@5 CORE

MIDAS1.0B Family:
Flash / ISP / IAP
8-bit Turbo Microcontrollers

Ver. 1.10

June 2011

Copyright CORERIVER Semiconductor Co., Ltd. 2011
All Rights Reserved



E CORERIVER Semiconductor reserves the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time.

E To discontinue any product or service, CORERIVER should inform customers of that before 3
months through its homepage.

E Customers should obtain the latest relevant information before placing orders and should verify
that such information is current and complete.

E The CORERIVER Semiconductor products listed in this document are intended for usage in

general electronics applications. These CORERIVER Semiconductor products are neither

intended nor warranted for usage in equipment that requires extraordinarily high quality and/or

reliability or a malfunction or failure of which may cause loss of human life or bodily injury.

Page? of 235



®> CORE

Table of Contents

1  PRODUCT OVERVIEWS ...ttt ettt e ek e e s e bt e e s e nb e e e e nbne e e e neee 10
2 FEATURES ...ttt e ekt e e ook et e oo ek b et e oo ek bt e e ek bt e e e R et e e et e e e b e e e e e 11
3 BLOCK DIAGRAM L.ttt et e bt e e e sttt e e st et e e e aa b et e e e aabbe e e e aabb e e e e anbneeeeanbneeeen 13
4 PIN CONFIGURATIONS. .. .ottt ettt ettt et e e e st e e e st e et e e st b e e e e s ba e e e e aabb e e e e anbneeeesnbneeeeans 14
5 PIN DESCRIPTION. ...ttt ettt ettt e e st e e e et e e e e et b e e e e sabb e e e e sabb e e e e anbneeeesnnneeeeans 18
6  FUNCTIONAL DESCRIPTION ...ciiiiiiiieiitiiee ittt ettt e e et e e et e e e e annne e e e aneee 22
6.1  CPU DESCRIPTION. ..ttttiiiiiiiitttiiiiie st st r s s bbb e e e e e e s s s bbb e e et e e s s e sab b s e e e e re e s s s s bbb raenaaee s 22
6.1.1 MEMOIY OFQANIZALION .....eeiiiiiiiii ittt e st e e e st e e e st e e e e sbreeeesbneeeean 22
6.1.2  Special Function Registers (SFRs) Map and DeSCripltion ............cccceeiiiieeeiiieeeeinieee e 24
6.1.3 INSEIUCTION SE SUMIMANY ..iiiiiii ittt e e et b e e et b e e e e abb e e e e anbneeeean 28

L 0 S ©F = U B 11111 o PO O OO O PR PPPPRPPPPPPPT 33

6.2 PERIPHERAL DESCRIPTION ....utiiiiiiiiiiiiiiiiiiie it e s n e s s e e n e s s sinnnaaeaa e s 33
6.2.1 1L B o T4 £ PP P PP P PP PPPPPPTPPPPPTN 33
6.2.2 LVD (LOW VORAGE DEIECION) ...eeiiiiiiiieiiitiiee ettt sttt et e e e sbneeeean 48
6.2.3  WDT (WatChdOg TIME) ...ccoitiiieiitiiee ettt et e et e e e st e e e e snbn e e e e snbneeeeans 51
6.2.4  TIMEICOUNIEE OFL....oiiiiiiiiiiiiiee ettt ettt ettt e et e e e st b e e e e aabb e e e e sbbeeeesbreeeeans 53
6.2.5 Simplified UART (Universal ASYNnChronouS RX/TX)......coiueeieiiuiiieiiiiiieiiiieee s e s 62
6.2.6 PWMA (Pulse Width MOAUIALOT AITAY) ....ccoiuiiieiiiiiee ittt are e 74
6.2.7  A/D Converter (Analog to Digital CONVEILEN) .......c.ueeiiiiiiieiiiiiee ettt 79
B8.2.8  1PC SEMAI VO c.oueooieierieiec et 84
6.2.9 SPI (Serial Peripheral INTErface) ........cooiiiiiiiii e 95
2 O B [ o1 (=T 1 U] SO PP PRPPR PP 101
B.2.11  RESEL CHICUIL ...eeeiitiieee ittt b et e e s bbbt e s bbbt e s bbb e e e s nbbeeesaanneeas 109
L A O (o Tox QO | (o1 U1 £ PSPPSR PTPPPI 110
6.2.13  POWET MANAGEIMENT...... . ittt e et e e e e e e e e e e e s e r e e e e e e e e e nnnnees 115
L e (o To |- T a0 o 411 o [ S PSSP PPPPPI 117

7  ABSOLUTE MAXIMUM RATINGS.....coiiitiiii ittt ettt ettt e sttt e e e st e e s snbaee e e snbneeeeans 123
8  DC CHARACTERISTICS ... ettt sttt ettt e e s bbbt e e s bttt e e s sbe e e e s anabe e e s nnneeeas 124
O AC CHARACTERISTICS ...ttt ettt ettt e ettt e e e st e e e s bb e e e anbbe e e s abbeeeeabeeeeeans 125
10 ADC SPECIFICATIONS ..ottt ettt ettt e e sttt e sttt e e s bbbt e e s nan e e e s anbbeeesannneeas 126

Page3 of 235



&

) CORER

Functional Description

11 PACKAGE DIMENSION ... s e e e e e e e s e e e e e e e e e e aeaeae e aas 127
12 PRODUCT NUMBERING SYSTEM ... 133
13 APPENDIX A: INSTRUGCTION SET ....ttittittututuiettieieieuaisieuersueteteterstsuerereresererseerererersrsreee. 135
14 APPENDIX B: SFR DESCRIPTION ... .uutiiiiiiiiiiiiiiiiiiiiiieiaiaieieieieiebsisiebereresessreseserereeeesrerererererereenne 203
14.1 PORTO REGISTER (PO) .iiiiiiiiiiiiiiiiee e e e ittt e e e e s s ettt e et e e e s e st ae e e e e e e s s santaaeeaeeeesaannntanneaeeeesnnnnnrnees 203
14.2 STACK POINTER REGISTER (SP) ..eiiiiiiiiiiiiiiiiie e e s sttt e e e s s staae e e e e e e s s s taaae e e e e e s e snntanneaaeeesnnnnnnees 203
14.3 DATAPOINTER LOW REGISTER (DPL) .. .uutiiiiiiieiis it ie e sttt e e s s sitaee e e e e e s s sanana e e e e e e e s nnnnneees 203
14.4 DATAPOINTER HIGH REGISTER (DPH) ..ottt e e e e e e e e e 203
14.5 PORT ALTERNATIVE FUNCTION SELECTION 2 (ALTSELZ2) .....uvvvviiiiiiiieieieieieiernrnennnrnnnnnrniernnnnnnnnnns 204
14.6 PORT ALTERNATIVE FUNCTION SELECTION (ALTSEL) ..vvvvviiiiiiiiiiiiiiiieieieieieieieisinininseinenenenrnnnnnnnnnnn 204
14.7 CLOCK SELECTION REGISTER (CKSEL) ...uuuuvitiiiiuiiiiieisieusisisssssssseesrsensnrnnsrsesrnrsnsmnmnnsnnrnmsrsrnns 204
14.8 POWER CONTROL REGISTER (PCON) ....uiiiiiiiiiiiieiereieieteesueieeessesssenrsenssssnsesrsrnsnrnrnrnnnmnrnsrnrnns 205
14.9 TIMER 0/1 CONTROL REGISTER (TCON) ...evitiieriiurieeeeieeeesisueesesesessnrssnnsssnsssrssnrsssnnnsnsnnrnrsrnrnmnrsnnmnne 205
14.10  TIMER MODE CONTROL REGISTER (TMOD)......cuuuuuuiiiriieiiieirieieenrsnnnnrsinesrnrnrnrnnnmnmnmnrnmsrnns 206
14.11 TIMER O LOW BYTE REGISTER (TLO) ..eevtuiiiiiiiiiiiieieieieesisisesesseesennsenssssnnesessnsnsnnssnnsnnrnnsrsrnnnrsrnnnne 207
14.12 TIMER 1 LOW BYTE REGISTER (TLL) ..ruutuiiiiiiiiiiieieeeseeesesueesesesnsennnensnsssssssssnrnsssnnnsssnrnnsrsnnnnnnmnmnne 207
14.13 TIMER O HIGH BYTE REGISTER (THO) ...eeviiiiiiiiiiiiiieieieieieieieesssssssssessssssnesnnrnsssnenssnnsnsnssrsrnnnrnnnnnne 207
14.14  TIMER 1 HIGH BYTE REGISTER (THL) ..eiiiiiiiiiiiiiiiiieieieieieieteisiessssssesesssesssesrnsnsnssnnnnsnsnnsssrnnnrnnnnnnns 207
14.15 CLOCK CONTROL REGISTER (CKCON) ....uiiiviiiiiriiiirieeeieieeeesesesenrsenssrsesesesrsrsnsesesmsenrnsrsns 208
14.16  INTERNAL RING CALIBRATION CONTROL REGISTER (RINGCON) .......cuuviiiiriiiirininirinininrnininnninennns 208
14.17  PORT L REGISTER (PL)...euttitiiiuitiueuetiueiusessusssssssssssesssssasssessssssssssessssrsrsrersreee.——. 208
14.18 EXTERNAL INTERRUPT FLAG REGISTER (EXIF) ...viiiiiiiiiiiiiiiieiiiiiiieieisieieesinrnrnesesnsesesrensrsrnnnnnnnnnns 208
14.19 PWMA CHO CONTROL REGISTER (PWMOCON) .....cctiiiiiiiiiiiiiieie et 209
14.20 PWMA CHO COUNTER REGISTER (PWMOCNT) ....uiiiiiiiiiiiieieieiersisisisisesesrnrnrsenennnenenesrsnnrnnnn. 209
14.21 PWMA CHO DutyY DATA REGISTER OF MODULE O (PWMODO) .......cuvvviiiiiieiiinininieininininrnnnrnnnnnns 210
14.22 PWMA CHO DuTY DATA REGISTER OF MODULE 1 (PWMODL) .....ccvvviiiiiiiiiiiininieirininierneneninnnnnnns 210
14.23 PWMA CHO DuTY DATA REGISTER OF MODULE 2 (PWMOD2) .......cuvviiiiiiieiiinininieinininnninenrninnnn, 210
14.24 PWMA CHO DuTY DATA REGISTER OF MODULE 3 (PWMOD3) ......cuuvviiiiiiiiiiininieieinininnnnninininnnn, 210
14.25  SERIAL PORT CONTROL REGISTER (SCON) ...ttt ittt ettt a e 210
14.26  SERIAL DATA BUFFER REGISTER (SBUF) ..coiiiiiiiiiiiie e 211
14.27 PWMA CHO MODULE OUTPUT ENABLE (PWMOOEN).........utiiiiiieiiiiiieie e 211
14.28 PWMA CHO DUTY DATA REGISTER OF MODULE 4 (PWMODA4) .....ccoiiiiiiiieie e 212
14.29 PWMA CHO DUTY DATA REGISTER OF MODULE 5 (PWMODS5) ......cooiiiiiiiieieeeeiiieeee e 212
14.30 PWMA CHO DUTY DATA REGISTER OF MODULE 6 (PWMODB) ........cccuuiiiiieieeeiaiiiiiee e 212

Pages of 235



@> CORER

14.31
14.32
14.33
14.34
14.35
14.36
14.37
14.38
14.39
14.40
14.41
14.42
14.43
14.44
14.45
14.46
14.47
14.48
14.49
14.50
14.51
14.52
14.53
14.54
14.55
14.56
14.57
14.58
14.59
14.60
14.61
14.62
14.63
14.64
14.65

PWMA CHO DuUTY DATA REGISTER OF MODULE 7 (PWMOD7) .....ccciiiiiiiiieeee et 212
PORT 2 REGISTER (P2).. . ctitiiiie ettt ettt e e e s e et e e e e e e s e st e e e e e e e s s nntnbaneeeeeeesannnnnenns 212
EXTENDED INTERRUPT ENABLE REGISTER (EIE) .....ciitiieieiieeiieiie e 212
PWMA CH1 CONTROL REGISTER (PWMZLCON).....cetiieeiiiiiiiiiieeee e e sesiiieeee e e e e e s ssnnraeee e e e e e s 213
PWMA CH1 COUNTER REGISTER (PWMICNT) ..utiiiiiieiiiiiiiiiir e e e e s esiiineee e e e e e s ssinreeee e e e e 213
PWMA CH1 DuTY DATA REGISTER OF MODULE O (PWMI1DO0)........ccccviiiiieee e ee e 214
PWMA CH1 DuUTY DATA REGISTER OF MODULE 1 (PWMI1D1).....ccoiiiiiiiiiieee e 214
PWMA CH1 DuUTY DATA REGISTER OF MODULE 2 (PWMI1D2).......ccoicviiiiieeee e 214
PWMA CH1 DuUTY DATA REGISTER OF MODULE 3 (PWMI1D3).....cccoiiiiiiiiieee et 214
INTERRUPT ENABLE REGISTER (IE) coeiiieieieeeee e 214
SLAVE ADDRESS REGISTER (SADDR).....uuiiiiiiieis st s s s s s e e 215
PWMA CH1 MODULE OUTPUT ENABLE (PWMIOEN).......cuuuiiiiiiiiiiiiiiiiinininieieinieinnernrnnninnnnnnn. 215
PWMA CH1 DUTY DATA REGISTER OF MODULE 4 (PWMI1D4)........cuuvvuiuieieininininininnnennninnnnnnnnnn. 216
PWMA CH1 DUTY DATA REGISTER OF MODULE 5 (PWMI1D5).......cuvuviiiiiiiiiiiiiiinininininininnnnnnnnnnn. 216
PWMA CH1 DUTY DATA REGISTER OF MODULE 6 (PWMI1D6).........ccuuuimirinirininininieininininnnnnnnnnnn. 216
PWMA CH1 DUTY DATA REGISTER OF MODULE 7 (PWMID7).....ccuuvuiiiieieinininininininineneninnnnnnnnnnn. 216
PORT 3 REGISTER (P3) ... tttttututttutuususuuusssssususssesssesesssssasasssssssssssssssssssssssssnsssssssnsnsssrsssssnnmnnnmnmnnnnns 216
EXTENDED INTERRUPT PRIORITY REGISTER (EIP).....cuuuuiiiiiiiuieiiiiieininieinisininrnieinrnrenennrnnninnn. 217
INTERRUPT TYPE SELECTION REGISTER (IT) .eviiiiiiiiiiiiiie et 217
PORT 4 REGISTER (P4)...tetttitiittitettttttietetststststetstssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssnsnnnsnnnnns 217
SPI CONTROL REGISTER (SPICON) ...t a s e e anan s e a e anaeaa s 217
SPI CLOCK CONTROL REGISTER (SPICK) ...t 218
SPITX/RX DATA REGISTER (SPIDR) ...t 218
INTERRUPT PRIORITY HIGH REGISTER (IPH) ..ccooviiiiiiee 218
INTERRUPT PRIORITY REGISTER (IP) cooveiiiiieieee e 219
SLAVE ADDRESS MASK ENABLE REGISTER (SADEN) ..., 219
INTERRUPT POLARITY SELECTION REGISTER (ITSEL) «.ocvvviiiiiiiieiie 219
SPISTATUS REGISTER (SPIST) ittt st 220
POWER MANAGEMENT REGISTER (PMR).....uiuiiiiiiiiiiiitieieisieisisesisrsieisnsrnssnsssesesnnrsrsrsrsrsnsnnnssn. 220
STATUS REGISTER (STATUS) ..ttt s s s e s s s s e n e e an s e e e s e e e e e aeae e 221
INTERNAL RING OSCILLATOR CONTROL REGISTER (OSCICN) ..ottt 221
TEST INTERNAL RING OSCILLATOR CONTROL REGISTER (OSCICN2) ..ot 221
TIMER/COUNTER 2 CONTROL REGISTER (T2CON) ....iiiiiiiiieeiieiiiiiee et e e 222
TIMER/COUNTER 2 MODE CONTROL REGISTER (T2ZMOD) .....coiiiiiiiiieie et 222
TIMER/COUNTER 2 CAPTURE/RELOAD LOW BYTE REGISTER (RCAP2L).....cvviieiiiiiiiiiiieiieeeeee 222

