM2 purpose I/O data output
PWM2 PWM output

*. Resource interfaces are hysteresis inputs.

See Section 1.7 "Pin Functions", for details of the circuit format.
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m Block Diagram of Port 4

Figure 4.6-1 Block Diagram of Port 4 Pins (P40 to P47)

To resources —Clo_

~ P44 and P46 only

\_,/—lo—— Stop mode ‘§F

: : Pull-up option register
” :PDR read * From resource output Pop J
=) : : From resource
i ﬂ : Y output enable D > —IL P-cn
§ PDR read (bit manipulation instruction) o =
g % Output latch : ’:>/<J£ —| P-ch
&) : .
S| |:PDRwite Pin
% DDR _| N-ch
(Port data direction register)
: DDR write
Stop mode (SPL = 1)
: I:}
: DDR read

DDR (port data direction register)
SPL:Pin state selection bit of standby control register (STBC)

m Port 4 Registers (PDR4 and DDR4)
The registers related to port 4 are PDR4 and DDRA4.
The bits in the registers correspond to the port 4 pins on a one-to-one basis.
Table 4.6-2 "Correspondence Between Port 4 Registers and Pins" shows the correspondence

between port 4 registers and pins.

Table 4.6-2 Correspondence Between Port 4 Registers and Pins

Port Related register bit and corresponding pin
name
PDR4, DDR4 | Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Port 4 Corresponding | P47 | P46 | P45 | P44 P43 | P42 P41 P40
pin
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4.6 Port4

4.6.1 Port 4 Registers (PDR4 and DDR4)

This section explains the registers related to port 4.

m Functions of the Port 4 Registers

[Pbrt 4 data register (PDR4)

The PDRA4 register indicates pin state. If a pin is set as an output port, the same value (0 or 1)
as the output latch can be read, but if it is set as an input port, the output latch value cannot be
read.

Reference:

Because the bit manipulation instructions (SETB and CLRB) read the output latch values
instead of the pin values, the output latch values of bits other than those that can be
manipulated are not changed.

[Pbrt 4 data direction register (DDR4)
The DDRA4 register sets the input-output direction of the pin for the corresponding bit.

When the bits corresponding to the port are set to 1, the pins are set as an output port. When
the bits are set to 0, the pins are set as an input port.

[—Sktting for resource output
To use resources having output pins, set the output enable bit of the resources to enable.

Because resource output has priority, the setting values of the PDR4 and DDR4 registers
relevant to the resource inputs are not effective.

[Sktting for resource input

To use resources having input pins, set the pins corresponding to resource inputs as an input
port. The corresponding latch values are not effective.

Table 4.6-3 "Functions of the Port 4 Registers" lists the functions of the port 4 registers.
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Table 4.6-3 Functions of the Port 4 Registers

pin.

Register Data Read Write Re‘?‘d* Address | Initial value
name write
Set the output latch to 0
Pin stateis L | and output the L level to
0 .
level. the pin set as the output
Port 4 data port.
register R/W 00104 XXXXXXXXp
(PDRA4) Set the output latch to 1
1 Pin state is and output the H level to
H level. the pin set as the output
port.
0 Input port Disable output transistor
Port 4 data state operation and set input pin.
direction : RW | 0011 00000000
register Output port Enablg output transistor H B
(DDR4) 1 State operation and set output

R/W: Readable and writable

X: Undefined
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4.6.2 Operation of Port 4

This section explains the operation of port 4.

m Operation of Port 4

[—Qperation for output port

When the corresponding DDRA4 register bits are set to 1, port 4 becomes an output port.

When port 4 is an output port, output transistor operation is enabled and output latch data is
output to the pins.

When data is written to the PDR4 register, data is retained by the output latch and output to
the pins unchanged.

When the PDRA4 register is read, the pin values can be read.

[QOperation for input port

When the corresponding DDRA4 register bits are set to 0, port 4 becomes an input port.

When port 4 is an input port, the output transistor is set to off and the pins enter the high-
impedance state.

When data is written to the PDR4 register, data is retained by the output latch, but it is not
output to the pins.

When the PDRA4 register is read, the pin values can be read.

[ QOperation for resource output

When the resource output enable bit is set to enable, the corresponding pins are set to
resource output.

When resource output is enabled, the pin values can be read by the PDR4 register and the
resource output values can be read (except for parallel port output).

[ Operation for resource input

The DDRA4 register bits corresponding to the resource input pins are set to 0 to set the input
port.

The pin values are always input as resource inputs (except in stop mode).

When the PDR4 register is read, the pin values can be read regardless of whether the
resources use input pins.

[Olperation for areset

When the CPU is reset, the values of the DDR4 register bits are initialized to 0. The output
transistor is set to off (input port) and the pins enter the high-impedance state.

The PDRA4 register is not initialized by a reset. If port 4 is used as an output port, output data
must be set in the PDRA4 register before the corresponding DDR4 register is set to output.
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[—QOperation in stop mode

If the pin state selection bit (STBC: SPL) of the standby control register is set to 1 when stop
mode is entered, pins enter the high-impedance state. This is because the output transistor is
forcibly set to off regardless of the DDR4 register value. Input is fixed to prevent leak caused by

opening input.

Table 4.6-4 "Port 4 Pin States" lists the states of port 4 pins.

Table 4.6-4 Port 4 Pin States

Normal operation

PWM2

resource /O

Pin name Sleep Stop (SPL = 1) Reset
Stop (SPL =0)
P40/DO0 to P47/D7/ | General-purpose 1/O port/ Hi-7 Hi-7

SPL: Pin state selection bit (STBC: SPL) of standby control register

Hi-Z: High impedance

Reference:

If pull-up resistor is selected in the pull-up option register, the state of pins in stop mode

(SPL = 1) becomes H level (pull-up state) instead of high impedance.

However, during

reset, the pull-up state becomes invalid, and the state of the pins becomes Hi-Z.

Note:

The PDR4 and DDR4 registers in the general-purpose port also function as the PDCR
parallel port data control register and the PSR parallel port status register. When the parallel
port status register (PDIE bit of PSR) is used to switch the function from the general-purpose
port, the registers hold the latest values.



4.7 Port5

4.7 Portb

Port 5 is the general-purpose I/O port. The pins can be used by switching between
resources and ports for each corresponding bit.

This section explains the functions of the general-purpose 1/O port.

This section includes the port 0 configuration, pins, pin block diagram, and related
registers.

m Port 5 Configuration
Port 5 consists of the following three elements:
* General-purpose I/O pins/resource 1/O pins (P50/OBF/IBFX/W to P54/CEX)
« Port 5 data register (PDR5)
« Port 5 data direction register (DDR5)

m Port 5 Pins
Port 5 has five I/O pins for CMOS input and CMOS or N-ch open-drain output.

Of these pins, the pin that is also used for resources cannot be used as a general-purpose /O
port if resources are used.

Table 4.7-1 "Port 5 Pins" lists the port 5 pins.

Table 4.7-1 Port 5 Pins

I/0 P
Port Pin name Function Resources Circut
name Input Output type
esoi0gFy | psogenerat- | OSTIEE Pl Pt
IBFX/W purpose I/O .
signal CMOS B
P51/R P51 general- R external FIFO control
purpose I/O signal
Port5 | P52/EEX P52 general- EFX extgrnal FIFO CMOS
purpose I/O control signal
P53/FFX/ P53 general- F.FX external FIFO control N-ch open-
AO purpose I/O signal drain K
AO parallel port
P54/CEX P54 general- CEX parallel port
purpose I/O

See Section 1.7 "Pin Functions”, for details of the circuit format.
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m Block Diagram of Port 5

Figure 4.7-1 Block Diagram of Port 5 Pins P50 and P51

PDR (port data register)

@— Stop mode %

Pull-up option register

' PDR read From resource output
: : From resource )
- ﬂ : 1 output enable D > _| [ P-ch

;PDR read (bit manipulation instruction) -8/$

N
- Output latch
T P

: ' I P-ch
'PDRwrite .
D /| : |
e%?»— DDR | 1L N-eh
5 (Port data direction register)

. DDR write

{%g

' : DDR read

DDR (port data direction reglster)
SPL:Pin state selection bit of standby control register (STBC)

Internal data bus

Pin

Stop mode (SPL = 1)

Figure 4.7-2 Block Diagram of Port 5 pins P52 to P54

To resource input ﬁ

PDR (port data register)

................................................

Stop mode

()

' PDR read Pull-up option register

~| P-ch

Pin

: PDR read (bit manipulation instruction)

| Output latch ;
L b ; N-ch

' PDR write

Internal data bus

Stop mode (SPL = 1)

SPL:Pin state selection bit of standby control register (STBC)
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m Port 5 Registers (PDR5 and DDR5)
The registers related to port 5 are PDR5 and DDRS.
The bits in the registers correspond to the port 5 pins on a one-to-one basis.

Table 4.7-2 "Correspondence Between Port 5 Registers and Pins" shows the correspondence
between port 5 registers and pins.

Table 4.7-2 Correspondence Between Port 5 Registers and Pins

Port Related register bit and corresponding pin
name
PDR5 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl BitO
;?]”es'oond'”g - . . P54 P53 | P52 P51 P50
Port 5
DDR5 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
[C):i(r)]rrespondlng ) i i i i i P51 P50
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4.7.1

Port 5 Registers (PDR5 and DDR5)

This section explains the registers related to port 5.

m Functions of the Port 5 Registers

110

[Pbrt 5 data register (PDR5)

The PDRS5 register indicates pin state. If a pin is set as an output port, the same value (0 or 1)
as the output latch can be read. However, the pin set for an input port does not enable reading
of the output latch value.

Reference:

Because the bit manipulation instructions (SETB and CLRB) read the output latch values
instead of the pin values, the output latch values of bits other than those that can be
manipulated are not changed.

Note:
Set unused bits (bits 5 to 7) to 1.

[Pbrt 5 data direction register (DDR5)
The DDRS5 register sets the input-output direction of the pin for the corresponding bit.

When the bits corresponding to the port are set to 1, the pins are set as an output port. When
the bits are set to 0, the pins are set as an input port.

[—Sktting for resource output
To use resources having output pins, set the resource output enable bit to enable.

Because resource output has priority, the setting values of the PDR5 and DDRS5 registers

relevant to the resource output pins are not effective to the resource output values and output
enable state.

[Sktting for resource input

To use resources having input pins, set the pins corresponding to resource inputs to input port.
The corresponding output latch values are not effective.

Table 4.7-3 "Functions of the Port 5 Registers" lists the functions of the port 5 registers.



Table 4.7-3 Functions of the Port 5 Registers

4.7 Port5

Register Data Read Write Regd, Address | Initial value
name write
Set the output latch to "0"
0 Pin stateis L | and output the L level to
level. the pin set as the output
Port 5 data port.
register R/W 0012y XXXXXXXXg
(PDR5) Set the output latch to "1"
1 Pin state is and output the H level to
H level. the pin set as the output
port.
Input port Disable output transistor
Port 5 data 0 state operation and set input pin.
direction : RW | 0013, | XXXXXX00
register Output port Enable_ output transistor H B
(DDR5) 1 State operation and set output
pin.

R/W: Readable and writable

X: Undefined
-> Unused
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4.7.2

Operation of Port 5

This section explains the operation of port 5.

m Operation of Port 5

112

[—QOperation for output port

When the corresponding DDR5 register bits, other than bits 2 to 4, are set to 1, port 5
becomes an output port.

When port 5 is an output port, output transistor operation is enabled and output latch data is
output to the pins.

When data is written to the PDR5 register, data is retained by the output latch and output to
the pins unchanged.

When the PDR5 register is read, the pin values can be read.

[—QOperation for input port

When the corresponding DDR5 register bits, other than bits 2 to 4, are set to 0, port 5
becomes an input port.

When port 5 is an input port, the output transistor is set to off and the pins enter the high-
impedance state.

When data is written to the PDRS5 register, data is retained by the output latch, but it is not
output to the pins.

When the PDR5 register is read, the pin values can be read.

[—QOperation for resource output

When the resource output enable bit is set to enable, the corresponding pins are set to
resource output.

When resource output is enabled, the pin values can also be read by the PDR5 register and
the resource output values can be read.

[Operation for resource input

The DDRS5 register bits corresponding to resource input pins are set to 0 to set the input port.
The pin values are always input as resource inputs (except in stop mode).

When the PDR5 register is read, the pin values can be read regardless of whether the
resources use input pins.

[Operation for a reset

When the CPU is reset, the values of the DDRS5 register bits, other than bits 2 to 4, are
initialized to 0. The output transistor is set to off (input port) and the pins enter the high-
impedance state.

The PDRS5 register bits, other than bits 2 to 4, are not initialized by a reset. If port 5 is used
as an output port, output data must be set in the PDR5 register before the corresponding
DDRS5 register is set to output.



[Qperation in stop mode

4.7 Port5

If the pin state selection bit (STBC: SPL) of the standby control register is set to 1 when stop
mode is entered, pins enter the high-impedance state. This is because the output transistor is
forcibly set to off regardless of the DDRS5 register value. Input is fixed to prevent leak caused by

opening input.

Table 4.7-4 "Port 5 Pin States" lists the states of the port 5 pins.

Table 4.7-4 Port 5 Pin States

Normal operation

to P57/CEX2

resource /O

Pin name Sleep Stop (SPL =1) Reset
Stop (SPL =0)
P50/OBF/IBFX/W General-purpose /O port/ Hi-Z Hi-7

SPL: Pin state selection bit (STBC: SPL) of standby control register
Hi-Z: High impedance

Reference:

If pull-up resistor is selected in the pull-up option register, the state of pins in stop mode
However, during

reset, the pull-up state becomes invalid, and the state of the pins becomes Hi-Z.

(SPL = 1) becomes H level (pull-up state) instead of high impedance.
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48 Portb6

Port 6 is the 3.3 V general-purpose input port. The pins can be used by switching
between resources and port for each corresponding bit.

This section explains the functions of general-purpose input port.

This section includes the port 6 configuration, pins, pin block diagram, and related
registers.

m Port 6 Configuration
Port 6 consists of the following two elements:
» General-purpose input pins/resource input pins (P60/DIO to P67/DI7)
» Port 6 data register (PDR6)

m Port 6 Pins

Port 6 has eight CMOS input pins.

If resources are used, port 6 cannot be used as the general-purpose input port.

Table 4.8-1 "Port 6 Pins" lists the port 6 pins.

Table 4.8-1 Port 6 Pins
Input o
Port Pin name Function Resources format Circuit
name format
Input
P60/DIO P60 general-purpose input I(Egltg)rnal FIFO data input
P61/DI1 P61 general-purpose input I(Egltf)rnal FIFO data input
P62/DI2 P62 general-purpose input I(Egltze)rnal FIFO data input
P63/DI3 P63 general-purpose input I(Es(ltg)rnal FIFO data input
Port 6 . CMOS F
P64/Dl4 P64 general-purpose input I(Egltj)rnal FIFO data input
P65/DI5 P65 general-purpose input I(ESItSe)rnal FIFO data input
P66/DI6 P66 general-purpose input I(Es(ltg)rnal FIFO data input
P67/DI7 P67 general-purpose input I(Egr?e)rnal FIFO data input
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m Block Diagram of Port 6

Figure 4.8-1 Block Diagram of Port 6 Pin

4.8 Port 6

PDR (port data register)

e

Internal data bus

W

PDR read

Pin

m Port 6 Register

Table 4.8-2 Correspondence Between Port 6 Registers and Pins

The register related to port 6 is PDR6.

The bits in the register correspond to the port 6 pins on a one-to-one basis.

Table 4.8-2 "Correspondence Between Port 6 Registers and Pins" shows the correspondence
between the port 6 register and pins.

Port Related register bit and corresponding pin
name
PDR6 Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
Port 6 ;
pci?]”eSpO”d'”g P67 | P66 | P65 | P64 P63 | P62 P61 P60
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4.8.1 Port 6 Register (PDR6)

This section explains the register related to port 6.

m Function of Port 6 Register

[Pbrt 6 data register (PDR6)

The PDR6 register indicates pin state. When the PDRG6 register is read, the pin values can be
read.

Table 4.8-3 "Functions of the Port 6 Registers" lists the functions of the port 6 register.

Table 4.8-3 Functions of the Port 6 Registers

Register name Data Read Ijverzi%[((ja’ Address | Initial value
Pin state is
; 0 "L" level
PFf’gFdeata register R 0014, | XXXXXXXXg
( ) Pin state is
1 n n
H" level.
R: Read only
X: Undefined
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4.8 Port 6

4.8.2 Operation of Port 6

This section explains the operation of port 6.

m Operation of Port 6

[ Qperation for input port

« When the PDRG6 register is read, the pin values can be read.

[QOperation for resource input
* The pin values are always input as resource inputs.
* When the PDRG6 register is read, the pin values can be read regardless of whether resources
use input pins.
[—Operation for areset
* The PDR6 register is not reset.

[Qperation in stop mode

Because the input being left open is liable to cause a leakage from the pin during stop mode,
keep the pin in a fixed level at H or L.

Table 4.8-4 "Port 6 Pin States" lists the states of port 6 pins.

Table 4.8-4 Port 6 Pin States

Normal operation
Pin name Sleep Stop (SPL =1) Reset
Stop (SPL =0)

P60/DIO to General-purpose input port/ Hi-7 Hi-7
P67/DI7 resource input

Hi-Z: High impedance
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4.9 Program Example of the I/O Ports

This section contains a program example that uses I/O ports.

m Program Example of the I/O Ports

[Processing specification
» Ports 0 and 1 light all 7-segment (8-segment including Dp) LEDs.

« The P00 pin corresponds to the LED anode common pin, and the P10 to P17 pins
correspond to segment pins.

Figure 4.9-1 "Example of Connecting an 8-Segment LED Connection" shows an example of
connecting an 8-segment LED.

Figure 4.9-1 Example of Connecting an 8-Segment LED Connection

MB89580B/BW
POO I
P17
P16 W
P10 —W’ /o
[Cbding example (comply with Softune V1)
PDRO EQU 0000H ;Address port 0 data register
DDRO EQU 0001H ;Address of port 0 data direction
register
PDR1 EQU 0002H ;Address of port 1 data register
DDR1 EQU 0003H ;Address of port 1 data direction
register
;——-Main program-----—-—-——-——-———————————
CSEG ; [CODE SEGMENT]
CLRB PDRO: 0 ;Set P00 to L level
MOV PDR1,#11111111B ;Set all bits for port 1 to H level
MOV DDRO, #11111111B ;Set P00 to output. #xxxxxxx1B can
be set
MOV DDR1, #11111111B ;Set all bits for port 1 to output
ENDS
END
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CHAPTER S TIMEBASE TIMER

This chapter explains the functions and operation of the timebase timer.

5.1
5.2
5.3
5.4
5.5
5.6
5.7

"Overview of the Timebase Timer"
"Configuration of the Timebase Timer"
"Timebase Timer Control Register (TBTC)"
"Interrupts of the Timebase Timer"
"Operations of the Timebase Timer"
"Notes on Using the Timebase Timer"

"Program Example of the Timebase Timer"
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CHAPTER 5 TIMEBASE TIMER

5.1 Overview of the Timebase Timer

The timebase timer is a 21-bit free-run counter that is incremented by synchronization
with an internal count clock (divide-by-two clock of the main clock oscillation). It has
an interval timer function for choosing from among four time intervals. It also outputs
an oscillation stabilization wait time and supplies operating clocks, such as a
watchdog timer, to peripheral devices.

The timer is stops in any mode in which main clock oscillation stops.

m [nterval Timer Function
This function generates repeated interrupts at specified intervals:
» The function generates an interrupt if an interval timer bit overflows in the timebase timer.
» There are four interval timer bits (intervals) that can be selected.

Table 5.1-1 "Timebase Timer Intervals” lists these intervals.

Table 5.1-1 Timebase Timer Intervals

Internal count clock cycle Interval

213/F oy (About 0.68 ms)

215/F <y, (About 2.73 ms)

2/Fc(0.167 us)
218/F oy (About 21.85 ms)

222|F oy (About 349.53 ms)

Fcn: Main clock oscillation
Values in parentheses indicate main clock oscillation of 12 MHz.
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5.1 Overview of the Timebase Timer

m Clock Supply Function

This function outputs an oscillation stabilization wait time (four types) and supplies operating
clocks to some peripheral devices.

Table 5.1-2 "Clocks Supplied by Timebase Timer" lists the number of clock cycles supplied from
the timebase timer.

Table 5.1-2 Clocks Supplied by Timebase Timer

Destination Number of cycles Remarks
Main clock 214/FCH (About 1.37 ms) Selected using the oscillation stabilization
oscillation 17 wait time selection bit (SYCC: WT1,
stabilization wait 2*'[Fcy (About 10.92 ms) | \wT0) in the system clock control register
time 218/FCH (About 21.85 ms) in the clock control section.
Watchdog timer 222/F 4 (About 349.53 ms) | Count-up clock for watchdog timer

Fch: Clock oscillation
Values in parentheses indicate main clock oscillation of 12 MHz.

Note:

The oscillation stabilization wait time is the standard because the oscillation cycle is unstable
immediately after oscillation start.
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CHAPTER 5 TIMEBASE TIMER

5.2 Configuration of the Timebase Timer

The timebase timer consists of the following four blocks:
» Timebase timer counter

* Counter clearance circuit

* Interval timer selector

* Timebase timer control register (TBTC)

m Block Diagram of the Timebase Timer

Figure 5.2-1 Block Diagram of the Timebase Timer

Timebase timer counter To watchdog timer
Fch divided 9 x21 x22 x23 x26 x27 x28 x29 x21° x4 x212 x213 x214| 215 x216 x2Y7| . ><22° x221 :
by two
Counter clearance
To oscillation stabilization
wait time selector in clock
control section
- OF OF
Watchdog timer L oF [ OF
clearance li
Power-on reset ———~ Gounter _l -
clearance Interval timer
Stop mode start ———{__circuit selector <
IRQ7
Timebase timer @_C
interrupt
OF : Overflow TBOF|TBIE| — | — | — |TBC1|TBCO| TBR
Fcu: Main clock oscillation -
TBTC register

[Timer counter

This 21-bit counter is incremented using divide-by-two clocks of the main clock oscillation. The
counter stops if the clock oscillation stops.

[Cbunter clearance circuit

This circuit clears the counter if TBR is set to "0" in the TBTC register, the mode is switched to
stop mode (STP =1 in STBC), or a power-on reset occurs.
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5.2 Configuration of the Timebase Timer

[Idterval timer selector

This circuit selects one of the four interval timer bits in the timebase timer counter. Overflow of
the selected bit causes an interrupt.

[TBTC register

This register is used to select an interval, control counter clearance and interrupts, and check
conditions.
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CHAPTER 5 TIMEBASE TIMER

5.3 Timebase Timer Control Register (TBTC)

The timebase timer control register (TBTC) is used to select the interval time, clear the
counter, control the interrupts, and check the status.

m Timebase Timer Control Register (TBTC)

Figure 5.3-1 Timebase Timer Control Register (TBTC)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
O0OOAwW|TBOF|TBIE| — | — F TBC1|TBCO| TBR | 00XXX000s
R/W R/W RW RW W

Timebase timer initialization bit
TBR -
Read Write
0 Timebase timer counter is
cleared.
) 1is always read. The bit is not changed;
operation is not affected.
TBC1|TBCO Interval selection bit
0 0 2/*%FcH
0 1 2%/Fch
1 0 2'8/Fch
1 1 222|Fch
Fer: Main clock oscillation
TBIE Interrupt request enable bit
0 Interrupt request output is disabled.
1 Interrupt request output is enabled.
Overflow interrupt request flag bit
TBOF -
Read Write
R/W :Readable/writable o [The specified bitdoes |y it is cleared.
W :Write-only not overflow.
— :Unused o -
. The specified bit
X :Undefined 1 ﬂp Readable/writable
[ ] :Initial value overriows.
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5.3 Timebase Timer Control Register (TBTC)

Table 5.3-1 Functions of TBTC Bits

Bit

Function

TBOF:
Overflow interrupt
request flag bit

e This bit is set to "1" if the specified bit in the timebase timer counter
overflows.
« An interrupt request is output when this bit and the interrupt request

bit7 enable bit (TBIE) are set to "1".
» Writing "0" to this bit clears it. If "1" is written, the bit is not changed,
and operation is not affected.
TBIE: » This bit disables and enables output of an interrupt request to the
bit6 Interrupt request CPU. An interrupt request is output when this bit and TBOF are set to
enable bit "1
bit5 Unused » The read value is undefined.
bit4 » Writing to this bit has no effect on operation.
bit3
: TBC1, TBCO: » These bits select an interval timer cycle.
bit2 : . . . L : ) . o
bit1 Interval selection bit * An interval timer bit in the timebase timer counter is specified.
» Four intervals are selectable.
TBR: » This bit clears the timebase timer counter.
Timebase timer » If"0" is written to this bit, the counter is cleared to " 0000004" . If "1"is
bit0 initialization bit written, the bit is not changed, and operation is not affected.

Reference:
"1" is always be read.
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5.4

Interrupts of the Timebase Timer

An interrupt is generated if the selected bit in the timebase timer counter overflows
(interval timer function).

m Interrupts Related to Operation of the Interval Timer Function

If the counter is incremented by an internal count clock and the specified interval timer bit
overflows, the overflow interrupt request flag bit (TBOF in TBTC)) is set to "1". If the interrupt
request enable bit (TBIE in TBTC) has also been set to "1", an interrupt request (IRQ7) is issued
to the CPU. Clear the interrupt request with the interrupt handling routine by setting it to write
"0" to the TBOF bit. The TBOF bit is set to "1" if the specified bit overflows regardless of the
TBIE bit value.

Note:

» To enable an interrupt request output (TBIE = 1) after a reset is released, be sure to clear
the TBOF bhit (TBOF = 0).

* An interrupt request is issued immediately if interrupt request output is enabled (the TBIE bit
changes from 0 to 1) while the TBOF bit is "1".

» The TBOF bit is not set to "1" if the counter is cleared (TBR = 0 in TBTC) and the selected bit
overflows at the same time.

m Oscillation Stabilization Wait Time and Timebase Timer Interrupt

If an interval shorter than the clock oscillation stabilization wait time is set, a timebase timer
interval interrupt request (TBOF = 1 in TBTC) is issued when operation in clock mode starts.
Disable timebase timer interrupts (TBIE = 0) when shifting to the mode in which clock oscillation
stops (stop mode).

m Register and Vector Table Related to Timebase Timer Interrupts
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Table 5.4-1 Register and Vector Table Related to Timebase Timer Interrupts

Interrupt Interrupt level setting register Vector table address
name
Register Bits to be set High-order Low-order
IRQ7 ILR2(007Dy) L71(bit7) L70(bit6) FFECH FFEDy

For the operation of interrupts, see Section 3.4.2 "Processing During Interrupt Operation".



5.5 Operations of the Timebase Timer

5.5 Operations of the Timebase Timer

The timebase timer functions as interval timer and as a supplier of clocks to some
peripheral devices.

m Operation of the Interval Timer Function (Timebase Timer)

Figure 5.5-1 Setting for the Interval Timer Function

bit7 bité bit5 bit4 bit3 bit2 bitl bit0

TBTC TBOF| TBIE| — | —  — |TBC1|TBCO| TBR © :Bits used
1 :Settol
0 1 © © 0 0 :Setto0

The timebase timer counter is incremented continuously by synchronization with the internal
count clock (main clock oscillation) unless clock oscillation stops.

If the counter is cleared (TBR = 0), counting restarts at "0". When the selected interval timer bit
overflows, the overflow interrupt request flag bit (TBOF) is set to "1". In other words, interrupt
requests are issued at selected intervals by using the clearance time as the standard.

m Operation of Clock Supply Function

The timebase timer is also used to set the clock oscillation stabilization wait time. The time until
the bit for oscillation stabilization wait time overflows after the timebase timer counter is cleared
is set as the oscillation stabilization wait time. An oscillation stabilization wait time can be
selected from among three values by the using oscillation stabilization wait time selection bits in
the system clock control register (WT1 and WTO in SYCC).

m Operation of Timebase Timer
Figure 5.5-2 "Operation of Timebase Timer" shows the operations for the following events:
* A power-on reset occurs.
« The mode changes to sleep mode while the interval timer function is operating.
« The mode changes to stop mode.
» Clearing of the counter is requested.

When stop mode is set, the timebase timer is cleared and stopped. When processing is
restored from stop mode, the timebase timer counts the oscillation stabilization wait time.
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Figure 5.5-2 Operation of Timebase Timer

Counter value
1 =

Clearance by switch
to stop mode

Oscillation stabilization
wait overflow

00000+ T
< SE— | | :
.  Interval cycle : 3 !
thrLtJ operation (TBTC.TBCL, TBCO=11+) 3 Counter clearance

Power-on reset

(TBTC:TBR=0)
(option) 1

Clearance by inferrupt héndling rdutine
TBOF bit [ [

IBIE bit ] T e

| P —
SLP bit j [
(STBC register) ‘ ‘

1 . Stop
Sleep release by IRQ7 —

STP bit
(STBC register)

Stop release by external interrupt

When 11 is set for the interval selection bits in the timebase timer control register
(TBC1 and TBCO in TBTC)

[ ]:Indicates the oscillation stabilization wait time




5.6 Notes on Using the Timebase Timer

5.6 Notes on Using the Timebase Timer

This section provides notes on using the timebase timer.

m Notes on Using the Timebase Timer

[Nbtes on setting a program
Control cannot return from the interrupt handler if the interrupt request flag bit (TBOF in TBTC)
is set to "1" and the interrupt request enable bit (TBIE in TBTC) is also set to "1". Be sure to
clear the TBOF bit after setting the TBIE bit.

[TImebase timer clearance
The timebase timer is also cleared when the clock oscillation stabilization wait time is required in
addition to clearance by the timebase timer initialization bit (TBR = 0 in TBTC).

[Uke for oscillation stabilization wait time

The clock oscillation stabilization wait time is set using the timebase timer after the oscillator
starts if power is turned on in stop mode because clock oscillation has stopped.

A suitable oscillation stabilization wait time should be selected for the type of a resonator
connected to the clock oscillator (clock generation section).

See Section 3.6.5 "Oscillation Stabilization Wait Time" for details.

[Peripheral functions to which clocks are supplied from timebase timer

In a mode in which clock oscillation has stopped, the counter is cleared and the timebase timer
stops. The H level of a clock from the timebase timer may become shorter because of output
after initialization if the counter is cleared. The L level may also become longer by as much as
half its original length. The clock output to the watchdog timer is also initialized, but the
watchdog timer operates with a normal cycle because its counter is also cleared.
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5.7 Program Example of the Timebase Timer

This section contains a timebase timer program example.

m Program Example of the Timebase Timer

[Processing specifications

Interval timer interrupts are generated repeatedly at intervals of 218/Fch (Fch: Main clock
oscillation (12 MHz)). This interval is about 21.85 ms (for 12 MHz).

[Cbding example (comply with Softune V1)

TBTC EQU 0000AH ;TBTC register address
TBOF EQU TBTC:7 ;TBOF bit definition
ILR2 EQU 007DH ;Interrupt level setting
register address
INT_V DSEG ABS ; [DATA SEGMENT]
ORG OFFECH
IRQ7 Dw WART Interrupt vector setting

INT_V ENDS
jo—————— Main PrOgram———— == -
CSEG ; [CODE SEGMENT]
;The stack pointer (SP) has
been initialized.

CLRI ;Interrupt is disabled.

MOV ILR2,#01111111B ;Interrupt level setting
(level 1)
MOV TBTC, #01000100B ;Interrupt request flag

clearance, interrupt request
output enabled

218 /Fcu selection, timebase
timer clearance

SETT ;Interrupt program
WART CLRB TBOF ;Interrupt request flag
clearance
PUSHW A
XCHW A,T
PUSHW A

User Processing

POPW A

XCHW A,T
POPW A
RETT

ENDS

END
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CHAPTER 6 WATCHDOG TIMER

This chapter explains the functions and operation of the watchdog timer.

6.1 "Overview of the Watchdog Timer"

6.2 "Configuration of the Watchdog Timer"

6.3 "Watchdog Control Register (WDTC)"

6.4 "Operations of the Watchdog Timer"

6.5 "Notes on Using the Watchdog Timer"

6.6 "Program Example of the Watchdog Timer"
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CHAPTER 6 WATCHDOG TIMER

6.1 Overview of the Watchdog Timer

The watchdog timer is a one-bit counter that operates using output from the timebase
timer as a count clock. It resets the CPU if it is not cleared within the specified time
after it is activated.

m Watchdog Timer Function

132

The watchdog timer is a counter that prevents a program from becoming a runaway. It must be
cleared within the specified time after it is activated. If it is not cleared within the specified time
due to, for example, an endless program loop, it generates a watchdog reset signal in a four-
instruction cycle to the CPU.

Table 6.1-1 "Watchdog Timer Interval” lists the watchdog timer intervals. If the watchdog timer
is not cleared within the specified time, a watchdog reset signal is generated between the
minimum time and the maximum time in the table. Clear the counter within the minimum time.

Table 6.1-1 Watchdog Timer Interval

Count clock

Timebase timer output (for main clock oscillation of 12 MHz)

Minimum time approx. 349.5 ms

Maximum time approx. 699.1 ms

*: Main clock oscillation (Fcp) divided by 2 x count of the timebase timer (221)

See Section 6.4 "Operations of the Watchdog Timer" for the minimum and maximum times.
Note:

» The watchdog timer counter is also cleared when the timebase timer is cleared (TBR = 0 in
TBTC) because output from the timebase timer is selected as the count clock. The
watchdog timer function is not valid if the timebase timer used as its count clock timer is
cleared repeatedly within the interval specified for the watchdog timer.

» The watchdog timer counter is cleared when the mode changes to sleep or stop mode. It
does not operate until ordinary operation (running status) is restored.

» The counter of the watchdog timer is cleared during USB data transfer and the timer
resumes operation after the transfer is completed.




6.2 Configuration of the Watchdog Timer

6.2 Configuration of the Watchdog Timer

The watchdog timer consists of the following four blocks:

Watchdog timer counter

Reset control circuit

Counter clearance control circuit
Watchdog control register (WDTC)

Block Diagram of the Watchdog Timer

Figure 6.2-1 Block Diagram of the Watchdog Timer

Watchdog control register (WDTC)

— | — | — | — | WTE3 | WTE2 | WTE1 | WTEO

Watchdog timer

Clearance | Activation
222|Fcy One-bit Overflow |Reset control
counter oL
(timebase timer output) circuit

Clearance signal
from timebase timer

Counter clearance
Sleep mode start control circuit
Stop mode start

FcH : Main clock oscillation

— RST

[Watchdog timer counter (one-bit counter)

This one-bit counter operates using output from the timebase timer or watch prescaler as its

count clock.

[REset control circuit

This circuit generates a reset signal to the CPU if the watchdog timer counter overflows.

[—Cbunter clearance control circuit

This circuit controls clearing of the watchdog timer counter and stopping of its operation.
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CHAPTER 6 WATCHDOG TIMER
[Watchdog control register (WDTC)

This register selects a count clock, activates the watchdog timer counter, and clears it. Since
the register can only be written to (write-only), bit manipulation instructions cannot be used on it.
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6.3 Watchdog Control Register (WDTC)

The watchdog control register (WDTC) is a register to activate/clear the watchdog

timer.

m Watchdog Control Register (WDTC)

Figure 6.3-1 Watchdog Control Register (WDTC)

Address
0009+

bit7 bit6 bits5 bit4 bit3 bit2 bitl bit0 Initial value

WTE3 | WTE2 | WTEL | WTED| XXXXXXXXs

W : Write-only
— :Unused
X :Undefined

w W W w
\ \ \ \

L WTE3

WTE2 | WTE1 | WTEO Watchdog control bit
- The watchdog timer is activated
0 1 0 1 (only for the first write after a reset).
* The watchdog timer is cleared
(for a second or subsequent write after a reset).
Other values No operation

Note : Since this register can only be written to (write-only), bit manipulation instructions cannot be used on it.