Page5 of 235



Functional Description

14.66
14.67
14.68
14.69
14.70
14.71
14.72
14.73
14.74
14.75
14.76
14.77
14.78
14.79
14.80
14.81
14.82
14.83
14.84
14.85
14.86
14.87
14.88
14.89
14.90
14.91
14.92
14.93
14.94
14.95
14.96
14.97
14.98
14.99
14.100

TIMER/ COUNTER 2 CAPTURE/RELOAD HIGH BYTE REGISTER (RCAP2H) ....ocvvveiiiiiiiiiieeeeeeees 222
TIMER 2 LOW BYTE REGISTER (TL2) .. iiiiieiie ettt e ettt e e e e e sttt e e e e s e snntanne e e e e e e e annns 223
TIMER 2 HIGH BYTE REGISTER (TH2) ...ttt e et e e e e s e st e e e e e e e annns 223
ADC CHANNEL ENABLE BAR REGISTER (ADCENBO)......cccciiiiiiiiieiie e e s ciiiree e e e e s s sineneee e e e 223
ADC CHANNEL ENABLE BAR REGISTER (ADCENBL)....ccccciiiiiiiiiiiie et ee e e sirnee e e e e e 223
PROGRAM STATUS WORD REGISTER (PSW) ..eiiiiiiiiiiiiiece ettt e e s st e e e e e st n e e e e e e 223
PORT 0 PULL-UP CONTROL REGISTER (POSEL)........ccutiiiiiiee it e e csteeee e e e e e e e e e e 224
PORT 1 PULL-UP CONTROL REGISTER (PLSEL).......cutiiiiiiee et ee e e e e e e e e 224
PORT 2 PULL-UP CONTROL REGISTER (P2SEL).......ccutiiiiiie et ceteeee e e e e svnvne e e e e e 224
PORT 3 PULL-UP CONTROL REGISTER (P3SEL)....cccoii i 225
PORT 4 PULL-UP CONTROL REGISTER (PASEL)....cccoie i 225
ADC CHANNEL ENABLE BAR REGISTER (ADCENB2).......cuutuiiiiiiiniiiiininieininisinininrnrennnnrnnnn. 225
ADC CHANNEL ENABLE BAR REGISTER (ADCENBS3)......cuuutuiiiiiiiiiiieieinieinieinieininrnenininrnnn. 225
WATCHDOG TIMER & POWER STATUS REGISTER (WDCON) .....uuvuiiiiiiiiiiinininininininrnrnnnnnnnnnnninnn. 226
PORT O TYPE CONTROL REGISTER (POTYPE) ... oo 226
PORT 1 TYPE CONTROL REGISTER (PLTYPE) ..o 226
PORT 2 TYPE CONTROL REGISTER (P2TYPE) ..o 226
PORT 3 TYPE CONTROL REGISTER (P3TYPE) ..o oo 227
PORT 4 TYPE CONTROL REGISTER (PATYPE) ..o 227
ADC CONTROL & ADC RESULT LOW REGISTER (ADCON) ....uuuiuiiiiiiinininininininininrnnnrnnnrnnnnnnnnnnn. 227
ADC CLOCK AND MUX SELECTION REGISTER (ADCSEL).....cuuuvuiiiiiiiiiiiiiiiiieinininininininrnrninininnnnn. 227
ACCUMULATOR (ACC/A) ..t ttttttttetetetutatttetatntetatetatstetetssssssstesssssstsssssessssssssssssssssssnsnsssssnsnsnsnnnsnnnnns 228
PORT 0 INPUT/OUTPUT CONTROL REGISTER (PODIR) ....ccciiii i, 228
PORT 1 INPUT/OUTPUT CONTROL REGISTER (PLDIR)...ccco i, 228
PORT 2 INPUT/OUTPUT CONTROL REGISTER (P2DIR) ..., 229
PORT 3 INPUT/OUTPUT CONTROL REGISTER (P3DIR) ....ccooiiiiii e, 229
PORT 4 INPUT/OUTPUT CONTROL REGISTER (PADIR) ..o, 229
ADC RESULT VALUE HIGH REGISTER (ADCR) ....uuuuuiiiiieiiiiinieinininininieiniennrsrsinenrninrnnnnenn.. 229
12C STATUS REGISTER (I2C ST ) i ii ittt 230
12C CONTROL REGISTER (I2CCON) ... ittt 230
12C CONFIGURATION REGISTER (I2CCFG) ...uiiiiiiiiiiiiiiiie ettt a e ee e e e e 231
I12C SLAVE ADDRESS REGISTER (I2CSLA) ...eiiiiiiiiiiitiiie ettt e e ee e e e 231
12C ADDRESS / DATA REGISTER (I2CDAT) c.etitttee ittt ettt ettt eee e e e e 232
I2C SCL CLOCK SCALER (I2CSCL) ..ttt ettt a e e et eaa e e e enne 232

S e oy 1= S (=) PP PRPTPP 232

Page6 of 235



@> CORER

14.101 EEPROM ERASE/PROGRAM TIME COUNT LOADING (EECNTLD).......ccccviiiieee e cciiiieeeee e 232
14.102 EEPROM ERASE/PROGRAM TIME COUNT LSB (EECNTL) ....ovviiiiieiiiiiiiieeeee e 232
14.103 EEPROM ERASE/PROGRAM TIME COUNT MSB (EECNTM) ....uuvviiieiiiiiiiiiiee e cciinneee e e e e 233
14.104 EEPROM ERASE/PROGRAM TIME COUNT MSB (EECNTM) ....cuvviiieiiiiiiiiiiiee e s cciinieee e e e 233
14.105 EEPROM ACCESS ENABLE REGISTER (EEAEN) .....uuiiiiiiii it n e e 233

List of Figures

Figure 3-1 Block Diagram for MIDASL.OB .........ccccuiiiiiie e iesciiiee et e e s s st e e e e e e s s st e s e e e e e s s snntaeeeaaeessnnnnrnees 13
Figure 4-1 44-PQFP Pin CONfIQUIALION .....eviiieiiiiiiiiieice s st ie e e e e s st e e e e e e s st e s e e e e e s s nntnbaeeeeaeeesnnnnnnnes 14
Figure 4-2 40-QFN Pin CONFIQUIAtION ... ...uuieeieee s s a s s a e s e e s e e e s e e e e e s e an s e a e e e e e ae s 15
Figure 4-3 32-MLF/QFN/LQFP Pin CoNfigUIatiON ........cccoiiieieie e anan e 16
Figure 4-4 28-SOP Pin CONIQUIALION ... ...uuiieeiees s s e s e e s s s e s s e e s s e e s e e s e e e s e a e e e e e ae s 17
[ T0 8T =TGR M \V =T 0 0T V@] o T= U 2= o o 22
Figure 6-2 Timing Comparison of the MiDAS1.0B family and Intel 80C52 ..........cccooeeiiviiii e, 33
Figure 6-3 Configuration Of PORT O.......iiiiiiiicieie s a s s s s e s e s e e e s e e e a e s e e e s e e e e nanaeeas 35
Figure 6-4 Configuration of the Other PL PINS ... 38
Figure 6-5 Configuration Of PORT 2......... i s n s e n s e s e s e e e e e e e ae s 40
Figure 6-6 Configuration Of PORT 3. .. .. s a e e s e a e s e e e e naeae s 42
Figure 6-7 Configuration Of PORTA[B:0]......ciieiieeieeiie i ss s s s a s s ae s s e e s s e s e s e s e anan e e ae s 45
Figure 6-8 Configuration Of PORTA.7 ... ... e a e a e ae s e aaanaeae s 46
Figure 6-9 Two diode ESD ProteCtion SCNEME.......... i 46
Figure 6-10 One diode ESD ProteCtion SCREME... ... i 47
Figure 6-11 Power-On Reset/Power-fail Reset and Power-fail interrupt ..o, 50
[ To O =TGR W2 IV D I =] (o ox QI = o | - o R 50
Figure 6-13 Block Diagram for WatChdOg TIMer ........ccooiiiieici e 52
Figure 6-14 Timer/Counter 0/1 operations in Mode O/1/2/3 ... 56
Figure 6-15 Timer/Counter 2 in Capture, Auto reload, and Clock-out Mode .............ccooeeeeieiiiiie e, 60
Figure 6-16 Timer/Counter 2 in Baud Rate Generator MOde.........cccooeiiiiiiiiii i 61
FIQUIE 6-17 UART MOGE O ....uueniiiii s s e e e e e e e e e e e n e e e e e e e e e e a e e e e e aeaeananae s 65
Figure 6-18 UART MOE O TIMHNG ..ottt e e ettt e e e e e e e e bbb e e et e e e e e s e anbnbeeeeaaeeeeaannnreees 66
FIQUIE 6-19 UART MOGE L ...ttt e oottt e e e e e s e e bbb e et e e e e e e e nbbbb e e e e e e e e aanbebnees 67
Figure 6-20 UART MOE 1 TIMHNG .ottt e e e e e e e bbb et et e e e e e s e bbb b e e e e e e e e e annnrnees 68
FIQUIE 6-21 UART MOGE 2 ...ttt e oo e ettt e e e e e e e e bbb e et e e e e e s e nbebbeeeaaeeesanbebnees 69
Figure 6-22 UART MOE 2 TIMHNG ..ottt ettt e e e e e s e bbb ettt e e e e e s e mbnb b e e e e e e e e s annnneeees 70
FIQuUre 6-23 UART MOGE 3 ...ttt ettt et e oo oottt e e e e e e e e bbb e e et e e e e e e e nbbbbeeeaaeeesanrnrnees 71

Page7 of 235



Functional Description

Figure 6-24 UART MOAE 3 TIMING . ..uuttiiieeeiiiiiiiieieeee e s ittt ee e e e s e ssnteteseeeaessssantasaeeeeeesesnnntaneeseeeessssnnsanneeeaes 71
Figure 6-25 Pulse Width MOAUIAtION AFTAY ........uueiiiieiiiiiiiiieeee e e e sie e e e e e s s e e e e e s s ssnteaeeeee e e s e sanbanneeeeeas 74
Figure 6-26 Functional block diagram of @ PWM MOUIE ...........cccuvviiiiei it 76
Figure 6-27 PWM tiMING QIagram ........eeeieeiiiiiiiiiie e e s st e e e e s s st e e e e e e s s snntase e e e e e e s s snnntanaeseeeessssnntanneeeaes 77
Figure 6-28 A/D Converter BIOCK DIagram ..........eeiiieiiiiiiiiiiieie e e st e e e e e s st e e e e e s e ssntaaeesee e e s e snnraneeeeeeas 82
Figure 6-29 A/D Converter TiIMING DIAgIam ........uuieieiiiiiieiieiee e e e s iiiiier e e e e s s ssteree e e e e e s s assrrareeeeeesssnanrarreeeees 84
FIQUE 6-30 12C BIOCK DIAGIAM ...ttt eee et es e e e ee e e e eeeeees s s e e et esee s s e et ee et s s seeeseeseeenseeen, 90
Figure 6-31 Software and Hardware Actions of for Master Data TranSmiSSION ..........ccccvvvveeeeeeveiinvnneeeeenn. 93
Figure 6-32 Software and Hardware Actions of for Master Data ReCeption .........cccccvecvvveeeeeeeviiicivnnennenn, 94
Figure 6-33 Software and Hardware Actions for Slave Data TransSmisSSiON ...........ccccevvvvveviveiiiiieieieneeeeeee, 94
Figure 6-34 Software and Hardware Actions for Slave Data Reception ...........ccccccccvvvvvvviiiiiiiiiiiiiiiiiceeee, 95
Figure 6-35 SPI Master-Slave INterCONNECHION .......cccvvvviiiiiiiiiie ettt 98
Figure 6-36 EXternal INTEITUPL..........cooviiiiiiiiiieee ettt ettt e e e e e e e e e e 105
Figure 6-37 Interrupt Vector Generation FIOW .............ccovvvviiiiiiiiiiiieeeeeeee et 105
Figure 6-38 Hierarchy of INterrupt PriOFY .......ccovviviiiiiiiieeee e 107
Figure 6-39 Thre€ RESEE RESOUICES ......cccvviiiiiiiiiieieeeee ettt ettt ettt ettt ettt ettt ettt e et et e et e e e e e eeeees 109
[T 0T (= G R 0 I @ [ Yo T o U PP 114
Figure 6-41 Power Management CiFCUIL..........viviiiiiiiiiiiciccceeeeeeeeee ettt ettt ettt et e e e e 116
Figure 6-42 Programming and Debugging by GENICE-I ...........ccoovvviiiiiiiiiiiieeeeeeeee e 118
Figure 11-1 44-PQFP PACKAQE .......ccevviiiiiiiiiiieeee ettt ettt ettt ettt ettt 127
Figure 11-2 40-QFN PACKAJE ......covviiiiiiieieieieee ettt 128
FIgure 10-1 32-MLF PACKAQE .........ccoiviiiiiiiiiiee ettt ettt 129
Figure 11-4 32-QFN PACKAJE ......covviiiiiiiiieieee ettt 130
Figure 11-3 32-LQFP PaACKAQE........cciviiiiiiiiiieie ettt ettt ettt 131
Figure 11-4 28-SOIC PACKAGE .......ccvvviiiiiiiiiiiie ettt ettt ettt ettt ettt ettt ettt aaaa e 132
Figure 12-1 Product NUMDBEring SYSEM ......cooviviiiiiiiiieeeeee ettt 133