Table 6.3-1 Functions of WDTC Bits

Bit Function
bit7 Unused Always write 0.
bit6 Unused * Read values are undefined.
bit5 « Writing has no effect on operation.
vit4
bit3 WTE3, WTE2, | « The watchdog timer is activated (the first write after a reset)
bit2 WTE1, WTEQO: or cleared (the second or subsequent write after a reset)
bitl Watchdog when 01015 is written.
bit0 control bits * Writing a value other than 01015 has no effect on operation.

Note:
11115 is always read. Bit manipulation instructions cannot
be used.
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WATCHDOG TIMER

6.4 Operations of the Watchdog Timer

The watchdog timer generates a watchdog reset signal if the watchdog timer counter

overflows.

m Operations of the Watchdog Timer

[Artivation of the watchdog timer

* The watchdog timer is activated when 0101g is written to the watchdog control bits in the
watchdog control register (WTE3 to 0 in WDTC) in the first write after a reset.

» The watchdog timer, once it is activated, can be stopped only by a reset.

[Clearance of the watchdog timer

* The watchdog timer counter is cleared when 0101p is written to the watchdog control bits in
the watchdog control register (WTE3 to 0 in WDTC) in the second or subsequent write after
a reset.

» If the counter is not cleared within the specified time, it overflows and an internal reset signal
in a four-instruction cycle is generated.

[Watchdog timer interval

The interval changes according to watchdog timer clearance timing. Figure 6.4-1 "Watchdog
Timer Clearance and Interval" shows the relationship between the clearance timing and interval
with output from the timebase timer used as the count clock (for Main clock oscillation of
12MHz).

Figure 6.4-1 Watchdog Timer Clearance and Interval

Minimum time _ 3495ms
N l

Count clock output from | | | | |
(¥ 1

timebase timer

Watchdog clearance O‘

erflow
One-bit watchdog
timer counter 1
Watchdog reset |_|
Maximum time 699.1 ms
. y

Count clock output from | | | | |

timebase timer
Watchdog clearance Ovefﬂow
One-bit watchdog : ‘

timer counter _l |
Watchdog reset T
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6.5 Notes on Using the Watchdog Timer

This section provides notes on using the watchdog timer.

m Notes on Using the Watchdog Timer

[Stopping of the watchdog timer

The watchdog timer, once it is activated, cannot be stopped until a reset occurs.

[Clearance of the watchdog timer

« If a counter (timebase timer) used to generate watchdog timer count clocks is cleared, the
watchdog timer counter is also cleared.

« The watchdog timer counter is cleared if the mode is changed to sleep or stop mode.

[Program creation

If a program is created so that the watchdog timer is cleared repeatedly in the main loop, the
main loop processing time, including interrupt handling, must be within the minimum interval.
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6.6 Program Example of the Watchdog Timer

This section shows a program example.

m Program Example of the Watchdog Timer

[Processing specifications
» The watchdog timer is activated immediately after the program starts.
» The watchdog timer is cleared in each loop of the main program.
» The cycle of the main loop, including interrupt handling, must be within the minimum interval
(about 349.5 ms for 12 MHz).

[Cbding example (comply with Softune V1)

WDTC EQU 00009H ;Address of WDTC register
WDT_CLR EQU 00000101B

VECT DSEG ABS ; [DATA SEGMENT]
ORG OFFFEH

RST V DW PROG ;Reset vector setting

VECT ENDS

o ———— Maln ProOgram—————— =
CSEG ; [CODE SEGMENT]

PROG ;Initialization routine for a reset
MOVW SP,#0280H ;Setting of stack pointer initial

(value for interrupt handling)
Péripheral function (interrupt) initialization
INIT MéV WDTC, #WDT_CLR ;Watchdog timer activation
MAIN Mév WDTC, #WDT_CLR ;Watchdog timer clearance

User processing (Interrupt handling may be activated
durinthis time.)

JMP MAIN ;Must be set in a loop with a cycle

shorter than the minimum interval.
ENDS
END
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CHAPTER 7 2-CHANNEL 8-BIT PWM TIMER

This chapter explains the functions and operation of the 2-channel 8-bit PWM timer.

7.1 "Overview of the 2-Channel 8-Bit PWM Timer (Interval Timer Function)"
7.2 "Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer Function)"
7.3 "Configuration of the 2-Channel 8-Bit PWM Timer"

7.4 "Pins of the 2-Channel 8-Bit PWM Timer"

7.5 "Registers of the 2-Channel 8-Bit PWM Timer"

7.6 "Interrupts of the 2-Channel 8-Bit PWM Timer"

7.7 "Operations of the Interval Timer Function”

7.8 "Operations of the 8-Bit PWM Mode"

7.9 "Operations of the 7-Bit PWM Mode"

7.10 "Operations of the CH12PWM Mode"

7.11 "Prescaler Operation of the 2-Channel 8-Bit PWM Timer"

7.12 "Operation for Standby Mode and Intermediate Stop"

7.13 "Notes on Using the 2-Channel 8-Bit PWM Timer"

7.14 "Program Examples of the 2-Channel 8-Bit PWM Timer (Interval
Function)"

7.15 "Program Examples of the 2-Channel 8-Bit PWM Timer (PWM Timer
Function)"
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7.1 Overview of the 2-Channel 8-Bit PWM Timer (Interval Timer
Function)

The 2-channel 8-bit PWM timer consists of two 8-bit PWM timers (CH1, CH2) that are
incremented by synchronization with internal count clocks that can be selected from
among four types. Each of these 8-bit PWM timers can be selected as an interval timer
that can output rectangular waves or a PWM timer with 8-bit or 7-bit resolution. The
interval timer function can operate in 8-bit timer mode, where CH1 and CH2 are used
independently, and in CK12 mode, where CH1 and CH2 are linked for use.

m Interval Timer Function (Rectangular Output Function)
This function generates interrupts repeatedly at selected intervals.
Since the output level of a pin (PWM pin) can also be inverted each time an interrupt is
generated, rectangular output with an optional frequency is possible.
[8Ibit timer mode
The CH1 and CH2 timers can operate independently in this mode:

» Interval timer operation with a cycle between the count clock cycle and a cycle obtained by
multiplying it by 28is possible.
» A count clock can be selected from among four clocks.

Table 7.1-1 "Intervals and Rectangular Wave Output Ranges" lists intervals and rectangular
output ranges.

Table 7.1-1 Intervals and Rectangular Wave Output Ranges

Count clock cycle Interval Rectangular wave output (Hz)
Ltinst Ltinst 10 28tinst 1/(2tinsy) 10 1/(2%ns0)
Internal count 8tingt 23tnst 10 2 gt 1/(2%60) to 1/(2%2%tng))
clock 16t 2% t0 2128, 1/(25tngy) 10 11238 150)
64tnst 2561 10 21 ngt 112 tinst) to 1/(2%ng))

tinst - INStruction cycle (depending on the clock mode)

[Ekample of calculation of the interval and rectangular output frequency

The interval can be calculated as shown below when the count clock cycle is set to 1 tj,s and
main clock oscillation (Fcy) has been set to 12 MHz and the PWM compare register (COMR)
value has been set to DDy (221). The frequency of a rectangular wave output from the PWM

pin in continuous operation without this COMR value being changed can be calculated as
shown below.

It is assumed in this example that the fastest clock is selected (CS1/CS0O = 11, one instruction
cycle = 4/Fcp) as the clock mode (SCS = 1) in the system clock control register (SYCC).
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Interval = (1 x 4/FcH) X (COMR register value + 1)
= (4/12 MHz) x (221 + 1)
= 74 ps
Output frequency = Fcr/(1 x 8 x (COMR register value + 1))
=12 MHz / (8 x (221 + 1))
nearly equal to 6.76 kHz

[CCK12 mode

In this mode, the CH1 and CH2 timers are used in linkage. Rectangular output from the CH1
timer becomes the count clock for the CH2 timer in this mode:

« For the CH1 and CH2 timers, the interval timer can operate with a cycle between the count
clock cycle and a cycle obtained by multiplying it by 28,

e The CHL1 timer is selected from among four count clock types.
« Rectangular output from the CH1 timer is used as the count clock for the CH2 timer.

Table 7.1-2 "Intervals and Rectangular Wave Output Ranges" lists intervals and rectangular
output ranges.

Table 7.1-2 Intervals and Rectangular Wave Output Ranges

Count clock cycle Interval Rectangular wave output (Hz)
Ltinst 1tjpst to 28tinst 1/(2tjpsp) to 1/ (thinst)
8tinst 23tinst to 21:Ltinst 1/(24tinst) to 1/(212tinst)
CH1 Internal count clock
16tinst 24tinst to 212tinst 1/(25tinst) to 1/(213tinst)
64tinst 26tinst to 214tinst 1 (27tinst) to 1/ (letinst)
CH2 CHA1 rectangular output | 2tjer to 2156 2tinet 10 2235t 1/(2%tpsp) 10 1/(2%%iner)

tinst - Instruction cycle (depending on the clock mode)
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[Ekample of calculation of the interval and rectangular output frequency

The interval can be calculated as shown below when the CH1 count clock cycle is set to 1 tj,
and main clock oscillation (Fcy) has been set to 12 MHz and DDy, (221) has been set in PWM

compare registers 1 and 2 (COMR1, COMR2). The frequencies of rectangular waves output
from the PWM pin in continuous operation without any changes to these COMR values can be
calculated as shown below.

It is assumed in this example that the fastest clock is selected (CS1/CSO = 11, one instruction
cycle = 4/Fcp) as clock mode (SCS = 1) in the system clock control register (SYCC).

CH1 interval = (1 x 4/FcH) x (COMRL register value + 1)
= (4/12 MHz) x (221 + 1)
= 74 pys
CH1 output frequency = FcH/(1 x 8 x (COMRL1 register value + 1))
=12 MHz / (8 x (221 + 1))
nearly equal to 6.76 kHz
CH2 interval = (1/CH1 output frequency) x (COMR2 register value + 1)
= (1/6.76 kHz) x (221 + 1)
nearly equal to 32.8 ms
CHZ2 output frequency = CH1 output frequency/(COMR2 register value + 1)
=6.76 kHz /(221 + 1)
nearly equal to 30.45 Hz
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7.2 Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer
Function)

The 2-channel 8-bit PWM timer consists of two 8-bit PWM timers (CH1, CH2) that are
incremented by synchronization with internal count clocks that can be selected from
among four types. Each of these 8-bit PWM timers can be selected as an interval timer
that can output rectangular waves or a PWM timer with 8-bit or 7-bit resolution.

m Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer Function)

The PWM timer can operate in 8-bit PWM mode, where CH1 and CH2 are used independently;
7-bit PWM mode (high-speed mode); and CH12PWM mode, where a PWM wave is generated
by specifying the L width with CH1 and the cycle with CH2. Also, rectangular output from the
CH1 timer operating in 8-bit timer mode can be selected as the count clock for the CH2 timer

(CK12PWM mode). When a low pass filter is connected to PWM output, the circuit can be used
an a D/A converter.

Figure 7.2-1 Example of D/A Converter Configuration with PWM Output and Low Pass Filter

PWM output Anal va)
nalog output (Va
PWM pin —
AN ——
R L
Analog output waveform
T Relationship between analog output voltage and PWM
va Vvec  output waveform:
Va Va/Vce = ThlT
l Tr indicates the time required until the output becomes stable.
Tr t o

PWM output waveform
Vce

Tw To

Reference:
Example of calculating the PWM wave (CH12PWM mode)

The PWM wave can be calculated as shown below when the CH1 and CH2 count clock
cycles are set to 1 tj,5; and main clock oscillation (Fcy) has been set to 12 MHz and the

PWM compare register values have been set to 01 (COMR1) and 034 (COMR?2).

It is assumed in this example that the fastest clock is selected (CS1/CSO = 11y, one
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instruction cycle = 4/F¢}) as the clock mode (SCS = 1) in the system clock control register
(Syco).

L width = (1 x 4/FcH) x (COMR1 value + 1)
= (4/12 MHz) x (1 + 1)
nearly equal to 0.67 ps
1 cycle width = (1 x 4/FcH) x (COMR2 value + 1)
= (4/12 MHz) x (3 + 1)
nearly equal to 1.34 us

Reference:

During PWM timer operation, interrupt requests are issued only in CH12PWM mode.

m PWM Timer Function

144

This function outputs PWM waves by controlling the H width of a cycle or controlling the L width
and cycle independently. When a low pass filter is connected to the output, the circuit can also
be used as a D/A converter.

When the CH1 and CH2 timers are used independently, 8-bit PWM mode and 7-bit PWM mode
(high-speed mode) can be selected for each timer.
[—8Ibit PWM mode

» Since the H width of a cycle can be controlled with resolution to 1/256, PWM output with a
duty ratio from 0 to 99.6% is possible.

* Four PWM wave cycles 28 times as long as the four count clock cycles can be selected.

[71bit PWM mode (high-speed mode)

» Since the H width of a cycle can be controlled with resolution to 1/128, PWM output with a
duty ratio from 0 to 99.2% is possible.

« Four PWM wave cycles 27 times as long as the four count clock cycles (these lengths are
half those in 8-bit PWM mode) can be selected.
[CK12PWM mode (8-bit PWM, 7-bit PWM)

» 8-bit PWM or 7-bit PWM can be selected for the CH2 timer. Rectangular output from the
CHZ1 timer is always used as the count clock for the CH2 timer.

» For the CH1 timer, only 8-bit timer mode can be used. The PWM wave cycle can be
controlled.
[CH12PWM mode

» The L width of the PWM wave can be controlled for each of the four CH1 count clock cycles,
ranging one cycle to 28 times the cycle.

» The PWM wave cycle can be controlled for each of the four CH2 count clock cycles, ranging
one cycle to 28 times the cycle.

e The minimum PWM wave resolution that can be controlled with reduction of the usable duty
ratio range is 1/214,



7.2 Overview of the 2-Channel 8-Bit PWM Timer (PWM Timer Function)

[RElationship between the PWM wave cycle and mode

Bit functions of the parallel port status register (PSR)

Table 7.2-1 PWM Wave Cycles that can be set with the PWM Timer Function

Count clock cycle

General mode (CH1 and CH2 are
used independently.)

CH12PWM mode

8-bit PWM 7-bit PWM . Width of one
mode mode L width (CH1) cycle (CH2)
CH2in 1tinst 28tinst 27tinst 1tinst to 28tinst 1tinst to 28tinst
mo?ﬁ other Internal Blinst 2lltinst 2lotinst 23tinst to 2lltinst 23tinst to 2lltinst
an
CK12PWM count clock 16tjnst 212tinst 211tinst 24tinst to llztinst 24tinst to 212tinst
and CH1
64,5t 214tinst 213tinst 26tir1st to 214tinst 26tinst to 214tinst
CH2 in recté:l:glular
15. 9 23 8 22
CK12PWM wave 2tinst to 2 tinst 2 til’]St to 2 tiﬂSt 2 til’]St to 2 til’]St
mode
output

tinst - INstruction cycle (depending on the clock mode)
-: Cannot be set
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7.3 Configuration of the 2-Channel 8-Bit PWM Timer

The 2-channel 8-bit PWM timer consists of the following four blocks:

Prescaler

8-bit PWM timer 1 (CH1)
8-bit PWM timer 2 (CH2)
PWM compare registerl, 2 (COMR1, COMR?2)
PWM control registerl, 2, 3 (CNTR1, CNTR2, CNTR3)
CK12 selector
CH12PWM output control circuit

m Block Diagram of the 2-Channel 8-Bit PWM Timer

Figure 7.3-1 Block Diagram of the 2-Channel 8-Bit PWM Timer

Internal data bus

PWM control register 2
(CNTR2)

(CNTR1)

PWM control register 1

PWM control register 3
(CNTR3)

|TPE1|TPE2|CK12| — |TIR1 |TIR2 | TIE1| TIE2|

|PTX1|PTX2 |P7M1|P7M2|SC11|SC10|SC21|SCZOl
— —

| — [oe2]oes forzz| — [— [ — [ —]
T T

1

2

2

I

8-bit PWM

COMR1
PWM compare
register 1

PWM compare
register 2

<> COMR2

8-bit PWM
timer 2 (CH2)

3

< |

7MOD

ouT
Comparison circuit

PWM generation 7mMoD|:
circuit and output
control circuit

our |:

Comparison
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ouT

circuit al

circuit

PWM generation 7vop|

control circuit  OUT |

nd output

ﬁ

STOP X1
Ltinst X8 1
— CKK
X 16
>
X 64
Prescaler
VoA SUUSURSO SN N S0
4

101088

Start 7MOD
CLK 8-bit
CLEAR counter
OVER FLOW

10108]0S

1tinst: Instruction cycle

< IRQ8

Start 7MOD

CLK 8-bit

counter

| CLEAR

i | ovER FLOW

SET
2CH PWM output
control circuit

|—<> IRQ8

RESET

P47/PWM2
Pin

P46/PWM1/UI

101088
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m Prescaler
This circuit divides operating clocks for peripheral circuits.

The circuit is used to output one of the four internal count clocks while either of the counter
enable bits (TPE1, TPE2) in the PWM control register (CNTR2) is set to 1.

m 8-Bit PWM Timer 1 (CH1) and 8-Bit PWM Timer 2 (CH2)

[—Cbunt clock selector

This circuit selects from among four internal count clocks to increment an 8-bit counter value.

[8ibit counter

The counter value is incremented by a count clock selected by the count clock selector.

[Cbmparison circuit
This circuit has a latch that holds a COMR register value when the 8-bit counter value is O0OH. It
also compares the 8-bit counter and COMR register value to see if they match.

[PIVM generation circuit and output control circuit

If a match between the 8-bit counter value and COMR register value is detected during interval
timer operation, an interrupt request is issued. If output pin control bit 2 or 3 (OE2 or OE3 in
CNTR3) is set to 1, the PWM pin output level is inverted by the output control circuit and the 8-
bit counter is cleared.

If a match between the 8-bit counter value and COMR register value is detected during PWM
timer operation, the PWM pin output level is changed from H to L by the PWM generation
circuit. The level is changes back to H if the 8-bit counter overflows.

m PWM Compare Register 1, 2 (COMR1, COMR?2)

These registers store the values that are to be compared to the 8-bit counter values.

m PWM Control Register 1, 2, 3 (CNTR1, CNTR2, CNTR3)

These registers select operating mode, enable and disable operation, set count clocks, control
interrupts, and check the status.

When PWM timer mode is set (PTX = 1), clearing of the 8-bit counter and issuing of an interrupt
request are disabled by a signal from the comparison circuit indicating a match.

CK12 Selector

This input clock switching circuit switches the clock to be input to the CH2 timer between output
from the count clock selector and output from the CH1 timer.

CH12PWM Output Control Circuit

This circuit controls the L width (L --> H) and H width (H --> L) of the PWM wave according to
the output from the CH1 and CH2 timers.
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m Interrupts Related to the 2-Channel 8-Bit Timer

148

IRQ8: An interrupt request is issued if interrupt request output has been enabled (TIE1 = 1 in
CNTR2) when the counter value matches the COMR1 or COMR?2 register value in CH1 interval
timer function mode (no interrupt request is issued during ordinary PWM operation).

IRQ8: An interrupt request is issued if interrupt request output has been enabled (TIE1 = 2 in
CNTR2) when the counter value matches the COMR1 or COMR2 register value in CH2 interval
timer function mode or in CH12PWM mode (no interrupt request is issued during ordinary PWM
operation).
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7.4 Pins of the 2-Channel 8-Bit PWM Timer

This section explains the pins related to the 2-channel 8-bit PWM timer and provides a
block diagram of them.

m Pins Related to the 2-Channel 8-Bit PWM Timer

P46/UlI/PWM1 and P47/PWM?2 are related to the 2-channel 8-bit PWM timer.

[PH6/UI/PWM1 and P47/PWM2

These pins function as general-purpose input-output ports (P46, P47) and PWM timer output

pins (PWM1, PWM2).

PWM1, PWM2: A rectangular wave is output to this pin when the interval timer function is used.
A PWM wave is output when the PWM timer function is used.

When the output pin control bit is set (OE = 1 in CNTR3), the P46/UlI/PWM1 and P47/PWM2
pins are used automatically as output pins (PWM1, PWM2) regardless of the port direction
register value.

m Block Diagram of Pins Related to the 2-Channel 8-Bit PWM Timer

Figure 7.4-1 Block Diagram of Pins Related to 2-Channel 8-Bit PWM Timer

Internal data bus

PDR (port data register)

/] ----------------------------------- Ve |o— Stop, clock mode

Pull-up option setting register

PDR read © From resource output

\/v‘\I From resource lD——| [ P-ch

(with bit manipulation instruction _8/$

SPL:Pin status specification bit in standby control register (STBC)

output enabled
DO——| P-ch

& Output latch

‘PDRwrite Pin

N~ e P46/PWM1/UI
% DDR —f[_Nch  pazpwmz

(Port direction register)

: DDR write :

] . Stop (SPL=1)

DDR read

DDR (port direction register)

When the use of pull-up resistor is specified in the pull-up option setting register and if SPL is
set to 1 (stop), the pin status does not enter the high impedance, but enters H level (pull-up
status). During the rest operation, pull-up status is disabled for the pin and Hi-z status appears
at the pin.
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7.5 Registers of the 2-Channel 8-Bit PWM Timer

This section lists the registers related to the 2-channel 8-bit PWM timer.

m PWM Control Register 1, 2, 3 (CNTR1, CNTR2, CNTR3)

Figure 7.5-1 Registers Related to 2-Channel 8-Bit PWM Timer

PWM control register 1, 2, 3 (CNTR1, 2, 3)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

CNTR1 0027u |PTX1|PTX2[P7M1{P7M2|SC11|SC10{SC21|SC20] 00000000s
RW R/W R/W R/W R/W R/W R/W R/W

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
CNTR2 0028+ |TPEL|TPE2|CK12| — | TIR1|TIR2|TIEL|TIE2| 000X0000s
R/W R/W R/W R/W R/W R/W R/W

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

CNTR3 00209 — |OE2|OE3|ICH12| — | — | — | — XO000OXXXXs
R/W R/W R/W

PWM compare register 1, 2 (COMR1, COMR2)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

COMR1 002AH XXXXXXXXs
W w W w W W W W

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
COMR2 002BH XXXXXXXXB

w W W W W W W W

R/W :Readable/writable
W :Write-only

- :Unused

X :Undefined

Note:

Because PWM compare registers 1 and 2 (COMR1 and COMR2) are used only for writing
(write-only), bit manipulation instructions cannot be used for these registers.
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7.5.1 PWM Control Register 1 (CNTR1)

This register selects the operating mode (interval timer operation or PWM timer
operation), switches PWM timer resolution, and selects a count clock for the CH1 and
Ch2 timers.

m PWM Control Register 1 (CNTR1)

Figure 7.5-2 PWM Control Register 1 (CNTR1)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

CNTR1 002 74 |PTX1[(PTX2 [P7M1[P7M2[SC11|SC10|SC21|SC20| 000000008
RW RW RW R/W R/W R/W R/W R/W
| | | | | |
|—> SC21|SC20 CH2 clock selection bit
0 0 1tinst
O 1 8t|nst
1 0 1 6tinst
1 1 64tinst
—>|SC11{SC10 CH1 clock selection bit
0 0 1t|nst
0 1 8tinst
1 0 1 6tinst
1 1 64tinsl
pP7M2 CH2 PWM resolution switching bit
0 | 8-bit PWM mode
1 | 7-bit PWM mode (high-speed mode)
—>(P7M1 CH1 PWM resolution switching bit
0 | 8-bit PWM mode
1 | 7-bit PWM mode (high-speed mode)

—>[PTX2 CH2 operating mode selection bit

0 | Interval timer operation

1 | PWM timer operation

—————>|PTX1 CH1 operating mode selection bit
0 | Interval timer operation

1 | PWM timer operation

tinst  :Instruction cycle
R/W :Readable/writable
[ :nitial value
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Table 7.5-1 Functions of PWM Control Register 1 (CNTR1) Bits

Bit Function
« This bit selects between interval timer operation and PWM timer
operation for the CH1 timer.
« Interval timer operation is selected when this bit is set to 0. PWM
PTX1: timer operation is selected when this bit is set to 1.
bit7 CHZ1 operating Note:
mode selection bit Clear the counter stop bit (TPE1 = 0), interrupt disable bit (TIE1 =
0), and interrupt request flag bit (TIR1 = 0) before writing a value to
this bit. This bit is invalid in CH12PWM mode (CH12 =1 in
CNTR3).
< This bit selects between interval timer operation and PWM timer
operation for the CH2 timer.
« Interval timer operation is selected when this bit is set to 0. PWM
PTX2: timer operation is selected when this bit is set to 1.
bit6 CH2 operating Note:
mode selection bit Clear the counter stop bit (TPE2 = 0), interrupt disable bit (TIE2 =
0), and interrupt request flag bit (TIR2 = 0) before writing a value to
this bit. This bit is invalid in CH12PWM mode (CH12 =1 in
CNTR3).
» This bit switches between 8-bit PWM mode and 7-bit PWM mode
P7M1: (high-speed mode) during PWM timer operation of CHL.
bit5 CH1 PWM o e 8-bit PWM mode is selected whgn t_hi.s bit is set to 0 and 7-bit
resolution switching PWM mode is selected when this bit is set to 1.
bit <Note>
Do not write 1 to this bit during interval timer operation.
« This bit switches between 8-bit PWM mode and 7-bit PWM mode
P7M2: (high-speed mode) during PWM timer operation of CH2.
bitd CH2 PWM o e 8-bit PWM mode is select_ed When this bit is setto 0. 7-bit PWM
resolution switching mode is selected when this bit is set to 1.
bit Note:
Do not write 1 to this bit during interval timer operation.
 his bit selects a count clock for the CH1 interval timer/PWM timer
function.
bit3 SCLL, SC10: . * There are four selectable internal count clocks.
. CH1 clock selection .
bit2 bit Note:
Do not manipulate this bit while the CH1 counter is operating
(TPE1 =1).
» This bit selects a count clock for the CH2 interval timer/PWM timer
function.
bitl SC21, SC20: . * There are four selectable internal count clocks.
bit0 CH2 clock selection Note:

bit

Do not manipulate this bit while the CH2 counter is operating
(TPE2 = 1).
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7.5.2 PWM Control Register 2 (CNTR2)

This register enables and disables 8-bit PWM timer operation, selects CK12 mode,
controls interrupts, and checks the status of the CH1 and Ch2 timers.

m PWM Control Register 2 (CNTR2)

Figure 7.5-3 PWM Control Register 2 (CNTR2)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

CNTR2 0028+ |TPE1|TPE2|CK12| — |TIR1| TIR2 | TIE1 | T|E2| 000X0000s
R/W R/W R/W R/W R/W R/W R/W
— |
|—> TIE2 CH2 interrupt request enable bit

0 | Interrupt request output is disabled.
1 | Interrupt request output is enabled.

TIE1 CH1 interrupt request enable bit
0 [ Interrupt request output is disabled.
1 | Interrupt request output is enabled.

CH2 interrupt request flag bit

—TIR2 Read .
When interval timer function is used | When PWM timer function is used Write
o | Counter value does not No change This bit is
match the set value. (all modes except | cleared.
Counter value matches CH12PWM mode) | The bitis not changed.
! the set value. Operation is not affected.
CHL1 interrupt request flag bit
TIR1 Read X
When interval timer function is used | When PWM timer function is used Write
Counter value does not No change This bit is
0 match the set value. (all modes except | cleared.
Counter value matches CH12PWM mode) | The bitis not changed.
1 the set value. Operation is not affected.
CK12 CH2 input clock switching bit

0 [ Clock selected by SC21/SC20
1 | CHA1 rectangular output (CH12 mode)

TPE2] CH2 counter enable bit
0 | Counter stop

1 | Counter start

TPE]] CH1 counter enable bit
0 | Counter stop

1 | Counter start

R/W :Readable/writable

— :Unused
X :Undefined
T initial value
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Table 7.5-2 Functions of PWM Control Register 2 (CNTR2) Bits

Bit Function
TPEL: This bi_t starts and stops CH1 interval timer operation or PWM timer
. ) operation.
bit7 gltHl counter enable Counting starts when this bit is set to 1 and the counter value is
cleared to 004. Counting stops when this bit is set to 0.
TPE2: This bit starts and stops CH2 interval timer operation or PWM timer
. i operation.
bité EtHz counter enable Counting starts when this bit is set to 1 and the counter value is
cleared to 004. Counting stops when this bit is set to 0.
This bit switches the input clock to CH2.
The clock selected by SC21/SC20 bit is input to CH2 when this bit
is set to O.
CK12: When this bit is set to 1CHL1, rectangular output is input to CH2
bit5 CH2 input clock and CK12 mode is set regardless of the SC21/SC20 bit value.
switching bit Note:
Do not write 1 to this bit in CH12PWM mode (CH12 = 1 in CNTR3).
Also do not write 1 while CH1 is operating as the PWM timer
(PTX1 =1in CNTR1).
. The read value is undefined.
bit4 Unused Writing to this bit has no effect on operation.
This bit is set to 1 when the count matches the COMRL1 register
value while the CH1 interval timer function is used.
TIR1: An interrupt request is issued to the CPU when this bit and the
. . CH1 interrupt request enable bit (TIE1) are set to 1.
bit3 CHL1 interrupt . . . o
request flag bit Nq mterrupt. requests are issued when the PWM timer function is
being used in a mode other than CH12PWM mode.
Writing 0 to this bit clears it.
Writing 1 to this bit has no effect.
This bit is set to 1 when the count matches the COMR?2 register
value when the CH2 interval timer function is being used or
TIR2: CH;ZPWM mode is .se.t. o
. . An interrupt request is issued to the CPU when this bit and CH2
bit2 CH2 interrupt . )
request flag bit mterrupt request enable b.|t (TIE2) are setto 1. . o
No interrupt requests are issued when the PWM timer function is
being used in a mode other than CH12PWM mode.
Writing O to this bit clears it. Writing 1 to this bit has no effect.
TIEL: This bit enables or disables interrupt requests output to the CPU
CHZ1 interrupt for CH1.
request enable bit An interrupt request is issued when this bit and the TIR1 bit are set
bitl to 1.
Note:
Disable interrupt request output (TIE1 = 0) when CH12PWM mode
is used (CH12 =1 in CNTR3).
i This bit enables or disables interrupt request output to the CPU for
TIE2: CH2
bit0 CH2 interrupt X

request enable bit

An interrupt request is issued when this bit and the TIR2 bit are set
to 1.
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7.5.3 PWM Control Register 3 (CNTR3)

This register selects CH12PWM mode and controls the output pins for the CH1 and

CH2 timers.

m PWM Control Register 3 (CNTR3)

Figure 7.5-4 PWM Control Register 3 (CNTR3)

Address
CNTR3 00 2 9+

bit7 bité bit5 bit4 bit3 bit2 bitl bit0

OE2 | OE3 [CH12

R/W R/W R/W

Initial value

X000XXXXs

CH12PWM mode setting bit

General mode

CH12PWM mode

Qutput pin control bit 3

Pin is used as general-purpose port (P46)

Pin is used as CH1 interval timer/PWM output pin (PWM1)

in CH12PWM mode.

Output pin control bit 2

Pin is used as general-purpose port (P47)

Pin is used as CH2 interval timer/PWM output pin (PWM2).

R/W :Readable/writable
— :Unused
X :Undefined

:Initial value
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Table 7.5-3 Functions of PWM Control Register 3 (CNTR3) Bits

Bit

Function

bit7

Unused

e The read value is undefined.
» Writing to this bit has no effect on operation.

bité

OE2:
Output pin control
bit 2

« This bit switches the P47/PWM2 pin function between general-
purpose port and dedicated pin.

e The P47/PWM2 pin is used as a general-purpose port (P47) when
this bit is set to 0, and is used as a dedicated pin (PWM2) when
this bit is set to 1.

e The PWM2 pin outputs rectangular waves from CH2 when the
interval timer function is used, and PWM waves when the PWM
timer function is used.

bit5

OEs:
Output pin control
bit 3

< This bit switches the P46/PWM1/UI pin function between general-
purpose port and dedicated pin.

e The P47/PWM2 pin is used as a general-purpose port (P46) when
this bit is set to 0, and is used as a dedicated pin (PWM1) when
this bit is set to 1.

e The PWML1 pin outputs rectangular waves from CH1 when the
interval timer function is used, and PWM waves when the PWM
timer function is used. It outputs PWM waves in CH12PWM mode.

bit4

CH12:
PWM mode setting
bit

» This bit switches between general mode and CH12PWM mode.

e CH1 and CH2 can operate independently when this bit is set to 0.

e CH12PWM mode in which the L width is specified by CH1 and the
cycle is specified by CH2 is set when this bit is set to 1.

* The operating mode selection bits (PTX1, PTX2 in CNTR1) are
invalid in CH12PWM mode.

Note:
Do not write 1 to this bit in CK12 mode (CK12 =1 in CNTR2).
Do not change this bit while the CH1 or CH2 counter is operating
(TIEL=1o0r TIE2 = 1in CNTR2).

bit3
bit2
bitl
bit0

Unused

e The read value is undefined.
« Writing to this bit has no effect on operation.
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7.5.4 PWM Compare Register 1 (COMR1)

This register is a CH1 timer data register. The register indicates the interval when the
interval timer function is used, and indicates the pulse H width when the general PWM
timer function is used. In CH12PWM mode, it indicates the pulse L width.

m PWM Compare Register 1 (COMR1)
Figure 7.5-5 "PWM Compare Register 1 (COMRL1)" shows the bit configuration of this register.

Since this register can only be written to (write-only), bit manipulation instructions cannot be
used on it.

Figure 7.5-5 PWM Compare Register 1 (COMR1)

Address bit7 bité bit5 bit4 bit3 bit2 bitl bit0 Initial value

COMR1 002 AH | * | | | | | | | | XXXXXXXXe
W W w w W w w W
W :Write-only
X :Undefined

% :Invalid in seven-bit PWM mode (high-speed mode)

[Flunction during interval timer operation (8-bit timer mode and CK12 mode)

This register stores the value to be compared to the counter value and specifies an interval
(rectangular output frequency).

The counter is cleared and the interrupt request flag bit is set to 1 (TIR1 = 1 in CNTR2) if a
value written to this register matches the counter value.

When a value is written to this register while the counter is operating, the value takes effect in
the next cycle (after matching is detected).

Reference:

The value to be written to this register in 8-bit timer operation and CK12 mode operation can
be calculated using the expression shown below. Note that the instruction cycle varies
depending on the clock mode and the gear function.

COMR1 register value = interval / (count clock cycle x instruction cycle) - 1

[Flunction during PWM timer operation (8-bit PWM mode and 7-bit PWM mode)

This register stores the value to be compared to the counter value and specifies the pulse H
width.

H level output from the PWML1 pin continues until a value written to this register matches the
counter value. L level output starts when there is a match and continues until the counter
overflows.

When a value is written to this register while the counter is operating, the value takes effect in
the next cycle (after overflow).

157



CHAPTER 7 2-CHANNEL 8-BIT PWM TIMER

Reference:

The value to be written to this register and the cycle to be set during PWM timer operation
can be calculated using the expression shown below. Note that the instruction cycle varies
depending on the clock mode and the gear function.

* 8-bit PWM mode

* COMRIL1 register value = duty ratio x 256

* PWM wave cycle = count clock cycle x instruction cycle x 256
e 7-bit PWM mode

* COMRIL1 register value = duty ratio x 128

* PWM wave cycle = count clock cycle x instruction cycle x 128

[Flunction in CH12PWM mode operation
This register stores the value to be compared to the counter value and specifies a pulse L width.

L level output from the PWML1 pin continues until a value written to this register matches the
counter value. The output is switched to the H level when there is a match.

When a value is written to this register while the counter is operating, the value takes effect in
the next cycle.

Reference:

The value to be written to this register in CH12PWM mode operation can be calculated using
the expression shown below. Note that the instruction cycle varies depending on the clock
mode and the gear function.