Table 5-1 Pin DESCHIPIION ... 18
Table 6-1 SFR map (* = bit addressable SFR)...........co e 25
Table 6-2 Summary of SFRS (*: Undefined VAIUE) ........c.ooiiiiiiiii e 25
Table 6-3 Summary of the INSIIUCLION SET.......ooiiiiiiiiii e 29
Table 6-4 Read-Modify-WIite INSIIUCHIONS ......cooiiiiiiiiiiei et e e e e e eaaeeees 47
Table 6-5 Time-out values for the WatChdog tIMEr ...........oi i 53
Table 6-6 Operation MOAES Of LIMEE 2........eiiiiiiiiie et e e e e e s e e e e e e s naneees 58

PageB of 235



€> CORERIVER

Table 6-7 Baudrate EXAMIPIE........coiuuiiiiieie et eie e s s e e e e e e s st e e e e e s s st e e e e e e sssnnnteeaeeeeeeseannnraneeenaeas 63
Table 6-8 Summary of MOAES INUART ....coiiiieiici e e e e e e s s s e e e e e s e st e e e e e e e s e annreaereeaeas 72
Table 6-9 Example of conversion time vs. ClOCK frEQUENCY .........cccvviiiiiee et 83
Table 6-10 SPI PiN DESCIIPLION ......c.uiviiiiiieeeieiiiieie e e e e s e ee e e e e s s st e e e e e e e s s sstateeeeeeesssssnteraeeeeeessaanraneeeeaes 99
TaADIE B-11 SPIMOUE. ...ttt e bt s e st e st e et e e s E e e e ann e e nsne e sne e e nnre e e nne e e e 99
Table 6-12 Priority StruCture Of INtEITUPLS .....ociiiieiee et e e e e e e e e e e s s s e e e e e e e e s snrnreees 106
Table 6-13 Control Flag Values for System CIock Selection ..........ccccvvvevieii i 113
Table 6-14 CIOCK SEAIUS BitS ......cveieiiieiiie ittt e et e s r e s e e e be e e nnne e sre e e snneesneeens 113
Table 6-16 Control Flag Values for Watchdog Timer Clock Selection ............ccccvveveeeeiiiiiiiieeee e 113
Table 6-17 ISP COMIMANG........cciiiiiiiiiiiiie ettt e e e s e e s s s e e e e e e s enre e e e anre e e e ennes 119
Table 13-1 Note on instruction set and addreSSING MOUES ...........uuuvuiereirimiriiieieieieieirereer——————— 135

Page9 of 235



@5 CORER

Functional Description

1 Product Overviews

The MIDAS1.0B family of CORERIVER is a group of fast 80C52 compatible microcontrollers without
wasted system and memory clock cycles. Its processor core was redesigned for reducing the execution
time of one machine cycle to four system clock cycles. As a result, almost all of its 8052 instructions are
executed about 3 times faster than that of traditional 80C52.

The MIDAS1.0B family offers three timer/counters, three serial ports, maximum 40 programmable 1/O
ports, 32-channel 10-bit ADC (Analog to Digital Converter), 16-channel PWM (Pulse Width Modulator)
output, one Watchdog timer, POR (Power-On Reset), one UART, I°C master/slave, SPI master/slave and
one LVD (Low Voltage Detector) as peripherals. In addition, it contains an internal ring oscillator, which
can generate the 6 MHz system clock signal instead of a crystal oscillator.

The MIDAS1.0B family provides power reduction modes and EMI noise reduction scheme. To help
development of a system, on-chip hardware debugging engine is implemented. Easy-to-use training kits

are also provided.
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2 Features

E CPU
V  8-bit turbo 80C52 architecture
V 4 cycles/1 machine cycle
V instruction level compatible with Intel 80C52
E 8KB FLASH
V Including 1K User EEPROM
256B Internal AUX. RAM
256B Internal RAM
Operating Voltage : 2.2V ~ 5.5V
Operating Temperature : -40°C ~ 85°C

m m m s T

Operating Frequency
V Max. 6MHz @ 3V
E Max. Programmable 40 I/O Pins
V  Pull-up control, Open drain, Push-Pull output
V  Pull-down control, Open drain, Push-Pull output (P4.7)
V TTL and CMOS compatible logic levels
Low Voltage Detector (1.6V)
Internal Ring OSC with Calibration function
V Max. 6MHz @ 5.0V
V  4MHz @ 2.7V ~ 5.0V (+/- 3%)
V  32KHz @ 2.7V (+/-10%) (Low power OSC)
32-channel 10-bit ADC
Supporting ISP/IAP/MDS
16-bit Programmable Watchdog Timer
Three 16-bit Timer/Counters
1-channel I2C (Master/Slave)
1-channel SPI (Master/Slave)
1-channel UART
16-channel 8bit high speed PWM for DIMMING

m m m m m m s

14 Interrupt Sources
V  Timer0/1/2, ADC, WDT, LVD, 12C, SPI,
V 6 External Source : both edge/level

V  Two-level interrupt priority
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Functional Description

m m T

Reset Sources
V  On-chip power-on-reset
V  External reset
V  Low voltage detector reset
V  Watchdog timer reset
Power Down Wake-up Sources
V Reset Sources + 6 External interrupt (both edges)

Power Consumption

V  active current : Max 1mA @3.3V, 2MHz
V idle current : Max 0.5mA @3.3V, 2MHz
V  stop current : Max 1uA @3.3V (all clock off)

E.S.D. Protection Up to 2,000V
Latch-up Protection Up to ° 200mA
Package
V  44-PQFP
40-QFN
32-MLF
32-QFN
32-LQFP
28-SOP

< < < < <
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3 Block Diagram

Figure 3-1 shows the block diagrams of the MIDAS1.0B family. The MIDAS1.0B family fetches
instructions from the internal program memory (Flash) and executes them. Data are read from or written
to data memory (RAM) or special function registers (SFRs) of peripherals. The arithmetic logic unit (ALU)
inside its CPU processes data. Also several registers are used for processing or accessing data.

The MIDASL1.0B internal registers except program counter (PC) are configured as part of the on-chip
RAM: therefore each register has an address. This is reasonable for the MIiDAS1.0B, since it has so
many registers. The bottom 32 locations of internal memory contain the register banks. The MiDAS1.0B
instruction set supports 8 registers, RO through R7, and by default (after a system reset) these registers
are at addresses 00H-07H. As well as RO to R7, there are special function registers (SFRs) at addresses
from 80H to FFH. Most SFRs are accessed using direct addressing. However, the accumulator (ACC) is
mostly accessed implicitly by the instruction set. The program counter (PC) has no address. So it is

accessed only implicitly.

XTALL  XTAL2 PO[7:0] P1[7:0] P2[7:0]  P3[7:0] P4[7:0]

“““““ TR
L L UL

External | Controller
Osc. > Interrupt ISP/IAP 16CH
« 24MHz Controller Controller PWM
Ring OSC.
80C52 | CPU BUS |

B A T A A L [

|

|

|

|

|

|

|

32KHz :
Ring OSC. |
TURBO |
|

|

|

|

|

|

LVD Timer0 TS1[7:0]
R e | | O | S R
| Tsaf7:0)
& 1
8535 --—-—---x---y§)--—-———— - I
Ve Vop RESET ADCO[7:0]ADC1[7:0] ADC2[7:0] ADC3[7:0]

Figure 3-1 Block Diagram for MiDAS1.0B
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4 Pin Configurations

The MIDAS1.0B family supports several packages, e.g. 44-pin PQFP, 40-pin TQFN, 32-pin MLF/TQFN,
and 28-pin SOP. The pin configurations are shown in Figure 4-1, 4-2, 4-3, and 4-4.

P0.0/SSB_A /12C_SDA_A /RXD_B/ ADCO0.0
P0.1/SCK_A/12C_SCL_A /TXD_B/ ADCO.1

5] P1.0/T2/PWM1.0/ADC1.0

] P1.1/T2EX/PWML1.1/ADC1.1
2] P4.2/MISO/INT4 A

'] P1.4/INT2/PWM1.4/ADC1.4

5] P1.3/PWM1.3/ADC1.3
5] P1.2/PWML1.2/ADC1.2

S P0.0/ ADCO.0
[®] P0.1/ADCO.1
%] P0.2/AD2/ADCO.2
(€] P0.3/AD3/ADCO.3

2] Voo

ADC1.5/PWM1.5/INT3 /P15 [1]
ADC1.6/PWM1.6 /INT4/P1.6 [2]
ADC1.7/PWML1.7 /INT5/P1.7 [3]

MDS_SDA /P47 /RESET[Z] O CORE

P0.4/ AD4 / ADCO0.4
P0.5/ AD5 / ADCO0.5
P0.6 / AD6 / ADCO.6
P0.7 / AD7 / ADCO.7

ADC3.0/ PWM3.0 /RXD/ P3.0 ‘EA/P4.6/ MDS_SCL

INT5_A / MOSI / P4.3 P4.1/SCLK /12C_SCL /TXD_A
ADC3.1/PWM3.1/TXD/ P3.1 GC89C521APQ44IP ALE | PROG
ADC3.2/ PWM3.2 / INTO / P3.2 PSEN

ADC3.3/PWM3.3/INT1/P3.3
ADC3.4/PWM3.4/T0/P3.4
ADC3.5/PWM3.5/T1/P3.5

P2.7/A15/ ADC2.7
P2.6/Al14/ ADC2.6
P2.5/A13/ADC2.5

[El el [l [ N [ []
BIRIEEISISIEIS| S| =]

I
=
Vss [B]

RXD_A/12C_SDA/SSB/P4.0 [E]

ADC3.7 / PWM3.7 /| RD / P3.7
PWM3.7_A/MOSI_A/P4.5/XTAL2 [&]

ADC3.6 / PWM3.6 / WR / P3.6
PWM3.6_A/MISO A/ P4.4/XTALL [&]

ADC2.0/A8/P2.0 [&]

ADC2.1/A9/P2.1 [&]
ADC2.2/A10/ P22 [B]
ADC2.3/A11/P2.3 [B]
ADC2.4/A12/P2.4 [J]

Figure 4-1 44-PQFP Pin Configuration
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<t —
o o
O 0 <
(] [a)] 8
Lo Lg
<pod<
$22:259
—
-
T335F szas
SEE05 2883
Zgaf P << <<
S®AHd9 ,0aN®
o [a) o O
[kd bd d 1 d [+ 4 -4 A A
ADCL5/PWML5/INT3/P15 [I] ® P0.4 / ADCO.4
ADCL.6/PWML.6/INT4/P1.6 [Z] PO.5 / ADCO.5
ADC1.7/ PWML.7 /INT5 /P17 [3] P0.6 / ADCO.6
MDS_SDA/P4.7 /RESET [Z] CORE PO.7 / ADCO.7

EISIEIREIEISIEIEE

ADC3.0/ PWM3.0 /RXD/P3.0 [5] EA/P4.6/MDS_SCL
ADC3.1/PWM3.1/TXD/P3.1 [6] GC89C521A0 OF40IP P4.1/SCLK /12C_SCL/TXD_A
ADC3.2/PWM3.2 /INTO/P3.2 [7] Q P2.7/ ADC2.7
ADC3.3/PWM3.3/INT1/P3.3 [8] P2.6/ ADC2.6
ADC3.4/PWM3.4/T0/P3.4 [9] P2.5/ ADC2.5
ADC3.5/PWM3.5/T1/P3.5 [10] P2.4/ ADC2.4
1) ] | | | | | S )
Oo~N-H 89296 4 nm
- =4 > < 4 H :
S S NN
enmZZ B335 a
®On < N < < 2 :('
=S =2 g < -~ B : = =
=200 LJJNo
oo :( :( D OO0 N N
eSmpo o< Q2
888% 3
<< Z <
<EI <EI Q
N~ ©
oo X
==
==
oo

Figure 4-2 40-QFN Pin Configuration
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Functional Description

3] PO.2/ADCO.2

P0.0 / SSB_A /12C_SDA_A /RXD_B/ ADCO0.0

E VDD
X
=]

P0.1/SCK_A/12C_SCL_A /TXD_B/ ADCO0.1

] P1.3/PWM1.3/ADC1.3

K] P1.2/PWM1.2 /ADC1.2

(8] P1.1/T2EX/PWML1.1/ADC1.1
3] P1.0/T2/PWM1.0/ADC1.0

ADC1.4/PWM1.4 /INT2 /P14 L] [24 po.3/ADCO.3
ADCL1.5/PWML5 / INT3 /P15 2] [2d 'EA/MDS_scL

MDs_spA /RESEE] ' CORE P4.1/SCLK /12C_SCL /TXD_A
ADC3.0/ PWM3.0 / RXD/ P3.0 ] P2.7/ADC2.7
ADC3.1/PWM3.1/ TXD/P3.1 E] GCB89C521A0QF32IF3 P26/ ADC26
ADC3.2 / PWM3.2 / INTO / P3.2 [6] GC89C521A0ML32IRE P25/ADC25
ADC3.3/PWM3.3 / INT1/P3.3 [ GCB9C521AGLQ32IA P2.4/ADC2.4

ADC3.4/PWM3.4 / TO/P3.4 [B] P2.3/ADC2.3
E| T E|E|E]Z]EIT

SIEIEIEISIE

5
ss
0
1
2

V

RXD_A/12C_SDA / SSB/ P4.0
ADC2.0/ A8/ P2

PWM3.6_A / MISO_A / P4.4 | XTAL1

ADC2.1/A9 /P2
ADC2.2/A10/ P2

ADC3.5/PWM3.5/T1/P3

PWM3.7_A / MOSI_A / P4.5 | XTAL2

Figure 4-3 32-MLF/QFN/LQFP Pin Configuration
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ADC1.0/PWM1.0/T2/P1.0
ADC1.1/PWM1.1/T2EX/P1.1
ADC1.2/PWM1.2 / P1.2
ADC1.3/PWM1.3 /P13

MDS_SDA /RESET[5

ADC3.0/ PWM3.0 / RXD / P3.0
ADC3.1/PWM3.1/TXD/P3.1
ADC3.2/ PWM3.2 / INTO / P3.2
ADC3.3/PWM3.3/INT1/P3.3
ADC3.4/PWM3.4/TO/P3.4
ADC3.5/PWM3.5/T1/P3.5
PWM3.6_A / MISO_A / P4.4 | XTAL2 [12]
PWM3.7_A/MOSI_A/ P45/ XTAL1 [13]

Vss [14]

[El el el [ B o ol ] ] M ]

28
27
26
25
24
23
22
21
20
19
18
17
16
15

HIHO0D €

dI8ZOSOVTZSO6809

A5

P0.0/SSB_A/12C_SDA_A/RXD_B /ADCO.0
PO.1/SCK_A/12C_SCL_A / TXD_B/ ADCO.1
P0.2 / ADCO.2

P0.3/ADCO0.3

EA/MDS_SCL

P2.7 / ADC2.7

P2.6/ADC2.6

P2.5/ADC25

P2.4/ ADC2.4

P2.3/ADC2.3

P2.2/ADC2.2

P2.1/ADC2.1

P2.0/ADC2.0

Figure 4-4 28-SOP Pin Configuration
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Functional Description

5 Pin Description

Table 5-1 Pin Description

Symbol Direction Description Share Pins
VDD Input Power Supply -
VSS Input Ground -

External Reset
RESET Input . . P4.7 | MDS_SDA
The pull-down resistor is turned on at power -on
XTAL1 Input Input to the inverting oscillator amplifier P4.5/MOSI_A/PWM3.7_A
XTAL2 Output Output from the inverting oscillator amplifier P4.4/ MISO_A/PWM3.6 A
EA Input External ROM Access Enable P4.6 / MDS_SCL
Address Latch Enable
ALE Input/ (If ALEOFF is set,active only for external RAM access)
Output This pin is also used for the parallel programming
of FLASH memory.
Input/ .
PSEN Output Program Strobe Enable. Pullup. Used for Special Input only. -
Input/ . .
MDS_SDA Serial Data pin for ISP/MDS P4.7 | RESET
Output
Input/ . .
MDS_SCL Serial Data pin for ISP/MDS P4.6 / EA
Output
E An 8-bit open-drain or push-pull I/O port or ADC input
E Note that the output is fully driven (push -pull) when
PO drives address/data to access external RAM.
P0.0: ADO/ ADM.0
AP0.0~ P0.7A  ADO~AD7 : Low address
. P0.1: AD1/ADCO.1
or data input/output
P0.2 AD2 / ADCO.2
Input/ P0.3: AD3 / ADCO0.3
PO[7:0] AP0.0 A ADCO0.0  : A/D converter Input 0.0
Output P0.4: AD4 / ADC0.4
A POA 1 ADCO0.1  : A/D converter Input 0.1
P0.5: AD5 / ADCO0.5
A POA 2 ADCO0.2 : A/D converter Input 0.2
P0.6: AD6 / ADCO.6
A POA 3 ADCO0.3 : A/D converter Input 0.3
P0.7: AD7 / ADCO.7
A POA 4 ADCO0.4 : A/D converter Input 0.4
A POA S5 ADCO0.5 : A/D converter Input 0.5
A POA 6 ADCO0.6 : A/D converter Input 0.6
A POA 7 ADCO0.7 : A/D converter Input 0.7
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Symbol Direction Description Share Pins
E An 8-bit open-Drain or push-pull I/O port or ADC Input.
E Note that the output is fully driven (push -pull) when
P1 drives PWMZloutput.
A1R A T2 . External Input for Timer/Counter 2
A 1R A T2EX :Timer/Counter 2 Capture/Reload Trigger
A 1B A INT2 :External Interrupt 2 (Positive Edge)
A 1B A INT3 :External Interrupt 3 (Negative Edge)
A 1B A INT4 :External Interrupt 4 (Positive Edge)
A 1F A INTS :External Interrupt 5 (Negative Edge)
P1.0:T2/ADC1.0/ PWM1.0
A P1A O ADC1.0 :A/D converter Input 1.0 P1.1:T2EX/ADC1.1/ PWM1.1
A P1A 1 ADC1.1 :A/D converter Input 1.1 P1.2: ADC1.2 / PWM1.2
PL[7:0] Input/ A P1A 2 ADC1.2 : A/D converter Input 1.2 P1.3: ADC1.3/PWM1.3
Output A P1A 3 ADC1.3 : A/D converter Input 1.3 P1.4:INT2/ADC1.4/PWM1.4
AP1.4 A ADC1.4 : A/D converter Input 1.4 P1.5:INT3/ADC1.5/ PWM1.5
A P1A S5 ADC1.5 :A/D converter Input 1.5 P1.6 : INT4/ ADC1.6 / PWM1.6
A P1A 6 ADC1.6 :A/D converter Input 1.6 P1.7 : INT5/ ADC1.7 | PWM1.7
A P1A 7 ADC1.7 : A/D converter Input 1.7
A P1A O PWM1.0 :PWM output 1.0
A P1A 1 PWM1.1 :PWM outputl.l
A P1A 2 PWM1.2 :PWM output1.2
A P1A 3 PWM1.3 :PWM output 1.3
A P1A 4 PWM1.4 :PWM outputl1.4
A P1A S5 PWM1.5 :PWM output 1.5
A P1A 6 PWM1.6 : PWM output 1.6
A P1A 7 PWM1.7 :PWM output 1.7
E An 8-bit open-drain or push-pull I/O port or ADC Input.
E Note that the output is fully driven (push -pull) when
P2 drives address/data to access external RAM.
P2.0: AD8 / ADC2.0
AP2.0~P2.7A ADB~ADI15 : High address output P2.1: AD9/ADC2.1
P2.2: AD10/ADC2.2
P2[7:0] Input/ A P2A O ADC2.0 : A/D converter Input 16 P2.3: AD11/ADC2.3
Output A P2A 1 ADC2.1 : A/D converter Input 17 P2.4: AD12 / ADC2.4
A P2A 2 ADC2.2 : A/D converter Input 18 P2.5: AD13/ADC2.5
A P2A 3 ADC2.3 : A/D converter Input 19 P2.6 : AD14 / ADC2.6
A P2A 4 ADC2.4 : A/D converter Input 20 P2.7 : AD15/ ADC2.7
A P2A 5 ADC2.5 : A/D converter Input 21
A P2A 6 ADC2.6 : A/D converter Input 22
A P2a 7 ADC2.7 : A/D converter Input 23
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Functional Description

Symbol Direction Description Share Pins
E An 8-bit open-drain or push-pull I/O port or ADC Input.
AP3.0 A RXD : UART Serial Port Input
AP3.1 A TXD : UART Serial Port Output
AP32 A INTO : External Interrupt Input 0
AP33 A INT1 : External Interrupt Input 1
AP34 A TO : Timer 0 External Input
AP35 A T1 : Timer 1 External Input
A P3A 6 WR : External Data Memory
Writer Strobe
A P3A 7 RD : External Data Memory
Read Strobe P3.0: RXD/ADC3.0/ PWM3.0
P3.1: TXD/ADC3.1/PWM3.1
AP3.0 A ADC3.0 :A/D converter Input 24 P3.2: INTO/ ADC3.2 / PWM3.2
P3[7:0] Input/ AP31 A ADC3.1 :A/D converter Input 25 P3.3:INT1/ADC3.3/PWM3.3
Output AP32 A ADC3.2 : A/D converter Input 26 P3.4:TO/ADC3.4/ PWM3.4
AP33 A ADC3.3 : A/D converter Input 27 P3.5:T1/ADC3.5/PWM3.5
AP3.4 A ADC3.4 : A/D converter Input 28 P3.6 : WR / ADC3.6 / PWM3.6
AP35 A ADC3.5 :A/D converter Input 29 P3.7:RD/ADC3.7 /| PWM3.7
A P3A 6 ADC3.6 : A/D converter Input 30
A P3A 7 ADC3.7 : A/D converter Input 31
AP3.0 A PWM3.0 : PWM output 3.0
AP31 A PWM3.1 : PWM output 3.1
AP32 A PWM3.2 : PWM output 3.2
AP33 A PWM3.3 :PWM output 3.3
AP3.4 A PWM3.4 : PWM output 3.4
AP35 A PWM3.5 :PWM output 3.5
A P3A 6 PWM3.6 : PWM output 3.6
A P3A T PWM3.7 : PWM output 3.7
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Symbol Direction Description Share Pins
E An 8-bit open-drain or push-pull I/O port.
AP4.0 A I2C_SDA :12C Serial Data
AP4.1 A I2C_SCL :12C Serial Clock
AP4.0 A SSB : SPI Slave Select Bar
AP4.1 A SCLK : SPI Serial Clock
AP4.2 MISO : SPI Master Input Sl
A asterinput stave P4.0:SSB/I12C_SDA/
Output
AP4.3 A MOSI : SPI Master Output Slave RXD_A
' -Input P4.1: SCLK/I2C_SCL/
AP4.4 A MISO_A : SPI Master Input Slave TXD_A
Output Alternate P4.2 : MISO /INT4_A
Input/ P4.3: MOSI/INT5_A
PA[7:0 AP4.5 MOSI_A : SPI Master Output Slave -
701 Output A AR Altematep P4.4: XTAL2 / MISO_A /
P PWM3.6_A
P4.5: XTALL / MOSI_A/
AP4.0 RXD_A  : UART Serial Port Input -
& - Alternateerla e PWMS.7_A
P4.6 : EA/MDS_SCL
AP4.1 TXD_A  :UART Serial PortOutput —
A - enat Fortoutpu P4.7 : RESET / MDS_SDA
Alternate
AP4.4 A PWM3.6_A: PWM output 3.6 Alternate
AP45 A PWM3.7_A: PWM output 3.7 Alternate
A P4p 2 INT4_A : External Interrupt
4 Alternative
A P4p 3 INTS_A : External Interrupt
5 Alternative
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Functional Description

6 Functional Description

6.1 CPU Description
6.1.1 Memory Organization

Most microprocessors implement a shared memory space for data and programs. This is reasonable,
since programs are usually stored on a disk and loaded into RAM for execution; thus both the data and
programs reside in the system RAM. Microcontrollers, on the other hand, are rarely used as the CPU in
Acomputer systems. 0 I|Instead, t hey ar e eongntedodesgus.
There is limited memory, and there is no disk drive.

For the reason, MiDAS1.0B family has separate address spaces for program and data memory. The
logical separation of program and data memory allows the data memory to be accessed by 8-bit
addresses, which can be quickly stored and manipulated by an 8-bit CPU. 8K bytes of program memory

can be only read, not written to.

E User can write the data to FLASH or EEPROM with IAP (IRApplication Programming).

J— 1FFFh
EERPOM
1C00h
Internal .
Reter to Family Table i
Flash Refer to Family Table Refer to Next Slide.
SFR Map) External
______ RAM
FFH
: Internal SFR
' RAM
' onl (Only
7Fh | (Only Direct)
. gon Indirect)
80 x 8 bits 7FR Internal
(Scratch Pad) RAM
0000h 30h (Indirect Grohip
2Fh or Direct) 00FFh
Interrupt Vector 16 x 8 bits (128 bits) 00t External
. RAM
Bit Addressable
Lock Flag 20h (MOVX) R
18h |RO|R1|R2|R3|R4|R5|R6|R7] BANK3 0000h
] 10h |RO|R1|R2|R3|R4|R5|R6|R7] BANK2
[ On-chip Program Memory ] 08h |rolR1[R2IR3|R4|RS|RE[RA BANKL
(Read/Write with 1AP) 00h |ROR1|R2|R3|R4|R5{R6|R7| BANKO X X
n-chip Data Memory -chip Data Memory
[ On-chip Data M ] [ Off-chip Data M ]
ead an rite ead an rite
Read and Writ Read and Writ

Figure 6-1 Memory Organization
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6.1.1.1 Program Memory

The MIDAS1.0B family uses only the on-chip flash program memory. An application program can be
transmitted to its flash program memory by the In-System Programming (ISP) method. The MiDAS1.0B
family contains the 8 Kbytes of the program memory.

E User can write the data to FLASH or EEPROM with IAP (InRApplication Programming).

[ 1FFFh
EERPOM
1C00h
Internal .
Reter to Family Table .
Flash Refer to Family Table Refer to Next Slide.
SFR Map) External
______ RAM
FFh

: Internal SFR

' RAM

1 (Only

7Fh 1 (Only |
[ irect)
goh Indirect)
80 x 8 bits 7FN Internal
(Scratch Pad) RAM
0000h Indirect .
30h ( ) On-chip
2Fh _|or Direct) 00FFh
Interrupt Vector 16 x 8 bits (128 bits) oof External
) RAM
Bit Addressable
Lock Flag 20h (MOVX) IR oD
18h [Ro|R1/R2|R3|R4|R5|R6|R7 BANK3 0000h
] 10h |Ro|R1|R2|R: 7 BANK2
[ On-chip Program Memory ] 08h [rolr1[R2|R3|R4|RS|RE[RA BANKL
(Read/Write with 1AP) 00h [Ro|R1|R2|R3|R4|R5|R6|R7] BANKO . .
[ On-chip Data Memory ] [ Off -chip Data Memory ]
(Read and Write) (Read and Write)

Figure 6-1 shows the map of the Program Memory. After reset, the CPU executes from location 0000H.

As shown in
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Functional Description

E User can write the data to FLASH or EEPROM with IAP (IRApplication Programming).

J— 1FFFh
EERPOM
1C00h
Internal .
Reter to Family Table i
Flash Refer to Family Table Refer to Next Slide.
SFR Map) External
______ RAM
FFH

: Internal SFR
' RAM
' onl (Only

7Fh | (Only Direct)

. gon Indirect)
80 x 8 bits 7FR Internal
(Scratch Pad) RAM
0000h 30h (Indirect Grohip
2Fh or Direct) 00FFh
Interrupt Vector 16 x 8 bits (128 bits) 00t External
. RAM
Bit Addressable
Lock Flag 20h (MOVX) R
18h |RO|R1|R2|R3|R4|R5|R6|R7] BANK3 0000h
] 10h |RO|R1|R2|R3|R4|R5|R6|R7] BANK2
[ On-chip Program Memory ] 08h |rolR1[R2IR3|R4|Rs|RE[RA BANKL
(Read/Write with 1AP) 00h |ROR1|R2|R3|R4|R5{R6|R7| BANKO X X
[ On-chip Data Memory ] [ Off -chip Data Memory ]
(Read and Write) (Read and Write)

Figure 6-1, each interrupt has the fixed vector address in Program memory. When an interrupt is
accepted, the vector address value is loaded into the program counter and the interrupt service routine
starts. The vector address of External Interrupt 0, for example, is 0003H. If External Interrupt O is
accepted, its service routine will begin at location 0003H. If the interrupt is not used, its service location is

available as general purpose Program Memory.

The interrupt vector addresses are spaced at 8-byte intervals: 0003H for External Interrupt 0, 000BH for
Timer 0, 0013H for External Interrupt 1, 001BH for Timer 1 and etc. If an interrupt service routine is short
enough (as is often the case in control applications), it can reside entirely within that 8-byte interval.
Longer than 8-byte service routines can use a jump instruction to skip over subsequent interrupt locations,

if other interrupts are used.