COMRL1 register value = PWM wave L width period / (count clock cycle x instruction cycle) - 1
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7.5.5 PWM compare register 2 (COMR2)

This register is a CH2 timer data register. The register indicates the interval when the
interval timer function is used, and indicates the pulse H width when the general PWM
timer function is used. In CH12PWM mode, it indicates the PWM wave cycle.

m PWM Compare Register 2 (COMR2)
Figure 7.5-6 "PWM Compare Register 2 (COMR2)" shows the bit configuration of this register.

Since this register can only be written to (write-only), bit manipulation instructions cannot be
used on it.

Figure 7.5-6 PWM Compare Register 2 (COMR2)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
comrizoozss| * | | | | | | 1 | xxoooooxe
W W W W W w W W

W :Write-only
X :Undefined
% :Invalid in seven-bit PWM mode (high-speed mode)

[Flunction during interval timer operation (8-bit timer mode and CK12 mode)
This register stores the value to be compared to the counter value and specifies an interval.

The counter is cleared and the interrupt request flag bit is set to 1 (TIR2 = 1 in CNTR2) if a
value written to this register matches the counter value.

When a value is written to this register while the counter is operating, the value takes effect in
the next cycle (after a match is detected).

Reference:

The value to be written to this register during interval timer operation can be calculated using
the expression shown below. Note that the instruction cycle varies depending on the clock
mode and the gear function.

* 8-bit timer mode
« COMR2 register value = interval/(count clock cycle x instruction cycle) - 1
¢ CK12 mode

* COMR2 register value = interval/CH1 rectangular output - 1
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[Flunction during PWM timer operation (8-bit PWM mode and 7-bit PWM mode)

This register stores the value to be compared to the counter value and specifies a pulse H
width.

H level output from the PWM2 pin continues until a value written to this register matches the
counter value. L level output starts when there is a match and continues until the counter
overflows.

When a value is written to this register while the counter is operating, the value takes effect in
the next cycle (after overflow).

Reference:

The value to be written to this register and cycle to be set during PWM timer operation can
be calculated using the expression shown below. Note that the instruction cycle varies
depending on the clock mode and the gear function.

* 8-bit PWM mode

» COMR?2 register value = duty ratio x 256

* PWM wave cycle = count clock cycle x instruction cycle x 256
* 7-bit PWM mode

» COMR?2 register value = Duty ratio x 128

 PWM wave cycle = count clock cycle x instruction cycle x 128

[Flunction in CH12PWM mode operation

This register stores the value to be compared to the counter value and specifies a PWM wave
cycle.

The CH1 and CH2 counters are cleared and the interrupt request flag bitis setto 1 (TIR2 =1 in
CNTR?2) if a value written to this register matches the counter value.

The output from the PWM1 pin is switched to the L level.

When a value is written to this register while the counter is operating, the value takes effect in
the next cycle.

Reference:

The value to be written to this register in CH12PWM mode operation can be calculated using
the expression shown below. Note that the instruction cycle varies depending on the clock
mode and the gear function.

COMR? register value = period of one PWM wave cycle/(count clock cycle x instruction
cycle) -1



7.6 Interrupts of the 2-Channel 8-Bit PWM Timer

7.6 Interrupts of the 2-Channel 8-Bit PWM Timer

An interrupt is generated if the counter value matches a PWM compare register value
when the interval timer function is used. No interrupt requests are issued when the
PWM timer function is used in a mode other than CH12PWM mode.

m Interrupts

If the counter value is incremented from 00y to a PWM compare register (COMR) value by a

selected count clock, the corresponding interrupt request flag bit (TIR1 or TIR2 in CNTR?2) is set
to 1.

If the interrupt request enable flag has been set (TIE1 = 1/TIE2 = 1 in CNTR2) to enable
interrupt request output, an interrupt request (IRQ8) is issued to the CPU. Clear the interrupt
request by using the interrupt handling routine to write O to the TIR bit.

The TIR1 and TIR2 bits are set to 1 when they match the CH1 or CH2 counter value regardless
of the TIE1 and TIEZ2 bit values.

Note:

Disable interrupts for the CH1 timer (TIE1 = 0 in CNTR2) in CH12PWM mode. For the CH2
timer, they can be used the same way they are used for the interval timer function.

Reference:

If the counter value and register value match at the same time the counter has stopped
(TPE1 =0, TPE2 = 0in CNTR2), the TIR bit is not set to 1.

If the TIE bit is changed from 0 --> 1 (from disabled to enabled) while the TIR bit is set to 1,
an interrupt request is issued immediately.

m Register and Vector Table Related to Interrupts

Table 7.6-1 Register and Vector Table Related to Interrupts

Interrupt level setting register Vector table address
Interrupt
Register Setting bit Higher Lower
IRQ8 ILR3(007E) L81(bitl) L80(hit0) FFEAL FFEBH
Reference:

See Section 3.4.2 "Processing During Interrupt Operation" for interrupt operation.
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7.7 Operations of the Interval Timer Function

This section explains the operation of the interval timer function in 8-bit timer mode

and CK12 mode.

m Operation of the Interval Timer Function

Operation of the CH1 and CH2 timers as an interval timer in 8-bit timer mode or CK12 mode
requires the setting shown in Figure 7.7-1 "Setting for Interval Timer Function".

Figure 7.7-1 Setting for Interval Timer Function

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CNTR1 [PTX1|PTX2|P7M1|P7M2|SC11[{SC10|SC21|SC20
CH1.--- O X 0 X © © X X
CH2 ... x 0 x 0 X x © 0
CK12---- 0 0 0 0 © © X X
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CNTR2 [TPEL1|TPE2|CK12| — |TIR1|TIR2|TIE1| TIE2
CHL.--- 1 X 0 © x  © x
CH2. ... X 1 0 x © x O
CK12.... 1 1 1 © © © ©
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CNTR3 | — |OE2|OE3|CH12| — | — | — | —
CH1---- x © 0
CH2: - - - © x 0
CcK12. . .- © © 0
COMR1 CH1 interval (compare value) is set.
COMR2 CH2 interval (compare value) is set.

©  :Used

1 :Setto 1

0 :Setto 0

X :Unused (set to 0)

CH1 :CHZ1 in eight-bit timer mode
CH2 :CH2 in eight-bit timer mode
CK12 :CK12 mode
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The counter value is incremented from 00y on the leading edge of the selected count clock after

the counter is activated. If the counter value matches the COMR register value (compare
value), the PWM pin level is inverted on the next count clock leading edge. The counter is also

cleared, the interrupt request flag bit is set (TIR1 = 1/TIR2 = 1 in CNTR2), and the counter value
is incremented from 00y again.

In CK12 mode, rectangular output from the CH1 timer is used as input clock to the CH2 timer.

Figure 7.7-2 "Operation of the Interval Timer Function" shows the operation.

Figure 7.7-2 Operation of the Interval Timer Function

Counter value Compare value(FFn) : Compare value(80+)
FFu g R EETPPPPPP

0TI RS S RS SALM Iy Ry’ RS’ Rl
00 ’ : v : , )
) e —— U : , : : Time
¢ Timer cycle . COMR value change(FFH — 80n)*  : :
COMR vglue(FFH) ECIearing by programg
TIR bit :
TPE bit —
OE bit —

pwmpn 1T LT L1
—

Used as general-purpose input-output port if the output pin control bit (OE) is set to 0.

: Changing of the COMR value during counter operation takes effect in the next cycle.

Reference:

* When the COMR register is reset to 004, the PWM pin output is inverted in the selected
count clock cycle.

« When the interval timer function is used and the counter has stopped (TPE1 =0 or TPE2 =0
in CNTR2), the PWM pin output level is L.

Note:

Do not change the corresponding count clock cycle (SC11/SC10 or SC21/SC20 in CNTR1)
while the interval timer function is operating (TPE1 = 1 or TPE2 = 1 in CNTR2). The SC21
and SC20 bits are invalid in CK12 mode.
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7.8 Operations of the 8-Bit PWM Mode

This section explains operation in 8-bit PWM mode.

m Operation of the PWM Timer Function

Operation of the CH1 and CH2 timers as a PWM timer in 8-bit PWM mode requires the setting
shown in Figure 7.8-1 "Setting for 8-bit PWM Mode".

Figure 7.8-1 Setting for 8-bit PWM Mode

bit7 bité bits5 bit4 bit3 bit2 bitl bit0
CNTR1 PTX1|PTX2|P7M1{P7M2|SC11[(SC10{SC21|SC20

CH1.--- 1 X 0 X © © X X
CH2---- x 1 X 0 X x © 0
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CNTR2 TPE1|TPE2|CK12| — | TIR1|TIR2|TIE1| TIE2
CH1.-.-- 1 X 0 X X X X
CH2.... X 1 0 X X X X
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CNTR3 — |OE2 |OE3|CH12| — | — | — | —
CH1. .- - X 1 0
CH2- - - - 1 X 0
© :Used
; ; 1 :Settol
COMR1 CH1 pulse H width (compare value) is set. 0 setto0
X :Unused (set to 0)
; ; CH1 :CH1 in eight-bit timer mode
COMR2 CH2 pulse H width (compare value) is set. CH2 ‘CH2 in eight-bit timer mode
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7.8 Operations of the 8-Bit PWM Mode

The counter value is incremented from 00y on the leading edge of the selected count clock after

the counter is activated. The PWM pin output (PWM waveform) level is H until the counter
value matches the COMR register value. It changes to L when there is a match and remains L
until the counter overflows (FF --> 00y).

If the CK12 bit is set to 1, the CH1 timer operates in 8-bit timer mode, the CH2 timer operates in
PWM mode, and CK12PWM mode is set.

Figure 7.8-2 "Example of PWM Waveform in 8-bit PWM Mode" shows a PWM waveform output
to the PWM pin.

Figure 7.8-2 Example of PWM Waveform in 8-bit PWM Mode

When the COMR register value is 00x(duty ratio: 0%)

Counter value 00w FFiOOH —>

PWM waveform

When the COMR register value is 80x(duty ratio: 50%)

Counter value 00w 80w FFHOpH —_—

PWM waveform I: J | I

When the COMR register value is FFx(duty ratio: 99.6%)

Counter value 00w FlFHOlOH —_—>

g Dol
PWM waveform L J | |
For one count k3

Reference:

When the PWM timer function is used and the counter (TPE1 = 0 or TPE2 = 0 in CNTR2)
has stopped, the PWM pin output level is not changed.

Note:

« Do not change the corresponding count clock cycle (SC11/SC10 or SC21/SC20 in CNTR1)
while the PWM timer function is operating (TPE1 =1 or TPE2 =1 in CNTR2).

¢ CK12 mode (CK12 = 1 in CNTR2) cannot be set when the CH1 is during the PWM timer
operation.
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7.9 Operations of the 7-Bit PWM Mode

This section explains operation in 7-bit PWM mode (high-speed mode).

m Operation of the High-speed PWM Timer Function

Operation of the CH1 and CH2 timers as a PWM timer in 7-bit PWM mode requires the setting
shown in Figure 7.9-1 "Setting for 7-bit PWM Mode".

Figure 7.9-1 Setting for 7-bit PWM Mode

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

CNTR1 PTX1|PTX2|P7M1{P7M2|SC11|SC10{SC21|SC20
CHL---- 1 X 1 X © © X X
CH2- ... X 1 X 1 X X © ©

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

CNTR2 TPE1|TPE2|CH12| — | TIR1|TIR2| TIEL1| TIE2
CHL. .-+ 1 X 0 X X X X
CH2. - .. X 1 0 X X X X
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CNTR3 — |OE2 |OE3|CH12| — | — | — | —
CH1: - -- X 1 0
CH2 - - - 1 X 0
bit7
) - © :Used
COMR1 — | CH1 pulse H width (compare value) is set. 1 :Settol
0 :SettoO
bit7 X :Unused (set to 0)
COMR2 — | CH2 pulse H width (compare value) is set. g:zl g:; :2 :XZE:B:E ::mg mggz

166



7.9 Operations of the 7-Bit PWM Mode

The counter value is incremented from O0OH on the leading edge of the selected count clock
after the counter is activated. The PWM pin output (PWM waveform) level is H until the counter
value matches the COMR register value. It changes to L when there is a match and remains L
until the counter overflows (7Fy --> 004).

Operation in 7-bit PWM mode is quicker than that in 8-bit PWM mode because the number of
bits in the counter in 7-bit PWM mode is one less than in 8-bit PWM mode. In other words, the
PWM frequency in 7-bit PWM mode is twice the frequency in 8-bit PWM mode (the cycle is half
that in 8-bit PWM mode).

If the CK12 bit is set to 1, the CHL1 timer operates in 8-bit timer mode, the CH2 timer operates in
PWM mode, and CK12PWM mode is set.

Figure 7.9-2 "Example of PWM Waveform In 7-bit PWM Mode" shows PWM waveform output to
the PWM pin.

Figure 7.9-2 Example of PWM Waveform In 7-bit PWM Mode

When the COMR register value is 00x(duty ratio: 0%)

When the COMR register value is 40x(duty ratio: 50%)

When the COMR register value is 7Fu(duty ratio: 99.2%)

Counter value 00w 7FH00 ——

H
PWM waveform L

Counter value 00w 40m 7FHOQH _—

PWM waveform E J I I

Counter value OQH 7FH00H ——

Ho P
PWM waveform | J |_|
For one count k—{

Reference:

When the PWM timer function is used and the counter has stopped (TPE1 = 0 or TPE2 =0
in CNTR2), the PWM pin output level is not changed.

Note:

« Do not change the corresponding count clock cycle (SC11/SC10 or SC21/SC20 in CNTR1)
while the PWM timer function is operating (TPE1 =1 or TPE2 =1 in CNTR2).

e« CK12 mode (CK12 = 1 in CNTR2) cannot be set when the CH1 is during the PWM timer
operation.
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7.10 Operations of the CH12PWM Mode

This section explains operation in CH12PWM mode.

m CH12PWM Mode Operation

Operation of the CH1 and CH2 timers as a PWM timer in CH12PWM mode requires the setting
shown in Figure 7.10-1 "Setting for CH12PWM Mode".

Figure 7.10-1 Setting for CH12PWM Mode

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

CNTR1 PTX1|PTX2|P7M1{P7M2|SC11|SC10|(SC21|SC20
X X 0 0 © © O ©

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

CNTR2 TPEL1{TPE2|CK12| — [TIR1|TIR2|TIE1| TIE2
1 1 0 X © o0 ©
bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
CNTRS3 — |OE2|OE3|CH12| — | — | — | —
0 1 1
COMR1 PWM wave L width (compare value) is set.
© :Used
1 :Setto 1l
COMR2 One PWM wave cycle (compare value) is set. 0 :Setto 0
X :Unused (set to 0)
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The CH1 and CH2 counters are incremented from OOH on the leading edge of the selected
count clocks. The PWM pin output (PWM waveform) level is L until the CH1 counter value
matches the COMR1 register value. It changes to H when there is a match. CH1 and CH2 are
cleared to allow incrementing from O0H again if the CH2 counter value matches the COMR2
register value. The PWM pin output is also changed to L, and the interrupt request flag bit is set
(TIR2 =1in CNTR2).

Simultaneously activate the CH1 and CH2 counters (TPE1 = 1 and TPE2 = 1 in CNTR2). If
they are activated separately, the L width of the first PWM wave cycle or the cycle is affected.

The PWM wave is not generated if the CH1 timer time that is to be the PWM wave L width is
larger than the CH2 timer time that is to be the PWM wave cycle.

Figure 7.10-2 "PWM Waveform (PWM Pin) Output Example" shows examples of the PWM
waveforms output to the PWM pin when the same count clock cycle is specified with the CH1
and CH2 timers.

When the PWM timer function is used and the counter has stopped (TPE1 =0 or TPE2 =0 in
CNTR2), the PWM pin output level is not changed.

Figure 7.10-2 PWM Waveform (PWM Pin) Output Example

When the COMR1 register value is 80+ and COMR2 register value is 80+ (duty ratio: 0%)
(CHL1 timer time is not smaller than CH2 timer time)

When the COMR1 register value is 40+ and the COMR2 register value is 80+ (duty ratio: 50%)

When the COMR1 register value is 00+ and the COMR?2 register value is FFu (duty ratio: 99.6%)

*: The minimum L width can be reduced by making the speed of the CH1 count clock faster than that of the CH2 count clock.

CH1 counter value 00H 80100~ 80100H
CH2 counter value 00H 80+H00H 80100+

PWM waveform 'l:i

CH1 counter value 004 —> 40w -----: > 000 —>40u ----- > 00w
CH2 counter value 00w 80HO0H 80100

PWM waveform 'C I | I |

CH1 counter value QO0H «------eremmmmmee > 00n
CH2 counter value 00H FF1OOH

H '
PWM waveform i _I |_|

l<—| For one count”

Note:

Do not change the corresponding count clock cycles (SC11/SC10 and SC21/SC20 in
CNTRZ1) while the PWM timer function is operating (TPE1 = 1 and TPE2 = 1 in CNTR2).

CK12 mode (CK12 = 1 in CNTR2) cannot be set in CH12PWM mode. Also disable CH1
interrupt request output (TIEL = 0 in CNTR2).
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7.11 Prescaler Operation of the 2-Channel 8-Bit PWM Timer

This section explains operation of the prescaler.

m Prescaler Operation

170

Operation is enabled while either of the counter enable bits (TPE1 and TPE2 in CNTR2) is set
to 1.

Consequently, the CH1 and CH2 timers operate the same way, with no difference in the cycle,
when the TPE1 and TPE2 bits are set to 1 simultaneously.

If the TPE1 or TPE2 bit is set to 1 while the TPE2 or TPEL bit is set to 1, counting by the CH1
and CH2 timers starts asynchronously, resulting in a difference in the first cycle of one count
clock cycle or less.

Figure 7.11-1 "Prescaler Operation" and Figure 7.11-2 "Prescaler Output" show the prescaler
operation.

Figure 7.11-1 Prescaler Operation

TPEL J

TPE2 : !

Count clock I I | [ | [ | |

CH1 rectangular wave _: | : L

output (COMRL1 01+)

CH2 rectangular wave __ L |

output (COMR2 01+) A ¥ B

*: B differs from A by one count clock cycle or less.




7.11 Prescaler Operation of the 2-Channel 8-Bit PWM Timer

Figure 7.11-2 Prescaler Output

™e  _|

xtte —JUTUUUUUUIIU U UUIIm

X 8Blinst

X 16tinst

X 64tinst

tinst : Instruction cycle
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7.12 Operation for Standby Mode and Intermediate Stop

This section explains operation when there is a switch to sleep mode or stop mode or
an intermediate stop is requested.

m Operation for Standby Mode and Intermediate Stop

172

Figure 7.12-1 "Counter operation for standby mode and intermediate stop (interval function)”
and Figure 7.12-2 "Counter Operation for Standby Mode and Intermediate Stop (PWM Timer
Function)" show the counter status when there is a switch to sleep mode or stop mode or
intermediate stop has been requested during interval timer operation or PWM timer operation.

If the mode switches to stop mode, the counter is stopped and the value retained. If this stop
mode is released by an external interrupt, the counter restarts using the retained value. The
first interval and PWM cycle therefore differ from the set values. Reinitialize the 8-bit PWM
timer after releasing stop mode.

[Idterval timer operation

Figure 7.12-1 Counter Operation for Standby Mode and Intermediate Stop (Interval Function)

Counter value : COMR value:(FF+) ; Clearing because operation stopped
FFH L P PR R REEL SRR TR R R R P EPLPLPLE) g
00 . : : /
. : r T L Time
Timer cycle Py ‘ Oscillation stabilizatipn
: ; otop reques wait time :
Clearing by program :
. : : O: eration stops O- eration restarts
TIR bit : u : P P Op
TPE bit ' ;
_! : : " : : :
. : i . <—>: |evel remains L while operation is stopped.
PWM pin : [ Sleep | 1 <—>
(OE=1) : : > ; ;
SLP bit ' [ : S
(STBC regISter) Sleep canceled by IRQ8 i—":-
STP bit
TBC register
(S Cregiste ) Stop canceled by external interrupt
*: The PWM pin status in stop mode is high impedance while the pin status specification bit in the standby
control register (SPL in STBC) is set to 1.
When the SPL bit set to 0, the value set immediately before the switch to stop mode is retained.




7.12 Operation for Standby Mode and Intermediate Stop

[PIVM timer operation

Figure 7.12-2 Counter Operation for Standby Mode and Intermediate Stop (PWM Timer Function)

0 0 00 00H

OH o
AP ; T :
. Lo : Level set immediately before stop
! is maintained.

OQH .
PWM pin —I_I :

(PWM waveform)

gt

TPEbit  —J

Operation stops Operation restarts
Sleep
<>

SLP bit - |

(STBC register)

Sleep canceled by event other thz%m IRQ8
(IRQ8 is not issued.) :

: . Stop:;

: <>

STP bit : i
(STBC register) — «— Oscillation stabilization wait time

I

Stop canceled by external interrupt

*: The PWM pin status in stop mode is high impedance while the pin status specification bit in the standby
control register (SPL in STBC) is set to 1.
When the SPL bit is set to 0, the value set immediately before the switch to stop mode is maintained.
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7.13 Notes on Using the 2-Channel 8-Bit PWM Timer

This section contains notes on using the 2-channel 8-bit PWM timer.

m Notes on Using the 2-Channel 8-Bit PWM Timer

[—Etror

Since counter activation by a program is not synchronized with the start of counting by the count
clock, the 00Hcycle may become shorter by one count clock cycle or less because of an error in
the time required until a match between the counter value and COMR register value is detected.
Figure 7.13-1 "Error in time before counting starts" shows this error.

Figure 7.13-1 Error in time before counting starts

Counter value

00+ X oin X ozn X__oan X o X

Count clock

L 1| | I | [ | I L |

One cycle

Error| 00Hcycle
|

Counter activation

!

[Nbtes on setting the program
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Do not change the corresponding count clock cycle (SC11/SC10 or SC21/SC20 in CNTR1)
while the PWM timer function or PWM timer function is operating (TPE1 = 1/TPE2 = 1 in
CNTR2).

Switch between the interval timer function and PWM timer function (PTX1/PTX2 in CNTR1)
only while the counter is stopped (TPE1 = 1/TPE2 = 0 in CNTR2), interrupts are disabled
(TIEL1 = O/TIE2 = 0 in CNTR2), and issued interrupt requests have been cleared (TIR1 = 0/
TIR2 =0 in CNTR2).

Do not set CH12PWM mode (CH12 = 1 in CNTR3) and CH1 PWM timer operation (PTX1 =
1in CNTR1) in CK12 mode (CK12 =1 in CNTR2).

Disable CH1 interrupt request output (TIEL1 = 0 in CNTR2) when CH12PWM mode is set.
Also, do not set CK12 mode.

Return from interrupt handling is impossible while the interrupt request flag bit (TIRL/TIR2 in
CNTR2) is set to 1 and interrupt request output is enabled (TIE1 = 1/TIE2 = 1 in CNTR2).
Always clear the TIR bit after issuing an interrupt request.

The TIR bit is not set if the counter value matches the COMR register value at the same time
the counter has stopped (TPEL1 = O/TPE2 = 0 in CNTR2).
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7.14 Program Examples of the 2-Channel 8-Bit PWM Timer
(Interval Function)

This section contains program examples for the interval function for 8-bit timer mode
and CK12 mode.

m Program Example of 8-bit Timer Mode

[Processing specifications
« The CHL1 timer operates as an interval timer in 8-bit timer mode.
e Timer interrupts are generated repeatedly at 3.2 ms intervals.
« Arectangular wave inverted at specified intervals is output to the PWM pin.

« A COMR1 value to set an interval of about 3.2 ms for main clock oscillation of 12 MHz is
shown below. An internal count clock of 64 tj,¢ (tinst: Maximum clock speed (gear)) is
assumed as the count clock.

COMRL1 register value = 3.2 ms/(64 x 4/12 MHz) - 1 = 149 (095,,)
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[Cbding example (comply with Softune V1)

CNTR1 EQU 0027H ;Address of CNTR1
CNTR2 EQU 0028H ;Address of CNTR2
CNTR3 EQU 0029H ;Address of CNTR3
COMR1 EQU 002AH ;Address of COMR1
TPEL EQU CNTR2:7 ;Definition of CH1 counter enable bit
TIR1 EQU CNTR2:3 ;Definition of CH1 interrupt request flag bit
ILR3 EQU 007E ;Address of interrupt level setting register
INT_V DSEG ABS ; [DATA SEGMENT]
ORG OFFEAH
TIRQS8 DW WARI1 ;Interrupt vector setting

INT_V ENDS

CSEG ; [DATA SEGMENT]
;Stack pointer (SP) has been initialized.

CLRI ;Interrupt is disabled.

CLRB TPE1 ;Counter operation is stopped.
MOV ILR3,#11111101B ;Interrupt level setting (level 1)
MOV COMR1, #095H ;Value to be compared to counter
value (interval)
MOV CNTR1, #00001100B ;Interval time operation, 64 tinst selection
MOV CNTR3,#00100000B ;PWM1l pin output enabled
MOV CNTR2, #10000010B ;Counter start, interrupt request
output

SETI ;Interrupt is enabled.

WARI1 CLRB TIR1 ;Interrupt request flag is cleared.
PUSHW A
XCHW A, T ;A/T save

PUSHW A
User processing

POPW A

XCHW A, T ;A/T restoration
POPW A

RETI

ENDS
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m Program Example of CK12 Mode

[Processing specifications

« 3.2 ms is specified as the interval (rectangular output cycle: 6.4 ms) for the CH1 timer and
no interrupts are used.

e Output from the CH1 timer is input to the CH2 timer as the count clock and the CH2 timer
generates timer interrupts repeatedly at 64 ms intervals.

« Arectangular wave inverted at the CH2 interval is output to the PWM2 pin.

* A COMR1 value to set a CH1 interval of about 3.2 ms for main clock oscillation of 12 MHz is
shown below. An internal count clock of 64 tj,g (tinst: Maximum clock speed (gear)) is

assumed as the count clock.
COMR1 register value =3.2 ms /(64 x 4 /12 MHz) - 1 = 149 (095H)

A COMR?2 register value to set a CH2 interval of about 64 ms with the rectangular output
from the CH1 timer is shown below.

COMR?2 register value = 64 ms / (3.2 x 2) ms = 10 (00AH)
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[Cbding example (comply with Softune V1)

CNTR1 EQU 0027H ;Address of CNTRL1
CNTR2 EQU 0028H ;Address of CNTR2
CNTR3 EQU 0029H ;Address of CNTR3
COMR1 EQU 002AH ;Address of COMRL
COMR2 EQU 002BH ;Address of COMR2
TPE1 EQU CNTR2:7 ;Definition of CH1 counter enable bit
TPE2 EQU CNTR2:6 ;Definition of CH2 counter enable bit
TIR2 EQU CNTR2:2 ;Definition of CH2 interrupt request flag bit
ILR3 EQU 007E ;Address of interrupt level setting register
INT_V DSEG ABS ; [DATA SEGMENT]
ORG OFFEAH
TIRQ9 Dw WARI ;Interrupt vector setting

INT_V ENDS

CSEG ; [CODE SEGMENT]
;Stack pointer (SP) has been initialized.

CLRI ;Interrupt is disabled.

CLRB TPE1 ;Counter operation is stopped.
CLRB TPE2
MOV ILR3,#11111101B ;Interrupt level setting (level 1)
MOV COMR1, #095H ;Value to be compared to counter
value (interval)
MOV COMR2, #00AH
MOV CNTR1, #00001100B ;Interval time operation, 64 tinst selection
MOV CNTR3, #01000000B ;PWM2 pin output enabled
MOV CONT2, #11100001B ;Counter start, interrupt request output

SETT ;Interrupt is enabled.

WART CLRB TIR2 ;Interrupt request flag is cleared.
PUSHW A
XCHW A,T ;A/T save
PUSHW A

User processing

POPW A

XCHW A,T ;A/T restoration
POPW A

RETI

ENDS

178



7.15 Program Examples of the 2-Channel 8-Bit PWM Timer (PWM Timer Function)

7.15 Program Examples of the 2-Channel 8-Bit PWM Timer (PWM
Timer Function)

This section contains PWM timer function program examples for 8-bit PWM mode, 7-bit
PWM mode, and CH12PWM mode.

m Program Example of PWM Timer Function

[Processing specifications

The CH1 timer operates as a PWM timer in 8-bit PWM mode and a rectangular wave is
output to the PWMZ1 pin.

The CH2 timer operates as a PWM timer in 7-bit PWM mode (high-speed mode) and a
rectangular wave is output to the PWM2 pin.

A PWM wave with a duty ratio of 50% is generated, and then the duty ratio is changed to
25%.

No interrupts are generated.

When an internal count clock of 16 tj,s (tinst: Maximum clock speed (gear)) is assumed as

the count clock for the CH1 and CH2 timers with main cock oscillation of 12 MHz, the CH1
PWM wave cycle is 1.365 ms (16 x 2 / 6 MHz x 256) and the CH2 PWM wave cycle is 6.82
ms (16 x 4 /12 MHz x 128).

A COMR register value to set a duty ratio of 50% in 8-bit PWM mode is shown below:
COMR1 register value = 50/100 x 256 = 128 (80H)

A COMR register value to set a duty ratio of 50% in 7-bit PWM mode is shown below:
COMR?2 register value = 50/100 x 128 = 64 (40H)
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[Cbding example (comply with Softune V1)

CNTR1 EQU 0027H ;Address of CNTR1
CNTR2 EQU 0028H ;Address of CNTR2
CNTR3 EQU 0029H ;Address of CNTR3
COMR1 EQU 002AH ;Address of COMR1
COMR2 EQU 002BH ;Address of COMR2
TPE1 EQU CNTR2:7 ;Definition of CH1 counter enable bit
TPE2 EQU CNTR2:6 ;Definition of CH2 counter enable bit
o ————— Maln PrOgr A= —— =
CSEG ; [CODE SEGMENT]
CLRB TPE1 ;Counter operation is stopped.
CLRB TPE2
MOV COMR1, #80H ;Pulse H width specification, duty ratio 50%
MOV COMR2, #40H
MOV CNTR1,#11011010B ;PWM timer operation, 8/7-bit PWM mode,
16 tinst selection
MOV CNTR3,#01000000B ; PWM1/PWM2 pin output enabled
MOV CNTR2, #11000000B ;Counter start, interrupt request output
disabled
MOV COMR1, #40H ;Duty ratio is changed to 25% (becomes valid
in the next PWM wave cycle)
MOV COMR2, #20H
ENDS
END
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m Program Example of CH12PWM Mode

[Processing specifications

A PWM wave with duty ratio of 50% is generated and then the duty ratio is changed to 25%.

When an internal count clock of 16 tj,s; (tinst: Maximum clock speed (gear)) is assumed as

the count clock for the CH1 and CH2 timers with main clock oscillation of 12 MHz and 128
(80y) is set in the COMR?2 register, the PWM wave cycle is 682.6 ms (16 x 4/12 MHz x 128).

A COMRL1 register value to set a duty ratio of 50% is shown below:

COMRL1 register value = 50/100 x 128 = 64 (040y)

[Cbding example (comply with Softune V1)

EQU 0027H ;Address of CNTR1

EQU 0028H ;Address of CNTR2

EQU 0029H ;Address of CNTR3

EQU 002AH ;Address of COMR1

EQU 002BH ;Address of COMR2

EQU CNTR2:7 ;Definition of CH1l counter enable bit

EQU CNTR2:6 ;Definition of CH2 counter enable bit

———-Main Program-———————— mm

CSEG ; [CODE SEGMENT]

CLRB TPE1 ;Counter operation is stopped.

CLRB TPE2

MOV COMR1, #40H ;Pulse L width specification, duty ratio 50%

MOV COMR2, #80H ;Pulse one cycle specification

MOV CNTR1, #00001010B ;16 tinst selection

MOV CNTR3, #01010000B ;PWM2 pin output enabled

MOV CNTR2, #11000000B ;Counter starts, interrupt request output
disabled

MOV COMR1, #20H ;Duty ratio is changed to 25%

(takes effect in the next PWM wave cycle)
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CHAPTER 8 EXTERNAL INTERRUPT CIRCUIT (LEVEL)

This chapter explains the functions and operation of the external interrupt circuit
(level).

8.1 "Overview of the External Interrupt Circuit (Level)"
8.2 "Configuration of the External Interrupt Circuit”
8.3 "Pins of the External Interrupt Circuit"

8.4 "Registers of the External Interrupt Circuit"

8.5 "Interrupt of the External Interrupt Circuit”

8.6 "Operations of the External Interrupt Circuit"

8.7 "Program Example of the External Interrupt Circuit"
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8.1 Overview of the External Interrupt Circuit (Level)

The external interrupt circuit detects the level of signal input to eight external interrupt
pins, and issues a single interrupt request to the CPU.

m Function of External Interrupt Circuit (Level Detection)

184

The function of the external interrupt circuit is to detect L level signal input to the external
interrupt pin, and to issue an interrupt request to the CPU. This interrupt enables recovery from
standby mode and transfer to normal operation (main RUN state or sub-RUN state).

» External interrupt pin: 8 (P30/INTO to P37/INT7)
» Cause of external interrupt: L level signal input to external interrupt pin

» Interrupt control: Enable and disable external interrupt input from external interrupt control
register (EIE).

» Interrupt flag: Detects L level from external interrupt request flag bit of external interrupt flag
register (EIF).

» Interrupt request: Issued by ORing of individual external interrupt causes (IRQO).



8.2 Configuration of the External Interrupt Circuit

8.2 Configuration of the External Interrupt Circuit

The external interrupt circuit contains the following three blocks:
» Interrupt request generation circuit

» External interrupt control register (EIE)

» External interrupt flag register (EIF)

m Block Diagram of External Interrupt Circuit

Figure 8.2-1 Block Diagram of External Interrupt Circuit

External interrupt 2 control register (EIE) External interrupt 2 flag register (EIF)
[IE7|IE6 )| IES|IE4|IE3|IE2|IEL|IEQO| | —|—|—|—|—|— | —|IFO

VYVYVYVY gty

generation circuit
P30/INTO | Pin !External
interrupt
i request
P
P31/INT1 in oo
P32/INT2 | Pin
P33/INT3 | Pin P
P34/INT4 | Pin %

P35/INT5 | Pin ) ot
P36/INT6 | Pin ) >
P37/INT7 | Pin ) >

[Idterrupt request generation circuit
The interrupt request generation circuit issues an interrupt request signal based on the signal
input to the external interrupt pins (INTO to INT7) and the external interrupt input enable bit.
[Ekternal interrupt control register (EIE)
The external interrupt input enable bits (IEO to IE7) enable or disable L level input from the
corresponding external interrupt pins.
[Ekternal interrupt flag register (EIF)

The external interrupt flag register saves and clears the interrupt request signal issued based on
the external interrupt request flag bit (IFO).
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[Idterrupt cause of external interrupt circuit

An interrupt request is issued when an L level signal is input to an external interrupt pin (either
IRQO or INTO to INT7), and when the external interrupt input enable bit corresponding to the pin
is 1.
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8.3 Pins of the External Interrupt Circuit

This section describes the pins related to the external interrupt circuit and contains a

pin block diagram.

m Pins Related to External Interrupt Circuit

There are eight external interrupt pins that are related to the external interrupt circuit.

[_P30/INTO to P37/INT7

These external interrupt pins (P30/INTO to P37/INT7) function as external interrupt input
(hysteresis input) and also as general-purpose input and output ports.

Pins P30/INTO to P37/INT7 set the pins corresponding to the port direction register (DDR3) as
the input port, and function as the external interrupt pins (INTO to INT7) after external interrupt
input is enabled from the external interrupt control register (EIE). The state of the pins can be
read from the port data register (PDR3) when it set to the input port.

Table 8.3-1 "Pins Related to the External Interrupt Circuit" shows the pins related to the external

interrupt circuit.

Table 8.3-1 Pins Related to the External Interrupt Circuit

External
interrupt pin

Used as external interrupt
input (interrupt input enabled)

Used as general-purpose input and
output port (interrupt input disabled)

P30/INTO

INTO (EIE:IEO=1,DDR3:bit0=0)

P30 (EIE:IE0=0)

P31/INT1

INT1 (EIE:IE1=1,DDR3:bit1=0)

P31 (EIE:IE1=0)

P32/INT2

INT2 (EIE:IE2=1,DDR3:bit2=0)

P32 (EIE:IE2=0)

P33/INT3

INT3 (EIE:IE3=1,DDR3:bit3=0)

P33 (EIE:IE3=0)

P34/INT4

INT4 (EIE:IE4=1,DDR3:bit4=0)

P34 (EIE:IE4=0)

P35/INT5

INTS (EIE:IE5=1,DDR3:bit5=0)

P35 (EIE:IE5=0)

P36/INT6

INT6 (EIE:IE6=1,DDR3:bit6=0)

P36 (EIE:IE6=0)

P37/INT7

INT7 (EIE:IE7=1,DDR3:bit7=0)

P37 (EIE:IE7=0)
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m Block Diagram of the Pins Related to the External Interrupt Circuit
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Figure 8.3-1 Block Diagram of the Pins Related to the External Interrupt Circuit

To external interrupt circuit ‘_@— External interrupt input enable bit

P DR (port data register)

A E e |o— Stop mode

z

" : PDR read  From resource output "Ullup option setting register
S A : | From resource P-ch
ﬁ : output enable _| [
= : PDR read : —
L] + (for bit manipulation instruction) : _g/é
g J’l} Output latch : DO——| P-ch
) : .
S| | iPDRwrite Pin
T e Nech P30/INTO/CLK
% DDR |+
: (port direction register) |:
DDR write :
: Stop mode (SPL=1)
<
:DDRread . ... .
DDR (port direction register)
SPL : Pin state selection bit of standby control register (STBC)
To external ‘_@— External interrupt input enable bit
PDR(port data register) mterrupt circuit
\,/\‘I /—F—Stop mode g
: PDR read
: : Pull-up option setting
n H . -
2 ﬂ  register [ P-ch
S : PDR read (for bit manipulation instruction) :
SN
— : Output latch :)o_
[T : | =1 X
o| | :PDRwrte :
E __________________________________________ Pin
i P31/IN
: DDR : @*% N-ch p32/INT2
EDDR write (port direction register)é Eg%—?’
: ﬂ . P35/_
: : P36/IN
\DDR read ; Stop mode P37/IN

SPL : Pin state selection bit of standby control register (STBC)

Reference:

If pull-up resistor is selected in the pull-up option register, the state of pins in stop mode
(SPL = 1) becomes H level (pull-up state) instead of high impedance.

reset, the pull-up state becomes invalid, and the state of the pins becomes Hi-Z.

However, during



m Relationship between Interrupt Enable Bit and External Interrupt Pin of External Interrupt Circuit

8.3 Pins of the External Interrupt Circuit

Table 8.3-2 "Relationship between Interrupt Enable Bit and External Interrupt Pin" shows the

relationship between the interrupt enable bit and the external interrupt pin.

Table 8.3-2 Relationship between Interrupt Enable Bit and External Interrupt Pin

External interrupt

Register Bit name
pin
bit0 IEO INTO
bitl IE1 INT1
bit2 IE2 INT2
bit3 IE3 INT3
EIE
bit4 IE4 INT4
bit5 IE5 INT5
bit6 IE6 INT6
bit7 IE7 INT7
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8.4 Registers of the External Interrupt Circuit

This section explains the register related to the external interrupt circuit.

m Register Related to External Interrupt Circuit
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Figure 8.4-1 Register Related to External Interrupt Circuit

EIE (External interrupt control register)

Address
003CH

EIF (External interrupt flag register)

Address
003 DH

bit7 bit6 bit5 bit4 bit3 bit2

bitl

bit0

IE7

IE6

IES

IE4

IE3

IE2

IE1

IEO

RW RW R/W R/W R/W R/W

bit7 bit6 bit5 bit4 bit3 bit2

R/W

bitl

R/W

bit0

IFO

R/W :Readable and writable

— :Unused
X :Undefined

R/IW

Initial value

000000008

Initial value

XXXXXXXO0g




8.4 Registers of the External Interrupt Circuit

8.4.1 External Interrupt Control Register (EIE)

The external interrupt control register (EIE) enables and disables the interrupt input on
external interrupt pins INTO to INT7.

m External Interrupt Control Register (EIE)

Figure 8.4-2 External Interrupt Control Register (EIE)

Address
003CwH

bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

Initial value

000000008

[_J:nitial value

External interrupt input enable bit

External interrupt input enable

IE7 | IE6 | IE5 | IE4 | IE3 | IE2 | IE1 | IEO
RW RW R/W R/W RW RW R/W R/W
| | | | | | | J
IEO
to
IE7
0
R/W :Readable and writable 1

External interrupt input disable

Table 8.4-1 Relationship between Bits and External Interrupt Pin of External Interrupt

Control Register (EIE)

Bit name External interrupt pin
bit7 IE7 INT7
bit6 IE6 INT6
bit5 IE5 INTS
bit4 IE4 INT4
bit3 IE3 INT3
bit2 IE2 INT2
bit1 IE1 INT1
bit0 IEO INTO

191



CHAPTER 8 EXTERNAL INTERRUPT CIRCUIT (LEVEL)

Table 8.4-2 Functions of the External Interrupt Control Register (EIE) Bits

Bit name Function

» These bits enable and disable the interrupt input of external

interrupt pins INTO to INT7.

» When these bits are set to 1, the corresponding external interrupt
bit7 pins function as external interrupt input pins, and receive external
bit6 interrupt input.
bit5 IEO to IET: * When these bits are set to 0, the corresponding external interrupt
bit4 L : pins function as a general-purpose port, and do not receive

. External interrupt input . .
bit3 : external interrupt input.
. enable bit .
bit2 References:
bitl * When using an external interrupt pin, write 0 to the corresponding
bit0 bit of the port direction register (DDR3), and set the pin to input.

» The external interrupt pin state can be read directly from the port
data register (PDR3), regardless of the external interrupt input
enable state.
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8.4 Registers of the External Interrupt Circuit

External Interrupt Flag Register (EIF)

The external interrupt flag register (EIF) detects level interrupts and clears interrupt

requests.

m External Interrupt Flag Register (EIF)

Figure 8.4-3 External Interrupt Flag Register (EIF)

Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

003DH | — | —

— | — | — | IFO | XXXXXXXOe

R/W

IFo External interrupt request flag bit
Read Write
RIW :leeadagIe and writable 0 | Readrequest(noL level detected) Clear the bit.
— :Unuse
X :Undefined 1 No read request (L level detected) This hit is not changed; other hits are not affected.
[ ]:nitial value

Table 8.4-3 Functions of Bit of External Interrupt Flag Register (EIF) Bits

Bit name Function
bit7
bit6
bit5 )
: . * Read values are undefined.
bit4 Unused bit " .
bit3 » Writing has no effect on operation.
bit2
bitl
« When an L level signal is input to the external interrupt pins (INTO
to INT7) with external interrupt input enabled, the external interrupt
request flag bit is set to 1.
IFO: « Writing O to this bit clears it. Writing 1 to this bit does not change
bit0 External interrupt it, and has no effect on other bits.
request flag bit Note:
The external interrupt input enable bits (EIE: IEO to IE7) of the
external interrupt control register only disable external interrupt
input. Interrupt requests continue until the IFO bit is cleared to 0.
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8.5

Interrupt of the External Interrupt Circuit

An L level input signal input to the external interrupt pins causes an external interrupt
circuit interrupt.

m Interrupts Issued during External Interrupt Circuit Operation

When an L level signal is input to the external interrupt pins with interrupt input enabled, the
external interrupt request flag bit (EIF: IFO0) is set to 1, and an interrupt request (IRQO) is issued
to the CPU. Write O to the IFO bit in the interrupt processing routine, and clear the interrupt
request.

When the external interrupt request flag bit (IFO) is set to 1 even though external interrupt input
is disabled, interrupt requests will be issued continuously in response to the settings of the
interrupt enable bits (IEO to IE7) of the external interrupt control register (EIE) until the IFO bit is
cleared to 0. The IFO bit must therefore be cleared.

Also, if an external interrupt pin is at the L level, the IFO bit is set immediately even though it is
cleared when external interrupt input is enabled. Consequently, disable external interrupt input
or release the external interrupt cause if necessary.

After releasing a reset, clear the IFO bit before enabling CPU interrupts.
Note:

» Since an L level input to any of the external interrupt pins (INTO to INT7) issues the same
interrupt request (IRQO), it is necessary to determine to which pin the external interrupt input
applies. Do this by reading the port data register (PDR3) before changing the input to the H
level.

» A stop mode interrupt can be released only by the external interrupt circuit.

m Register and Vector Table Related to Interrupt of External Interrupt Circuit
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Table 8.5-1 Register and Vector Table Related to the Interrupt of External Interrupt Circuit

Interrupt Interrupt level setting register Address of vector table
name Register Setting bit Higher Lower
IRQO ILR1(007Cy) LO1(bit1) LOO(bit0) FFFA4 FFFBy

See Section 3.4.2 "Processing During Interrupt Operation” for details of the interrupt operation.



8.6 Operations of the External Interrupt Circuit

8.6 Operations of the External Interrupt Circuit

The external interrupt circuit detects that an external interrupt pin is L level, and issues
an interrupt request to the CPU.

m Operations of the External Interrupt Circuit

The settings in Figure 8.6-1 "Setting of External Interrupt Circuit" are required in an instruction
that uses the external interrupt circuit.

Figure 8.6-1 Setting of External Interrupt Circuit

bit7 bit6 bit5 bit4 bit3 bit2 bitl bitO
EIE IE7 | IE6 | IES5 | IE4 | IE3 | IE2 | IEL1 | IEO
© © © © © © © ©
EIF —_— | — | — IFO
©
DDR3 © :Used
; ; ; ; ; ; ; . X :Set the bit
X X X X X X x x corresponding to
the used pin to 0.

When an L level signal is input to the external interrupt pins corresponding to INTO to INT7

when external interrupt input (one of IEQ to IE7) is enabled, an IRQO interrupt request is issued
to the CPU.

Figure 8.6-2 "Operation of External Interrupts (INTO)" shows the operation of the external
interrupt circuit (when INTO pin used).

Figure 8.6-2 Operation of External Interrupts (INTO)

Waveform input to INTO pin |_| |_| |—,_

(L level detected) - . =
External interrupt input er’gaple state

EIE : IEO L g 3

: Clear within inter'rupt processing routine
Py Py
EIF : IFO : 1 1

(IRQO state is the same) ; o
» Interrupt processing  Interrupt processing

! :
Operation of in%,errupt 5 | | | l
rocessing routine : : :
gorrespon%ing to IRQO : :  RETI : RETI
The pin state is di(ectly readable. 5
PDR3 : bit0 L] |_| | |_
Reference:

The pin state can be read directly from the port data register (PDR3) even though an
external interrupt pin is used for external interrupt input.
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8.7 Program Example of the External Interrupt Circuit

This section presents examples of external interrupt circuit programs.

m Program Example of the External Interrupt Circuit

[Processing specification

Detects the L level when it is input to the INTO pin, and issues an interrupt.
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[Cbding example (comply with Softune V1)

DDR3 EQU

EIE EQU
EIF EQU
IFO EQU

ILR1  EQU

INT_V DSEG
ORG

IRQ0 DW

INT_V ENDS

jo————- Main program

CLRI
CLRB
MOV
MOV
MOV

SETI

WARI MOV
CLRB
PUSHW

XCHW
PUSHW

000DH
003CH

003DH
EIFO
007CH
ABS

OFFF2H
WART

IFO
ILR1,#11111110B

DDR3, #00000000B
EIE,#00000001B

EIE,#00000000B
IF0
A

A,T
A

User processing

POPWA
XCHW
POPWA
RETI
ENDS

A
A, T
A

;Address of port direction register
;Address of external interrupt
control register

;Address of external interrupt flag
register

;Definition of external interrupt
request flag bit

;Address of interrupt level setting
register

; [DATA SEGMENT]

;Interrupt vector setting

; [CODE SEGMENT]

;Initialization of the stack pointer
(SP) is assumed.

;Interrupt disable

;Clear external interrupt request
flag.

;Set interrupt level to 2.

;Set INTO pin to input.

;Enable external interrupt input of
INTO pin.

;Interrupt enable

;Disable external interrupt input of

INTO pin.
;Clear external interrupt request
flag.
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CHAPTER 9 PARALLEL PORTS

This chapter explains the functions and operation of the parallel ports.

9.1
9.2
9.3
9.4
9.5
9.6

"Overview of the Parallel Ports"
"Configuration of the Parallel Port"
"Pins of the Parallel Port"
"Registers of the Parallel Port"
"Interrupts of the Parallel Port"

"Operation of the Parallel Port"
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9.1 Overview of the Parallel Ports

A parallel port enables data to be exchanged with an external host CPU or peripheral
device asynchronously via an external 8-bit system data bus.

m Parallel Port Functions

A parallel port has functions for exchanging parallel data (8 bits) with another CPU or peripheral
device.

* An 8-bit data bus can be used.
» A buffer function is available for independent input and output.
» Asynchronous data access from an external device is possible.

» The I/O buffer status can be output externally.
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9.2 Configuration of the Parallel Port

A parallel port consists of the following three blocks:
» Parallel port data control register (PDCR)

» Parallel port status register (PSR)

o Parallel port data register (PDR)

m Block Diagram of Parallel Port

Figure 9.2-1 Block Diagram of Parallel Port

Internal data bus

PDCR (15H) iI PSR (11H) iI @

| —_— | —_ | — | IRIE |IROE| IBFE |ODFE| PDIE| | | | | | A0 | | IBF |OBF| | PDR(10H) |

8 8
WEX/P36 >
CEX/P54 —

RDX/P37—i>

AO/P53—%{\/
{$_| 8 Pin

- %> P50/OBF/IBFX P40 to P47
IBF —q

OBF—c33>_) IRQ1

IBF—

| PDR(10H) |

b

[Phrallel port data control register (PDCR)

This register enables or disables parallel port interrupts and switches the function of the port
between parallel port and general-purpose port.

[Phrallel port status register (PSR)

This register indicates the 1/0 buffer status as status data. The status can be output when data
is output.

[Phrallel port data register (PDR)

This register is used as a data I/O buffer register for parallel port operation.
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9.3 Pins of the Parallel Port

This section explains the parallel port pins and provides a block diagram of them.

m parallel port pins

202

The parallel port pins are the data 1/0 pins (P40/D0 to P47/D7), external data write pin (P36/
WEX), external data read pin (P37/RDX), parallel port device select pin (P54/CEX), data select
pin (P53/A0) and status flag output terminals (P50/OBF, IBFX). Switching between these pins
is accomplished by the setting of the parallel port operation enable bit (PDIE bit of PDCR).

P40/DO0 to P47/D7:

These pins serve both as general-purpose /O ports (P40 to P47) and as parallel port data I/
O pins (DO to D7). When parallel port operation is enabled (PDIE bit of PDCR is 1), these
pins function as parallel port data I/O pins (DO to D7) regardless of the value of the
corresponding port direction register.

P36/WEX:

This pin serves as both a general-purpose 1/O port (P36) and an external parallel port data
write pin (WEX). When parallel port operation is enabled (PDIE bit of PDCR is 1), this pin
functions as an external parallel port data write pin (WEX). If parallel port operation is
enabled, set the corresponding port direction register to the input mode (set bit 6 of DDR3 to
0).

P37/RDX:

This pin serves as both a general-purpose 1/O port (P37) and an external parallel port data
read pin (RDX). When parallel port operation is enabled (PDIE bit of PDCR is 1), this pin
functions as an external parallel port data read pin (RDX). If parallel port operation is
enabled, set the corresponding port direction register to the input mode (set bit 7 of DDR3 to
0).

P54/CEX:

This pin serves as both a general-purpose I/O port (P54) and a parallel port device select pin
(CEX). When parallel port operation is enabled (PDIE bit of PDCR is 1), this pin functions as
a parallel port device select pin (CEX) regardless of the value of the corresponding port data
register.

P53/A0:

This pin serves as both a general-purpose 1/O port (P53) and a parallel port data select pin
(AO). When parallel port operation is enabled (PDIE bit of PDCR is 1), this pin functions as a
parallel port data select pin (AO) regardless of the value of the corresponding port data
register.

P50/OBF and IBFX:

This pin serves as both a general-purpose 1/O port (P50) and parallel port status flag output
pins (OBF and IBFX). When parallel port operation is enabled (PDIE bit of PDCR is 1), this
pin functions as parallel port status flag output pins (OBF and IBFX) regardless of the value
of the corresponding port direction register.



9.3 Pins of the Parallel Port

m Block Diagram of Parallel Port Pin

Figure 9.3-1 Block Diagram of Parallel Port Pin

To peripheral <—CL_

_ For P44 and P46 only

R /—’O_J_Stopmode
— :

‘Parallel port output Pull-up option setting register

PDIE lD—_| L P

=1
&
S : PDR reading —
E + (for bit manipulation instruction) : _g/é
2 LN : ,
> : Output latch T DO——| P-ch
o : b :
c . . . .
@ || iPDRwriting Pin
ﬂ? DDR N-ch
(Port direction register)
: DDR writing
Stop mode (SPL=1)
' DDR reading

DDR (port direction register)
SPL: Pin status selection bit of standby control register (STBC)

—Pull-up

When the pull-up option setting register is set to enable use of the pull-up resistor, the pin status
in stop mode (SPL = 1) is not high impedance status, but H level (pull-up status). However, the
pull-up resistor has no effect in the reset state, and the pin status is high impedance.
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9.4 Registers of the Parallel Port

This section explains the parallel port registers.

m Parallel Port Registers

Figure 9.4-1 Parallel Port Registers

Parallel port data register (PDR)
Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

PDR 0010+ |pPDB7|PDB6|PDB5|PDB4| PDB3| PDB2[PDB1 [ PDBO|  XXXXXXXX H
RW RW R/W R/W R/W R/W R/W R/W

Parallel port status register (PSR)
Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

PSR 0011n UF4 | UF3 |UF2 | UF1 | A0 | UFO | IBF | OBF XXXX0OXXX B
RW R/W R/W R/W R RW R/W R/W

Parallel port data control register (PDCR)

Address bit7 bité bit5 bit4 bit3 bit2 bitl bitO Initial value

PDCR 0015 - - - IRIE |IROE | IBFE [OBFE| PDIE XXX00000s
RW RW RW R/W R/W

R/W : Readable and writable
R  : Read only

- : Unused

X : Undefined
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9.4.1 Parallel Port Data Register (PDR)

The parallel port data register (PDR) operates as a parallel port data 1/0O buffer.

m Parallel Port Data Register (PDR)

Figure

9.4-2 Parallel Port Data Register (PDR)

Address

Parallel port data register (PDR)

bit7 bité bit5 bit4 bit3 bit2 bitl bit0

PDR 0010H

PDB7| PDB6| PDB5| PDB4| PDB3| PDB2(PDB1 | PDBO

R/W: Readable and writable

RW R/W R/W RW RW RW RW R/W

Initial value

XXXXXXXX 8

[Qutput data buffer

During parallel port operation (PDIE bit of PDCR is 1), the PDR retains the data to be output to
an external system bus. The data retained in the PDR is output to pins P40/DO0 to P47/D7 when
ORing of P36/WEX and P54/CEX results in 0.

[Idput data buffer

During parallel port operation (PDIE bit of PDCR is 1), the PDR retains the data input from pins
P40/DO0 to P47/D7. The values at the pins are latched when ORing of P36/WEX and P54/CEX

results in 0.

The parallel port data register (PDR) uses the same address for the input and output buffers.
When this register is accessed for reading during parallel port operation, input data is read.
When this register is accessed for writing during parallel port operation, output data is written.
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9.4.2 Parallel Port Status Register (PSR)

The parallel port status register (PSR) indicates the status of the data bus.

m Parallel Port Status Register (PSR)

Figure 9.4-3 Parallel Port Status Register (PSR)

Address  hit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

Initial value
PSR 0011n UF4 | UF3 |UF2 |UF1 | A0 | UFO | IBF | OBF | XXXX0OXXXs

RW RW RW RW R RW RW R/W

t OBF Output buffer flag
0 | Buffer empty
1 | Buffer full
L IBF Input buffer flag

0 Buffer empty

1 Buffer full

A0 A0 flag

0 AO pin status is 0 when IBF flag is set

1 AO pin status is 1 when IBF flag is set

UFO~UF4 User-defined flag

0 User definition 0

1 User definition 1

R/W : Readable and writable
R : Read only

[ : Initial value
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Table 9.4-1 Bit Functions of the Parallel Port Status Register (PSR)

Bit name Function
bit7 to 4 UF4 to UF1: These bits can be defined as flags by the user. Specifying whether
User-defined flag bits they are set and cleared is optional by the program.
bit3 AO: This bit indicates the status of AO/P53 set when the IBF flag is set
A0 flag bit (WEX/P36 = 0, CEX/P54 =0, and PDIE = 1).
bit2 UFO: These bits can be defined as flags by the user. Specifying whether
User-defined flag bit they are set and cleared is optional by the program.
bitl IBF: This bit is set to 1 when external data is written to the input buffer
Input buffer flag bit (PDR).
When this bit and the IRIE bit of PDCR are 1, an interrupt request
is output to the CPU.
When this bit and the IBIE bit of PDCR are 1, 0 is output to the
external pin (P50/IBFX).
In a write operation, this bit is cleared when 0 is written, but is not
affected when 1 is written.
bit0 OBF: This bit is cleared to 1 when data is externally read from the output
Output buffer flag bit buffer (PDR).
When this bit is cleared and the IROE bit of PDCR is 1, an interrupt
request is output to the CPU.
When this bit and the OBFE bit of PDCR are 1, 0 is output to the
external pin (P50/OBF).
In a write operation, this bit is set when 1 is written, but is not
affected when 0 is written.
Note:

The PSR parallel port register also functions as direction register DDR4 in the general-purpose port.
When the parallel port data control register (PDIE bit of PDCR) is used to switch between the general-
purpose port and parallel port functions, the registers hold the latest values. (Only bit AO is initialized
when the parallel port function is set to on.)
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9.4.3 Parallel Port Data Control Register (PDCR)

The parallel port data control register (PDCR) switches the function of ports between
general-purpose ports and parallel ports, and enables or disables interrupts to the
CPU and external pins.

m Parallel Port Data Control Register (PDCR)

Figure 9.4-4 Parallel Port Data Control Register (PDCR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
PDCR 0015H - - - | IRIE [IROE [IBFE [OBFE [PDIE [ XXX00000s
RIW RW R/W R/W R/W

LPDIE Parallel data interface enable bit
0 Disabling parallel data interface operation

1 Enabling parallel data interface operation

L—>(OBFE OBF output enable bit

0 | Disabling OBF output
1 | Enabling OBF output

IBFE IBFX output enable bit
0 | Disabling IBFX output
1 | Enabling IBFX output

IROE Output data setting interrupt enable bit
o | Disabling the output data setting interrupt
1 | Enabling the output data setting interrupt

—>{IBIE Input buffer-full interrupt enable bit
0 | Disabling the input buffer-full interrupt
1 | Enabling the input buffer-full interrupt

R/W :Readable and writable
:Initial value
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Table 9.4-2 Bit Functions of the Parallel Port Data Control Register (PDCR)

Parallel data interface
enable bit

Bit name Function
bit7 to 5 Unused bits In a read, the status of these bits is undefined.
In a write, these bits do not affect operation.

bit4 IRE: If this bit is 1 when the IBF flag is set, an interrupt request is output
Input buffer-full interrupt to the CPU.
enable bit

bit3 IROE: If this bit is 1 when the OBF flag is cleared, an interrupt request is
Output data setting output to the CPU.
interrupt enable bit

bit2 IBFE: If this bit is 1 when the IBF flag is cleared, 1 is output to the IBFX
IBFX output enable bit pin.

bitl OBFE: If this bit is 1 when the OBF flag is set, 1 is output to the OBF pin.
OBF output enable bit

bit0 PDIE: When this bit is 1, related ports (P36, P37, P40 to P47, P50, P53,

and P54) operate as parallel interface ports.
When this bit is 0, the above ports operate as general-purpose
ports.
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9.5 Interrupts of the Parallel Port

The causes of a parallel port interrupt are data reading and writing from external

devices.

m Interrupt During Parallel Port Operation

If the input buffer (PDR) is full (that is, when external data has been written) when parallel
operation is enabled (RDIE bit is 1), the IBF flag is set.

If the output buffer (PDR) is empty (that is, when data has been read externally) when parallel
operation is enabled (RDIE = 1), the OBF flag is cleared.

If an interrupt request enable bit is set (IRIE or IROE bit of PDCR is 1) in the above status, an
interrupt request (IRQ1) is output to the CPU.

Note that the IBF and OBF bits are set or cleared according to the status of the buffer (PDR)
regardless of the status of the IRIE and IROE bits.

If the IRIE or IROE bit is set (0 --> 1) to enable an interrupt when the IBF bit is 1 or the OBF bit
is O (that is, when an interrupt cause is generated), an interrupt request is output immediately.

m Register and Vector Table for a Parallel Port Interrupt

210

Table 9.5-1 Register and Vector Table for a Parallel Port Interrupt

Interrupt Interrupt level setting register Vector table address
name Register Bits to be set Higher Lower
IRQ1 ILR1(007Cy) L11(bit3) L10(bit2) FFF8y FFF9y4

For the operation of interrupts, see Section 3.4.2 "Processing During Interrupt Operation".



9.6 Operation of the Parallel Port

9.6 Operation of the Parallel Port

This section explains parallel port operation

m Parallel Port Input Operation

1.

When both CEX (P54) and WEX (P36) are 0, the data on external data I/O pins P40 to P47
is latched in the input buffer (PDR) on the falling edge of WEX (P36).

. When data is latched in the input buffer (PDR), the IBF bit of the parallel port status register

(PSR) is set.

When the IBF bit is set and the IRIE bit of the parallel port data control register (PDCR) is
set, an interrupt request is output to the CPU.

When the content of the input buffer (PDR) is read in the CPU interrupt handling routine, the
IBF flag (IBF bit of PSR), which is the interrupt cause, is cleared automatically.

In step 2, the status of AO signal level is latched in the AO bit of the parallel port status
register (PSR). The latched level can be used to determine whether the content of the input
buffer (PDR) is data or a command.

Figure 9.6-1 Parallel Port Input Operation

CEX

WE X

DO-D7

IBF

|

Previous data Write data

Internal .. B4

‘Automatic setting

Automatic clear:ing

IRIE J

IRQ1

IBFE

P50/IBFX

Host CPU

data set time

4

Read by the internal CPU~""
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m Parallel Port Output Operation

212

1.

When output data is written to the output buffer (PDR), the OBF bit of the parallel port status
register (PSR) is set.

. When CEX (P54), PDX (P37), and AO are 0, the data in the output buffer (PDR) is output to

external data 1/0 pins P40 to P47 on the falling edge of PDX (P37). At the same time, the
OBF bit is cleared.

When CEX (P54) and PDX (P37) are 0 and AO is 1, the status in the parallel port status
register (PSR) is output to external data 1/O pins P40 to P47 on the falling edge of PDX
(P37).

When OBF is cleared and the IROE bit of the parallel data control register (PDCR) is set, an
interrupt request is output to the CPU.

When output data is written to the output buffer (PDR) in the CPU interrupt handling routine,
the OBF flag (OBF bit of PSR), which is the interrupt cause, is set automatically. Then, the
interrupt cause is cleared.

Figure 9.6-2 Parallel Port Output Operation

CEX

RDX

P53/A0

DO0-D7

Internal < V

OBF

IROE
IRQ1
OBFE

P50/0OBF

—

Pet X
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Read data(*1)

Automatic setting *1 PDR when AO is O.
PSR when A0 is 1.

Automatic clear'ing
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CHAPTER 10 USB FUNCTION

This chapter explains the functions and operation of the USB function circuit.

10.1
10.2
10.3
10.4
10.5
10.6

"Overview of the USB Function"
"Configuration of the USB Function Circuit"
"Registers of the USB Function Circuit"
“Interrupts of the USB Function”

"Functions Supported by the USB Function"
"Operation of the USB Function”
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CHAPTER 10 USB FUNCTION

10.1 Overview of the USB Function

The USB function circuit is a general-purpose serial bus interface that supports the
universal serial bus (USB) communication protocol. This interface supports two
transmission speeds: full (12 megabits per second) and low (1.5 megabits per

second).

m Functions of the USB Function Circuit

The USB function circuit executes two-way, serial data communication with a host controller that
supports the USB protocol.

214

Protocol:

USB Protocol Revision 1.0 is supported.

Transmission speed:

Full speed (12 Mbps) and low speed (1.5 Mbps) are supported.

Device status:

A response about the status of a device is automatically sent in the USB protocol.
Clock:

The USB interface uses a 48 MHz clock and the clock synchronization contains a digital PLL
circuit. (In the function circuit, a 48 MHz clock divided by 4 is used for synchronization.)

Data check:

Bit stripping, bit stuffing, CRC5, and CRC16 are generated and checked automatically.
Data synchronization bit:

A data synchronization bit (DATAO/DATAL toggle bit) is held.

Standard USB commands:

All standard commands, except the Get/SetDescriptor and SynchFrame commands, are
automatically supported. For the Get/SetDescriptor and SynchFrame commands, the status
of the SETUP transaction is displayed and output as data to the CPU bus.

Class/Vendor command:

For the Class/Vendor command, the SETUP transaction is output as data to the CPU bus.
EndPoints:

Up to four EndPoints are supported. (EndPoint 0 is always used to control data transfer.)
Interface/Alternate:

Switching of the interface (0 or 1) and the alternate number are controlled by software.
Interrupt cause:

An interrupt is generated at the end of packet transfer from an EndPoints (when
handshaking information to or from the USB host is received).

An interrupt is also generated for reception of a Frame Start packet, in the SETUP stage, for
reception of a Set Interface command, or transition to or return from the SUSPEND stage.



10.1 Overview of the USB Function

* FIFO:
A FIFO interface (8 bits x 8) for transmission is built in.
* DMA transfer:

A DMA controller is built in, and internal FIFO data is transferred directly to RAM. When
DMA transfer mode is specified, data can be transferred by DMA transfer to a FIFO device
connected to a dedicated external 1/O pin.
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10.2 Configuration of the USB Function Circuit

The USB function circuit consists of the following four blocks:

* USB device controller (UDC)

» Transmission buffer (IN/OUT_BUF)

 DMA controller (DMAC)

* USB control registers (UMDR, DBAR, DTCR, UCTR, USTR1, USTR2, UMSKR, UFRM1,
UFRMZ2, EPER, EPBRO, EPBRx1, and EPBRx2)

m Block Diagram of USB Function Circuit

Figure 10.2-1 Block Diagram of USB Function Circuit

P -
i PSOW  — |
FIFO(8bit x 8) i Pin |
ubc ' |External PS3/FFX — ;
: < Pin | ;
IN/OUT_BUF i |FIFO P40/DO0 to P47/D7 — |
i »Pin | |
UBL Block i |interfac — !
i P51/R —
+ ! ——PPin :
CLK(48MHz) —P> PL EP ! P52/EFX —
: Pin | |
Block Block : P60/DIO0 to P67/DI7 — i
g Pin |
<4 DMAC < i — !
_> 1 1
¢ ? A ; i
; i
s A !
SIE Block ¢ Internal bus
d | -
= v 1 3
n
& |
. 4 [
2 PLL Block Transfer byte count register <
v 4>| DMA base address register |<——>
EPINFO 4—{ USB control register le »
A
‘|‘ EPM
End point enable register —
End point setup registers < 4
USB status registers 1 and 2
> Frame status re gister >
<—< USB reset mode register |<—>
USB interrupt mask register
I—NRQ3
IRQ5
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10.2 Configuration of the USB Function Circuit

[USB power mode register

This register sets the power supply mode (internal supply or supply from bus) of the functions.

[UBSB reset mode register
This register specifies USB function circuit reset, operating speed (full or low), route port (host
controller) connection, and resume operation.

[DMA base address register

This register specifies the address of the RAM area where transfer data is stored.

[Tilansfer data count registers 0 to 3

These registers indicate the byte count (specification of the number of DMA bytes to be
transmitted or indication of the number of bytes received) of the transfer packets at each end
point.

[USB control register

This register controls USB protocol data transfer.

[UBSB status registers 1 and 2
These registers indicate the termination status of USB transfer and the current information
about transfer packets.

[UBSB interrupt mask register

This register masks USB transfer data termination and SOF packet reception interrupts.

[Ftame status register

This register holds the start frame number.

[Ehd point enable register

This register enables or disables the function at each end point.

[Ehd point setup registers

These registers specify the configuration information (transfer type, direction, and maximum
packet size) about the end points.
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10.3 Registers of the USB Function Circuit

This section explains the USB function circuit registers.

m USB Function Circuit Registers

[USB power mode register

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address

PMDR 0040n [ " o o T oo oo oo PWC| XXXXXXX0s
R/W

[UBSB reset mode register

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address

UMDR 0050y | RST [RESUM| HCON| SP | --- | - | --- | BFS | 1000XXX0g
RW RW RW RW RIW

[DMA base address register
[DMA base address register high for MB89589B/P589B only]

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address

DBARH 004F | AD15| AD14| AD13| AD12| AD11)AD10| --- | --- | 000000XXs
RW RW RW RW RW RW

[DMA base address register low common to MB89580B/BW series]

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address

DBAR 0051+ | ~~ --- AD9 | AD8| AD7| AD6| AD5| AD4 | XXXXXXXXs
RW R/W R/W R/W R/W R/W

[Tlansfer data count registers 0to 3
[End points 0 and 3]

TDCR 0,3 (EndPoint 0,3)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address

0052+,00571 | ~7~ BC6 | BC5 | BC4 | BC3 | BC2 | BC1 | BCO| X0000000s
RW RW RW RW RW RW R/W
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[End points 1 and 2]

TDCR 11,21 (EndPoint 1,2)
Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address

0053+,0055+ BC7 | BC6 | BC5| BC4 | BC3| BC2 | BC1| BCO| 000000008
RW RW RW RW RW RW RW R/W

TDCR 12,22 (EndPoint 1,2)
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address

0054100560 | T T T T T T BC9| BC8| XXXXXX00s
RIW R/W

[UBSB control register

Bit7 __ Bit6  Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value

Bfok3 [ Bfok2 | Bfok1| BfokO| Stall3| Stall2| Stall1| Stall0 | 000000008
R/W R/W R/W R/W RW RW R/W R/W

Address
UCTR 0058+

[UBSB status register 1

Bit7 __ Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 _Initial value

Pkend|Setup [ SOF |SETIF BUSR Wkup [ Susp |[NACK| 000000008
RW RW RW R/W R RW R/W R

Address
USTR1 0059H

[UBSB status register 2

Bit7 Bit6  Bits Bit4 Bit3 Bit2 Bitl  Bit0 [nitial value

Address
USTR2 005A » | 11AL1 | I1ALO | I0AL1 | I0ALO | SPK | DIR | EPC1| EPCO | XXXXXX008

R R R R R R R R

[USB interrupt mask register

Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl Bit0 _ |nitial value

Address
UMSKR 005B H | MPKend| Msetup | MSOF | Msetif | MBUSR| mwkup| MsusP | BUsrr | 000000008

RW RW RW RW RW RW RW R/W

219



CHAPTER 10 USB FUNCTION

[UBSB frame status register

Bit7 Bit6 Bit5 Bit4 Bit3  Bit2 Bitl Bit0 iti
UERMR1 Initial value
Address | Frm7 | Frm6 | Frm5 | Frm4 [ Frm3 | Frm2 | Frm1 [ FrmO | XXXXXXXXs
005C + R R R R R R R R
Bit7 Bit6 Bit5 Bit4 Bit3  Bit2 Bitl Bit0 iti
UERMR2 Initial value
Address - |Frm10| Frm9 | Frm8 [ XXXXXXXXs
[Ehd point enable register
Bit7  Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 iti
EPER Initial value
Address --- |Epen3 |Epen2 |Epenl |Epen0 [ XXXX0001s
00SE RW RW RMW R
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[Ehd point (0, 1, 2, 3) setup register

[End point 0]

EPBRO
Address
005F H

10.3

Registers of the USB Function Circuit

[End points 1 and 2]

EPBR11,21
Address
0060+ ,0062H

EPBR12,22
Address
0061+ ,0063H

[End point 3]

EPBR31
Address
0064 H

EPBR32
Address
0065 H

Bit7 Bit6 Bit5s Bit4 Bit3 Bit2 Bitl Bit0
-~ | MP6 | MP5 | MP4 | MP3 | MP2 | MP1 | MPO

RW RW RW RW RW RW RMW
Bit7 Bit6  Bit5 Bit4 Bit3 Bit2  Bitl  Bit0
EPM | -- |TYP1|TYPO |DIR1 |DIRO |MP9 |MP8
RIW RW RW RW RW RMW RW
Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl _ Bit0
MP7 | MP6 | MP5 | MP4 | MP3 | MP2 | MP1 | MPO
RW RW RW RW RW RW RW RW
Bit7 _Bit6__ Bit5 _ Bit4 _Bit3  Bit2 _ Bitl _Bit0
— | = |TYPL1|TYPO |DIR1 |DIRO | - | --

RW RMW RMW RW

Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl _ Bit0
— | MP6 | MP5 | MP4 | MP3 | MP2 | MP1 | MPO

RW RW RW RW RW RW RW

Initial value
X0000000s

Initial value
0X000000 B

Initial value
00000000 s

Initial value
XX0000XXs

Initial value
X0000000 B
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10.3.1 USB Power Mode Register (PMDR)

The USB power mode register sets the power supply mode (internal supply or supply
from bus) of the USB functions. Bits 7 to 1 of this register are reserved. When writing
data by using a byte instruction, always write 1000001 + PWC B.

m USB Power Mode Register (PMDR)
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Bit7 Bit6 Bits Bit4 Bit3 Bit2 Bitl Bit0 Initial value
XXXXXXX08

PMDR 0040+ PWC
R/W

Bits 7 to 1: Reserved
"1000001" is always written to these bits.
Bit 0: PWC (Power Control)

Bit O specifies the power supply mode (internal power mode or bus power mode) of the USB
functions.