6.1.1.2 Data Memory

The address space of the internal data memory is divided into two basic, physical separate and distinct

blocks as shown in the right diagram of
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E User can write the data to FLASH or EEPROM with IAP (InRApplication Programming).

[ 1FFFh
EERPOM
1C00h
Internal .
Reter to Family Table :
Flash Refer to Family Table Refer to Next Slide.
SFR Map) External
______ RAM
FFh

: Internal SFR
' RAM
1 (Only

7Fh P Only et
I )

goh Indirect)
80 x 8 bits 7FN Internal
(Scratch Pad) RAM
0000h Indirect .
30h ( ) On-chip
2Fh _|or Direct) 00FFh
Interrupt Vector 16 X 8 hits (128 bits) 00k External
. RAM
Bit Addressable
Lock Flag 20h (MOVX) IR oD
18h [Ro|R1/R2|R3|R4|R5|R6|R7 BANK3 0000h
] 10h |Ro|R1{R2|R3|R4|R5|R6|R7] BANK2
[ On-chip Program Memory ] 08h [rolr1[R2|R3|R4|RS|RE[RA BANKL
(Read/Write with 1AP) 00h [Ro|R1|R2|R3|R4|R5|R6|R7] BANKO . .
[ On-chip Data Memory ] [ Off -chip Data Memory ]
(Read and Write) (Read and Write)
Figure 6-1:

The lower 128byte of internal data RAM located to the address range 00h i 7Fh.

B

The upper 128byte of internal data RAM located to the address range 80h i FFh.

B

The 128byte area for special function register (SFR) located to the address range 80h i FFh.

While the upper internal RAM area and the SFR area share the same address locations (80h i FFh), they
are accessed through different addressing modes. The upper internal RAM can only be accessed through
indirect addressing mode (indirect addressing with general purpose registers RO or R1), and the special
function registers (SFRs) are accessible only by direct addressing mode (address is part of the

instruction).

MIDAS1.0B contains a 256 bytes on-chip RAM accessed by the MOVX instruction like external memory.
It has the address space from 0000H to O0FFH. If it provides sufficient memory space, no external access
to an off-chip data memory is needed. So PO port and P2 port will be used exclusively for general 1/0

ports.
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Functional Description

6.1.1.2.1 Register Banks

The lowest 32 bytes of the internal data RAM are grouped into 4 banks of 8 general purpose registers
(GPRs). Instructions call out these registers as RO through R7. RS1 and RSO0 bits in the Program Status
Word (PSW) select the register bank to be used. This allows more efficient use of code space, since

register instructions are shorter than direct addressing instructions.

6.1.1.2.2 Bit-addressable Memory Space

The next 16 bytes, locations 20H through 2FH, above the register banks form a block of bit-addressable
memory space. There are 128 bits in this area. The 128 bits can be directly addressed by single-bit
instructions. The bit addresses in this area are 00H through 7FH.

Sixteen addresses in SFR space are both byte- and bit-addressable. The bit-addressable SFRs are those

whose address ends in 000B. The bit addresses in this area are 80H through FFH.

6.1.2 Special Function Registers (SFRs) Map and Description

The MIDAS1.0B family uses Special Function Registers (SFRs) to control peripherals. The SFRs are
located from addresses 80h to FFh. They are accessed by only direct addressing. Some of the SFRs are
bit addressable. This is very useful in cases where one wishes to modify a particular bit without changing
the others. The bit addressable SFRs have the X0h or X8h address. The MiDAS1.0B family contains all
the SFRs of the standard 80C52. However, some SFRs have been added. Some unused bits of the
original 80C52 SFRs have been given new functions. The list of SFRs is as follows. Refer to Appendix B

for more details about SFRs.

Table 6-1 SFR map (* = bit addressable SFR)
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Refer to Family Table

Bit addressable

I

|:| : Reserved for future use.

FFh
FFh
Internal Foh B EECNTLD EECNTL| EECNTM EECON | EEAEN | F7h
SFR
(Ff)A|M (only E8h| I12CST | I2CCON | I2CCFG | I2CSLA | I12CDAT | 12CSCL EFh
nly .
ooy, mirec) — Eoh| Acc | PoDIR | PIDIR | P2DIR | P3DIR | P4DIR | ADCR E7h
| D8h | WDCON| POTYPE| P1TYPE| P2TYPE| P3TYPE| PATYPE| ADCON | ADCSEL| DFh
Int
F?Ae,\r,.na Doh | PSW POSEL | P1SEL | P2SEL | P3SEL | P4SEL |ADCENBZADCENBJ D7h
et csh| T2con | T2amop | RcaPaL| RcaP2H|  TL2 TH2 |ADCENBJ ADCENB] CFh
coh| SPIST PMR | STATUS| OSCICN| OSCICN2| C7h
B8h IP SADEN | ITSEL BFh
BOh P3 EIP IT P4 SPICON| SPICK | SPIDR IPH |B7h
A8h IE SADDR PWM1OEN PWM1D4| PWM1D5| PWM1D6| PWM1D7| AFh
AOh P2 EIE |[PWM1CONPWMICNT PWM1DO| PWM1D1| PWM1D2| PWM1D3| A7h
98h | SCON | SBUF PWMOOEN PWMOD4| PWMOD5| PWMOD6| PWMOD7| 9Fh
90h P1 EXIF  [PWMOCONPWMOCNT PWMODO| PWMOD1| PWMOD2| PWMOD3| 97h
8sh | TCoN | T™MOD TLO TL1 THO TH1 CKCON [ RINGCON 8Fh
80h PO SP DPL DPH | ALTSEL2| ALTSEL| CKSEL | PCON | 87h
(for 44-PQFP)
Table 6-2 Summary of SFRs (*: undefined value)
Reset Bit
Name Symbol Address
Value Addressable
Accumulator ACC EOh 00000000 Yes
B Register B FOh 00000000 Yes
Program Status Word PSW DOh 00000000 Yes
Stack Pointer SP 81h 00000111 No
Data Pointer Low byte DPL 82h 00000000 No
Data Pointer High byte DPH 83h 00000000 No
Port 0 PO 80h 11111111 Yes
Port 1 P1 90h 11111111 Yes
Port 2 P2 AOh 11111111 Yes
Port 3 P3 BOh 11111111 Yes
Port 4 P4h B3h 11111111 No
Port 0 Pull-up Control POSEL Di1h 11111111 No
Port 1 Pull-up Control P1SEL D2h 00000000 No
Port 2 Pull-up Control P2SEL D3h 00000000 No
Port 3 Pull-up Control P3SEL D4h 00000000 No
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Functional Description

Port 4 Pull-up Control PASEL D5h 00110000 No
Port 0 Output Type POTYPE D9%h 11111111 No
Port 1 Output Type P1TYPE DAh 11111111 No
Port 2 Output Type P2TYPE DBh 11111111 No
Port 3 Output Type P2TYPE DCh 11111111 No
Port 4 Output Type P2TYPE DDh 11111111 No
Port 0 Input/Output Direction PODIR Elh 00000000 No
Port 1 Input/Output Direction P1DIR E2h 00000000 No
Port 2 Input/Output Direction P2DIR E3h 00000000 No
Port 3 Input/Output Direction P3DIR E4h 00000000 No
Port 4 Input/Output Direction PADIR E5h 00000000 No
Alternate Pin Selection ALTSEL 85h 01l 0 No
Alternate Pin Selection2 ALTSER 84h *0000000 No
Interrupt Priority Low IP B8h 10000000 Yes
Interrupt Priority High IPH B7h 10000000 Yes
Interrupt Enable Control IE A8h 00000000 Yes
Interrupt Type IT B2h wx]1111 No
Interrupt Selection ITSEL BAh **010100 No
Timer/Counter 0/1 Control TCON 88h 00000000 Yes
Timer/Counter 0/1 Mode Control TMOD 89h 00000000 No
Timer/Counter 2 Control T2CON C8h 00000000 Yes
Timer/Counter Mode Selection T2MOD C9h *RERA*00 No
Timer/Counter 0 High byte THO 8Ch 00000000 No
Timer/Counter 0 Low byte TLO 8Ah 00000000 No
Timer/Counter 1 High byte TH1 8Dh 00000000 No
Timer/Counter 1 Low byte TL1 8Bh 00000000 No
Timer/Counter 2 High byte TH2 CDh 00000000 No
Timer/Counter 2 Low byte TL2 CCh 00000000 No
Timer/Counter 2 Capture Register High byte RCAP2H CBh 00000000 No
Timer/Counter 2 Capture Register Lowbyte RCAP2L CAh 00000000 No
Serial Port Control of UART SCON 98h 00000000 Yes
Serial Data Buffer of UART SBUF 99h 00000000 No
Slave Address Mask Enable SADEN B9h 00000000 No
Slave Address SADDR A9h 00000000 No
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Power Control PCON 87h 00*10000 No
ADC Control & ADC Result Low ADCON DEh 0010**00 No
ADC Result High ADCR E6h 00000000 No
ADC Channel Selection Low and MUX Selection ADCSEL DFh 00000000 No
ADC ChannelEnable Bar 0 ADCENBO CEh 11111111 No
ADC ChannelEnable Bar 1 ADCENB1 Ch 11111111 No
ADC ChannelEnable Bar 2 ADCENB2 D6h 11111111 No
ADC ChannelEnable Bar 3 ADCENB3 D7h 11111111 No
Power Flag and Watchdog Timer Control WDCON D8h 01010000 Yes
Watchdog Timer and 4-cycle Switching Control CKCON 8Eh 111000** No
Clock Selection CKSEL 86h ***+00011 No
RING Calibration Control RINGCON 8Fh 01111011 No
Power Management PMR C4h rrRRQ QF* No
Added External Interrupt and LVD Control EXIF 91h 00000101 No
Extended Interrupt Priority EIP Blh 00000000 No
Extended Interrupt Enable EIE Alh 00000000 No
Crystal Status STATUS C5h FEEQRAR No
RING Oscillator Control OSCICN Céh *% 1100 No
RING Oscillator ControR OS2ICN2 Ch *% 1100 No
IC Control I2CCON ESh *01 00000 No
I°C Status 12CST E8h 00000000 Yes
I2C Configuration 12CCFG E2h **+% 0000 No
I°C Slave Address I2CSLA E3h 00000000 No
1°C Data I2CDAT E4h 00000000 No
I2C SCLClock Scaing 12CsA. E5h 00000000 No
SPI Status SPIST Coh ****0000 Yes
SPI Control SPICON B4h *0000000 No
SPI SCLK Scaling SPICK B5h **++000 No
SPI Data SPIDR B6h 00000000 No
PWMO (P1) Control PWMOCON 92h *000**00 No
PWMO (P1) Count PWMOCNT 93h 00000000 No
PWMO (P1) Output Enable PWMOOEN 9Bh 00000000 No
PWMODOQ (P1.0) Duty Data PWMODO 94h 00000000 No
PWMODO (P1.1) Duty Data PWMO0OD1 95h 00000000 No
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Functional Description

PWMODOQ (P1.2) Duty Data PWMO0OD2 96h 00000000 No
PWMODOQ (P1.3) Duty Data PWMO0OD3 97h 00000000 No
PWMODOQ (P1.4) Duty Data PWMO0D4 9Ch 00000000 No
PWMODO (P1.5) Duty Data PWMO0D5 9Dh 00000000 No
PWMODO (P1.6) Duty Data PWMOD6 9Eh 00000000 No
PWMODO (P1.7) Duty Data PWMOD7 9Fh 00000000 No
PWM1 (P3)Control PWM1CON A2h *000**00 No
PWM1 (P3) Count PWM1CNT A3h 00000000 No
PWML1 (P3) Output Enable PWM1OEN ABh 00000000 No
PWMLDO (P3.0) Duty Data PWMIDO Adh 00000000 No
PWM1D1 (P31) Duty Data PWMID1 A5h 00000000 No
PWM1D2 (P3.2) Duty Data PWM1D2 A6h 00000000 No
PWM1D3 (P3.3) Duty Data PWM1D3 A7h 00000000 No
PWM1D4 (P3.4) Duty Data PWM1D4 ACh 00000000 No
PWM1D5 (P3.5) Duty Data PWM1D5 ADh 00000000 No
PWM1D6 (P3.6) Duty Data PWM1D6 AEh 00000000 No
PWM1D7 (P3.7) Duty Data PWM1D7 AFh 00000000 No
EEPROM Program/Erase Count Load EECNTLD Flh QFFHrrrx No
EEPROM Program/Erase Count Low EECNTL F2h 00000000 No
EEPROM Program/Erase Count Low EECNTM F3h 00000000 No
EEPROM Control EECON F6h *0*00000 No
EEPROM Access Enable EEAEN F7h Fekkkkx 00 No

CAUTI ON: Donoét modi fy * bits. Modi fying these bi
bits of SFRs should not be updated.
A EXIF.3(XT) : This bit must always remain high which is the default value.

6.1.3 Instruction Set Summary

The MIDAS1.0B family executes all the instructions of the standard 80C52. The instructions of the
MiDAS1.0B family produce the same result with those of the standard 80C52.

The internal architecture and timing of the MiDAS1.0B family are different from those of the standard
80C52. This means that the machine cycle of an individual instruction (the number of clock cycles per

instruction) of the MiDAS1.0B family is different from that of the standard 80C52.
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Refer to Appendix A for more information about instruction set.

Table 6-3 Summary of the Instruction Set

Type Instruction Description
ADD Addition
ADDC Addition with Carry
SUBB Subtraction with Borrow
INC Increment
Arithmetic
DEC Decrement
MUL Multiply
DIV Divide
DA Decimal Adjust
ANL Logical AND
ORL Logical OR
XRL Logical Exclusive OR
CLR Clear
Logical CPL Complement
RL Rotate Left
RLC Rotate Left with Carry
RR Rotate Right
RRC Rotate Right with Carry
SWAP Swap nibbles
MOV Move data
MOVC Move Code
MOVX Move data to external RAM
Data Transfer PUSH Push
POP Pop
XCH Exchange
XCHD Exchange low-digit
CLR Clear bit
Boolean SETB Set bit
CPL Complement bit
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ANL AND bit
ORL OR bhit
MOV Move bit
JC Jump if Carry is set
JNC Jump if Carry is not set
JB Jump if Bit is set
JNB Jump if Bit is not set
JBC Jump if Bit is set & Clear
ACALL Absolute Call
LCALL Long Call
RET Return from subroutine
RETI Return from interrupt
AIJMP Absolute Jump
LIMP Long Jump
Branch SJMP Short Jump
JMP Jump with DPTR
JZ Jump if ACC is zero
JNZ Jump if ACC is not zero
CJINE Compare and Jump if not equal
DJINZ Decrement and Jump if not zero
NOP No Operation

6.1.3.1 Addressing Modes

The operands used in the instructions can be addressed in different modes. The MiDAS1.0B family
uses six different addressing modes to this end:
Immediate

B

, Direct
Indirect
Index
Register

Register-specific
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6.1.3.1.1 Immediate Addressing Mode

Immediate addressing mode means that an operand is the constant value included in the instruction.