(This bit setting is reflected in the response of the GetStatus command.)

PwWC Power mode control bit
0 USB FUNCTION Bus power type
1 USB FUNCTION Internal power type




10.3.2 USB Reset Mode Register (UMDR)

10.3 Registers of the USB Function Circuit

The USB reset mode register specifies reset and other USB function circuit operations.
Bits 2 to 3 of this register are reserved. When writing data to this register, always write

0 to the bits.

m USB Reset Mode Register (UMDR)

Address
UMDR 0050 w

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
RST [RESUM| HCON [ sP --- | RFBM | BFS
RW R/W R/W R/W R/W  R/W

Bit 7: RST (Function Reset)

Initial value
1000XX00s

Bit 7 specifies whether to reset the USB function circuit independently. In normal operation
(except initialization after power-on), independent reset of the USB function circuit is not
necessary. Resetting of the USB function circuit has an OR relation with system reset when
power is turned on.

The initial value of this bit is 1, which indicates resetting. To cancel resetting, write O to this

bit.

RST

Function Reset bit

0

Specifies that USB function circuit reset is canceled.

1

Specifies that the USB function circuit is reset.

Bit 6: RESUM (Resume)

When remote wakeup is enabled and the SUSP bit of status register 1 is 1 (SUSPEND
mode), resuming is enabled. When 1 is written to bit 6, the SUSP bit is cleared to 0 and the
resume operation is started. To specify resuming, write 1 to bit 6, wait at least two 12 MHz

clock pulses (166 ns), then write O to bit 6 to clear it.

RESUME

USB Resume bit

0

Specifies that the USB Resume Start bit is cleared.

1

Specifies that resuming of USB operation is started.
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Bit 5: HCON (USB Host Connection)

Bit 5 specifies whether to connect the USB host controller via the USB interface. When this
bit is set, USB interface signals (D+ and D-) are connected.

HCON USB Host Connection bit
0 Specifies that the USB host controller is not connected.
1 Specifies that the USB host controller is connected.
Note:

The MBB89580B series specifies the connection of the host controller not by HCON but by
enabling the external 1.5Q pull-up resistor by means of general-purpose output control.
Enable the pull-up resistor only after setting HCON.

Bit 4: SP (USB Speed)

Bit 4 sets the transmission speed of the USB interface. This setting can be done only once
in the initialization processing after power is turned on. After setting the transmission speed,
cancel USB function circuit reset with bit 7 (RST bit). The initial value of bit 4 after power-on
is O (low speed).

SP USB Speed bit
0 USB Low Speed (1.5Mbps)
1 USB Full Speed (12Mbps)

Bits 3to 2: Reserved
"0" is always written to these bits.
Bit 1: RFBM (Rate FeedBack Mode)

Bit 1 selects the data toggle mode for an interrupt transfer of USB.

RFBM Data Toggle Mode Selection bit

0 Selects the alternate data toggle mode.
PID of DATAO/DATAL is toggled only when transfer is completed normally.

1 Selects the data toggle mode.
PID of DATAO/DATAL is toggled unconditionally.

Bit 0: BFS (Buffer Size)

Bit O specifies the size of the buffer memory to be allocated in RAM for each end point. The
specified size of buffer memory to be allocated applies to each of the four end points (end
points 0 to 3).

BFS Buffer Size bit
0 8 bytes (for each of EndPoints 0 to 3)
1 64 bytes (for each of EndPoints 0 to 3)
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10.3.3 DMA Base Address Register (DBAR)

The DMA base address register specifies the DMA transfer destination address of
buffer memory (mapped in RAM) for each EndPoint (0 to 3). The address specified by
this register is used as the DMA transfer address for EndPoint 0. The DMA transfer
addresses for EndPoint 1 to EndPoint 3 are set in a continuous area in units of the size
specified by the BFS bit of the USB reset mode register.

m DMA Base Address Register (DBAR)

Address Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 |nitial value
DBAR 0051 v | --- AD9 | AD8 | AD7 | AD6 | AD5 | AD4 | XXXXXXXXs
RW R/W RW RW RW R/W

Bits 7 to 6: Reserved
"0" is always written to these bits.
Bits 5to 0 (DBAR): AD9 to AD4 (DMA Base Address AD9 to AD4)

Bits 5 to 0 specify the DMA transfer destination address for EndPoint 0. The DMA transfer
addresses for EndPoints 1 to 3 are determined in an area beginning with the specified base
address (for EndPoint 0) at intervals of the buffer size (specified by the BFS bit). Address
specification format is 0XX0y (X: any number).

The specifiable range of addresses for the DMA area is 0000y to 03FOy but the base
address must be specified in the range of built-in RAM addresses.

(I/O area addresses 0000y to 007F must be avoided.)
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Example: When DBAR is 00AQy and BFS bit of UMDR is O (8 bytes)

0000 H

007F H
0080 H

RAM area

0280 1™

1/0 register area

00AO0 H
EP-0 Base Address Register

End point 0

End point 1

End point 2

End point 3

(*: 0480 « for a 1-kilobyte RAM)
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(8Byte)
4444444 EP-1 DMA Address

4444444 EP-2 DMA Address

4444444 EP-3 DMA Address
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10.3.4 DMA Base Address Registers for MB89589B (DBARH and
DBAR)

The MB89589B/P589B uses DMA base address registers (DBARH and DBAR) to
specify the DMA transfer destination address of the buffer memory (mapped in RAM)
for each EndPoint (0 to 3). The address specified by using DBAR is used as the lower
DMA transfer address for EndPoint 0. The lower DMA transfer addresses for EndPoint
1 to EndPoint 3 are set in a continuous area (up to 1 KB) at intervals of the size
specified by the BFS bit of the USB reset mode register. DBARH specifies the
destination bank address of DMA transfer.

m DMA Base Address Register High (DBARH)

Address Bit7  Bit6  Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
DBARH 004FH | AD15(AD14 [AD13 | AD12| AD11| AD10|----- [----- 000000XXs
RW RW RW R/W RW R/W

Bits 7 to 2 (DBARH): AD9 to AD4 (DMA Base Address High AD15 to AD10)
These hits specify the destination bank address of DMA transfer.
Bits 1to 0: Reserved

"0" is always written to these bits.

m DMA Base Address Register Low (DBAR)

Address Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Inital value
DBAR 0051H | -----| ----- AD9 | AD8 | AD7 | AD6| AD5 | AD4 | XXXXXXXXB
R/W R/W RW R/W R/W R/W

Bits 7 to 6: Reserved
"0" is always written to these bits.
Bits 5to 0 (DBAR): AD9 to AD4 (DMA Base Address Low AD9 to AD4)

These bits specify the lower base address of the DMA transfer destination for EndPoint 0.
Starting from this address, the lower addresses of DMA transfer for EndPoint 1 to EndPoint 3
are determined at intervals of the specified buffer size (specified by the BFS bit).
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m DMA Transfer Address Range
The address specified by DBARH and DBAR is XXX0H (X: arbitrary).

The specifiable range of addresses for the DMA area is 0000H to 4880H. Specify the address
within the range of internal RAM addresses. (I/O area addresses 0000H to 007FH must be
avoided.)

Example) When DBARH is 00H (initial setting), DBAR is 20H, and the BFS bit of UMDR is 1
(64 bytes)

0000 h
0080 h 1/O register area
A 0200h o _— Endpoint0 DMA Address 0200 h <:| Specified by DBAR
0600 h an End poin[ 0 64Byte .
0A00 h Bank 1 \ Endpointl DMA Address 0240 h
Bank 2 \ End point 1 64Byte
OE0O h \ Endpoint2 DMA Address 0280 h
1200 h Bank 3 A\ | End point 2 64Byte
1600 h Bank 4 \ Endpoint3 DMA Address 02CO h
1A00 h Bank 5 ‘\‘ End point 3 64Byte
1E00 h Bank 6 \
RAM 2200 h Bank 7 \
area Bank 8
2600 h o Specified by the BFS (UMDR:0) bit
2A00 h
2E00 h Bank 10
3200 h Bank 11
3600 h Bank 12
3A00 h Bank 13
3E00 h Bank 14
4200 h Bank 15
¥ 4600 h Bank 16
4880 fﬁ
Specified
by DBARH
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10.3.5 Transfer Data Count Registers (TDCRO to TDCR3)

For data transfer in the OUT direction, each transfer data count register indicates the
byte count of the data received in the USB protocol. For data transfer in the IN
direction, each transfer data count indicates the byte count of the data to be
transmitted by DMA transfer. A transfer data byte count register is available for each
EndPoint (0 to 3). During data transfer in the IN direction, the count in each transfer
data count register is decremented. When the count reaches 0 and the USB protocol
packet transfer ends, DMA transfer ends. If the relevant interrupt enable bit is set to
enable interrupts at the end of DMA transfer, an interrupt is sent to the CPU.

m Transfer Data Count Registers (TDCRO, TDCR1, TDCR2, TDCR3)

(EndPoint0) Bjt7  Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0  Initial value
Address
TDCRO 0052 | 7 BC6 | BC5 | BC4 | BC3 | BC2 | BC1| BCO | x0000000s
RW RW RW RW RW RW RW

(EndPoint1) g7  Bits Bit5 Bitd4 Bit3 Bit2 Bitl Bit0  Initial value
Address
BC7| BC6 | BCs| BC4 | BC3 | BC2 | BC1 | BCO
TDCR11 0053+ 000000008
RW RW RW RW RW RW RW RW

(EndPoint1) iz Bits Bit5 Bit4 Bit3 B2 Bitl Bit0  Initial value

Address
------------------------------ BCY| BC8 | XXXXXX00e
TDCR12 0054+
R/W R/W

(E”dAPg(;”tZ) Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bitl Bit0 Initial value
ress
BC7| BC6 | BCs| BC4 | BC3 | BC2 | BC1| BCO
TDCR21 0055 000000008
RW RW RW RW RW RW RW RW

(EndPoint 2)
Address
TDCR22 0056+

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
------------------------------ BCY | BC8 | XXXXXX008
R/W R/W

(E”dpgc‘jmg’) Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value
Address
..... BC6| BC5 | BC4 [BC3 | BC2| BC1| BCO
TDCR3 0057+ X0000000e
RW RW RW RW RW RW RW
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A transfer data count register is available for each EndPoint. EndPoint 0 and 3 correspond to
TDCRO and TDCRS3, respectively. The maximum transfer data count for these EndPoint is 64
bytes. The maximum transfer data count for EndPoint 1 and 2 is 1,024 bytes. This maximum
transfer data count is supported when the DMA transfer to external RAM is enabled by the
mode specification (DMA transfer via ports 5 and 6 and support of isochronous transfer).

If the mode specified for EndPoint 1 or 2 does not support isochronous transfer (but supports
the DMA transfer to internal RAM), the maximum transfer data count is 64 bytes. The same
holds true for EndPoint 0 and 3.

Write 0 to all vacant bits when data is written to each transfer data count register.
TDCRO, 3 [EndPoint 0, 3]

Bits 6 to 0: BC6 to BCO (Transfer Byte Counter)

A maximum of 64 bytes can be specified.
TDCR11, 12/21, 22 [EndPoint 1, 2]

Bits 6 to 0: BC6 to BCO (Transfer Byte Counter)

A maximum of 1,024 bytes can be specified.

For USB OUT transfer (data reception by the USB function circuit), each transfer data count
register operates as a status register indicating the byte count of the received data. The
transfer data count register corresponding to each EndPoint indicates the byte count of the data
the USB function circuit received from the host. This indication is done when the Pkend bit
(packet transfer end status) is 1 and the DIR bit (transfer direction status) indicates the OUT
direction. (The status of received-data count is valid only when the Pkend and DIR bits are 1.)

For USB IN transfer (data transmission from the USB function circuit to the host), each transfer
data count register specifies the byte count of the data to be transmitted by DMA transfer. Each
transfer data count register indicates the byte count for an EndPoint that supports IN direction
transfer.

The maximum transfer data count for EndPoint 0 and 3 is 64 bytes. A maximum of 1,024 bytes
can be transferred from an external FIFO device to EndPoint 1 and 2.

Examples:
8 bytes: 08
64 bytes: 40y



10.3 Registers of the USB Function Circuit

10.3.6 USB Control Register (UCTR)

The USB control register controls the data transfer via the USB protocol interface.

m USB Control Register (UCTR)

Address
UCTR 0058 H

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

Bfok3 | Bfok2 | Bfok1 | BfokO | Stall3 | Stall2 | Stalll | StallO

RW RW RW RW RW RW RW R/W

Bits 7 to 4: BFOK3, 2, 1, 0 (Buffer OK)

Initial value
00000000s

Bits 7 to 4 specify whether the transfer buffer is ready for the next transfer. Because these
bits are cleared by hardware when the Pkend bit (packet transfer end status) is set (by a
USB ACK or NACK response) is set, these bits must be set (to enable transfer) again before
the next transfer.

BFOKS3, BFOK2, BFOK1, and BFOKO correspond to end points 3 to 0.

BFOK

Buffer Ready OK bit

0

Specifies that the transfer buffer is not ready.

1

Specifies that the transfer buffer is ready and DMA transfer is enabled.

Bits 3to 0: STALL3, 2,1, 0 (USB Stall Response)

When these bits are set to 1, stall status can be set for the end point (3 to 0) that is

accessed.

These bits are automatically cleared when the host accesses an EndPoint in which STALL
has been set.

STALL

Stall Response bit

0

Specifies that a stall response is not made.

1

Specifies that a stall response is made.
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10.3.7 USB Status Register 1 (USTR1)

USB status register 1 indicates the current status of the USB interface such as the end
of data transfer, progress of the setup transaction, or reception of an SOF packet. If
the interrupt cause for each status is not masked, an interrupt is sent to the CPU. If
the USB up-port is suspended, put the standby control register (STBC register), which
is used to stop the clock, in stop mode to limit the standby mode current to less than
that specified by the USB specification.

m USB Status Register 1 (USTR1)
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USTR1 0059+

Bit7 Bit6  Bit5 Bit4 Bit3 Bit2 Bitl BitO  |nitial value
PKen [Setup | SOF |SETIF|BUSR| Wkup | Susp | NACK| 000000005

Address

RW R/W R/W R/W R R/W  R/W R

Bit 7: Pkend (Transfer Packet End)

Bit 7 indicates whether the current packet transfer has ended. (This bit is set to 1 when ACK
or NACK is received for transfer packets.) This bit is cleared when 0 is written to it. Writing
of 1 to this bit is ignored. If the relevant bit of the interrupt mask register is set to enable
interrupts, an interrupt is sent to the CPU.

Pkend Transfer Packet End bit
0 Indicates that packets are not transferred in the USB protocol.
1 Indicates that USB protocol packet transfer has ended.

Bit 6: Setup (Setup)

Bit 6 indicates that the USB interface is in the setup stage of USB control data transfer. This
bit is cleared when 0 is written to it. Writing of 1 to this bit is ignored. If the relevant bit of the
interrupt mask register is set to enable interrupts, an interrupt is sent to the CPU.

Setup Setup status bit
0 Indicates that the interface is not in the setup stage of control data transfer.
1 Indicates that the interface is in the setup stage of control data transfer.

Bit 5: SOF (Start of Frame)
Bit 5 indicates that an SOF packet has been received via the USB interface.

When this bit is 1, the frame number indicated by the USB frame status register is valid.
This bit is cleared when 0 is written to it. Writing of 1 to this bit is ignored.

If the relevant bit of the interrupt mask register is set to enable interrupts, an interrupt is sent
to the CPU.
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SOF Start of Frame status bit
0 Indicates that no SOF packet has been received. (The SOF bit is cleared.)
1 Indicates that an SOF packet has been received.

Bit 4: Setif (Set Interface)

Bit 4 is set when a Set Interface command, which is a USB command, is received. This bit is
cleared when 0 is written to it. Writing of 1 to this bit is ignored. If the relevant bit of the
interrupt mask register is set to enable interrupts, an interrupt is sent to the CPU. When this
bit is set, UCTR (BFOKS3 to BFOKQO) is cleared automatically.

Setif Set Interface status bit
0 Indicates that no Set Interface command has been received. (Interrupt cause
is cleared.)
1 Indicates that a Set Interface command has been received.

Bit 3: BUSR (USB Bus Reset)

Bit 3 indicates that the USB interface has switched to the bus reset status. This bit is
automatically cleared when the USB interface returns from the bus reset status.

BUSR USB Bus Reset status bit
0 Indicates that the USB bus is not reset.
1 Indicates that the USB bus has been reset.

Bit 22 WKUP (Wake Up)

Bit 2 indicates that the USB interface has been restored from the suspend status. This bit is
set by hardware when the suspend status signal (SUSP) changes from enabled status to
disabled status. Writing of 1 to this bit is ignored. If the relevant bit of the interrupt mask
register is set to enable interrupts, an interrupt is sent to the CPU.

WKUP Wake Up status bit
0 Indicates that there is no wake-up interrupt cause. (Interrupt cause is
cleared.)
1 Indicates that there is a wake-up interrupt cause.
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Bit 1: SUSP (USB Suspend)

Bit 1 indicates that the USB interface enters the suspend status.

The USB interface is restored from the suspend status when the Resume bit of the USB
control register is set or by a remote wake-up instruction from the host controller. The
interrupt cause is cleared when 0 is written to this bit. Writing of 1 to this bit is ignored.

If the relevant bit of the interrupt mask register is set to enable interrupts, an interrupt is sent
to the CPU.

SUSP Suspend status bit
0 Indicates that there is no suspend status interrupt. (Interrupt cause is
cleared.)
1 Indicates that a suspend status interrupt has been made.

Bit 0: NACK (NACK)

Bit 0 indicates that a NACK response has been sent to the USB host controller because an
error (e.g., CRC or FIFO overrun) was detected in the current USB protocol data transfer.
The status indicated by this bit is valid when the packet transfer end status PKEND is 1.

(Note: This bit is not an interrupt cause.)

If the current data transfer ends with a NACK response, the transfer data is not assured. If a
NACK response occurs, restore the original status before transfer (prepare the transfer data
in the transmission buffer again and set registers to enable transfer) and wait for the next
transfer request from the host controller.

NACK NACK response status bit
0 Indicates that a normal end response (ACK) has been sent for the current
transfer.
1 Indicates that NACK has been sent for the current transfer because an error
was detected.
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10.3.8 USB Status Register 2 (USTR2)

USB status register 2 indicates the status (transfer direction, short-packet flag, and
end point number) at the end of transfer via the USB interface. In other words, it
indicates the end point attributes at the end of the USB transfer.

m USB Status Register 2 (USTR2)

Bit7 __ Bit6 Bit5 Bit4 Bit3 _ Bit2 Bitl  Bit0 Initial value

Address
USTR2 005Ax [OALO |I0AL1 | ITALO | I1AL1 | SPK DIR | EPC1 | EPCO [ XXXXXX00s

R R R R R R R R

Bits 7 and 6: 10AL1, IOALO (Interface 0 Alternate 1, 0 Number)

Bits 7 and 6 indicate the alternate number currently set for interface 0. The indicated
alternate number is the one set by the Set Interface command from the USB host. Software
can check whether the alternate number set by the host matches the currently managed
alternate number.

IOAL1,I0ALO Current alternate number for interface O
0,0 Alternate O
0,1 Alternate 1
1,0 Alternate 2
11 Alternate 3

Bits 5 and 4: 11AL1, I1ALO (Interface 1 Alternate 1, 0 Number)

Bits 5 and 4 indicate the alternate number currently set for interface 1. The indicated
alternate number is the one set by the Set Interface command from the USB host. Software
can check whether the alternate number set by the host matches the currently managed
alternate number.

I1AL1,11ALO Current alternate number for interface 1
0,0 Alternate O
0,1 Alternate 1
1,0 Alternate 2
11 Alternate 3
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Bit 3: SPK (Short Packet Frame)

Bit 3 indicates whether the data byte count of the packet to be transferred in the USB
protocol is less than the maximum packet size specified for the relevant end point buffer (0 to
3). The status indicated by this bit is valid when the Pkend bit (packet transfer end status) is
1. (Note: This bit is not an interrupt cause.)

SPK Short Packet Frame status bit
0 Indicates that the transfer packet is not less than the maximum packet size.
1 Indicates that the transfer packet is less than the maximum packet size.

Bit 2: DIR (Direction)

Bit 2 indicates the packet direction at the end of packet transfer. The status indicated by this
bit is valid when the Pkend bit (packet transfer end status) is 1.

DIR Direction status bit
0 Indicates that the packet direction is USB OUT.
1 Indicates that the packet direction is USB IN.

Bits 1 and 0: EPC1, 0 (End Point Number Code)

Bits 1 and O indicate the end point number of the current transfer packet. The status
indicated by this bit is valid when the Pkend bit (packet transfer end status) is 1.

EPC 1,0 End Point Number status bit
0,0 EndPoint 0
0,1 EndPoint 1
1,0 EndPoint 2
11 EndPoint 3
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10.3.9 USB Interrupt Mask Register (UMSKR)

The USB interrupt mask register controls masking of the interrupt cause bits (PKEND,
SETUP, SOF, SETIF, WKUP, and SUSP) of the USB status register. Masking of an
interrupt cause can be specified for each bit.

m USB Interrupt Mask Register (UMSKR)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value

Address
UMSKR 005B+

MPKend | MSetup [ MSOF | Msetif |MBUSR |MWKUP | MSUSP | BUSRF 000000005

RW RW R/MW R/W R RW R/W R/W

Bit 7. MPKend (Mask Packet END Interruption)

Bit 7 controls masking of the interrupt caused by the Pkend status (data transfer end status).

The interrupt is masked (disabled) after the device is released from a power-on reset or a
reset by operation of the reset bit of the reset control register.

MPKend Pkend Interrupt Enable bit
0 Specifies that the Pkend interrupt is disabled (masked).
1 Specifies that the Pkend interrupt is enabled (not masked).

Bit 6: MSETUP (Mask SETUP Interruption)

Bit 6 controls masking of the interrupt caused by the Setup status (setup stage status of
control data transfer).

The interrupt is masked (disabled) after the device is released from a power-on reset or a
reset by operation of the reset bit of the reset control register.

MSetup Setup Interrupt Enable bit
0 Specifies that the Setup interrupt is disabled (masked).
1 Specifies that the Setup interrupt is enabled (not masked).
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Bit 5: MSOF (Mask SOF Interruption)

Bit 5 controls masking of the interrupt caused by the SOF status of the frame start
synchronization signal.

The interrupt is masked (disabled) after the device is released from a power-on reset or reset
by operation of the reset bit of the reset control register.

MSOF SOF Interrupt Enable bit
0 Specifies that the SOF interrupt is disabled (masked).
1 Specifies that the SOF interrupt is enabled (not masked).

Bit 4: MSETIF (Mask Set Interface Interruption)

Bit 4 controls masking of the interrupt caused by reception of the host command Set
Interface.

The interrupt is masked (disabled) after the device is released from a power-on reset or reset
by operation of the reset bit of the reset control register.

MSETIF SETIF Interrupt Enable bit
0 Specifies that the SETIF interrupt is disabled (masked).
1 Specifies that the SETIF interrupt is enabled (not masked).

Bit 3: MBUSR (Mask USB Bus Reset)

Bit 3 controls masking of the interrupt caused by the BUSR status of the USB bus reset
status display signal. The interrupt is masked (disabled) after the device is released from a
power-on reset or reset by operation of the reset bit of the reset control register. If the
system has switched to the interrupt processing routine by setting this bit to enable the
interrupt and detecting an USB bus reset, this bit is cleared instead of the interrupt request
flag bit being cleared.

MBUSR BUSR Interrupt Enable bit
0 Specifies that the BUSR interrupt is disabled (masked).
1 Specifies that the BUSR interrupt is enabled (not masked).

Bit 2: MWKUP (Mask Wakeup Interruption)

Bit 2 controls masking of the interrupt caused by the WKUP status of the suspend reset
signal.

The interrupt is masked (disabled) after the device is released from a power-on reset or reset
by operation of the reset bit of the reset control register.

MWKUP WKUP Interrupt Enable bit
0 Specifies that the WKUP interrupt is disabled (masked).
1 Specifies that the WKUP interrupt is enabled (not masked).
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Bit 1: MSUSP (Mask Suspend Interruption)
Bit 1 controls masking of the interrupt caused by the SUSP status of the suspend status
indication signal.
The interrupt is masked (disabled) after the device is released from a power-on reset or reset
by operation of the reset bit of the reset control register.

MSUSP SUSP Interrupt Enable bit
0 Specifies that the SUSP interrupt is disabled (masked).
1 Specifies that the SUSP interrupt is enabled (not masked).

Bit 0: BUSRF (BUS Reset Flag)

Bit O indicates that resetting the USB bus has started. Writing 1 to this bit does not change
the value of this bit. If an interrupt has been enabled by using a bit that corresponds to the
interrupt enable register, an interrupt notification is sent to the CPU. This bit is set to 1 when

the USB bus reset waveform rise is detected.

BUSRF USB BUS Reset Flag bit
0 No interrupt cause for USB bus reset exists. Clears the interrupt cause.
1 Interrupt cause for USB bus reset exists.
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10.3.10 USB Frame Status Register (UFRMR)

The USB frame status register indicates the frame number of the currently received

frame synchronization signal.

m USB Frame Status Register (UFRMR)

240

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0  |nitial value

Address
UFRMR1 005CH Frm7 | Frm6 | Frm5 | Frm4 | Frm3 | Frm2 | Frm1| FrmO | X)XXXXXXXs

R R R R R R R R

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 |nitial value

Address
UFRMR2 005D+

- --- - - --- |Frm10| Frm9 | Frm8 XX XX XXX Xs

R R R

Bits 7 to 0 (UFRMRL1), bits 2 to 0 (UFRMR2): FRM10 to 0 (Frame Number)

These bits indicate the current frame number of the frame synchronization packet.

frame number is valid when the SOF bit of the USB status register 1 is 1.
Bits 7 to 3 (UFRMR2): Reserved

"0" is always written to these bits.

The
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10.3.11 EndPoint Enable Register (EPER)

The EndPoint enable register specifies whether to enable the function of each
EndPoint. Each EndPoint the USB function circuit uses can be enabled or disabled.

m EndPoint Enable Register (EPER)

The EndPoint enable register specifies whether to enable the function of EndPoints 0 to 3.
Each EndPoint can be enabled or disabled.

Bit7 _Bit6 _ Bit5 Bit4 Bit3 Bit2 _Bitl _Bit0 |njtial value
---  |Epen3 |Epen2 |Epenl|Epen0 | xxxX0001s

Address
EPER OO5Ex

RW R/W R/W R

Bits 7 to 4: Reserved
"0" is always written to these bits.
Bits 3, 2,1, 0 (Epen 3, 2, 1, 0): (EndPoint Enable 3, 2, 1, 0)

Bits 3, 2, and 1 enable or disable the function of EndPoint 3, 2, and 1. As the default setting,
EndPoint 0 is enabled when power is turned on. (The EndPoint Enable 0 bit is always 1.)

The numbers attached to the bit names correspond to the EndPoint numbers.

When one of these bits is set, the EndPoint having the corresponding configuration
information (Interface, Type, Dir, Max Packet Size set in the end point setup register) is

enabled.
EPEN 3, 2, 1.
EPENX EndPoint 3,2,1 Enable bit
0 Disables EndPoints 3, 2, and 1.
1 Enables the function of the specified EndPoint (3, 2, or 1).
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10.3.12 EndPoint Setup Registers (EPBRO, EPBRx1, EPBR x2)

The EndPoint 0 setup register specifies the configuration information (EndPoint buffer)
about EndPoint 0. As the default setting, the configuration of EndPoint O is fixed to
"Control _IN" and "Control_OUT" and is included in every interface and alternate
configuration.

The EndPoint setup registers x1 and x2 specify the configuration information about
EndPoint 1, 2, and 3. The configuration information to be specified includes transfer
type, transfer direction, and maximum packet size.

m EndPoint Setup Registers (EPBRO, EPBRn1, EPBRnN2)

[EhdPoint 0 setup register (EPBRO)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2  Bitl Bit0  Initial value

Address
EPBRO 005F - | MP6 | MP5 | MP4 | MP3 | MP2 | MP1 | MPO | X0000000s

RW RW RW RW RW RW R/W

Bit 7: Reserved
"0" is always written to this bit.
Bits 6 to 0: MP6 to MPO (Max Packet Size)

Bits 6 to 0 specify the maximum packet size or the maximum transfer byte count. The
maximum packet size for EndPoint 0 must be 64 bytes or less.

(Also, the maximum packet size for EndPoint 0 must not be 0 bytes [bits 6 to 0 must not be
all 0s].)

Example:

MP5 to MPO:

40H --> 64 bytes (maximum limit)
08H --> 8 bytes
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[Ehd point 1 setup register (EPBR11, EPBR12)

The EndPoint 1 setup register specifies the configuration information about EndPoint 1.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2  Bitl Bit0  |nitial value

Address
EPBR 11 0060w

EPM| ™ |TYP1|TYPO| DIR1| DIRO | MP9 | MP8 | 0X000000s
R/W RW R/W R/W RW R/W R/W

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0  |nitial value

Address
EPBR 12 00614 | MP7 | MP6 | MP5 | MP4 | MP3 | MP2 | MP1 | MPO 000000008

RW RW RW RW RW RW RW R/W

Bit 7 (EPBR11): EPM (End Point 1 Mode)
Bit 7 specifies the DMA transfer destination for the packet transfer at end point 1.

More specifically, this bit specifies DMA transfer to an internal RAM area or DMA transfer to
an external FIFO device connected to a general-purpose port. DMA transfer to internal RAM
supports the maximum packet size of 64 bytes based on the buffer size allocated to the end
point. Even when isochronous or bulk transfer supports a packet size larger than 64 bytes,
transfer packet data can be transferred to an external FIFO port by DMA transfer provided
the relevant FIFO memory is connected to a dedicated external FIFO pin.

If the EPM bit is set, the relevant port operates as a FIFO connection port regardless of the
transfer direction set by DDR4 and the 1/O function of general-purpose port 4 is disabled.

(When EPM = 0)

The packet data to be transferred in the USB protocol is transferred to an internal RAM area
by DMA transfer.

For the transfer to internal RAM, the maximum packet size is the one (8 or 64 bytes)
specified by the BFS bit (DMA buffer size) of the USB reset mode register.

(When EPM =1)

The packet data to be transferred in the USB protocol is transferred by DMA transfer to a
FIFO memory device connected to a dedicated external FIFO pin. In this mode, the
maximum packet size can be 1,023 bytes or less (which is specified by MP9 to MPO).

EPM EndPoint 1 DMA mode

0 Specifies that packet data at EndPoint 1 is transferred to an internal RAM
area by DMA transfer.

1 Specifies that packet data at EndPoint 1 is transferred by DMA transfer to a
FIFO device connected to a dedicated external FIFO pin.

Bit 6: Reserved

"0" is always written to this bit.
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Bits 5 and 4 (EPBR11): TYP1, TYPO (EndPoint 1 Type)
Bits 5 and 4 specify the transfer type supported by EndPoint 1.

TYP1 TYPO EndPoint 1 Type specification
0 0 Interrupt transfer
0 1 Bulk transfer
1 0 Isochronous transfer
1 1 (This specification is not allowed.)

Bits 3 and 2 (EPBR11): DIR1, DIRO (EndPoint 1 Direction)
Bits 3 and 2 specify the transfer direction supported by EndPoint 1.

DIR1 DIRO EndPoint 1 Direction specification
0 0 OUT EndPoint
0 1 IN EndPoint
1 0 Both OUT and IN
1 1 (This specification is not allowed.)

Bits 1 and 0 (EPBR11) and bits 7 to 0 (EPBR12): MP9 to MPO (Max Packet Size)

These bits specify the maximum packet size supported by EndPoint 1. When an internal
RAM area is used (DMA transfer to internal RAM is specified [EPM is 0]), the maximum
packet size that can be specified for EndPoint 1 is 64 bytes. When external FIFO is used
(EPM = 1), the maximum packet size is 1,023 bytes. (The maximum packet size must not be
0 bytes [these bits must not be all 0s].)

Examples:
0, MP9 to MPO:
040y --> 64 bytes (maximum limit when EPM = 0)

3FF4 --> 1,023 bytes (maximum limit when EPM = 1)
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[EhdPoint 2 setup register (EPBR21, EPBR22)

The EndPoint 2 setup register specifies the configuration information about EndPoint 2. The
contents of specification are the same as those of the EndPoint 1 setup register.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 Initial value

Address
EPBR 21 0062 EPM --- | TYP1| TYPO| DIR1| DIRO | MP9 | MP8 | 0X000000s
R/W RW RW RW R/W R/W R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 [nitial value
Address

MP7 | MP6 | MP5 | MP4 | MP3 | MP2 | MP1 [ MPO | 000000008
R'W RW RW RW RW RW RW R/W

EPBR 22 0063+

Bit 7 (EPBR21): EPM (End Point 2 Mode)
Bit 7 specifies the DMA transfer destination for the packet transfer at end point 2.

Specifically, this bit specifies DMA transfer to an internal RAM area or DMA transfer to an
external FIFO device connected to a general-purpose port.

If the EPM bit is set, the relevant port operates as a FIFO connection port regardless of the
transfer direction set by DDR4 and the 1/O function of general-purpose port 4 is disabled.

(When EPM = 0)

The packet data to be transferred in the USB protocol is transferred by DMA transfer to an
internal RAM area.

For the transfer to internal RAM, the maximum packet size is the one (8 or 64 bytes)
specified by the BFS bit (DMA buffer size) of the USB reset mode register.

(When EPM =1)

The packet data to be transferred in the USB protocol is transferred by DMA transfer to a
FIFO memory device connected to a dedicated external FIFO pin. In this mode, the
maximum packet size can be 1,023 bytes or less (which is specified by MP9 to MPO).

EPM End Point 2 DMA mode

0 Specifies that packet data at end point 2 is transferred by DMA transfer to an
internal RAM area.

1 Specifies that packet data at end point 2 is transferred to a FIFO device
connected to a dedicated external FIFO pin by DMA transfer.