Examples:

MOV R3, #0FFh R3 is loaded with constant value OFFh

ORL PSW, #00000101b Logical OR operation with PSW and 0000 0101b
MOV DPTR, #1243h Load data pointer with constant value 1234h

6.1.3.1.2 Direct Addressing Mode

In direct addressing, the operand is specified by an 8-bit address field in the instruction.
Note: The lower 128 bytes of the normal internal RAM can be addressed in this mode. SFRs are

accessible only with this addressing mode.

Examples:

MOV A, TCON TCON isthe 8-bit address of the SFR TCON.

The variable is the 8-bit address of a memory location in the
MOV R4, variable

lower part of the internal RAM.

6.1.3.1.3 Indirect Addressing Mode

In indirect addressing, the instruction specifies a register that contains the address of the operand.

Both internal and external RAM can be indirectly addressed.
The address register for 8-bit addresses can be RO or R1 of the selected register bank, or the Stack
Pointer. The address register for 16-bit addresses can only be the 16-b i t Afdata pointer:

DPTR.

Note: The lower and upper part of the internal RAM can be addressed by using 8-bit addresses. An

external data memory can be addressed by 16-bit addresses.

Examples:
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Functional Description

MOV A, @R0O RAM is addressed by contents of RO (8bit address)

6.1.3.1.4 Index Addressing Mode

Only program memory can be accessed with indexed addressing, and it can only be read. This
addressing mode is intended for reading look-up tables in program memory. A 16-bit base register
(either DPTR or the PC) points to the base of the table, and the accumulator is set up with the table
entry number. The address of the table entry in program memory is formed by adding the
accumul ator data to the base pointer dat a. Anot her t
jumpo instruction. I n this case, the destination addr

of the base pointer data and the accumulator data.

Examples:

MOVC A, @A + DPTR The address is the sum of DPTR and accumulator.
MOVC A, @A + PC The address is the sum of PC and accumulator
JMP @A + DPTR Jump to sum of accumulator and DPTR

6.1.3.1.5 Register Addressing Mode

The register banks, containing registers RO through R7, can be accessed by certain instructions
which carry a 3-bit register specification within the opcode of the instruction. Instructions that access
the regqisters this way are code efficient, since this mode eliminates an address byte. When the
instruction is executed, one of the eight registers in the selected bank is accessed. One of four banks

is selected at execution time by the two bank select bits (RS0 and RS1) in the PSW.

6.1.3.1.6 Register-Specific Addressing Mode

Some instructions are specific to a certain register. For example, some instructions always operate

on the accumulator, or data pointer, etc., so no address byte is needed to point to it.

6.1.4 CPU Timing
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The CPU timing for the MIiDAS1.0B family is important, especially for those who wish to use software
instructions to generate timing delays. Also, it provides the insight into the timing differences between the
MIDAS1.0B family and the standard 80C52 as shown in Figure 6-2. In the MIDAS1.0B family, each
machine cycle is four clock periods long. Each clock period is designated a state. Thus each machine
cycle is made up of four states, S1, S2, S3 and S4 in that order. In order to reduce the instruction
execution time, both the clock edges are used for internal timing. Hence it is important that the duty cycle
of the clock should be as close to 50% as possible. Since the MIiDAS1.0B family fetches one byte per
machine cycle, in most of the instructions, the number of machine cycles needed to execute the

instruction is equal to the number of bytes in the instruction.

] T Iy Oy O Oy I

|
|
PSEN | | | i |

CORERIVER w w
\ \
TurboCore i ‘ ‘ | \ | ‘ | \ I—o— I—l_
PORTO >< INSTO ><ADDL_>< INST1 XADDL_X INST2 XADDL_?»( INST3 X} D( : ,X ><
1 | 1 I 1 I 1 I I I 1 I I
| | | |
PORT2 ADDH_0 >< ADDH_1 | >< ADDH_2 : >< ADDH_3 | >< ., : : ><
| | | | | | | | |
| | | | | 1-byte 1 -machine Cycle Instruction (4 clocks )
1S1S2,83,;84, | | [ T T i
| | | | | | | | | | | | |
[ [ T B [ T B [
| | | | | 1 1 1 1 1 1 1 1
: } } } : 1-byte 1 -machine Cycle Instruction ( 12 clocks )
1S1|S2|S3|S4,S5|S6|S7|S8]S9|S10|S11|S12]
W
XTALL | | | |
| 1 1 1 1 1 1 1 1 1 1 1 |
Intel IR INSTO X INST1 X INST2
| | |
80C52 ALE [ I [

i i i
\ \ \ \ \
[ [

o \ \
PSEN } [ | [ } : [ [

S SN S Sy [ N
porto X appLiz X stz X_apprar X mstzr X apbLzz X stz X X
porT2 X ADDH_12 X ADDH_21 X ADDH_22 X

Figure 6-2 Timing Comparison of the MiDAS1.0B family and Intel 80C52

6.2 Peripheral Description
6.2.1 1/O Ports
Port 0, Port 1, Port 2, Port 3, and Port 4 are bi-directional 1/0 ports. So the I/O ports have an I/O direction

register (PxDIR). They consist of a latch (PO through P4 registers), an I/O direction register, an 1/O type

register, an output driver, an input buffer, and a pull-up device.
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6.2.1.1 PORTO

Port 0 is an 8-hit bi-directional I/O port with pull-ups. Its pull-ups are switched on/off by changing the value
of the POSEL register. Clearing a bit of POSEL to 0 will switch on the corresponding bit pull-up of Port 0.
Otherwise, the pull up will be switched off. The bit value of the PODIR register determines the 1/O direction
of Port 0. If you want to use a bit of Port 0 as input, set the corresponding bit of PODIR to 1. The POTYPE
register determines the type of the output. If a bit of the POTYPE register is set to 1, the corresponding pin

operates in the open-drain mode. Otherwise, it operates in the push-pull mode.

POTYPE (B9h): Port 0 Type Control Register

Bit No. 7 6 5 4 3 2 1 0

POTYPE.7| POTYPE.6| POTYPE.5 POTYPE.4| POTYPE.3| POTYPE.2| POTYPE.1| POTYPE.O

RIW(L) RMW() RMW(@I) RMW() RW(1) RW(1) RWQ) RMW(Q)

0 = Push-pull Output / 1 = Open-drain Output (Default)

PODIR (E1h): Port O Input/output Control Register

Bit No. 7 6 5 4 3 2 1 0

PODIR.7 | PODIR.6 | PODIR.5 | PODIR.4 | PODIR.3 | PODIR.2 | PODIR.1 | PODIR.O

RIW(O) R/MW(0) RMW(0) RMW(@O) RMW(O) RMW@O) RMW(0O)  RW(O)

0 = Output (Default) / 1 = Input

., POSEL (D1h): Port 0 Pull-up Control Register

Bit No. 7 6 5 4 3 2 1 0

POSEL7 | POSEL6 | POSELS | POSEL4 | POSEL3 | POSEL2 | POSEL1 | POSELO

RIW()  RMW(1) RW(1) RW(@I) RW@I) RW(I) RW(I)  RW()

0 = Pull-up resistor ON 1 = Pull-up resistor OFF (Default)

., PO (80h): Port 0 Register

Bit No. 7 6 5 4 3 2 1 0
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PO.7 P0.6 P0.5 P0.4 P0.3 P0.2 PO.1 P0.0

RIW(1) RMW(1) RMW(@I) RMW(I) RW(@I) RW(1) RWQ1) RMWQ)

An Analog-to-Digital conversion channel is enabled by the clearing the corresponding enable bit
(ADCENBO.x). To use the Analog-to-Digital conversion channel, the corresponding pull-up was switched
off (POSEL.x = 1). If pull-ups is not connected externally, internal pull-ups should be switched on by
clearing the bits POSEL.1, POSEL.2, POSEL.4 and POSEL.7 to 0. The other alternate functions can only

be activated if the corresponding bit is configured as input.

POTYPE.'
[PoDR 1} — |
| |
I

. . v

- 1 0

CPUBUS®» O X Po.1
PO.1
SFR

QH |:: j )
Alternate Output i

Digital Input 4—({'—0
ADC Input <
ADCENBO.ll

Figure 6-3 Configuration of PORT 0

ADCENBO (CEh): ADC Channel Enable Bar Register (PO port)

Bit No. 7 6 5 4 3 2 1 0

ADCENBO.7ADCENBO.ADCENBO.SADCENBO.4ADCENBO.3JADCENBO.ZADCENBO.JADCENBO.(

RIW() RMW(1) RMW(1) RW(I) RMW(@I) RW(@1) RW(1) RW()

0 = ADCENBO.x channel ON / 1 = ADCO0.x channel OFF (Default)

Port Alternate Functions
P0.0 (ADQ).0) A/D Conversionlnput 0.0, SSB_A, I2C _SDA _A,or RXD B
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P0.1 (AD@).1) A/D Conversion Input 0.1 12C_SCL_A,or TXD A
P0.2 (AD@).2) A/D Conversion Input 0.2
P0.3 (AD@).3) A/D Conversion Input 0.3
P0.4 (ADQ.4) A/D Conversion Input 0.4
P0.5 (AD@.5) A/D Conversion Input 0.5
P0.6 (ADQ.6) A/D Conversion Input 0.6
P0.7 (ADQ).7) A/D Conversion Input 0.7

Note: Read-Modify-Write instructions do not read port pin but SFR register.

V ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DIJNZ/ MOV PX.Y, C CLR PX.Y SETB PX.Y

6.2.1.2 PORT 1

Port 1 is a 3-bit bi-directional I/O port with pull-ups. Its pull-ups are switched on/off by changing the value

of the P1SEL register. Clearing a bit of P1SEL to O will switch on the corresponding bit pull-up of Port 1.

Otherwise, the pull up will be switched off. The bit value of the P1DIR register determines the 1/O direction

of Port 1. If you want to use a bit of Port 1 as input, set the corresponding bit of PODIR to 1. The P1TYPE

register determines the type of the output. If a bit of the PATYPE register is set to 1, the corresponding pin

operates in the open-drain mode. Otherwise, it operates in the push-pull mode.

P1TYPE (BAh): Port 1 Type Control Register

Bit No. 7 6 5 4 3 2 1 0
PITYPE.7| PLTYPE.6| PITYPE.5| PATYPE.4| PITYPE.3| PITYPE.2| PITYPE.1| PLTYPE.O
RW(1)  RW() RW(1) RW(@1) RW(@IE) RW(1) RW(@A)  RW(®)
0 = Push-pull Output / 1 = Open-drain Output (Default)
P1DIR (E2h): Port 1 Input/output Control Register
Bit No. 7 6 5 4 3 2 1 0
PIDIR.7 | PIDIR.6 | PIDIR.5 | PIDIR.4 | P1DIR.3 | PIDIR.2 | PIDIR.1 | PIDIR.0
RW() R/W() RW(O) RW(@O) RW@O) RW0O  RW(0O)  RWO)

0 = Output (Default) / 1 = Input
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P1SEL (E5h): Port 1 Type Control Register

Bit No. 7 6 5 4 3 2 1 0

P1EL7 P1EL6 P1ELS5 P1EL4 P1EL3 P1EL2 P1EL1 P1ELO

RW()  RMW(1) RMW(1) RW(I) RMW(@I) RW(@L) RW(I) RW(Q)

0 = Pull-up resistor ON (Default)
1 = Pull-up resistor OFF

P1 (90h): Port 1 Register

Bit No. 7 6 5 4 3 2 1 0

P1.7 P1.6 P1.5 P1.4 P1.3 P12 P11 P10

RW(1) RMW(1) RW(@I) RW(@I) RW@D) RW@I) RW@I)  RW@Q)

ADCENB1 (CEh): ADC Channel Enable Bar Register (P1 port)

Bit No. 7 6 5 4 3 2 1 0

ADCENB1.7/ADCENB1.ADCENB1.5ADCENB1.4ADCENB1.3JADCENB1.JADCENB1.JADCENBL1.(

RW(1) RMW(1) RW(@IQ) RW(@D) RW@IQ) RW@I) RW@I)  RW()

0 = ADCO channel ON / 1 = ADCO channel OFF (Default)

An Analog-to-Digital conversion channel is enabled by the clearing the corresponding enable bit
(ADCENBL1.x). To use the Analog-to-Digital conversion channel, the corresponding pull-up was switched
off (P1EL.x = 1). If pull-ups is not connected externally, internal pull-ups should be switched on by
clearing the bits P1EL.1, PIEL . 2 , andéP1SEL.7 to 0. The other alternate functions can only be

activated if the corresponding bit is configured as input.
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p1TYPE ] P1SEL.
P1DIR.1 ! - :
I
I

. C Y

CPU BUS*>| Q & P11

P11
SFR

QH |:: j )
Alternate Output 57

Digital Input <—(<l—«
ADC Input <«
ADCENBl.ll

Figure 6-4 Configuration of the other P1 pins

Port Alternate Functions

(ADCL1.0) A/D Conversion Input 1.0, (T2) External Input for Timer 2,
P10 or (PWM1.0) PWM output 1.0

(ADC1.1) A/D Conversion Input 1.1, (T2EX) Capure/Reload Trigger for Timer 2,
P or (PWM1.1) PWM output 1.1
P1.2 (ADCL.2) A/D Conversion Input 1.2, or (PWM1.2) PWM output 1.2
P1.3 (ADCL.3) A/D Conversion Input 1.3, or (PWM1.3) PWM output 1.3
14 (ADCL.4) A/D Conversion Input 1.4, (INT2) External Interrupt 2,

or (PWM14) PWM output 1.4
P15 (ADCL.5) A/D Conversion Input 1.5, (INT3) External Interrupt 3,

or (PWM1.5) PWM output 1.5
L6 (ADCL.6) A/D Conversion Input 1.6, (INT2) External Interrupt 4,

or (PWM1.6) PWM output 1.6
b1 7 (ADCL.7) A/ID Conversion Input 1.7, (INT2) External Interrupt 5,

or (PWM1.7) PWM output 1.7

Note: Read-Modify-Write instructions do not read port pin but port register.
V  ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DIJNZ/ MOV PX.Y, € CLR PX.Y SETB PX.Y
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6.2.1.3 PORT 2

Port 2 is a 7-bit bi-directional I/O port with pull-ups. Its pull-ups are switched on/off by changing the value
of the P2SEL register. Clearing a bit of P2SEL to 0 will switch on the corresponding bit pull-up of Port 2.
Otherwise, the pull up is switched off. The bit value of the P2DIR register determines the 1/O direction of
Port 2. If you want to use a bit of Port 2 as input, set the corresponding bit of P2DIR to 1. The P2TYPE
register determines the type of the output. If a bit of the P2TYPE register is set to 1, the corresponding pin

operates in the open-drain mode. Otherwise, it operates in the push-pull mode.