Bit 6: Reserved

"0" is always written to this bit.
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Bits 5 and 4 (EPBR21): TYP1, TYPO (End Point 2 Type)
Bits 5 and 4 specify the transfer type supported by end point 2.

TYP1 TYPO End Point 2 Type specification
0 0 Interrupt transfer
0 1 Bulk transfer
1 0 Isochronous transfer
1 1 (This specification is not allowed.)

Bits 3 and 2 (EPBR21): DIR1, DIRO (End Point 2 Direction)
Bits 3 and 2 specify the transfer direction supported by end point 2.

DIR1 DIRO End Point 2 Direction specification
0 0 OUT EndPoint
0 1 IN EndPoint
1 0 Both OUT and IN
1 1 (This specification is not allowed.)

Bits 1 and 0 (EPBR21) and bits 7 to 0 (EPBR22): MP9 to MPO (Max Packet Size)

These bits specify the maximum packet size supported by end point 2. When an internal
RAM area is used (DMA transfer to internal RAM is specified [EPM is 0]), the maximum
packet size that can be specified for end point 2 is 64 bytes. When external FIFO is used
(EPM = 1), the maximum packet size is 1,023 bytes. (The maximum packet size must not be
0 bytes [these bits must not be all 0s].)

Examples:
MP9 to MPO:
040y --> 64 bytes (maximum limit when EPM = 0)

3FF4 --> 1,023 bytes (maximum limit when EPM = 1)
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[Ehd point 3 setup register (EPBR31, EPBR32)

The end point 3 setup register specifies the configuration information about end point 3. End
point 3 supports only DAM transfer of packet data to an internal RAM area. The maximum

packet size of 64 bytes.

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0  |nijtial value
Address
EPBR 31 0064+ -- | TYP1|TYPO| DIR1|DIRO | --- --- | XX0000XXe
RW RW R/W R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 |nijtial value
Address
EPBR 32 0065x - MP6 | MP5 | MP4 | MP3 | MP2 | MP1 | MPO | X0000000s
RW RW RW RW RW RW RW
Bits 7 to 6 (EPBR31): Reserved
"0" is always written to these bits.
Bits 5 and 4 (EPBR31): TYP1, TYPO (End Point 3 Type)
Bits 5 and 4 specify the transfer type supported by end point 3.
TYP1 TYPO End Point 3 Type specification
0 0 Interrupt transfer
0 1 Bulk transfer
1 0 Isochronous transfer
1 1 (This specification is not allowed.)
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Bits 3 and 2 (EPBR31): DIR1, DIRO (End Point 3 Direction)
Bits 3 and 2 specify the transfer direction supported by end point 3.

DIR1 DIRO End Point 3 Direction specification
0 0 OUT EndPoint
0 1 IN EndPoint
1 0 Both OUT and IN
1 1 (This specification is not allowed.)

Bits 1to 0 (EPBR31): Reserved
"0" is always written to these bits.
Bit 7 (EPBR32): Reserved
"0" is always written to this bit.
Bits 6 to 0 (EPBR32): MP6 to MP0O (Max Packet Size)

These bits specify the maximum packet size supported by end point 3. The DMA transfer
destination supported by end point 3 is internal RAM only. The maximum packet size that
can be specified is 64 bytes or less. (The maximum packet size must not be 0 bytes [these
bits must not be all Os]. It must not exceed 64 bytes.)

Examples:

MP6 (MSB) to MPO (LSB) 4: 08, --> 128 bytes

40y --> 64 bytes (maximum limit)
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10.4 Interrupts of the USB Function

A USB interrupt is generated at the end of data reception from or data transmission to
the USB port in the setup stage of control data transfer. An interrupt is also generated
when the Start of Frame signal or Set Interface command is received or the status of
the USB port is changed to or restored from the suspend status by the host or when
the USB port bus reset is started. Restoration from the suspend status causes an
interrupt request even in the stop status, and it is also a stop status reset cause.

m Interrupt during USB Function Operation

When the current packet transfer ends during USB transfer, the transfer end flag bit (PKEND bit
of USTRL1) is set. If at that time the interrupt request enable bit is set (MPKEND bit of UMSKR
is 1), enabling interrupts, an interrupt request (IRQ3) is issued to the CPU. Clearing of the
interrupt request requires that the PKEND bit be cleared in the interrupt handling routine.

When the current transfer is in the setup stage during USB transfer, the interrupt request flag bit
(SETUP bit of USTR1) is set. If at that time the interrupt request enable bit is set (MSETUP bit
of UMSKR is 1), enabling interrupts, an interrupt request (IRQ3) is issued to the CPU. Clearing
the interrupt request requires that the SETUP bit be cleared in the interrupt handling routine.

When an SOF packet is received from the host during USB transfer, the interrupt request flag bit
(SOF bit of USTR1) is set. If at that time the interrupt request enable bit is set (MSOF bit of
UMSKR is 1), enabling interrupts, an interrupt request (IRQ3) is issued to the CPU. Clearing
the interrupt request requires that the SOF bit be cleared in the interrupt handling routine.

When a Set Interface command is received from the host during USB transfer, the interrupt
request flag bit (SETIF bit of USTR1) is set. If at that time the interrupt request enable bit is set
(MSETIF bit of UMSKR is 1), enabling interrupts, an interrupt request (IRQ3) is issued to the
CPU. Clearing the interrupt request requires that the SETIF bit be cleared in the interrupt
handling routine.

When an USB bus reset is detected, the interrupt request flag bit (BUSRF bit of UMSKR) is set
to 1. In this case, if the interrupt request enable bit is set to enable (MBUSR bit of UMSKR is
set to 1), the interrupt request (IRQ3) is issued to the CPU. Use the interrupt handling routine to
set the interrupt request flag bit BUSRF to O to clear this interrupt request.

When the USB UP port has been in the idle state continuously for 3 ms or more, the port enters
the suspend status and the interrupt request flag bit (SUSP bit of USTR1) is set. If at that time
the interrupt request enable bit is set (MSUSPF bit of UMSKR is 1), enabling interrupts, an
interrupt request (IRQ3) is issued to the CPU. Clearing the interrupt request requires that the
SUSP bit be cleared in the interrupt handling routine.

When shifting to the resume status by a request from the USB UP port is detected while the
USB function is in the suspend status, the relevant interrupt request flag bit (WKUP bit of
USTR1) is set.

If at that time the interrupt request enable bit is set (MWKUP bit of UMSKR is 1), enabling
interrupts, an interrupt request (IRQ5) is issued to the CPU. Clearing the interrupt request
requires that the WKUP bit be cleared in the interrupt handling routine. The interrupt request
(IRQ5) can be issued even when the CPU is in the stop status.

The PKEND, SETUP, SOF, SETIF, BUSRF, SUSP, or WKUP bit is set when the relevant
interrupt cause is detected regardless of the values of the MPKEND, MSETUP, MSOF,
MSETIF, MBUSR, MSUSP, and MWKUP bits.
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Reference:

When the PKEND, SETUP, SOF, SETIF, BUSRF, SUSP, or WKUP bit is 1, an interrupt

request is issued immediately after the MPKEND, MSETUP, MSOF, MSETIF, MBUSR,
MSUSP, or MWKUP bit, respectively, is set (from 0 --> 1).

m Registers and Vector Tables Related to USB Interrupts

Table 10.4-1 Registers and Vector Tables Related to USB Interrupts

Interrupt Interrupt level setting register Vector table address
name Register Bit to be set Higher Lower
IRQ3 ILR1(007Cy) | L31(bit7) L30(hit6) FFF4y FFF5
IRQ5 ILR2(007Dy) L51(bit3) L50(bit2) FFFO4 FFF1y

For the operation of interrupts, see Section 3.4.2 "Processing During Interrupt Operation".
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10.5 Functions Supported by the USB Function

This section explains the end point setup and DMA transfer functions that are
supported by the USB.

m Functions Supported by the USB
The USB supports the following functions:

[Cbnfig: 1

One device configuration is supported.

[Idterface: 1,0

Two interfaces are supported as devices.

[—Alternate: 0,1, 2,3

Up to four alternate devices are supported. The alternate devices set in a device configuration
are managed by software. The alternate attribute of each specified end point is not checked by
hardware. The current alternate attribute of each end point is managed by software. If the
alternate device configuration is changed by a standard device request or the Set Interface
command, the end point configuration definition can be changed to update the alternate
attribute.

[Ehd point: 0,1, 2,and 3
The USB supports four end points (0, 1, 2, and 3).
End point O:

End point 0 is used for the default pipe for a USB device. End point O supports only control
transfer. The transfer packet size supported by end point 0 is set in the end point setup
register (EPBR0O). The maximum transfer packet size that can be specified is 64 bytes.

End point 1:

Characteristics of end point 1 are set in the end point setup register (EPBR1). The items set
are the interface number (0 or 1) of end point 1, supported transfer type (interrupt, bulk, or
isochronous transfer), transfer direction (IN or OUT), and maximum packet size (1,023
bytes). End point 1 supports data transfer to an external FIFO device. If a FIFO device is
connected to a dedicated external 1/O pin, transfer packet data can be transferred directly to
the FIFO device by DMA transfer. For DMA transfer of packet data to internal RAM, the
maximum packet size is 64 bytes.

End point 2:

Characteristics of end point 2 are set in the end point setup register (EPBR2). The items set
are the interface number (0 or 1) of end point 2, supported transfer type (interrupt, bulk, or
isochronous transfer), transfer direction (IN or OUT), and maximum packet size (1,023
bytes). End point 2 supports data transfer to an external FIFO device. If a FIFO device is
connected to a dedicated external I/O pin, transfer packet data can be transferred directly to
the FIFO device by DMA transfer. For DMA transfer of packet data to internal RAM, the
maximum packet size is 64 bytes.
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End point 3:

Characteristics of end point 3 are set in the end point setup register (EPBR3). The items set
are the interface number (0 or 1) of end point 3, supported transfer type (interrupt, bulk, or
isochronous transfer), transfer direction (IN or OUT), and maximum packet size (64 bytes).
End point 3 does not support data transfer to an external FIFO device, but supports only
DMA transfer of packet data to internal RAM. The maximum packet size is 64 bytes.
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m DMA Transfer to External FIFO Device

End points 1 and 2 have a DMA transfer function that transfers packet data directly to a FIFO
device that is connected to a dedicated external I/O pin. This function can be specified by the
EPM bit of the end point 1 setup and end point 2 setup registers.

Packet data is read from external I/O port 5 (read control signal) and port 6 (8-bit input data
signal) and transferred to the USB host controller. Data reading and transfer are executed
when the DMA transfer to an external FIFO device is enabled, and the transfer direction of the
relevant end point is IN (transfer from a device to the USB host controller).

If the transfer direction of the end point is OUT, received data is output to the external FIFO

device through the external I/O port (write control signal) and port 4 (8-bit output signal).
[Idterface for DMA transfer to external FIFO device

* Transfer in the IN direction

« For connection of the external FIFO device, general-purpose port 6 (P60 to P67) is used
for data input and P51 (R) and P52 (EFX) are used for control signals.

P67 (MSB) to P60 (LSB): Transfer data input port

P52 (EFX): Signal indicating that transfer data has been prepared in the external FIFO device.
This pin is connected to the EMPTY signal pin of the external FIFO device.

Note:
The input level should be corresponded to CMOS 3.3V.

P51 (R) : Strobe signal to take in transfer data

A 167 ns pulse is output to this pin. This pin is connected to the read strobe signal pin of the
external FIFO device.

« Transfer in the OUT direction

< For connection of the external FIFO device, general-purpose port 4 (P40 to P47) is used
for data input and P50 (W) and P53 (FFX) are used for control signals.

P47 (MSB) to P40 (LSB): Transfer data output port

P53 (FFX): Signal indicating that the external FIFO device is not full and transfer data can
be written to it. This pin is connected to the FULL signal pin of the external FIFO device.

P50 (W) : Strobe signal indicating that transfer data is valid

A 167 ns pulse is output to this pin. This pin is connected to the write strobe signal pin of the
external FIFO device.

MB89580B/BW
. FIFO for reception
Data to be received ' WT  *FULL P 4_ P47 to p40
f | p| FFX(P53)
W(P50)
Data to be transmitted _> ;Ill; © i(l)zrn:r;r;lsm|58|on » P67 to P60
f | P EFX(P52)
R(P51)
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m DMA Transfer to or from External FIFO

[Tlansfer in the IN direction (8-byte transfer)

If the transfer direction of EndPoint is IN, data from the external FIFO is read through P60 to
P67 at the falling edge of P51 (R) and transferred to the USB host controller.

RPVP,RPVM Sync | DATAO 8 Bytes data CRC16 EOR dle

PE0toPE7 1 X 2 X3 XA X & XB X X B X Invalid

o TR R TR AR

P52 (EFX)

Pkend
Bfok

mll

[Tdansfer in the OUT direction (8-byte transfer)

If the transfer direction of EndPoint is OUT, the data received from the USB is output to the
external FIFO through P40 to P47 by P50 (W).

PVP.RPVM | Sync | DATAO 8 Bytes data CRC16  |EOR Idle

P40to P47 Invalid X1 X 2 X3 X4 X5 X6 X7 X8 Xhaid
P50 (W) M Jre e Jrt

P53 (FFX)
Pkend |_
Bfok |_
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10.6 Operation of the USB Function

The USB conforms to the Universal Serial Bus (USB) communication protocol
(Revision 1.0). The USB function circuit is hardware implementing the USB
communication. The packet communication with the host PC does not need to be
considered and the internal RAM can be accessed by DMAC.

m Operation of the USB Function

The USB function circuit transfers packets to or from the host PC supporting the USB protocol.
The host PC and a device are connected by enumeration, after which communication of the
corresponding transfer type by the device driver starts.

Host PC

{ ]

CPU
—u D R UDC: USB circuit
D M A DMAC: DMA controller
C A M RAM: RAM in the CPU (The capacity depends
c on the model.)
Send/receive buffer

Taking enumeration as an example, this section describes the USB communication between the
host PC and a device.

To explain the entire processing, operations of the registers and USB packets are shown below:

[Ehumeration

Enumeration is the first processing to establish the connection between the host PC and a
device for USB.

The host PC checks the type of the device connected on the USB bus.

The USB control transfer (USB transfer type) is used. (This is determined by using the USB
specifications.)

Of the four end points, EndPoint 0 (EPO) is used. (USB specifications)
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Table 10.6-1 Enumeration

Scenario

Direction of transfer Operation overview

Connection detection

Host <

Device

A connection must be detected to start any operation.

USB bus reset Host — Device No processing is executed until a USB bus reset.
Descriptor acquisition Host < Device Descriptor data is returned to the host.

Address setting Host — Device An arbitrary address is assigned from the host.
Descriptor acquisition (device) Host < Device Descriptor data is returned to the host.

Descriptor acquisition (configuration) | Host < Device Descriptor data is returned to the host.
Configuration setting Host — Device A configuration number is assigned from the host.

m Connection Detection

The device gives this information to the host PC.

The host monitors two signal lines (D+ and D-) of the USB bus and recognizes that the device is
connected when either signal goes high level.

[The MB89580B series requires the following processing:

1. Initial setting (initialization of all circuits including USB function registers)

2. Enable HCON of the UMDR register (connect the internal circuit to RPVP and RPVM).

3. Enable the pull-up resistor (connect the host controller) by controlling the output of a single
general-purpose port with software. (RPVP and RPVM are in the high-impedance state until

the USB connection is made.)

Figure 10.6-1 Sample Connection of a Model of the MB89580B Series

Host PC

D+

D-

3.3V

MB89580B series

General-
purpose port

1.5kQ

RPVP

Note: This figure illustrates an example assuming full speed.

RPVM

[The MB89580BW series requires the following processing:

1. Initial setting (initialization of all circuits including USB function registers)

2. Enable HCON of the UMDR register (connect the host controller). (The outputs of RPVP
and RPVM are kept low level until the USB connection is made.)
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Note:
While HCON is negated, the host PC is not connected.

Figure 10.6-2 Sample Connection of a Model of the MB89580BW Series

Host PC
MB89580BW series
3.3V
1.5kQ
D+ RPVP
D - RPVM
Note: This figure illustrates an example assuming full speed.

m USB Bus Reset
The host PC gives the information to the device.
The USB function circuit is initialized.
The device requires the following processing:

1. Initialize the configuration. (If two or more interface numbers are supported, restore the first
number.)

2. If the send/receive buffer of the DMAC transfer destination is ready, enable BFOKO of the
UCTR register (allow DMAC transfer).

m Descriptor Acquisition
At the request of the host PC, the device gives data to the host.

More specifically, the communication is executed in these three steps:

| Setup stage | —> | Data stage | —> | Status stage |

In the setup stage, the system checks whether a packet from the host PC is normally sent to the
device, after which the command is decoded. In addition, the descriptor information to be
returned in the data stage is prepared in the RAM area for transmission. In the data stage, the
system checks whether data is normally sent from the host PC. In the status stage, the host PC
transfers a no-data packet, after which the termination is executed.
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10.6.1 Operations of Each Register for Command Responses

This section explains the processing method (architecture) of USB packets by carrying
out the basic operations and control of the register.

m Operations of Each Register for Command Responses

Figure 10.6-3 Operations of Each Register for Command Responses

Host PC —
Device —

BUFOK
PKEND

Setup stage Data stage Status stage
\ \ ‘ \
\ \

Device  [SETUP] N ] [ack] [ ouT [NODATA]

Host PC ACK | DATA | ACK

NACK

DIR

SETUP

[Processing]

* The broken lines represent the operations for a standard command

© Setup processing @ Packet transmission @ Termination
confirmation

(except Get/SetDescripter and SynchFrame).
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[—Sktup processing

The firmware executes processing in units of handshake sessions. This means that the
processing is executed in units of stages of each packet as illustrated in Figure 10.6-3
"Operation of Registers when a Response to a Command is Made". The above figure is taken
as an example for the following explanation.

BFOK is enabled before the SETUP packet of the setup stage arrives.
Then, when the setup stage is received, BFOK is cleared, and PKEND is set.

When PKEND is set, the system checks whether the NACK flag is cleared or SETUP is enabled
for the packet, after which the command is decoded for a variety of setting processes. If the
NACK flag is set for a standard command, the subsequent stage processing is not executed
because a response is automatically made for a standard command. SETUP is cleared so that
the next stage, the setup stage, can be recognized. Then, PKEND is cleared and BFOK is set
to receive the packet of the data stage.
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[Phcket transmission confirmation
When the data stage is received, BFOK is cleared, and PKEND is set.

When PKEND is set, the system checks whether the NACK flag is cleared for the packet. If
necessary, the update of the RAM data of the DMA transfer destination, DMA address change,
and other processing are executed. Then, PKEND is cleared and BFOK is set in preparation for
packet reception in the next stage, the status stage, or the data stage retransfer from the host.

[Ehd processing

If the status stage is received normally, BFOK is cleared and PKEND is set.

When the DIR value indicates the change of packet transfer direction from IN to OUT, it is
confirmed that the packet is in the status stage. The end processing of the last packet is then
executed.

The table below indicates the operation when each stage of an USB command is received.

Table 10.6-2 Register Changes During Command Operation

Register value

State
BUFOK PKEND NACK DIR SETUP
0 0 0 0 0 Initial state
1 0 0 0 0 Packet wait state
SETUP packet received. IN packet for standard
0 1 1 0 1
commands
SETUP packet received for a class vendor
0 1 0 0 1 command other than the Get/SetDescripter,
SynchFrame, and standard commands
IN packet received for a class vendor command
0 1 0 1 0 other than the GetDescripter, SynchFrame, and
standard commands
OUT packet received for a class vendor command
0 1 0 0 0 other than the SetDescripter and standard
commands
OUT status received for a class vendor command
0 1 0 0 0 other than the GetDescripter, SynchFrame, and
standard commands
IN status received for a class vendor command
0 1 0 1 0 other than the SetDescripter and standard
commands
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m Operations when Receiving the Setup Stage of the USB Standard Command

The table below lists the operations when the setup stage of the USB standard command is

received.

Table 10.6-3 Operations of Setup Stage of the Standard Command (1/2)

Register Host
bRequest Value Hardware operation Firmware processing h PCd
NACK | DIR |SETUP and-
shake
The current status is Enables BUFOKO to receive
returned to the host PC. the next packet.
GetStatus 0 1 0 1 The UDC hardware ACK
automatically gives the
status.
The function selected by Enables BUFOKO to receive
ClearFeature 1 1 0 1 using WValue is cleared on |the next packet. ACK
the UDC hardware.
i 5 1 0 1 Unsupported Enables BUFOKO to receive ACK
the next packet.
The function selected by Enables BUFOKO to receive
Setreature 3 L 0 L WValue is enabled. the next packet. ACK
i 4 1 0 1 Unsupported Enables BUFOKO to receive ACK
the next packet.
A new address number is Enables BUFOKO to receive
SetAddress 5 1 0 1 set. _ The UDC hardware_ _ the next packet. ACK
retains the number specified
by the host PC.
The current descriptor data | Stores the data of the
is returned to the host PC. descriptor indicated by the
DMAC automatically gives number of the function
the contents of RAM selector obtained by
GetDescriptor 6 0 0 1 prepared by the firmware as |interpreting the command, in | ACK
the data. the RAM area indicated by
DBAR and TDCRO. Enables
BUFOKO to receive the next
packet.
The descriptor data is sent | Enables BUFOKO to receive
SetDescriptor 7 0 0 1 from the.host. DMAC the next packet. ACK
automatically writes the data
into RAM.
The current configuration Enables BUFOKO to receive
number is returned to the the next packet.
GetConfiguration 8 1 0 1 host PC. The UDC ACK
hardware automatically gives
the number.
A new configuration number | Enables BUFOKO to receive
SetConfiguration 9 1 0 1 is se_t. The UDC hardwa_r_e the next packet. ACK
retains the number specified
by the host PC.
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Table 10.6-3 Operations of Setup Stage of the Standard Command (2 / 2)

gives the contents of RAM
prepared by the firmware as
the number.

TDCRO.
Enables BUFOKO to receive
the next packet.

Register Host
bRequest Value Hardware operation Firmware processing hgr(]:d-
NACK DIR |SETUP
shake
The current interface number | Enables BUFOKO to receive
is returned to the host PC. the next packet.
Getlinterface 10 1 0 1 The UDC hardware ACK
automatically gives the
number.
The alternate setting of the The configuration of each
specified interface is EndPoint can be dynamically
changed, and the SETIF bit | changed by managing the
is set. The alternate setting | alternate setting for each
can be checked by using the |interface. In accordance
USTR2 register. with the specified alternate
setting, the processing of the
Setinterface 1 1 0 1 amount and contgnts of data ACK
to be sent or received
changes.
Clears the SETIF bit to
generate the next
SetInterface command
reception interrupt.
Enables BUFOKO to receive
the next packet.
A synchronization frame Stores the synchronization
number is returned to the frame number in the RAM
SynchFrame 12 0 0 1 host. DMAC automatically |area indicated by DBAR and ACK
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10.6.2 Suspend Function

When a USB device is not operating, the device needs to go into suspend mode and
then enter the low-power consumption state. The current consumption required of a
device while in suspend mode must be 500 pA or less in the bus power supply (power
supplied from the USB cable) device configuration. To implement this, the STOP mode
(the main clock is stopped), which realizes the lowest power consumption of all
standby modes of the CPU operation modes, must be set.

m Suspend Processing

When the USB device core detects the suspend state, SUSP of the USR1 register is set.

[Processing] The following processing is then required:

1.
2.

Read and clear the SUSP status.

If the device supports remote wake-up, wait for 2 ms (5 ms in the USB specifications,
including the suspend time). (This is intended to prevent remote wake-up during this time.)

The following are effective for reducing power consumption in the suspend processing (some
of them may not be necessary).

» Setting the input or output of a general-purpose port
» Adjusting the pull-up or pull-down voltage level in the user system

» Reducing the power consumption of the user peripheral function

. Enable external interrupt registers EIF and EIE.
. Set STP of the STBC register for the STOP mode.

Note:

For details of the stop mode operation, see Section 3.7.3 "Stop mode".

Figure 10.6-4 Suspend Operation

| 1ms | 1ms | 3ms | Suspend state

- > > >

Host PC — Device [ SOF] [ SOF] SOF

Device — Host PC State in which no signal is output on the USB including SOF

SUSP

WKUP

IFO

STP /

Processing Suspend processing STOP
processing
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m Clearing the Suspend State

A device in the suspend state and also in STOP mode resumes operation if signals appear in at
least one of the following:

1. Two USB buses (D+, D-)
2. External interrupt pins (INTO to INT7)
3. External reset pin (RST)

When the USB function circuit detects a resume signal (that is, the wake-up state), WKUP of the
USTRL1 register is set.
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10.6.3 Wake-up Function

To change a USB device from the suspend state to the wake-up state, the USB
provides the following two means:

 Remote wake-up from a device

» Wake-up from the host PC

m Remote Wake-up from a Device
The resume signal is sent from a device to the host PC.
[Processing] This necessitates the following processing:
1. Disable the EIF and EIE registers by an external interrupt if necessary.
2. Enable RESUM of UMDR.
3. Read and clear the WKUP status.
4

. Restore the lower power consumption carried out in the suspend processing to its normal
state.

» Setting the input or output of a general-purpose port
» Setting pull-up or pull-down in the user system

» Operation of the user peripheral function with normal-power consumption

Figure 10.6-5 Operation of Wake-up from a Device

Suspend state | | 20ms | 1ms | 1ms I

«— Oscillation —~
stabilization

Host PC — Device time | RESUM | [SOF| [ SOF
Device — Host PC RESUM
F—10ms —

SUSP

WKUP

IFO

RESUM

INTO-7

T External interrupt
Processing External interrupt Wake-up processing

processing
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m Wake-up from the Host PC
The resume signal is sent from the host PC to a device.
[Processing] Then, the following processing is required.

Carry out steps "3." and "4." of remote wake-up from a device.

Figure 10.6-6 Wake-up Operation from the Host

Suspend state 20 ms or longer I 1ms | 1ms |
| Oscillation ' ! '
- s_tabilization_,|
) time
Host PC — Device | RESUM | Isor] [soF
Device — Host PC
SUSP
WKUP
IFO
STP
Processing Wake-up processing
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CHAPTER 11 UART/SIO

This chapter explains the functions and operation of UART/SIO.

11.1 "Overview of the UART/SIO"

11.2 "Configuration of the UART/SIO"
11.3 "Pins of the UART/SIO"

11.4 "Reqgisters of the UART/SIO"

11.5 "Interrupts of the UART/SIO"

11.6 "Operation of the UART/SIO"

11.7 "Explanation of Operating Mode 0"
11.8 "Explanation of Operating Mode 1"
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11.1 Overview of the UART/SIO

UART/SIO is the general serial data communication interface. Serial data transfer of
variable data length is possible in either clock synchronous or clock asynchronous
mode. The transfer format is NRZ, and the transfer rate can be set by a special baud

rate generator, external clock, or internal timer.

m UART/SIO Functions

UART/SIO sends and receives serial data (serial data input and output) to and from other CPUs

and peripheral devices.

» UART/SIO has a full-duplex double buffer that enables full-duplex, bidirectional transmission.

» Synchronous transfer mode or asynchronous transfer mode can be selected.

» One of 14 baud rates provided by the internal baud rate generator can by selected. Also, the

other baud rate can be set when an external clock is input.

» The data length is variable. Set 7 or 8 bits when parity is used, and 8 to 9 bits when no

parity is used (Table 11.1-1 "UART/SIO Operating Modes").

» The data transfer format is NRZ (Non Return to Zero).

Table 11.1-1 UART/SIO Operating Modes

; Data length
Oper%tmg SV”ChrS”OUS Stop bit length
mode No parity Parity mode
7 8
0 Asynchronous 1 bit or 2 bits
8 9
1 8 Synchronous -
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11.2 Configuration of the UART/SIO

UART/SIO consists of the following seven blocks:

Serial clock switch register (SCS)
Serial mode control register (SMC1)
Serial mode control register (SMC2)
Serial rate control register (SRC)
Serial status and data register (SSD)
Serial input data register (SIDR)
Serial output data register (SODR)

Block Diagram of UART/SIO

Figure 11.2-1 UART/SIO Block Diagram

Control bus

CS2Cso

l

Reload

Each register

8-bit counter

0.661s —>  gejecror

2,661 — |

10.66us —>
P44/UCK——o0

—>]
0.923us ——
EXBRE:
eight

<«——— MD bit

Start bit Receive Parity

v v v
MD BRGE EXBRE

detection counter generator

CL
P46/UIIPWML q SBL SCKE
MD | _D_
Py ° p
]: I TXOE—D_
. ° Py
ISend star Send Shlfterl
circuit counter
ﬁ Parity
T \l, generator
TXE TDRE Send data
register
TDP,PEN

. PER-
Receive state oV
decision circuit FER:
DRF—
RIE
RQ6
Receive datal  TDR
register TIE

Pin p p . ?!Shlfterl

P44/UCK

P45/U0
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[Skrial clock switch register (SCS)

The serial clock switch register switches the input clock of the special baud rate generator to the
internal clock or divide-by-four clock of the external clock. It also switches the clock selected
when CS2, CS1, CSO = 100B to the internal clock or external clock.

[Skrial mode control register (SMC1)

The serial mode control register controls the UART/SIO operating mode. It sets the existence of
parity, length of stop bit, operating mode (data length), synchronous or asynchronous, and serial
clock.

[—Skrial mode control register (SMC2)

The serial mode control register controls the UART/SIO operating mode. It sets serial clock
enable and disable, serial data output enable and disable, serial port and general-purpose port
switching, and enabling and disabling of interrupts.

[Skrial rate control register (SRC)

The serial rate control register controls the UART/SIO data transfer speed (baud rate).

[Skrial status and data register (SSD)

The serial status and data register indicates the status of UART/SIO receive and send, and the
error status.

[Skrial input data register (SIDR)

The serial input data register stores the received data. Serial data is converted and stored in
this register.

[Skrial output data register (SODR)

The serial output data register sets the send data. The data written to this register is converted
to serial and output.



11.3 Pins of the UART/SIO

11.3 Pins of the UART/SIO

This section explains the pins related to UART/SIO and contains a pin block diagram.

m Pins Related to UART/SIO

The pins related to UART/SIO are the clock input and output pin (P44/UCK), serial data output
pin (P45/UO), and serial data input pin (P46/Ul). These pins can be switched by using the port
selection bit (TXOE: SCKE).

P44/UCK:

Functions as a general-purpose input and output port (P44) and UART/SIO clock input and
output pin (hysteresis input) (UCK). When clock output is enabled (SMC2: SCKE = 1), the pin
functions as the UART/SIO clock output pin (UCK) regardless of the value of the corresponding
port direction register. Do not select the external clock for this use (except when SMC1: CS2,
CS1, CS0 =100B). When the pin is used as the UART/SIO clock input pin, disable clock output
(SMC2: SCKE = 0), and set it as the input port (DDR: bit 4 = 0) using the corresponding port
direction register. For this use, the external clock (SMC1: CS2, CS1, CSO =100B) must be
selected.

P45/U0:

Functions as a general-purpose input and output port (P45) and UART/SIO serial output pin
(UO). When serial data output is enabled, the pin functions as the UART/SIO serial data output
pin (UO) regardless of the value of the corresponding port direction register.

P46/UI/PW1.:

Functions as a general-purpose input and output port (P46) and UART/SIO data input pin
(hysteresis input) (Ul). When this pin is used as the UART/SIO serial data input pin, set it as the
input port (DDR4: bit 6 = 0) using the corresponding port direction register.
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m Block Diagram of the Pins Related to UART/SIO

Figure 11.3-1 Block Diagram of the Pins Related to UART/SIO

i To resource

Port data register(PDR)

A Stop mode
= ' PDR read © From resource Pull-up option setting register
5} L : | From resource } > i
3 AN . | output enable _| P-ch
py ‘PDRread . 5 [
) : Ef'<b|t manipulation instruction) : _g/é(
Q : .
: Output latch : _DO——| P-ch
e ; W
“1|:PDRwrte : Pin
. ——— P44/UCK
% DDR N-ch P45/UO
(Port direction register) PAG/UI/PWML
: DDR write
: Stop mode (SPL 1)
' DDR read

DDR (port direction register)
SPL:Pin state selection bit of standby control register (STBC)

When pull-up resistance is selected for the pull-up option setting, the pin state in stop mode
(SPL = 1) will be the H level (pull-up state) instead of high impedance. However, pull-up will be
invalid during reset, and will be Hi-Z.
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11.4 Registers of the UART/SIO

This section explains the registers related to UART/SIO.

m UART/SIO Register (SCS, SMC1, SMC2, SSD, SIDR, SODR, SRC)

Figure 11.4-1 Registers related to UART/SIO

SCS (Serial clock switch register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

002Dn |—|—|—|—|—|—|—|EXBRE|
R/W

SMCL1 (Serial mode control register 1)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

002Fn | MD |PEN|TDP|SBL| CL |CSZ|CSl|CSO|
R/W RW R/W R/W R/W R/W R/W R/W

SMC2 (Serial mode control register 2)
Address bit7 bit6 bits5 bit4 bit3 bit2 bitl bit0
0030u |RERC| RXE| TXE |BRGE|TXOE|SCKE| RIE | TIE
RW RW RW W R/W RW RW R/W

SSD (Serial status and data register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

0031u PER | OVE| FER [RDRHTDRE - - -

R R R R R

SIDR (Serial input data register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

oos2 | [ | [ | [ | [ |
R R R R R R R R

SODR (Serial output data register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

oos2 | | | [ [ [ [ | |

w W wW W wW wW W W

SRC (Serial rate control register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

ooss | | | | | [ | | |

RW RW RW R/W RW R/W R/W R/W

R/W : Readable and writable
R :Read only

W : Write only

— : Unused

X 1 Undefined

Initial value

XXXXXXX08

Initial value

00000000s

Initial value

00000000s

Initial value

00001XXXs

Initial value

XXXXXXXXe

Initial value

XXXXXXXXs

Initial value

XXXXXXXXe
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11.4.1 Serial Mode Control Register 1 (SMC1)

The serial mode control register 1 (SMC1) controls the UART/SIO operating mode. The
register sets whether parity is used, number of stop bits, operating mode (data length),
synchronous or asynchronous mode, and the serial clock.

m Serial Mode Control Register 1 (SMC1)

Figure 11.4-2 Serial Mode Register 1 (SMC1)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
002Fn MD [PEN|[TDP | SBL| CL [CS2|CS1|CSO| 000000008

RW R/W RW R/W R/W RW R/W R/W
-

\—> CS2 [CS1 |CSo Clock selection bit
2 instruction cycles (0.66 ps/source frequency of 6 MHz)

8 instruction cycles (2.66 ps/source frequency of 6 MHz)

32 instruction cycles (10.66 us/source frequency of 6 MHz)

Special baud rate generator

Rr|O|O|lO|O
o|lr|rFr|O|O
Ol | Ol | O

External clock/3.25 instruction (1.08 ps/source frequency of 6 MHz)

CL Character bit length control bit
7bits
8bits
SBL Stop bit length control bit
0 | 1bits
1 | 2bits
| TDP Even/odd parity bit
0 | Even parity
1 | Odd parity
PEN Parity control bit
0 | No parity
1 | Parity
MD Mode control bit
0 | Clock asynchronous mode (UART)
Clock synchronous mode (SIO)

R/W : Readable and writable
: Unused

: Undefined

: Initial value

I
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Table 11.4-1 Functions the Serial Mode Control Register 1 (SMC1) Bits

Bit name Function
MD: Specifies the UART operating mode. In asynchronous mode, the divide-by-
bit7 Mode control bit eight clock of the serial clock is used. In clock synchronous mode, the
selected serial clock is used.
bit6 PEN: Specifies whether the parity bit is used in the clock asynchronous mode.
Parity control bit
TDP: Specifies the parity data to be inserted when the serial interface signal is
bit5 Even/odd parity bit sent in the clock asynchronous mode. The parity data check is performed
when the serial interface signal is received.
SBL: Specifies the stop bit length to be used in the clock asynchronous mode.
bita Stop bit length The stop bit with the specified length is inserted when the serial interface
control bit signal is sent. The stop bit is determined using one bit length regardless of
the set value when the serial interface signal is received.
CL: Specifies the number of character bits to be used in the clock asynchronous
bit3 Character bit length mode.
control bit
bit2 CS1, CS2, CSo: Selects the serial clock.
bitl Clock selection bit Selection of either the external clock or the internal clock when CS2, CS1,
bit0 CSO0 = 100g is set in SCS: EXBRE.
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11.4.2 Serial Mode Control Register 2 (SMC2)

The serial mode control register 2 (SMC2) controls the UART/SIO operating mode. The
registers sets serial clock output enable or disable, serial data output enable or
disable, serial port and general-purpose port switching, and enabling or disabling of

interrupts.

m Serial Mode Control Register 2 (SMC2)

Figure 11.4-3 Serial Mode Register 2 (SMC2)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

00304 |RERC| RXE| TXE |BRGE|TXOE|SCKE| RIE | TIE | 000000008

R/W R/W R/W

R

W R/W R/W R/W R/W

L’ TIE

Send interrupt enable bit

Send interrupt disable

Send interrupt enable

Receive interrupt enable bit

Receive interrupt disable

Receive interrupt enable

Serial clock output bit

Clock input (use as port possible)

Clock output enable

Serial data output bit

Serial data input (use as port possible)

Serial data output enable

Baud rate generator activation bit

Baud rate stop

Baud rate activate

Send operation enable bit

Send operation disable

Send operation enable

Receive operation enable bit

Receive operation disable

Receive operation enable

Receive error flag clear bit

All error flags are cleared.