P2TYPE (BBh): Port 2 Type Control Register

Bit No. 7 6 5 4 3 2 1 0

P2ZTYPE? | PZTYPE.6| PZTYPE.5| PZTYPE.4| PZTYPE.3| PZTYPE.2| P2ZTYPE.1| P2TYPE.O

RW(1) RMW(1) RW(@I) RW(@I) RW(@D) RW@I) RW@I)  RW@Q)

0 = Push-pull Output / 1 = Open-drain Output (Default)

P2DIR (E3h): Port 2 Input/output Control Register

Bit No. 7 6 5 4 3 2 1 0

P2DIR.7 | P2DIR6 | P2DIR.5 | P2DIR.4 | P2DIR.3 | P2DIR.2 | P2DIR.1 | P2DIR.O

RW() RMW(1) RMW(1) RW(@I) RW(@I) RW(@1) RW(I) RW()

0 = Output / 1 = Input (Default)

P2SEL (D3h): Port 2 Type Control Register

5

Bit No. 7 6 5 4 3 2 1 0

P2SEL.7 | P2SEL6 | P2SEL5 | P2SEL4 | P2SEL3 | P2SEL2 | P2SEL1 | P2SELO

RIW(O) R/MW(@O) R/MW(@0) RMW(O) RMW(@O RMW@O) RMW(0O)  RW(QO)

0 = Pull-up resistor ON (Default) / 1 = Pull-up resistor OFF

P2 (AOh): Port 2 Register

Bit No. 7 6 5 4 3 2 1 0

P2.7 P26 P25 P24 P23 P22 P21 P20

RIW(1)  RMW() RMW() RMW(1) RMW(@I) RW(@I) RMW(@I)  RW()
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ADCENB2 (D6h): ADC Channel Enable Bar Register (P2 port)

Bit No. 7 6 5 4 3 2 1 0
ADCENB2.1/ADCENB2.6ADCENB2.5ADCENB2.4ADCENB2.3JADCENB2.2ZADCENB2.JADCENB2.(
RW(1) RMW() RW(@1) RW(1) RW(@IA) RW(1) RW(@A)  RW()
0 = ADC2 channel ON / 1 = ADC2 channel OFF (Default)
P2TYPE ]
[P2oR 2} — - :
1 |
|
[
| Y
1
:— 10 -
CPUBUS&Y O <] P21
P2.1
SFR
QH |:: ﬂ >
Alternate Output 57
Digital Input 4—({'—0
ADC Input <«
ADCENBZ.ll
Figure 6-5 Configuration of PORT2
Port Alternate Functions
P2.0 (ADQ2.0) A/D Conversion Input 2.0
P2.1 (ADQ2.1) A/D Conversion Input 2.1
P2.2 (ADQ2.2) A/ID Conversion Input 2.2
P2.3 (ADC2.3) A/ID Conversion Input 2.3
P2.4 (ADC2.4) A/ID Conversion Input 2.4
P2.5 (ADC2.5) A/ID Conversion Input 2.5
P2.6 (ADC2.6) A/D Conversion Input 2.6
P2.7 (ADQ2.7) A/ID Conversion Input 2.7
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All Port 2 pins also serve the alternate functions specified below. In order to configure a pin of Port 2 as
an A/D converter channel input, the corresponding A/D converter channel has to be enabled
(ADCENB2.x = 0) and the corresponding pull-up switched off (P2SEL.x = 1). Refer to the A/D converter
section for more information. The other alternate functions can only be activated if the corresponding bit is

configured as input.

Note: Read-Modify-Write instructions do not read port pin but SFR register.
V  ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DINZ/ MOV PX.Y, C CLR PX.Y SETB PX.Y

6.2.1.4 PORT 3

Port 3 is a 7-bit bi-directional I/O port with pull-ups. Its pull-ups are switched on/off by changing the value
of the P3SEL register. Clearing a bit of P3SEL to 0 will switch on the corresponding bit pull-up of Port 3.
Otherwise, the pull up is switched off. The bit value of the P3DIR register determines the I/O direction of
Port 3. If you want to use a bit of Port 3 as input, set the corresponding bit of P3DIR to 1. The P3TYPE
register determines the type of the output. If a bit of the P3TYPE register is set to 1, the corresponding pin

operates in the open-drain mode. Otherwise, it operates in the push-pull mode.

P3TYPE (BCh): Port 3 Type Control Register

Bit No. 7 6 5 4 3 2 1 0

P3TYPE?7 | P3TYPE.6| P3TYPE.5| P3TYPE.4| P3TYPE.3| P3TYPE.2| P3TYPE.1| P3STYPE.O

RW() RMW(1) RMW(1) RW(@I) RMW@I) RW(@1) RW(I) RW@Q)

0 = Push-pull Qutput / 1 = Open-drain Output (Default)

P3DIR (E4h): Port 3 Input/output Control Register

Bit No. 7 6 5 4 3 2 1 0

P3DIR.7 | P3DIR.6 | P3DIR.5 | P3DIR.4 | P3DIR.3 | P3DIR.2 | P3DIR.1 | P3DIR.O

RW() RMW(1) RMW(1) RW(@I) RW(@I) RW(@D) RW(I) RW()

0 = Output / 1 = Input (Default)
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P3SEL (D4h): Port 3 Type Control Register

B

Bit No. 7 6 5 4 3 2 1 0

P3SEL.7 | P3SEL6 | P3SEL5 | P3SEL4 | P3SEL3 | P3SEL2 | P3SEL1 | P3SELO

RIW(O) RMW(0) RMW(O) RMW(O) RMW(O RMW(@O) RW(0O)  R/W(QO)

0 = Pull-up resistor ON (Default) / 1 = Pull-up resistor OFF

P3 (BOh): Port 3 Register

Bit No. 7 6 5 4 3 2 1 0

P3.7 P3.6 P3.5 P3.4 P35 P3.2 P3.1 P3.0

RW(1) RMW(1) RW(1) RW(@1) RW(@1) RW(@I) RW@I)  RW(Q)

ADCENB3 (D7h): ADC Channel Enable Bar Register (P3 port)

Bit No. 7 6 5 4 3 2 1 0

ADCENB37/ADCENB36|/ADCENB35/ADCENB34|/ADCENB33/ADCENB32/ADCENB31/ADCENB30

RW(1) RMW(1) RW(1) RW(@I) RW@IQ) RW(@I) RW@IQ)  RW()

0 = ADC3 channel ON / 1 = ADC3 channel OFF (Default)

P3TYPE } P3SEL.
P3DIR.1 !
1 1
1

. C Y

-7Z1l 0

CPUBUS®» 0 <] ps1
P3.1
SFR

QH |:: ﬂ )
Alternate Output i

Digital Input <—({l—«
ADC Input <«
ADCENB3.1|

Figure 6-6 Configuration of PORT3
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All Port 3 pins also serve the alternate functions specified below. In order to configure a pin of Port 3 as
an A/D converter channel input, the corresponding A/D converter channel has to be enabled
(ADCENB3.x = 0) and the corresponding pull-up switched off (P3SEL.x = 1). Refer to the A/D converter

section for more information. The other alternate functions can only be activated if the corresponding bit is

configured as input.

Note: Read-Modify-Write instructions do not read port pin but SFR register.

V' ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DIJNZ/ MOV PX.Y, C CLR PX.Y SETB PX.Y

Port Alternate Functions
3.0 (ADC3.0) A/D Conversion Input 3.0, (RXD) UART Serial Port Input
or (PWM3.0 PWM output 3.0
P31 (ADC3.1) A/D Conversion Input 3.1, (TXD) UART Serial PortOutput,
or (PWM31) PWM output 3.1
- (ADC3.2) A/D Conversion Input 3.2, (INTO) External Interrupt Input O ,
or (PWM32) PWM output 3.2
(ADC3.3) A/D Conversion Input 3.3, (INT1) External Interrupt Input 1,
P33 or (PWM33) PWM output 3.3
3.4 (ADC3.4) A/D Conversion Input 3.4, (TO) Timer 0 External Input,
or (PWM34) PWM output 3.4
(ADC3.5) A/D Conversion Input 3.5, (T1) Timer 1 External Input,
P35 or (PWM35) PWM output 3.5
P3.6 (ADC3.6) A/D Conversion Input 3.6, WR, or (PWM36) PWM output 3.6
P3.7 (ADC3.7) A/ID Conversion Input 3.7, RD, or (PWM37) PWM output 3.7

6.2.1.5 PORT 4

Port 4[6:0] is a 7-bit bi-directional 1/0 port with pull-ups. Its pull-ups are switched on/off by changing the
value of the PASEL register. Clearing a bit of PASEL to 0 will switch on the corresponding bit pull-up of

Port 4. Otherwise, th

direction of Port 4. If you want to use a bit of Port 4 as input, set the corresponding bit of P4DIR to 1. The

e pull up is switched off. The bit value of the P4DIR register determines the I/O
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PATYPE register determines the type of the output. If a bit of the PATYPE register is set to 1, the
corresponding pin operates in the open-drain mode. Otherwise, it operates in the push-pull mode

Port 4[7] is a bi-directional 1/0O pin. It operates as open-drain or push-pull output. It can be used as an

ADC input.

PATYPE (BDh): Port 4 Type Control Register

Bit No. 7 6 5 4 3 2 1 0

PATYPE? | PATYPE.6| PATYPE.5| PATYPE.4| PATYPE.3| PATYPE.2| PATYPE.1| PATYPE.O

RW(1) RMW(1) RW(1) RW(@1) RW(@1) RW(@I) RW@I)  RW(Q)

0 = Push-pull Output / 1 = Open-drain Output (Default)

P4DIR (E5h): Port 4 Input/output Control Register

Bit No. 7 6 5 4 3 2 1 0

P4ADIR.7 | PADIR.6 | PADIR.5 | PADIR.4 | PADIR.3 | PADIR.2 | PADIR.1 | PADIR.O

RIW(1) RMW() RMW(1) RMW() RW(1) RW(1) RWQ) RMW(Q)

0 = Output/ 1 = Input (Default)

PASEL (D5h): Port 4 Type Control Register

Bit No. 7 6 5 4 3 2 1 0

PASEL.7 | PASELG6 PASELS PASEL4 | PASEL3 | PASEL2 PASEL1 | PASELO

RIW(O) R/MW(@0) R/MW(O) RMW(O) RMW(@O RMW0O) RMW(0O)  RW(QO)

0 = Pull-up resistor ON (Default) / 1 = Pull-up resistor OFF

P4 (B3h): Port 4 Register

Bit No. 7 6 5 4 3 2 1 0

P4.7 P4.6 P4.5 P4.4 P4.3 P4.2 P4.1 P4.0

RIW()  RMW(1) RMW(1) RW(@I) RMW@I) RW(I) RW(I1) RW@)

The alternate functions can only be activated if the corresponding bit is configured as input.
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P4TYPE.' PASEL.1|

P4DIR.1 :
1 I

|

. . v

cPUBUSH 0O <] Pa1

P4.1
SFR

o: D @_157

Alternate Output

Digital Input < -ﬂ'l

Figure 6-7 Configuration of PORT4[6:0]

Port Alternate Functions
(RXD_A) Alternate UART Serial Port Input (12C_SDA 12C Serial Data,
P40 or (SSB SPI Slave Select Bar
b1 (TXD_A) Alternate UART Serial PortOutput, (12C_SCL) 12C Serial Clock,
or (SCLK) SPI Serial Clock
P4.2 (INT4_A) Alternate External Interrupt 4 or (MISO) SPI Master Input Slave Output
P4.3 (INT5_A) Alternate External Interrupt 5 or (MOSI) SPI Master Output Slave Input
b44 (MISO_A Alternate SPI Master Input Slave Output
or (PWM36_A) Alternate PWM output 3.6
P45 (MSA _A) Alternate SPI Master Input Slave Input
or (PWM37 _A) Alternate PWM output 3.7
P4.6 EA or (MDS_SCL)
P4.7 (MDS_SDA) or (RESET) External Reset

Page47 of 235




€> CORERIV

Functional Description

PATYPE}

P4DIR.7 : -
1
I

! L

=71 0

CPUBUS 0 ] Paz
P47
SFR -

QH D 2[)_57 A

Alternate Output

I
Digital Input < 7]

Figure 6-8 Configuration of PORT4.7

Note: Read-Modify-Write instructions do not read port pin but SFR register.
V' ANL/ ORL/ XRL/ JBC/ CPL/ INC/ DEC/ DIJNZ/ MOV PX.Y, C CLR PX.Y SETB PX.Y

6.2.1.6 ESD protection of I/O ports

As electrostatic discharge (ESD) problems become more common in electronic circuits, various devices
have been used to protect circuits from ESD. A pin of MIiDAS1.0B family also uses two diodes and one
resistor for ESD protection. All I/O pins except Vpp uses the two diode ESD protection scheme shown in

Figure 6-9 and Vpp pin the one diode scheme shown in Figure 6-10.

B

Figure 6-9 Two diode ESD protection scheme
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A

AN

v

Figure 6-10 One diode ESD protection scheme

As voltage-clamping devices, the two diodes and a resistor limit the surge voltage to a safe level for the

circuit being protected. One diode is connected to Vpp and the other to ground.

6.2.1.7 Read-Modify-Write Instructions

Some instructions that read a port read the latch and others read the pin. The instructions that read the

latch rather than the pin are the ones that read a value, possibly change it, and then rewrite it to the latch.

These ar e

instructions.

craobify-e d i thedeadnstructi ons.

The

Table 6-4 Read-Modify-Write Instructions

i meadify-wriet | ons

Instruction Description
ANL Logical AND
ORL Logical OR
XRL Logical Exclusive OR (XOR)
JBC Branch if bit is set then clear bit
CPL Complement bit
INC Increment
DEC Decrement
DJNZ Decrement and branch if not zero
MOVPX.Y, C Move the carry bit to bit Y of Port X
CLR PX.Y Clear bit Y of Port X
SETB PX.Y Set bit Y of Port X

It is not obvious that the last three instructions in this list are read-modify-write instructions, but they are.

They read the port byte, all 8 bits, modify the addressed bit, then write the new byte back to the latch.

The reason that read-modify-write instructions are directed to the latch rather than the pin is to avoid a
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possible misinterpretation of the voltage level at the pin. For example, a port bit might be used to drive the
base of transistor. When logic 1 is written to the bit, the transistor is turned on. If the CPU the reads the
same port bit at the pin rather than the latch, it will read the base voltage of the transistor and interpret it

as logic 0. Reading the latch rather than the pin will return the correct value of logic 1.