The bit is not changed; other bits are not affected.

: Readable and writable
: Write only

: Undefined

: Initial value

I
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Table 11.4-2 Functions of the Serial Mode Control Register 2 (SMC2) Bits

Bit name Function
RERC: All SSD register error flags (PER/OVR/FER) are cleared when 0 is written to
bit7 Receive error clear this bit. 0 is always read.
bit
RXE: This bit enables serial data receive. When 0 is written to this bit during a
bit6 Receive operation receive operation, operation stops after the data is received, and the receive
enable bit operation is disabled.
TXE: This bit enables serial data send. When 0 is written to this bit during a send
bit5 Send operation operation, operation stops after the data is sent, and the send operation is
enable bit disabled.
BRGE: This bit activates the baud rate generator.
bit4 Baud rate generator
activation bit
. TXOE: This bit controls the enabling and disabling of serial data output.
bit3 ; .
Serial data output bit
SCKE: This bit controls the input and output of the serial clock in clock synchronous
bit2 Serial clock output mode.
bit When inputting the external clock to P44/UCK, set the pin to input (bit4 =0
of DDR4).
bitl RIE: This bit enables receive interrupts. A receive interrupt is immediately issued
Receive interrupt when receive interrupts are enabled and the RDRF bit is 1 or all error flags
enable bit are 1.
bit0 TIE: This bit enables send interrupts. A send interrupt is immediately issued
Send interrupt when send interrupts are enabled and the TDRE bit is 1.
enable bit
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11.4.3 Serial Clock Switch Register (SCS)

The serial clock switch register (SCS) controls the switching of the input clock of the
special baud rate generator and clock input to the selector circuit.

m Serial Clock Switch register (SCS)

Figure 11.4-4 Serial Clock Switch Register (SCS)

SCS (serial clock switch register)
Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0  |nitial value

002 Dn EXBRE|  XXXXXXX0s
R/W
|

L EXBRE Serial clock switch bit
(When SMC1: CS2, CS1, and CS0 = 0118B)
Selects the internal clock for the input clock for

0 | the special baud rate generator.

(When SMC1: CS2, CS1, and CS0 = 1008)
Selects the external clock.

(When SMC1: CS2, CS1, and CS0 = 011B)
Selects the external clock for the input clock for

1 | the special baud rate generator.
(When SMC1: CS2, CS1, and CSO0 = 1008)
Selects the internal clock.

R/W : Readable and writable
: Unused
: Undefined

X
[ :mitial value

Table 11.4-3 Functions of the Serial Clock Switch Register (SCS) Bits

Bit name Function
EXBRE: Sets the switching of the input clock of the special baud rate generator.
bit7 Clock switch bit Sets switching between the external clock and the internal clock (3.25
instruction cycles) for clock input when SMC1: CS2, CS1, CS0 =100B is
selected.
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11.4 Registers of the UART/SIO

The serial status and data register (SSD) indicates the status of UART/SIO receive and
send, and the error status.

m Serial Status and Data Register (SSD)

Figure 11.4-5 Serial Status And Data Register (SSD)

- : Unused

R :Readonly

: Undefined

X :
[ : nitial value

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
00314 | PER | OVE | FER |RDRF|TDRE - - 00001XXXs
R R T R R
TDRE Send data register empty
0 | The send register has send data
1 | The send register is empty.
> RDRF The receive data register is full.
0 | The send register is empty.
1 | The send register has send data
FER Framing error flag
0 | No framing error
1 | Framing error
OVE Overrun error flag
0 | No overrun error
1 | Overrun error
PER Parity error flag
0 | No parity error
1 | Parity error
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Table 11.4-4 Functions of the Serial Status and Data Register (SSD) Bits

Bit name Function
PER: The parity error flag is set when a parity error is issued at the receive
bit7 Parity error flag destination, and is cleared by writing O to the RERC bit of the SMC2
register. SIDR data is invalid when this flag is set. An interrupt is issued if
the PER bit is set when the RIE bit is 1.
OVE: The overrun error flag is set when an overrun error is issued during receive,
bit6 Overrun error flag and by writing 0 to the RERC bit of the SMC2 register. SIDR data is invalid
when this flag is set. An interrupt is issued if the OVE bit is set when the
RIE bit is 1.
FER: The framing error flag is set when a framing error is issued at receive, and
bit5 Framing error flag by writing 0 to the RERC bit of the SMC2 register. SIDR data is invalid
when this flag is set. An interrupt is issued if the FER bit is set when the
RIE bit is 1.
RDRF: This flag indicates the status of the receive data register (SIDR). The flag is
bitd Receive data set when receive data is loaded into the SIDR register, and is cleared when
register full the SIDR register is read. An interrupt is issued if the RDRF bit is set when
the RIE bit is 1.
TDRE: This flag indicates the status of SODR (serial send data register). The flag
bit3 Send register empty | is cleared when send data is written to the SODR register, and is set when

that data is loaded into the send shifter and sending starts. An interrupt is
issued if the TDRE bit is set when the TIE bit is 1.
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11.4.5 Serial Input Data Register (SIDR)

The serial input data register (SIDR) is used for serial data input (receive).

m Serial Input Data Register (SIDR)

Figure 11.4-6 "Serial Input Data Register (SIDR)" shows the bit configuration of the serial input
data register.

Figure 11.4-6 Serial Input Data Register (SIDR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value

0032+ XXXXXXXXs

R : Read only
X :Undefined

This register stores the received data. A serial data signal sent to the serial data input pin (Ul
pin) is converted in the shift register, and is stored in SIDR.

When receive data is correctly set in the register, the receive data flag bit (RDRF) is set to 1,
and an interrupt is issued when receive interrupt requests have been enabled. When receive
data is stored in the register after checking the RDRF bit during interrupt processing or in the
program, the RDRF flag is cleared by reading the SIDR register.
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11.4.6 Serial Output Data Register (SODR)

The serial output data register (SODR) is used for serial data output (send).

m Serial Output Data Register (SODR)

Figure 11.4-7 "Serial Output Data Register (SODR)" shows the bit configuration of the serial
output data register.

Figure 11.4-7 Serial Output Data Register (SODR)

Address bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 [Initial value
0032+ XXXXXXXXs

w wW W W W W W W

W : Write only
X :Undefined

When send data is written to this register after the SSD register is read in the send enable state,
send data is transferred to the send shift register, converted to serial data, and sent from the
serial data output pin (UO pin).

When send data is written to the SODR register, the send data flag bit is set to 0. When send
data is transferred to the send shift register, the send data flag bit is set to 1, and the next send
data can be written. Perform the next send data write when an interrupt is issued or when the
send data flag bit is 1.
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11.4.7 Serial Rate Control Register (SRC)

The serial rate control register (SRC) controls the UART/SIO data transfer speed (baud
rate).

m Serial Rate Control Register (SRC)

Figure 11.4-8 Serial Rate Register (SRC)

Address bit7 bit6 bits5 bit4 bit3 bit2 bitl bit0 |nitial value
003 3n XXXXXXXXB
RW R/W RW RW R/W R/W R/W R/W

R/W : Readable and writable
X :Undefined

When the clock selection bits (CS2, CS1, CS0) are 011, the special baud rate generator is
selected as the serial clock. This register sets the optional baud rate clock. Also, this register
must be written to while the UART is stopped.
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11.5 Interrupts of the UART/SIO

UART/SIO has three error flag bits related to interrupts (PER, OVE, FER), a receive data

flag bit (RDRF), and a send data flag bit, and the following two interrupt causes:

» Transfer of receive data from the receive shift register to the serial input data
register (SIDR)

» Transfer of send data from the serial output data register (SODR) to the send shift
register

m Send Interrupts

When output data is written to the SODR register after the SSD register is read, the data written
to the SODR register is transferred to the internal send shift register. When next write is
possible, the TDRE bit is set to 1, and if send interrupts are enabled (SMC2: TIE = 1), an
interrupt request (IRQ6) is issued to the CPU.

m Receive Interrupts

The RDRF bit is set to 1 when data is input correctly up to the stop bit. The error flag bits are
set to 1 if an overrun parity framing error is issued.

These bits are set when a stop bit is detected, and if receive interrupts are enabled (SSD: RIE
= 1), an interrupt request (IRQ6) is issued to the CPU.

m Register and Address of Vector Table Related to UART/SIO Interrupts

Table 11.5-1 Register and Address of Vector Table Related to UART/SIO Interrupts

Interrupt Interrupt level setting register Address of vector table
name Register Setting bit Higher Lower
IRQ6 ILR2(007Dy) L61(hit5) L60(bit4) FFEEY FFEF4

See Section 3.4.2 "Processing During Interrupt Operation”, for details of the interrupt operation.
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11.6 Operation of the UART/SIO

This section explains the operation of UART/SIO.
UART/SIO has two normal mode serial communication functions (operating modes 0
and 1).

m UART/SIO Operation

[ Operating modes

UART/SIO has two operating modes, clock synchronous (SIO) and asynchronous (UART).
(See Table 11.1-1 "UART/SIO Operating Modes".)
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11.7 Explanation of Operating Mode 0

Operating mode 0 operates as clock asynchronous mode (UART).

m Explanation of UART/SIO Operating Mode 0

Selection of the serial clock is done with CS2 to CSO of the SMC1 register. The serial clock is
selected from five output types: three internal clocks, an external clock, and the baud rate
generator. The clock must be input continuously when external clock is selected.

In CLK asynchronous mode, the shift clock selected in CS2 to CSO is the divide-by-eight clock,
and transfer is possible from - 2% to + 2% of the selected baud rate. Baud rate calculations by
the internal and external clock and baud rate generator are described below.

[Bhud Rate Calculation by Internal and External Clock

When SMC1 (CS2, CS1 and CSO = 000g, 001g, 010p) is selected and the EXBRE bit of SCS
(serial switching generator) is set to 0 with CS2, CS1, and CSO = 100g, baud rates can be
calculated using the following equation:

1
Baud rate value = [bps]

Clock cycle selected
with CS2 to CS0O

286



11.7 Explanation of Operating Mode 0

[Bhud Rate Calculation Equation when SMC1 (CS2, CS1, and CSO = 100g) is Selected and
the EXBRE Bit is Set to 1

When the EXBRE bit is set to 1 with CS2, CS1, and CS0O = 100g, baud rates can be calculated
using the following equation:

1
Baud rate value = [bps]

8 x13X 1/ Fen

Fcn : Main clock oscillation frequency

Example: (Fcy: When Fchis 12 MHz)

1
Baud rate value = = 115384 [bps]

8 X 13 x1/12 MH:

[Bkud Rate Calculation when Special baud Rate Generator is Used

When the EXBRE bit is set to 0 with CS2, CS1, and CS0 = 011B, baud rates can be calculated
using the following equation:

1
Baud rate value = [bps]
64/FcH
5 16/FcH % SRC register
8x2x | “g/Fen value (SRC)
4/FcH

Clock gear selection

Fcn : Main clock oscillation
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[Ekternal Clock Selection when Special Baud Rate Generator is Used

When the EXBRE bit is set to 1 with CS2, CS1, and CS0 = 011B, baud rates can be calculated
using the following equation:

Baud rate value

8 X4x%x 2 X 1/Fex X

Fex : External clock frequency

[bps]

SRC register
value (SRC)

Table 11.7-1 Example: Asynchronous transfer rate determined by baud rate generator

Frequency used *1 12MHz 10MHz 8MHz 7.3728MHz 4.9152MHz

Baud rate - 78125(n=2) - - 76800(n=1)

- 39062(n=4) - 38400(n=3) | 38400(n=2)

The table in parentheses - 19531(n=8) - 19200(n=6) | 19200(n=4)
is the SRC register

setting value. "2 - 9765(n=16) 9615(n=13) 9600(n=12) 9600(n=8)

4807(n=39) | 4882(n=32) | 4807(n=26) | 4800(n=24) | 4800(n=16)

2403(n=78) | 2403(n=65) | 2403(n=52) | 2400(n=48) | 2400(n=32)

1201(n=156) | 1201(n=130) | 1201(n=104) | 1200(n=96) | 1200(n=64)

- - 600(n=208) | 600(n=192) | 600(n=128)

*1: Clock frequency when special baud rate generator is used (Fch,Fex)

*2: Example of clock gear maximum speed when the internal clock is selected
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m Transfer Data Format

The UART only handles data with in NRZ (Non Return to Zero) format. The following diagram
shows the data format when the stop bit length is 2 bits.

Data transfer always starts with the start bit (L level), and continues according to the data bit
length in LSB first order, and is terminated with the stop bit (H level). Idle is H level.

Figure 11.7-1 Transfer Data Format

7-bit length =

No parity St | DO| D1| D2| D3| D4| D5| D6| Spi Sp

2 stop bits

7-bit length =

Parity St | DO| D1| D2| D3| D4| D5| D6| P | Spi Sp

2 stop bits

8-bit length =

No parity St | DO| D1| D2| D3| D4| D5| D6| D7| Sp: Sp

2 stop bits

8-bit length = :

Parity St | DO| D1| D2| D3| D4| D5| D6| D7| P | Spi Sp

2 stop bits ’
St : Start bit
DO to D7 : Data bits
P : Parity bit
Sp : Stop bit
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m Receive Operation in CLK Asynchronous Mode

290

The CS2 to CSO bits of the SMC1 register select the baud rate clock. (See clock selection for
the baud rate clock.) Receive operation is enabled when the RXE bit is 1, and receive operation
starts on the first falling edge of the input data (detection of start bit). When the receive
operation is completed, the RDRF bit of the SSD register is set to 1, and receive data is loaded
into the SIDR register. Also, a receive interrupt is issued to the CPU when the RDRF bit is set
to 1 and the RIE bitis 1. If one of three errors (PER, OVE, or FER) has occurred, the RDRF bit
is not set to 1, receive data is not loaded into SIDR, and the value of the SIDR register is the
data that was previously received. Also, unless the RXE bit is set to 0, the receive operation
that detects the start bit continues.

When 0 is written to the RXE bit of the SMC2 register during the receive operation, receive
operation is disabled after data receive is terminated.

Figure 11.7-2 Receive Operation in CLK Asynchronous Mode

Sl St | DO| D1| D2| D3| D4| D5| D6| D7 SpéSp St | DO| D1| D2
SIDR read —|
RDRF

RXE J




11.7 Explanation of Operating Mode 0

m Receive Error in CLK Asynchronous Mode

Three types of errors are detected in CLK asynchronous mode: parity, overrun, and framing.
When one of these errors is detected, the PER, OVE, or FER of the SSD register is set to 1.

When an error is detected, the value of the SIDR register is the data that was previously
received, since RDRF is not set and receive data is not loaded into the SIDR register. Also, all
error flags are cleared by writing 0 to the PERC bit of the SCM2 register.

Figure 11.7-3 Timing for Setting a Receive Error

S D5 D6 D7 Sp i Sp

PER
OVE
FER

Error interrupt

m Start Bit Detection in a Receive Operation

The start bit is detected when the L level continues for four clocks for the selected serial clock
(generator output, etc.) after the first falling edge of the input data. After detection of the start
bit, data is sampled on the fifth rising edge of the serial clock.

Figure 11.7-4 Detection of Start Bit

Serlalclock||||||||||||||||||||||||||||||||||||||

i1 2 3 4 i5 6 7 8 i1 2 3 4 i5 6 7 8 i

SI _I DO

Four clocks /]\

T

Detection of start bit

Data sampling

St : Start bit
DO to D7 : Data bits
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m Send Operation in CLK Asynchronous Mode

When the TXE bit of the SCM2 register is 1 and send data is written to the SODR register, the
TDRE bit of the SSD register is cleared and the send operation is started. When send data is
output after SODR register data is loaded into the shifter, the TDRE bit of the SSD register is
set. When data is written to the SODR register during the send operation (when the TDRE bit is
1), the TDRE bit is cleared and data is sent continuously after the specified bit length is sent.

Also, when 0 is written to the TXE bit of the SMC2 register during the send operation, the send
operation is disabled after the specified bit length send operation when the SODR register
empty (the TDRE bit is 1). When there is data (the TDRE bit is 1) in the SODR register, the
send operation is disabled after the data in the SODR register is sent.

Figure 11.7-5 Send Operation in CLK Asynchronous Mode

TXE J
SODR read —| —|

TDRE
/I\Interrupt to CPU /]\Interrupt to CPU
SO St | DO| D1| D2| D3| D4| D5| D6| D7 Sp Sp| St | DO| D1| D2
St : Start bit
DO to D7 : Data bit
Sp : Stop bit
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11.8 Explanation of Operating Mode 1

Operating mode 1 operates in clock synchronous mode.

m Explanation of UART/SIO Operating Mode

CLK synchronous mode operates according to the CS2 to CSO bits of the SMC21 register, from
which is selected one of three types of internal clock, the external clock, or baud rate generator
output. Shifting operates using the selected clock as the shift clock. Set the SCKE clock to 0
when the external clock is input.Also, set the SCKE bit to 1 when outputting the internal clock or
baud rate generator output. The following diagrams show the baud rate calculations for the
internal clock, external clock, and baud rate generator.

[Bhud Rate Calculations for Internal and External Clocks

When SMC1 (CS2 = 000g, CS1 = 001g, CSO = 010p) is selected and the EXBRE bit of SCS
(serial switching generator) is set to 0 with CS2, CS1, and CSO = 100g, baud rates can be
calculated using the following equation:

1
Baud rate value = [bps]

Clock cycle selected
with CS2 to CS0

[Bhud Rate Calculation Equation when SMC1 (CS2, CS1, and CSO = 100g) is Selected and
the EXBRE Bitis Setto 1

When the EXBRE bit is set to 1 with CS2, CS1, and CS0O = 100g, baud rates can be calculated
using the following equation:

1
Baud rate value = [bps]

13 x1/ Fen

Fen : Main clock oscillation frequency

293



CHAPTER 11 UART/SIO

[Bhud Rate Calculation when Special Baud Rate Generator is Used an Internal Clock is
Selected

When the EXBRE bit is set to 0 with CS2, CS1, and CS0O = 011g, baud rates can be calculated
using the following equation:

Baud rate value = ! [bps]
64/FcH
2 X 16/FcH x SRC register
8/FcH value (SRC)
4/FcH

Clock gear selection

Fcn : Main clock oscillation

[Bhud Rate Calculation when Special Baud Rate Generator is Used and the External Clock
is Selected

When the EXBRE bit is set to 0 with CS2, CS1, and CSO = 011g, baud rates can be calculated
using the following equation:

Baud rate value = [bps]

4 X 2 X 1/Fex X SRC register
value (SRC)

Fex : External clock frequency
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m 8-bit Receive Operati

Receive operation is enabled by setting the TXE/RXE bits to 11.

on

11.8 Explanation of Operating Mode 1

It starts by writing to the

SODR register and is synchronized on the rising edge of the shift clock. When 8-bit data is
received, shift data is loaded into the SIDR register, the RDRF flag is set to 1, and an interrupt
request is issued to the CPU. If an overrun error is issued when the receive terminates, data is
not loaded into the SIDR register.
operation is stopped after the 8-bit data is received. Serial clock input is always H level in the
serial operation stop state (regardless of the value of the RXE bit).

Figure 11.8-1 8-bit Receive Operation in CLK Synchronous Mode

Write to SODR

SCK

Sl

Read from SIDR

RDRF

]

- uUUUUuuy

DO

D1

D2

D3

D4

D5

D6| D7

™

Interrupt to CPU

If O is written to the RXE bit during the receive operation,
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m Continuous Receive Operation

296

In addition to 8-bit data receive in CLK synchronous mode, continuous receive operation is also
possible. In addition to the bit used for 8-bit receive, the TIE bit of the SMC2 register and the
TDRE bit of the SSD register are used. The receive operation is enabled by setting the TXE/
RXE bits to 11. Operation starts by writing to the SODR register and is synchronized on the
rising edge of the shift clock. The TDRE bit is set to 1 when the shift operation starts, and an
interrupt is issued to the CPU when TIE = 1. The next operation is enabled by writing to the
SODR register before the 8-bit shift operation is terminated, and the receive operation continues
after the 8-bit data is received. When the 8-bit data receive is completed, shift data is loaded
into the SIDR register, the RDRF flag is set to 1, and an interrupt request is issued to the CPU
when RIE = 1. If an overrun error is issued when the receive is completed, data is not loaded
into the SIDR register, contains the previous receive data. Also, the receive interrupt (RDRF) is
cleared when the SIDR register is read. The receive operation is stopped by writing O to the
RXE bit. During a receive operation, the receive operation is stopped when 0 is written to the
RXE bit after the 8-bit data is received.

Figure 11.8-2 Continuous Receive Operation in CLK Synchronous Mode

SCK

Sl

Write to SODR

TDRE

Read to SIDR |_| |_|—
RDRF | | |

o Uuuyduuyrydyyyyy

DO| D1| D2| D3| D4| D5( D6| D7| DO| D1| D2| D3| D4| D5| D6| D7

]
— 1

™ ™ ™
Interrupt SIDR read Interrupt
to CPU to CPU




11.8 Explanation of Operating Mode 1

m 8-bit Send Operation

The send operation starts by setting the TXE/RXE bits to 11 and writing to the SODR register.
When the send operation starts, shifting is performed after the data written to the SODR register
is loaded into the shifter. When the SODR register data is loaded into the shifter, the TDRE flag
is set to 1, and an interrupt request is issued to the CPU when TIE = 1. Serial data is output by
synchronization on the falling edge of the shift clock enabled by TXOE = 1.

The send operation stops after the 8-bit data is sent when 0 has been written to the TXE bit
during the send operation. After an 8-bit send, the RDRF bit is set to 1, and an interrupt is
issued to the CPU when RIE = 1. The transfer direction starts at bit O and terminates at bit 7.
Serial clock input is always H level when serial operation is stopped (regardless of the value of
the TXE bit).

Figure 11.8-3 8-bit Send Operation in CLK Synchronous Mode

Write to SODR |_|

S DO| D1| D2| D3| D4| D5| D6| D7
TDRE | |
RDRF
™ ™
Interrupt to CPU Interrupt to CPU

297



CHAPTER 11 UART/SIO

m Continuous Send Operation

298

In addition to 8-bit data send in CLK synchronous mode, continuous send operation is also
possible. This is done by setting the TXE/RXE bits to 11 and writing the data to the SODR
register. When sending starts, shifting is performed after the data written to the SODR register
is loaded into the shifter. When the SODR register data is loaded into the shifter, the TDRE flag
is set to 1, and an interrupt request is issued to the CPU when Tl = 1.

Continuous send is performed during the send operation by writing the next send data to the
SODR register when the TDRE bit is 1 (the SODR register is empty). The send operation
continues by writing to SODR to clear the TDRE bit, and loading the data written to the SODR
register into the shifter after the 8-bit data is sent. Writing O to the TXE bit stops the sending of
data. During a send operation, if 0 is written to the TXE bit, the send operation stops after the 8-
bit data is sent when SODR register empty is indicated (the TDRE bit is 1). If there is data in
the SODR register (the TDRE bit is 0), the send operation stops after the SODR register data is
sent. The RDRF bit is set to 1 after 8-bit data is sent, and an interrupt is issued to the CPU
when RIE = 1.

Figure 11.8-4 Continuous Send Operation in CLK Synchronous Mode

Write to SODR |_| |_|

Sl DO| D1| D2| D3| D4| D5| D6| D7| DO| D1| D2| D3
TDRE | | | |
RDRF
™ ™
Interrupt to CPU Interrupt to CPU




CHAPTER 12 CLOCK OUTPUT FUNCTION

This chapter explains the clock output function and the circuit operation.

12.1 "Overview of the Clock Output”
12.2 "Clock Output Pin (CLK)"
12.3 "Register of the Clock Output"
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12.1 Overview of the Clock Output

The clock output function outputs from the port a waveform whose oscillation clock is
multiplied and then divided by PLL.

m Clock Output Function

The clock output function outputs from the port a waveform whose oscillation clock is multiplied
and then divided by PLL. (The frequency is the same as the oscillation clock.)

The output port is shown below.

A waveform whose oscillation clock is multiplied and then divided: P30/INTO/CLK

When setting the output of a waveform (CLK) whose oscillation clock is multiplied and then
divided, set the external interrupt input enable bit to interrupt input disable (EIE: IEQ = 0).
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12.2 Clock Output Pin (CLK)

This section explains the pins related to clock output (CLK) and contains a block
diagram of the pins.

m Pins Related to Clock Output (CLK)

The pins related to clock output (CLK) are the P30/INTO/CLK pins, which function as general-
purpose input and output ports (P30), the external interrupt input pin (INTO), and clock output
port (CLK).

CLK:

The clock with a waveform whose frequency is the same as the source clock frequency
(CLK) is output. When the clock (CLK) output with a frequency that is generated by doubling
the waveform of the source clock frequency is specified, specify "disable" (EIE: IEO = 0) for
the external interrupt input enable bit.

m Block Diagram of the Pins Related to Clock Output

Figure 12.2-1 Block Diagram of the Pins Related to Clock Output

/W External interrupt input enable bit
To external interrupt circuit Q
PDR(port data register)
P E e |o— Stop mode
AN : - ——————
5 ' PDR read L CLK Pull-up option setting register
D N N
2 < T o DAL pe
o| :PDRread : —
) : (for bit manipulation instruction) : _g/é(
Q : : 1 ~
o[ T >{>— Output latch : DO——| P-ch
“1|iPoRwite *—| Pin
U e : P30/INTO/CLK
% DDR : [ Nech
. I(Port direction register)|:
: DDR read :
: Stop mode (SPL = 1)
.DDRread i
DDR (port direction register)
SPL Pin state selection bit of standby control register (STBC)

Reference:

When pull-up resistance is selected for the pull-up option setting, the pin state in stop mode
(SPL = 1) will be the H level (pull-up state) instead of high impedance. However, pull-up will
be ineffective during reset, and the pin state will become Hi-Z.
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12.3 Register of the Clock Output

This section explains the register related to clock output.

m Register Related to Clock Output Control Register (CKR)

Figure 12.3-1 Register Related to Clock Output Control (CKR)

Address

bit7 bit6 bits bit4 bit3 bit2 bitl bit0 Initial value

002Cn

CKE | XXXXXXX0s

— :Unused
X : Undefined
[1: initial value

RIW
|

CKE

Clock output enable bit

R/W : Readable and writable

Clock output disable

Clock output enable

Table 12.3-1 Functions of the Clock Output Control Register (CKR) Bits

Bit name Function

bit7 Unused bit * Read values are undefined

bit6 e Always write 0.

bit5

bit4

bit3

bit2

bitl

bit0 CKE: This bit enables output of the clock waveform.
Clock output enable bit
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CHAPTER 13 PULL-UP OPTION

This chapter explains the pull-up option.

13.1 "Overview of the Pull-up Option"
13.2 "Pull-up Option Setting Register"
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13.1 Overview of the Pull-up Option

The pull-up option sets pull-up for ports 0, 1, 2, 3, 4, and 5.

m Pull-up Option

The pull-up option causes the port 0, 1, 2, 3, 4, and 5 pins to be pulled up. Setting is done by
setting (writing to) the pull-up option register.

When pull-up resistance is selected for the pull-up option setting, the pin state in stop watch
mode (SPL = 1) will be the H level (pull-up state) instead of high impedance. However, pull-up
will be invalid during reset, and will be Hi-Z.
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13.2 Pull-up Option Setting Register

This section explains the register that sets the pull-up option.

m Pull-up Option Setting Registers (PURR 0, PURR 1, and PURR 2)

Figure 13.2-1 Pull-up Option Setting Registers (PURR 0, 1, and 2)

Address

bit7 bité bit5 bit4 bit3 bit2 bitl bit0

Initial value

PURRO 002 1H |PURO7|PUR06|PUR05|PUR04|PUR03|PUR02|PUR01|PUROO| 11111111s
RW RW RW R/W R/W R/W R/W R/W

_/I_I_I

L)

PUROO

PURO1

PURO02

PURO3

POOPull-up on

PO1Pull-up on

PO2Pull-up on

PO3Pull-up on

POOPull-up off

PO1Pull-up off

PO2Pull-up off

PO3Pull-up off

PURO04

PURO5

PURO06

PURO7

PO4Pull-up on

PO5Pull-up on

PO6Pull-up on

PO7Pull-up on

PO4Pull-up off

PO5Pull-up off

PO6Pull-up off

PO7Pull-up off

Address

bit7 bité bit5 bit4 bit3 bit2 bitl bit0

Initial value

PURR1 002 2+ |PUR17|PUR16|PUR15|PUR14|PUR13|PUR12|PUR11|PUR10| 11111111

RW R/W R/W R/W R/W R/W RW R/W
— 1 | |

PUR10

PUR11

PUR12

PUR13

P10Pull-up on

P11Pull-up on

P12Pull-up on

P13Pull-up on

P10Pull-up off

P11Pull-up off

P12Pull-up off

P13Pull-up off

PUR14

PUR15

PUR16

PUR17

P14Pull-up on

P15Pull-up on

P16Pull-up on

P17Pull-up on

P14Pull-up off

P15Pull-up off

P16Pull-up off

P17Pull-up off

Address

bit7 bité bit5 bit4 bit3 bit2 bitl bit0

||

Initial value

PURR2 002 3n |PUR27|PUR26|PUR25|PUR24|PUR23|PUR22|PUR21|PUR20| 11111111s
RW RW R/W R/W R/W R/W RW R/W

L)

PUR20

PUR21

PUR22

PUR23

P20Pull-up on

P21Pull-up on

P22Pull-up on

P23Pull-up on

P20Pull-up off

P21Pull-up off

P22Pull-up off

P23Pull-up off

PUR24

PUR25

PUR26

PUR27

P24Pull-up on

P25Pull-up on

P26Pull-up on

P27Pull-up on

P24Pull-up off

P25Pull-up off

P26Pull-up off

P27Pull-up off

R/W : Readable and writable

|:| : Initial value
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m Pull-up Option Setting Registers (PURR 3, PURR 4, and PURR 5)

306

Figure 13.2-2 Pull-up Option Setting Registers (PURR 3, 4, and 5)

Address

bit7 bité bit5 bit4 bit3 bit2 bitl bit0

Initial value

PURR3 00 2 4+ |PUR37|PUR36|PUR35|PUR34|PUR33|PUR32|PUR31|PUR30| 11111111s

R/W R/W R/W RW R/W R/W R/W R/W
(N I —

PUR30 PUR31 PUR32 PUR33
P30Pull-up on |P31Pull-up on |P32Pull-up on [P33Pull-up on
P30Pull-up off |P31Pull-up off |P32Pull-up off |P33Pull-up off
PUR34 PUR35 PUR36 PUR37
P34Pull-up on |P35Pull-up on |P36Pull-up on [P37Pull-up on
P34Pull-up off |P35Pull-up off |P36Pull-up off |P37Pull-up off
Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
PURR4 00 2 5H |PUR47|PUR46|PUR45| PUR44| PUR43|PUR42|PUR41|PUR40| 11111111s
R/W R/W RW RW R/W R/W R/W R/W
— Y | [ [ |
PUR40 PUR41 PUR42 PUR43
P40Pull-up on |P41Pull-up on |P42Pull-up on |P43Pull-up on
P40Pull-up off |P41Pull-up off |P42Pull-up off |P43Pull-up off
PUR44 PUR45 PUR46 PUR47
P44Pull-up on |P45Pull-up on |P46Pull-up on |[P47Pull-up on
P44Pull-up off |P45Pull-up off |P46Pull-up off |P47Pull-up off
Address  bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0 Initial value
PURR5 00 2 6+ | - | - | - |PUR54|PUR53|PUR52|PUR51|PUR50| XXX11111e
R/W R/W R/W R/W R/W
—— R N N
PURS50 PURS51 PUR52 PURS53
P50Pull-up on |P51Pull-up on |P52Pull-up on |[P53Pull-up on
P50Pull-up off |P51Pull-up off |P52Pull-up off |P53Pull-up off
PUR54
P54Pull-up on
P54Pull-up off

R/W : Readable and writable

- : Unused
X :Undefined
|:| : Initial value




APPENDIX

The appendixes provide the I/O map, instruction lists, and other information.

APPENDIX A "1/O Map"
APPENDIX B "Instruction Overview"

APPENDIX C "Write Specifications for One-Time PROM and EPROM
Microcomputer”

APPENDIX D "Pin State of MB89580B/BW Series"
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APPENDIX A 1/0 Map

The addresses described in Table A-1 are assigned to the peripheral registers provided
in the MB89580.

m /O Map

Table A-1 1/O Map (1/3)

Address Reglgtgr Register name Write, Initial value
abbreviation read
00y PDRO Port 0 data register RIW XXXXXXXX
01y DDRO Port 0 data direction register w 00000000
02y PDR1 Port 1 data register R/W XXXXXXXX
034 DDR1 Port 1 data direction register w 00000000
04y PDR2 Port 2 data register R/W XXXXXXXX
054 Reserved
06 Reserved
074 SYCC System clock control register R/W XXX11X00
084 STBC Standby control register R/W 0001XXXX
094 WDTC Watchdog control register R/W OXXXXXXX
0AH TBTC Time base timer control register R/W 00XXX000
0By Empty area
0Cy PRR3 Port 3 data register R/W XXXXXXXX
0Dy DDR3 Port 3 data direction register R/W 00000000
OEy Reserved
OFy Reserved
PDR4 Port 4 data register (general-purpose port RIW XXXXXXXX
operation)
104
PDR Parallel port data register (parallel port R/W XXXXXXXX
operation)
DDR4 Port 4 data direction register (general- RIW 00000000
purpose port operation)
11,
PSR Parallel port status register (parallel port R/W XXXXOXXX
operation)
12y PDR5 Port 5 data register R/IW XXX111XX
134 DDR5 Port 5 data direction register R/W XXXXXX00

308



Table A-1 1/O Map (2/3)

APPENDIX A 1/O Map

Address abi?g\i/?;?iron Register name Vyé;tg’ Initial value
14y PDR6 Port 6 data register R/W XXXXXXXX
15, PDCR Parallel port data control register RIW XXX00000

16 to 20y Reserved
21y PURRO Port O pull-up option setting register R/W 11111111
22y PURR1 Port 1 pull-up option setting register R/W 11111111
234 PURR2 Port 2 pull-up option setting register R/W 11111111
24y PURR3 Port 3 pull-up option setting register R/W 11111111
254 PURR4 Port 4 pull-up option setting register R/W 11111111
264 PURRS5 Port 5 pull-up option setting register R/W XXX11111
274 CNTR1 PWM control register 1 R/W 00000000
284 CNTR2 PWM control register 2 R/W 000X0000
29y CNTR3 PWM control register 3 R/W X000XXXX
2AH COMR1 PWM compare register 1 W XXXXXXXX
2By COMR2 PWM compare register 2 W XXXXXXXX
2Cy CKR Clock output control register R/W XXXXXXX0
2Dy SCS Serial clock switch register R/W XXXXXXXO0
2E Reserved
2Fy SMC1 Serial mode control register 1 RIW 00000000
304 SMC2 Serial mode control register 2 RIW 00000000
31, SSD Serial status and data register R 00001XXX
32y SIDR/SODR Serial input/serial output data register R/IW XXXXXXXX
334 SRC Serial rate control register RIW XXXXXXXX

34 to 3B, Reserved
3Cq EIE External interrupt control register R/W 00000000
3Dy EIF External interrupt flag register R/W XXXXXXX0
3Ey, 3F4 Reserved
40y PMDR USB power mode register R/W XXXXXXX0
41, to 4E, Reserved
4Fy DBARH DMA base address register high RIW 000000XX
504 UMDR USB reset mode register R/W 1000XX00
51, DBAR DMA base address register R/W XXXXXXXX
52y TDCRO Transfer data count register O RIW X0000000
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Table A-1 1/O Map (3/3)

Address abi?g\i/?:ircm Register name Vr\/é:atg, Initial value
534 TDCR11 Transfer data count register 11 R/W 00000000
54y TDCR12 Transfer data count register 12 RIW XXXXXX00
55y TDCR21 Transfer data count register 21 R/W 00000000
564 TDCR22 Transfer data count register 22 R/W XXXXXX00
57y TDCR3 Transfer data count register 3 RIW X0000000
58y UCTR USB control register RIW 00000000
59, USTR1 USB status register 1 R/W 00000000
5Ay USTR2 USB status register 2 R XXXXXX00
5By UMSKR USB interrupt mask register R/W 00000000
5Cy UFRMR1 USB frame status register 1 R XXXXXXXX
5Dy UFRMR2 USB frame status register 2 R XXXXXXXX
S5Ey EPER USB end point enable register R/W XXXX0001
SFy EPBRO End point O setup register R/W X0000000
60y EPBR11 End point 1 setup register 11 RIW 0X000000
61y EPBR12 End point 1 setup register 12 R/W 00000000
62 EPBR21 End point 2 setup register 21 R/W 0X000000
63y EPBR22 End point 2 setup register 22 RIW 00000000
64y EPBR31 End point 3 setup register 31 R/W XX0000XX
654 EPBR32 End point 3 setup register 32 R/W X0000000

66y to 7By Reserved
7Cy ILR1 Interrupt level setting register 1 w 11111111
7Dy ILR2 Interrupt level setting register 2 w 11111111
=" ILR3 Interrupt level setting register 3 w 11111111
TFy Reserved
[Read/write

R/W: Readable and writable

R: Read only
W: Write only

[ditial value

0: The initial value of this bit is "0".

1: The initial value of this bit is "1".

X: The initial value of this bit is undefined.
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Note:

Do not use the registers of the Reserved areas.
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APPENDIX B Overview of Instructions

Appendix B describes the instructions used by the FPMC-8L.
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B.1 "Overview of F’MC-8L Instructions”

B.2 "Addressing"

B.3 "Special Instructions”

B.4 "Bit Manipulation Instructions (SETB, CLRB)"
B.5 "F2MC-8L Instructions”

B.6 "Instruction Map"



APPENDIX B Overview of Instructions

B.1 Overview of F2MC-8L Instructions

The FMC-8L supports 140 types of instructions.

m Overview of FAMC-8L Instructions

The F2MC-8L has 140 1-byte machine instructions (256-byte instruction map). An instruction
code consists of an instruction and zero or more operands that follow.

Figure B.1-1 "Relationship between the Instruction Codes and the Instruction Map" shows the
relationship between the instruction codes and the instruction map.
Figure B.1-1 Relationship between the Instruction Codes and the Instruction Map

0 to 2 bytes, which are assigned
depending on the instruction
A

1 byte

r 3
Instruction code | Machine
instruction Operand Operand
— Higher 4 bits [Instruction map]
1]
=
<
o
=
o
-
R

e The instructions are classified into four types: transfer, arithmetic, branch, and other.

e A variety of addressing methods is available. One of ten addressing modes can be selected
depending on the selected instruction and specified operand(s).

e Bit manipulation instructions are provided. They can be used for read-modify-write
operations.

e Some instructions are used for special operations.

313



APPENDIX B Overview of Instructions

m Symbols used with Instructions

Table B.1-1 "Symbols in the Instruction List" lists the symbols used in the instruction code
descriptions in Appendix B.

Table B.1-1 Symbols in the Instruction List

Symbol Meaning

dir Direct address (8 bits)

off Offset (8 bits)

ext Extended address (16 bits)

#vct Vector table number (3 bits)

#d8 Immediate data (8 bits)

#d16 Immediate data (16 bits)

dir:16 Bit direct address (8 bits:3 bits)

rel Branch relative address (8 bits)

@ Register indirect addressing (examples: @A, @1X, @EP)

A Accumulator (8 or 16 bits, which are determined depending on the instruction being used)
AH Higher 8 bits of the accumulator (8 bits)

AL Lower 8 bits of the accumulator (8 bits)

T Temporary accumulator (8 or 16 bits, which are determined depending on the instruction being

used)

TH Higher 8 bits of the temporary accumulator (8 bits)

TL Lower 8 bits of the temporary accumulator (8 bits)

IX Index register (16 bits)

EP Extra pointer (16 bits)

PC Program counter (16 bits)

SP Stack pointer (16 bits)

PS Program status (16 bits)

dr Either accumulator or index register (16 bits)

CCR Condition code register (8 bits)

RP Register bank pointer (5 bits)

Ri General-purpose register (8 bits, i =0 to 7)
X X is immediate data (8 or 16 bits, which are determined depending on the instruction being used).
X) The content of X is to be accessed (8 or 16 bits, which are determined depending on the

instruction being used).

(X)) The address indicated by the X is to be accessed (8 or 16 bits, which are determined depending
on the instruction being used).
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APPENDIX B Overview of Instructions

The F2MC-8L has the following ten addressing modes:

Direct addressing

Extended addressing

Bit direct addressing

Index addressing

Pointer addressing

General-purpose register addressing
Immediate addressing

Vector addressing

Relative addressing

Inherent addressing

Explanation of Addressing

[Direct addressing

Direct addressing is indicated by dir in the instruction list. This addressing is used to access the
area between 00004 and 00FF. In this addressing mode, the higher byte of the address is 00

and the lower byte is specified by the operand. Figure B.2-1 "Example of Direct Addressing"

shows an example.

Figure B.2-1 Example of Direct Addressing

MOV 124, A

%oo 120 454] &— A [454]

[Ektended addressing

Extended addressing is indicated by ext in the instruction list. This addressing is used to access
the entire 64-KB area. In this addressing mode, the first operand specifies the higher byte of
the address, and the second operand specifies the lower byte.

Figure B.2-2 "Example of Extended Addressing" shows an example.

Figure B.2-2 Example of Extended Addressing

MOVW A, 12 34+

12 34n 560 |

12 351|784 |

A [56 78]
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[BIit direct addressing

Bit direct addressing is indicated by dir:b in the instruction list. This addressing is used to
access a particular bit in the area between 0000y and O0OFF,. In this addressing mode, the

higher byte of the address is 00y and the lower byte is specified by the operand. The bit
position at the address is specified by the lower three bits of the operation code.

Figure B.2-3 "Example of Bit Direct Addressing” shows an example.

Figure B.2-3 Example of Bit Direct Addressing

SETB34n:2 76543210

> 00 34y XXXXX1XXs

[Iddex addressing

Index addressing is indicated by @IX+off in the instruction list. This addressing is used to
access the entire 64-KB area. In this addressing mode, the address is the value resulting from
sign-extending the contents of the first operand and adding them to IX (index register). Figure
B.2-4 "Example of Index Addressing" shows an example.

Figure B.2-4 Example of Index Addressing

MOVW A, @IX+5 AH

T
IX[27 ASuF——>F—> 27 FFu|12u] | a[1Z344]

28 00m|34n] |

[Pbinter addressing

Pointer addressing is indicated by @EP in the instruction list. This addressing is used to access
the entire 64-KB area. In this addressing mode, the address is contained in EP (extra pointer).
Figure B.2-5 "Example of Pointer Addressing" shows an example.

Figure B.2-5 Example of Pointer Addressing

MOVW A, @EP
EP |27 A5u ;;22H ;iH Al12 34,
H H

[General-purpose register addressing

General-purpose register addressing is indicated by Ri in the instruction list. This addressing is
used to access a register bank in the general-purpose register area. In this addressing mode,
the higher byte of the address is always 01 and the lower byte is specified based on the
contents of RP (register bank pointer) and the lower three bits of the operation code. Figure
B.2-6 "Example of general-purpose register addressing" shows an example.

Figure B.2-6 Example of General-purpose Register Addressing

MOV A/ R6

we (01 010d+ 0158s [Ae| 1  [281]




[CIrhmediate addressing

APPENDIX B Overview of Instructions

Immediate addressing is indicated by #d8 in the instruction list. This addressing is used when
immediate data is required. In this addressing mode, the operand is used as immediate data.
Whether the data is specified in bytes or words is determined by the operation code. Figure
B.2-7 "Example of Immediate Addressing" shows an example.

Figure B.2-7 Example of Immediate Addressing

MOV A, #56H

A 564

[ Vekctor addressing

Vector addressing is indicated by vct in the instruction list. This addressing is used to branch to

a subroutine address stored in the vector table.

In this addressing mode, vct information is

contained in the operation codes, and the corresponding table addresses are created as shown

in Table B.2-1 "Vector Table Addresses Corresponding to vct".

Table B.2-1 Vector Table Addresses Corresponding to vct

#vct

Vector table address (higher address:lower address of branch destination)

0

FFCOy

: FFC1,

FFC2,

: FFC3,

FFC4y; :

FFC5,

FFCGH:

FFC74

FFC8,, :

FFCO,

FFCAL

FFCBy

FFCCH:

FFCDy

1
2
3
4
5
6
7

FFCEy, :

FFCFy

Figure B.2-8 "Example of Vector Addressing" shows an example.

Figure B.2-8 Example of Vector Addressing

CALLV #5

(Conversion) — FFCAH |FEH -|

FFCBH |DCH J

pc [FEDCH]
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[RElative addressing

Relative addressing is indicated by rel in the instruction list. This addressing is used to branch
to within the area between the address 128 bytes higher and that 128 bytes lower relative to the
address contained in the PC (program counter). In this addressing mode, the result of a signed
addition of the contents of the operand to the PC is stored in the PC. Figure B.2-9 "Example of
Relative Addressing" shows an example.

Figure B.2-9 Example of Relative Addressing

BNE F EH

2 9ABCH + FFFEH
Previous PC |9 A BCH + CurrentPC |9 A BAH

In this example, a branch to the address of the BNE operation code occurs, thus resulting in an
infinite loop.

[Idherent addressing

Inherent addressing is indicated as the addressing without operands in the instruction list. This
addressing is used to perform the operation determined by the operation code. In this
addressing mode, different operations are performed via different instructions. Figure B.2-10
"Example of Inherent Addressing" shows an example.

Figure B.2-10 Example of Inherent Addressing

NOP

Previous PC | 9ABCH Current PC | 9ABDH
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B.3 Special Instructions

This section describes the special instructions used for other than addressing.

m Special Instructions

CIMP @A

This instruction sets the contents of A (accumulator) to PC (program counter) as the address,
and causes a branch to that address. One of the N branch destination addresses is selected
from a table, and then transferred to A. The instruction can be executed to perform N-branch
processing.

Figure B.3-1 "JMP @A" shows a summary of the instruction.

Figure B.3-1 JMP @A

(Before execution) (After execution)
A[12344 A |1234H
=
Previous PC | X X X XH CurrentPC |12 34H

[CMOVW A, PC

This instruction performs the operation which is the reverse of that performed by JMP @A. That
is, the instruction stores the contents of PC in A. When the instruction is executed in the main
routine, so that a specific subroutine is called, whether A contains a predetermined value can be
checked by the subroutine. This can be used to determine that the branch source is not any
unexpected section of the program and to check for program runaway.

Figure B.3-2 "MOVW A, PC" shows a summary of the instruction.

Figure B.3-2 MOVW A, PC

A L
=

Previous PC PC

After the MOVW A, PC instruction is executed, A contains the address of the operation code of

the next instruction, rather than the address of the operation code of MOVW A, PC.

Accordingly, Figure B.3-2 "MOVW A, PC" shows that A contains 1234y, which is the address of
the operation code of the instruction that follows MOVW A, PC.
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[MULU A

This instruction performs an unsigned multiplication of AL (lower eight bits of the accumulator)
and TL (lower eight bits of the temporary accumulator), and stores the 16-bit result in A. The
contents of T (temporary accumulator) do not change. The contents of AH (higher eight bits of
the accumulator) and TH (higher eight bits of the temporary accumulator) before execution of
the instruction are not used for the operation. The instruction does not change the flags, and
therefore care must be taken when a branch may occur depending on the result of a
multiplication.

Figure B.3-3 "MULU" shows a summary of the instruction.

Figure B.3-3 MULU

(Before execution)

Als67em |

T[12344 ] =

(After execution)

Al1s604 |
T[12344 ]

[ DIVU A

This instruction divides the 16-bit value in T by the unsigned 8-bit value in AL, and stores the 8-
bit result and the 8-bit remainder in AL and TL, respectively. A value of 0 is set to both AH and
TH. The contents of AH before execution of the instruction are not used for the operation. An
unpredictable result is produced from data that results in more than eight bits. In addition, there
is no indication of the result having more than eight bits. Therefore, if it is likely that data will
cause a result of more than eight bits, the data must be checked to ensure that the result will not
have more than eight bits before it is used.

The instruction does not change the flags, and therefore care must be taken when a branch
may occur depending on the result of a division.

Figure B.3-4 "DIVU A" shows a summary of the instruction.

Figure B.3-4 DIVU A

(Before execution)

Als678n |

T[1862u | =

(After execution)

Aloosan |
T [0002u |

[XCHW A, PC
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This instruction swaps the contents of A and PC, resulting in a branch to the address contained
in A before execution of the instruction. After the instruction is executed, A contains the address
that follows the address of the operation code of MOVW A, PC. This instruction is effective
especially when it is used in the main routine to specify a table for use in a subroutine.

Figure B.3-5 "XCHW A, PC" shows a summary of the instruction.

Figure B.3-5 XCHW A, PC

(Before execution) (After execution)

e
pc[1234n | pc[5678u |
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After the XCHW A, PC instruction is executed, A contains the address of the operation code of
the next instruction, rather than the address of the operation code of XCHW A, PC.
Accordingly, Figure B.3-5 "XCHW A, PC" shows that A contains 1235, which is the address of

the operation code of the instruction that follows XCHW A, PC. This is why 1235, is stored
instead of 1234

Figure B.3-6 "Example of Using XCHW A, PC" shows an assembly language example.

Figure B.3-6 Example of Using XCHW A, PC

(Main routine) (Subroutine)

MOVW A, #PUTSUB PUTSUB  XCHW A, EP

XCHW A PC PUSHW A

DB 'PUT OUT DATA', EOL PTS1 MOV A, @EP

MOVW A, 1234H INCW EP

’ MOV I0,A <—

CMP A, #EOL
BNE PTS1
POPW A
XCHW A, EP
JMP @A

QOutput table
data here

[ CALLV #vct

This instruction is used to branch to a subroutine address stored in the vector table. The
instruction saves the return address (contents of PC) in the location at the address contained in
SP (stack pointer), and uses vector addressing to cause a branch to the address stored in the
vector table. Because CALLV #vct is a 1-byte instruction, the use of this instruction for
frequently used subroutines can reduce the entire program size.

Figure B.3-7 "Example of Executing CALLV #3" shows a summary of the instruction.

Figure B.3-7 Example of Executing CALLV #3

(Before execution) (After execution)

pc [FEDCH]
sp [12320 |

PC
sp 12344 | (2

12324 | XXH
1233H | XXH

12324 |[56H
1233H | 79H

FFC6H | FEH
FFC7n |DCH

FFC6H | FEH
FFC74 |DCH

After the CALLV #vct instruction is executed, the contents of PC saved on the stack area are
the address of the operation code of the next instruction, rather than the address of the
operation code of CALLV #vct. Accordingly, Figure B.3-7 "Example of Executing CALLV #3"
shows that the value saved in the stack (1232, and 1233y) is 5679, which is the address of

the operation code of the instruction that follows CALLV #vct (return address).
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B.4 Bit Manipulation Instructions (SETB, CLRB)

Some bits of peripheral function registers include bits that are read by a bit
manipulation instruction differently than usual.

m Read-modify-write Operation

By using these bit manipulation instructions, only the specified bit in a register or RAM location
can be set to 1 (SETB) or cleared to 0 (CLRB). However, as the CPU operates on data in 8-bit
units, the actual operation (read-modify-write operation) involves a sequence of steps: 8-bit
data is read, the specified bit is changed, and the data is written back to the location at the
original address.

Table B.4-1 "Bus Operation for Bit Manipulation Instructions" shows bus operation for bit
manipulation instructions.

Table B.4-1 Bus operation for Bit Manipulation Instructions

CODE | MNEMONIC | TO | Cycle | Address bus Data bus RD WR | RMW
A0 to A7 CLRB dir:b 4 1 N+1 dir 0 1 0
2 dir address Data 0 1 1
A8 to AF SETB dir:b 3 dir address Data 1 0 0
4 N+2 Next instruction 0 1 0

m Read Operation Upon the Execution of Bit Manipulation Instructions
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For some I/O ports and for the interrupt request flag bits, the value to be read differs between a
normal read operation and a read-modify-write operation.

[1/D ports (during a bit manipulation)

From some 1/O ports, an I/O pin value is read during a normal read operation, while an output
latch value is read during a bit manipulation. This prevents the other output latch bits from
being changed accidentally, regardless of the 1/O directions and states of the pins.

[Idterrupt request flag bits (during a bit manipulation)

An interrupt request flag bit functions as a flag bit indicating whether an interrupt request exists
during a normal read operation. However, 1 is always read from this bit during a bit
manipulation. This prevents the flag from being cleared accidentally by a value of 0 which
would otherwise be written to the interrupt request flag bit when another bit is manipulated.



B.5 F2MC-8L Instructions
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Table B.5-1 "Transfer Instructions" to Table B.5-4 "Other Instructions" list the

instructions used with the FAMC-8L.

m Transfer Instructions

Table B.5-1 Transfer Instructions (1/2)

No. MNEMONIC ~ | # Operation TL | TH | AH OP CODE
1 | MOV dir, A 3| 2 | (din<--(A) - - - 45

2 | MOV @IX+off, A 4 | 2 | (IX)+off)<—(A) - - - 46

3 | MOV ext, A 4 | 3| (ext)<--(A) - - - 61

4 | MOV @EP, A 3| 1| ((EP)<-(A) ; - - a7

5 | MOV Ri, A 3| 1| (Ri)<-(A) - - - 48 to 4F
6 MOV A, #d8 22| (A)<--d8 AL - - 04

7 | MOV A, dir 3| 2| (A)<--(dir) AL | - - 05

8 | MOV A, @IX+off 4| 2 | (A)<-((IX)+off) AL | - - 06

9 | MOV A, ext 4 | 3| (A)<--(ext) AL - - 60

10 | MOV A @A 3| 1| (A)<-((A) AL - - 92

11 | MOV A, @EP 3|1 (A)<-(EP) AL | - - 07

12 | MOV A, Ri 31| (A)<-(Ri) AL | - - 08 to OF
13 | MOV dir, #d8 4 | 3| (dir)<--d8 - - - 85

14 | MOV @IX+off, #d8 5 | 3 | ((IX)+off)<--d8 - - - 86

15 | MOV @EP, #d8 4 | 2| ((EP))<--d8 - - - 87

16 | MOV RIi, #d8 4 | 2 | (Ri)<--d8 - - - 88 to 8F
17 | MOVW dir, A 4 | 2 | (dir)<--(AH), (dir+1)<--(AL) - - - D5

18 | MOVW @IX+off, A 5 | 2 | ((IX)+off )<--(AH), - - - D6

((IX)+off+1)<--(AL)
19 | MOVW ext, A 5 | 3 | (ext)<--(AH), (ext+1)<--(AL) - - - D4
20 | MOVW @EP, A 4 | 1| (EP))<--(AH), - - - D7
((EP)+1)<-~(AL)

21 | MOVW EP, A 2| 1| (EP)<--(A) - - - E3

22 | MOVW A, #d16 3|3 | (A<--die6 AL | AH | dH E4

23 | MOVW A, dir 4 | 2 | (AH)<-(dir), (AL)<--(dir+1) AL | AH | dH C5
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Table B.5-1 Transfer Instructions (2/2)

No. MNEMONIC ~ | # Operation TL | TH | AH| N ZzZ V C |OPCODE
24 | MOVW A, @IX+off 5| 2 | (AH)<--((IX)+off), AL |AH | dH |+ + - - |Cé6
(AL)<--((IX)+off+1)
25 | MOVW A, ext 5 | 3 | (AH)<--(ext), (AL)<--(ext+1) AL | AH |dH |+ + - - |cC4
26 | MOVW A, @A 4 | 1| (AH)<—((A), (AL)<-((A)+1) AL |AH | dH |+ + - - |93
27 | MOVW A, @EP 4 | 1| (AH)<-((EP)), AL |AH | dH |+ + - - |cC7
(AL)<--((EP)+1)
28 | MOVW A, EP 2| 1| (A<-(EP) - - ldH |- - - -|F3
29 | MOVW EP, #d16 3 | 3 | (EP)<--d16 - - e
30 | MOVW IX, A 2| 1| (1X)<—(A) - - e =5
31 | MOVW A, IX 2| 1| (A)<-(IX) - - JdH | - - - - |F2
32 | MOVW SP, A 2| 1| (SP)<-—(A) - - e =i
33 | MOVW A, SP 2 | 1| (A)<-(SP) - - ldH |- - - - |F
34 | MOV @A, T 3] 1| ((A)<—-(T) - - )
35 | MOVW @A, T 4| 1| (A)<--(TH), (A)+1)<--(TL) - - -l - - - - 83
36 | MOVW IX, #d16 3 | 3| (IX)<--d16 - - -l - - - - |Es6
37 | MOVW A, PS 2 | 1| (A)<-(PS) - - ldH |- - - ~-]|70
38 | MOVW PS, A 2| 1| (PS)<-(A) - - T 41
39 | MOVW SP, #d16 3| 3| (SP)<--d16 - - - - - - - 1|E5
40 | SWAP 2 | 1| (AH)<--->(AL) - - |AL |- - - -]10
41 | SETB dirb 4| 2| (dinb<-1 - - - | - - - - | ABtoAF
42 | CLRB dir:b 4 | 2 | (dir):b<--0 - - - - - - - | AOto A7
43 | XCH A, T 2 | 1| (AL)<---->(TL) AL - - - - - - | 42
44 | XCHW A, T 311 (A)<---->() AL | AH | dH | - - - - | 43
45 | XCHW A, EP 3| 1| (A<--->EP) - = I I I
46 | XCHW A, IX 311 (A<--->(1X) - - ldH |- - - - |Fe
47 | XCHW A, SP 3| 1| (A<--->SP) - - dH - - - - | F5
48 | MOVW A, PC 2 | 1| (A)<-(PC) - - ldH |- - - - |Fo

Note:
In automatic transfer to T during byte transfer to A, AL is transferred to TL.

If an instruction has two or more operands, they are assumed to be saved in the order
indicated by MNEMONIC.
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m Arithmetic Instructions

Table B.5-2 Arithmetic Operation Instructions (1/2)
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No. MNEMONIC ~ Operation TL | TH | AH \% OP CODE
1 | ADDC A, Ri 3 (A)<--(A)+(Ri)+C - - - + 2810 2F
2 | ADDC A, #d8 2 (A)<--(A)+d8+C - - - + 24
3 | ADDC A, dir 3 (A)<--(A)+(dir)+C - - - + 25
4 | ADDC A, @IX+off 4 (A)<--(A)+((IX)+off)+C - - - + 26
5 | ADDC A, @EP 3 (A)<--(A)+((EP))+C - - - + 27
6 | ADDCW A 3 (A)<--(A)+(T)+C - - | dH + 23
7 | ADDC A 2 (AL)<--(AL)+(TL)+C - - - + 22
8 | SUBC A, Ri 3 (A)<--(A)-(Ri)-C - - - + 38 to 3F
9 | SUBC A, #d8 2 (A)<--(A)-d8-C - - - + 34
10 | SUBC A, dir 3 (A)<--(A)-(dir)-C - - - + 35
11 | SUBC A, @IX+off 4 (A)<--(A)-((IX)+0ff)-C - - - + 36
12 | SUBC A, @EP 3 (A)<--(A)-((EP))-C - - - + 37
13 | SUBCW A 3 (A)<-~(T)-(A)-C - - | dH + 33
14 | SUBC A 2 (AL)<--(TL)-(AL)-C - - - + 32
15 | INC Ri 4 (Ri)<--(Ri)+1 - - - + C8to CF
16 | INCW EP 3 (EP)<--(EP)+1 - - - - c3
17 | INCW IX 3 (IX)<--(1X)+1 - - - - c2
18 | INCW A 3 (A)<--(A)+1 - - | dH - Co
19 | DEC Ri 4 (Ri)<--(Ri)-1 - - - + D8 to DF
20 | DECW EP 3 (EP)<--(EP)-1 - - - - D3
21 | DECW IX 3 (IX)<--(1X)-1 - - - - D2
22 | DECW A 3 (A)<--(A)-1 - - | dH - DO
23 | MULU A 19 (A)<--(AL)X(TL) - - | dH - 01
24 | DIVU A 21 (A)<--(T)/(AL), MOD -->(T) dL | 00 | 00 - 11
25 | ANDW A 3 (A)<--(A) A (T) - - dH R 63
26 | ORW A 3 (A)<--(A) V (T) - - | dH R 73
27 | XORW A 3 (A)<--(A) v (T) - - | dH R 53
28 | CMP A 2 (TL)-(AL) - - - + 12

29 | CMPW A 3 (M-(A) N + 13
30 | RORC A 2 > C->A ] ] ] ] 03
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Table B.5-2 Arithmetic Operation Instructions (2/2)

No. MNEMONIC # Operation TL | TH | AH \% OP CODE
31 | ROLC A 1| C<AS -] - - 02

32 | CMP A, #d8 2 | (A)-d8 - - - + 14

33 | CMP A, dir 2 | (A)-(dir) - - - + 15

34 | CMP A, @EP 1 | (A)-((EP)) - - - + 17

35 | CMP A, @IX+off 2 | (A)-((1X)+off) - - - + 16

36 | CMP A, Ri 1| (A)-(Ri) - - - + 18to 1F
37 | DAA 1 | decimal adjust for addition - - - + 84

38 | DAS 1 | decimal adjust for subtraction - - - + 94

39 | XOR A 1 | (A)<-—-(AL) V (TL) - - - R 52

40 | XOR A, #d8 2 | (A)<-(AL) Vv d8 - - - R 54

41 | XOR A, dir 2 | (A)<—(AL) V (dir) - - - R 55

42 | XOR A, @EP 1 | (A)<-—-(AL) ¥V ((EP)) - - - R 57

43 | XOR A, @IX+off 2 | (A)<—-(AL) V ((IX)+off) - - - R 56

44 | XOR A, Ri 1| (A)<-(AL) ¥ (Ri) - - - R 58 to 5F
45 | AND A 1| (A)<-(AL) A (TL) - - - R 62

46 | AND A, #d8 2 | (A)<—-(AL) A d8 - - - R 64

47 | AND A, dir 2 | (A)<--(AL) A (dir) - - - R 65

48 | AND A, @EP 1| (A)<-(AL) A ((EP)) - - - R 67

49 | AND A, @IX+off 2 | (A)<—-(AL) A ((IX)+off) - - - R 66

50 | AND A, Ri 1| (A)<--(AL) A (Ri) - - - R 68 to 6F
51 | OR A 1| (A)<-(AL) V (TL) - - - R 72

52 | OR A, #d8 2 | (A)<--(AL) v d8 - - - R 74

53 | OR A, dir 2 | (A)<--(AL) V (dir) - - - R 75

54 | OR A, @EP 1| (A)<-(AL) V ((EP)) - - - R 77

55 | OR A, @IX+off 2 | (A)<—-(AL) V ((IX)+off) - - - R 76

56 | OR A, Ri 1| (A)<-(AL) V (Ri) - - - R 78to 7F
57 | CMP dir, #d8 3 | (dir)-d8 - - - + 95

58 | CMP @EP, #d8 2 | (EP))-d8 - - - + 97

59 | CMP @IX+off, #d8 3 | ((IX)+off)-d8 - - - + 2

60 | CMP Ri, #d8 2 | (Ri)-d8 - - - + 98 to 9F
61 | INCW SP 1 | (SP)<-(SP)+1 - - - - c1

62 | DECW SP 1 | (SP)<-(SP)-1 - - - - D1
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Table B.5-3 Branch Instructions

APPENDIX B Overview of Instructions

No MNEMONIC ~ | # Operation TL | TH | AH Z V C |OPCODE
1 | BZ/BEQ rel 3 | 2 | if Z=1 then PC<--PC+rel - - - - - - |FD
2 | BNZ/BNE rel 3| 2 | if Z=0 then PC<--PC+rel - - - - - - |FC
3 | BC/BLO rel 3 | 2 | if C=1then PC<--PC+rel - - - - - - |F9
4 | BNC/BHS rel 3 | 2 | if C=0then PC<--PC+rel - - - - - - |F8
5 | BN rel 3 | 2 | if N=1 then PC<--PC+rel - - - - - - |FB
6 | BP rel 3 | 2 | if N=0 then PC<--PC+rel - - - - - - |FA
7 | BLT rel 3| 2 | if VvV N=1then PC<--PC+rel - - - - - - |FF
8 | BGE rel 3 | 2 | if Vv N=0then PC<--PC+rel - - - - - - |FE
9 | BBC dir:b, rel 5 | 3 | if (dir:b)=0 then PC<--PC+rel - - - + - -1 BOto
B7
10 | BBS dir:b, rel 5 | 3 | if (dir:b)=1 then PC<--PC+rel - - - + - - | B8to
BF
11 | IMP @A 2| 1| (PC)<-(A) - -] - - - - |EO
12 | JMP ext 3| 3 | (PC)<-ext - - - - - - |2
13 | CALLV #vct 6 | 1 | vector call - - - - - - | E8t0EF
14 | CALL ext 6 | 3 | subroutine call - - - - - - 131
15 | XCHW A, PC 3| 1| (PC)<-(A), (A)<-(PC)+1 - | - | dH - - - | F4
16 | RET 4 | 1 | return from subroutine - - - - - -]20
17 | RETI 6 | 1 | return from interrupt - - - restore 30
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m Other Instructions

Table B.5-4 Other Instructions

No. MNEMONIC ~ | # Operation TL | TH | AH OP CODE
1 | PUSHW A 4 | 1| ((SP))<--(A), (SP)<--(SP)-2 - -] - 40
2 | POPW A 4 | 1| (A)<-((SP)), (SP)<--(SP)+2 - | - | dH 50
3 | PUSHW IX 4 | 1| ((SP))<--(IX), (SP)<--(SP)-2 - - - 41
4 | POPW IX 4 | 1| (IX)<--((SP)), (SP)<--(SP)+2 -l - - 51
5 | NOP 1| 1 | No operation - - - 00
6 | CLRC 1]1]|(C)<-0 - - - 81
7 | SETC 11| ()1 - -] - 91
8 | CLRI 11]1] (<0 - - - 80
9 | SETI 1)1 | (<1 - - - 90
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Instruction Map

B.6

Table B.6-1 "F°MC-8L Instruction Map" shows the F?MC-8L instruction map.

m Instruction Map

Table B.6-1 F2MC-8L Instruction Map
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APPENDIX C Write Specifications for One-Time PROM and
EPROM Microcomputer

The MB89P585B/BW and MB89P589B have a PROM mode and can be programmed
using a general-purpose ROM programmer via a dedicated adaptor. Note that the
electronic signature mode is not available.

m ROM Programmer Adapters and Recommended ROM Programmers

Table C-1 "ROM Programmer Adaptors and Recommended ROM Programmers" lists ROM
programmer adapters and recommended ROM programmers.

Table C-1 ROM Programmer Adaptors and Recommended ROM Programmers

Package name

Compatible adaptor

Recommended programmer maker
and the programmer name

Sun Hayato Co., Ltd.

Ando Electric Co., Ltd.

FPT-64P-M03 ROM2-64LQF-32DP-8LA AF9708 (verl.40 or more)

AF9709 (verl.40 or more)

FPT-64P-M09 ROM2-64QF2-32DP-8LA2 AF9723 (verl.50 or more)
Inquiries:

Sun Hayato Co., Ltd. : Phone (81)-3-3986-0403
Ando Electric Co.,Ltd. : Phone (81)-44-549-7300

m Memory Map in PROM Mode

Figure C-1 Memory Map in PROM Mode

0000y

0080y

*0480H

C000y

FFFFy

In normal operation mode (corresponding address on ROM programmer)

/10

RAM
Disable
----> 00004
Program area
(PROM)
----> 3FFF,

Program area
(PROM)

* 4880H for MB89P589B
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m Programming to EPROM (When using the Ando Electric Co.,Ltd. programmer)
1. Setthe EPROM programmer type code to 17209.
2. Load program data on to the area of 0000 to 3FFFy of the EPROM programmer.

3. Write to the area of C000y to FFFF by the EPROM programmer.

m Programming Yield

All bits cannot be programmed at Fujitsu shipping test to a blanked OTPROM microcomputer,
due to its nature. For this reason, a programming yield of 100% cannot be assured at all times.
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APPENDIX D Pin State of MB89580B/BW Series

This section describes the pin state for each operation of the MB89580B/BW series.

m Pin State for Each Operation

Table D-1 Pin States in Each Mode

Pin name

During normal
operation

In sleep mode

In stop mode
SPL=0

In stop mode
SPL=1

During reset 3

P30/INTO/CLK to

Port input and
output/External

Hold/External

Hold/External

Hi-Z/External

Hi-Z

P40/DO0 to P43/D3

P37/INT7 interrupt input interrupt input interrupt input interrupt input

X0 Oscillation input Oscillation input Hi-Z Hi-Z Oscillation input

X1 Oscillation output Oscillation output "H" output "H" output Oscillation output

MODO,1 Mode input Mode input Mode input Mode input Mode input

RST Reset input and Reset input and Reset input and Reset input and Reset input and
output output output output output

P00 to PO7 Port input and

P10 to P17 output Hold

P20 to P27 Port output

P44/UCK/D4
P45/UQ/D5
P46/UI/PWM1/D6 Hold Hi-Z Hi-Z
P47/PWM2/D7 Portinput and Hold/Resource
output/Resource inout and outout
P50/OBF/IBFX/W input and output Input and outpu
P51/R
P52/EFX
P53/A0/FFX
P54/CEX
Portinput/Resource Portinput/Resource | Portinput/Resource | Portinput/Resource Port input/
P60 to P67 . . . . .
input input input input Resource input
RPVP USB port input and USB port input and . *1 . 1 Low level output/
USB port input USB port input L%
RPVM output output Hi-Z

Hi-Z: Denotes high impedance
SPL: Pin state selection bit of standby control register (STBC)
Hold: Pin set for output holds the pin state (level) just before the mode switching.
*1: Port input when the system stops because of the USB port status; The latest state is retained when the system stops otherwise.
*2: Low level output for the MB89580BW series; Hi-Z for the MB89580B series.

*3: The P60 to P67 become indeterminate outputs during a period of power-on reset.
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The index follows on the next page.
This is listed in alphabetic order.
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