6.2.2 LVD (Low Voltage Detector)

6.2.2.1 Poweri On Reset

When power is turned on, the MiDAS1.0B Family restarts automatically by generating a power-on reset
pulse internally. Power voltage should be increase monotonically until it reaches to the normal range.
Once the supply voltage, V¢, rises above the threshold (Vrst = 1.6V), the MIiDAS1.0B family will execute
the program code at address 000h after 65,536 clock cycles.

The application software can find out using the Poweri On Reset flag (POF: PCONJ4]) that a Poweri On
Reset has occurred. It should clear the POF bit after reading it since the execution always starts from

000h after all kinds of resets.

6.2.2.2 Powerl Fail Interrupt

The MIDAS1.0B family detects the fall of Vpp below 2.2V. The fall of V¢ generates the PFI pulse. It
maintains until Vcc rises above 2.2V. It sets the PFI bit, WDCON[4] to 1. Then, the power-fail interrupt
occurs if enabled. Among all interrupts, the Poweri fail Interrupt has the highest priority. Nobody can
change the priority level. But it can be disabled if not needed. The EPFI bit (WDCON[5]) enables or
disables the Poweri fail Interrupt. This interrupt is independent of the global interrupt enable (EA). The
Powert fail interrupt is a leveli sensitive interrupt and the value of PFIwi | | be maintain

Vpp remains below the selected level.

The registers listed below are for power voltage state:

EXIF[0] (BGS) : If BGS = 0, LVD block stops when a device operates in power-down mode.
Default value is 1.

WDCON][5] (EPFI) : Power-fail interrupt enable.

WDCONT[4] (PFI) : Power-fail interrupt flag.

PCONIJ4] (POF): Power-off flag. After Power-on reset, this flag will be set.
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The power-on reset pulse is generated when Vpp rises above or falls below the reference voltages as

shown in Figure 6-11.

WDCON (D8h) : Watchdog & Power Status Register

Bit No. 7 6 5 4 3 2 1 0

WDMOD POR EPFI PFI WDIF WTRF EWT RWT

RIW(O) RMW() RMW@O)  RMW() RMWO) RMW(0O) RMW0O)  R/WO)

POR: Power-on Reset Flag
EPFI: Power-fail interrupt enable.
PFI : Power-fail interrupt flag.

EXIF (91h) : External Interrupt Flag Register

B

Bit No. 7 6 5 4 3 2 1 0

IE5 IE4 IE3 IE2 XT/IRG RGMD RGSL BGS

RW(O) RMW(O) RW(O) RW(O  RW(O) R(1) RIW(O)  RW(1)

BGS: Band-gap select (Default = 1).
When BGS =0,
Band-gap block (LVD) will do not run in power-down
mode, but function during normal mode.
When BGS =1,
Band-gap block (LVD) will run in power-down mode.

PCON (87h) : Power Control Register

Bit No. 7 6 5 4 3 2 1 0
SMOD1 | SMODO - POF GF1 GFO PD IDL
RIW(O)  R/W(0) - RIW(1) RMW(O) RMW(@O) RMW(0O)  RW(QO)

POF: Power off flag.
When power-on, this flag bit will be set by H/W.
PD : Power-down (Stop) mode enable.
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1.6V
POR reset |—

2.2V

PFI Pulse

Figure 6-11 Power-On Reset/Power-fail Reset and Power-fail interrupt

The LVD block is shown in Figure 6-12. It always remains activated except when BGS = 0 and a
MIDAS1.0B processor is in power-down mode.

If a system needs to detect the poweri fail in power-down mode (PCONJ[1]=1), you should set the BGS bit
(EXIF[0]) to logic 1. Then, the bandi gap reference and the power-fail detection circuits will remain
activated in power-down mode. As a result, the power consumption of power-down mode increases. If the

LVD block is deactivated, typically 1 nA of current will flow through the MiDAS1.0B processor.

PD | BGS
POR
LVD_OF
POF
LVD POR Pulse » POR Reset

EPFI

PFI Pulse" | _
PE| PFI interrupt

Figure 6-12 LVD Block Diagram
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6.2.3 WDT (Watchdog Timer)

The Watchdog timer is a free-running timer with programmable time-out interval. It is available for a
system monitor, a time-base generator or an event timer. It allows an automatic recovery from software
upset due to some cause including external noise. It is a kind of counter with the programmable bit length.
It counts the system clock pulses. Software can always clear the value of the watchdog timer. When the
count rolls over from all 1s to all Os, the time-out occurs. At that time, the watchdog interrupt flag is set to
1. The watchdog interrupt will occur if EWDT (watchdog interrupt enable) and EA (global enable) are set.
If the watchdog reset is enabled by setting the bit EWT to logic 1, the watchdog reset will occur after 256
clock cycles since the watchdog timer interrupt flag is set, However, the watchdog timer can be cleared
by setting the bit RWT to logic 1 during the delay of 256 clock cycles. Then the watchdog reset will not
occur. The watchdog interrupt and reset may be used independently of each other. So you can use them

separately or together. Figure 6-13 shows the block diagram for Watchdog timer.

CKCON (8Eh) : : Clock Control Register

Bit No. 7 6 5 4 3 2 1 0

WD2 wD1 wWDO T2M T1iM TOM - -

RIW(1) RMW() RMW() RMW(@O) RMW(0O)  RMW(0)

WDI[2:0] : WDT Timer Count mode

WDCON (D8h) : Watchdog & Power Status Register

Bit No. 7 6 5 4 3 2 1 0

WDMOD POR EPFI PFI WDIF WTRF EWT RWT

RIW() RMW() RMW(0O) RW(I) RMW0O) RMW0O) RMW0O)  RWQO)

WDMOD: WDT Clock Scaling

WDIF . Watchdog Timer Interrupt Flag

WTRF : Watchdog Timer Reset Flag. Cleared only by S/W.
EWT :  Watchdog Timer Reset Enable

RWT : Restart Watchdog Timer
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\ EIE.4
00
001 WDCON.3
010 . Interrupt
o011 [
100 - g]jac;locks 4’_D—<—> WDT Reset
101
110 EWT I
113/ WDCON.1
27-bit Coufmer WTR
CLK—>|0| | |1o|11|12|13|14|15|1e|17| |19|20|21|22|23|24|25|25| g WDCON:2
RESET L 117 D
RWT 110, WDCON([7]
1
WDCON.0 101,
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Figure 6-13 Block Diagram for Watchdog Timer

First the Watchdog timer should be cleared by setting the bit RWT (WDCON.0) to 1. Then the timer
restarts from 0. After that, the hardware clears the RWT bit automatically. The time-out interval is selected
by the values of the four bits WDM(WDCON.0), WD2, WD1, and WDO (CKCON.7, CKCON.6, and
CKCON.5). The counting clock for the watchdog timer is selected by the value of the bit WDM. When the
timer reaches to the selected time-out value, the Watchdog interrupt flag WDIF (WDCON.3) is set. If the
watchdog reset is enabled by setting the bit EWT to 1, the watchdog reset will start after 512 clock cycles
since the watchdog timer interrupt flag is set. However, the watchdog timer can be cleared by setting the
bit RWT to 1 during the delay of 512 clock cycles. Then the watchdog reset will not occur. After thirty
clock cycles from that, the Watchdog timer reset flag WTRF (WDCON.2) will be set. This flag indicates to

the software that the Watchdog time-out was the cause of the reset.

If the reset and the interrupt are disabled, the watchdog timer can be used as a simple timer. Every time
the selected time-out occurs, the WDIF flag is set. Software can check the WDIF flag to detect a time-out
and set the bit RWT to restart the timer. The Watchdog timer can also be used as a timer with a very long
time-out interval. Every time the time-out occurs, the interrupt service routine will be called if the global

interrupt enable bit EA and the watchdog timer interrupt flag are set.
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The main purpose of the watchdog timer is detection of software upset. This is important for real-time
control applications. In this case, some power glitches or electro-magnetic interferences may cause

software upset.

The watchdog time-out interval varies with the clock frequency. The watchdog timer reset will start after

512 clock cycles from the end of the time-out interval.

Table 6-5 Time-out values for the Watchdog timer

WDM OD WD2 | WD1 | WDO Interrupt time  -out Reset time -out
0 0 0 | 2*clock cycles | about 170 us | 2 + 512 clock cycles
0 0 1 | 2" clock cycles 340 us | 2™ + 512 clock cycles
0 1 0 | 2*% clock cycles 682 us | 2" + 512 clock cycles
0 0 1 1 | 2" clock cycles 1.365 ms | 2" + 512 clock cycles
(@6MHz) 1 0 0 | 2" clock cycles 2.73ms | 2'* + 512 clock cycles
1 0 1 | 2" clock cycles 5.46 ms | 2'° + 512 clock cycles
1 1 0 | 2' clock cycles 10.92 ms | 2* + 512 clock cycles
1 1 1 | 2*" clock cycles 21.84 ms | 2'" + 512 clock cycles
0 0 0 | 2* clock cycles 87.38 ms | 2'° + 512 clock cycles
0 0 1 | 2% clock cycles 174.76 ms | 2%° + 512 clock cycles
0 1 0 | 2* clock cycles 349.52 ms | 2** + 512 clock cycles
1 0 1 1 | 2% clock cycles 699.05 ms | 2% + 512 clock cycles
(@6MHz) 1 0 0 | 2% clock cycles 1.398 s | 2% + 512 clock cycles
1 0 1 | 2* clock cycles 2.796 s | 2** + 512 clock cycles
1 1 0 | 2*® clock cycles 5.592 s | 2%° + 512 clock cycles
1 1 1 | 2*® clock cycles 11.184 s | 2°° + 512 clock cycles

The Watchdog timer will be disabled by a power-on reset. The Watchdog timer reset does not disable the

watchdog timer, but will restart it. The default Watchdog time-out interval is 2 cycles of the 6 MHz clock.

6.2.4 Timer/Counter 0/1

The MiDAS1.0B family has two 16-bit programmable timer/counters. Each of these Timer/Counters has
two 8-bit counting registers. For Timer/Counter 0, they are the upper 8-bit register THO and the lower 8-bit
register TLO. Similarly, Timer/Counter 1 has two 8-bit registers, TH1 and TL1.
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Functional Description

6.2.4.1 The Operation of Timer/Counter 0/1/2

Timer 0/1 can operate either as a timer or an event counter. When operating as a timer, the counting
register is incremented every 12 or 4 system clock cycles. The TxM bits in the CKCON register select the
1/12 or 1/4 clock rate. I n the fAiCountero functi omnesportsente a t-te-§i st er i
transition at its corresponding external input pin, TO pin for Timer 0 and T1 pin for Timer 1. The TO and T1
external inputs are sampled during S3 state of every 12-clock system. If the sampled value is high in one
machine cycle and low in the next, a valid high-to-low transition on the pin is recognized and the counting
register is incremented. Since it takes 24 clock cycles to recognize a negative transition on the pin, the
maxi mum counting rate is 1/ 24 of the master clock fregq
counting register wildl be updated at S2 state. Theref oo
transition on TO or T1 pin causes the counting register value to increase in the next machine cycle after

the negative edge was detected.

The ATimerd or fACounter o mode bhitiathsTMDR rediseeriMlbagd MObfe v al ue
TMOD selects the mode for Timer/Counter 0/1. In addition, Timer/Counter 0/1 have four operating modes.

The modes are selected by the value of the MO and M1 bits in the TMOD register.

6.2.4.1.1 Time-base Selection

The MIDAS1.0B family provides the two time-bases for the timer/counter. Its timers can operate at the
same speed with those of the standard 80C52 family. This can ensure that timer programs of the
MIDAS1.0B family have the same timing with those of the standard 80C52 family. This is the default time-
base of the MIDAS1.0B family. However, the timers of the MiDAS1.0B family can also operate in the
turbo mode, where they increments at the rate of 1/4 clock speed. This time-base is selected by the TOM
or T1M bit in the CKCON register. A reset clears these bits to 0, and the timers then operate in the

standard 80C52 mode. A user should set these bits to 1 if the timers are to operate in turbo mode.

6.2.4.1.2 Mode O

In Mode 0, only the timer/counter 0/1 operates as an 8-bit counter with a divide-by-32 prescaler. The
tmer / counter 1 denoden0dThis E-bipcpumtertcongists of 8 bits of THx and the lower 5
bits of TLx. The upper 3 bits of TLx are indeterminate and should be ignored.

The value in the TLx register increases at the negative edge of the clock. Every time the value of the fifth
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bit in TLx changes from 1 to 0, the count in the THXx register increases. When the count in THx rolls over
from FFh to 00h, the overflow flag TFx in the TCON register is set. The counting continues only if TRx=1
and either GATE=0 or /INTx=1. When C/T is cleared to 0, it will count clock cycles, and if C/T is set to 1,
then it will count 1 to O transitions on Tx for Timer x.

When the 13-bit counter rolls over from 1FFFh to O00H, the timer O overflow flag TFx is set to 1. If

enabled, a timer interrupt will occur.

6.2.4.1.3 Mode 1

Mode 1 is similar with Mode 0, except that the two counting registers operate with all 16 bits. This means
that all the bits of THx and TLx are used. Roll-over occurs when the timer changes from FFFFh to 0000h.
The timer 0/1 overflow flag TFx is set to 1 and a timer interrupt will occur if enabled. The function of GATE

bit is the same as Mode 0.

6.2.4.1.4 Mode 2

In Mode 2, the Timer/Counters operate as 8-bit counters with automatic reload. TLx operates as an 8-bit
counter, while THx holds the reload value. When the TLx register overflows from FFH to 00H, the TFx bit
in TCON is set and TLx is reloaded with the contents of THx, and the counting process continues from
reloaded value. The reload operation leaves the contents of the THx register unchanged. Counting of
timer O is enabled when TRO = 1 and either GATE = 0 or /INTO =1. As in the other two modes 0 and 1,
Mode 2 allows counting of a timer <c¢clock ( adteoas &n/ 1 2) 0

event timer. Counting of timer 1 is enabled when TR1 = 1.

6.2.4.1.5 Mode 3

Timer/Counter 0 in Mode 3 establishes TLO and THO as two separate 8-bit counters. TLO uses the
Timer/Counter O control bits: C/T, GATE, TRO, /INTO and TFO. It is determined by C/T (TMOD.2) whether
the TLO can count clock cycles (clock/12) or 1-to-0 transitions on pin TO. THO is locked in a timer function
(clock/12) and takes over the use of TR1 and TF1 from Timer/Counter 1. Mode 3 is used when an extra
8-bit timer is needed. With Timer 0 in Mode 3, Timer 1 can still be used in Modes 2. However, it no longer

has control over its overflow flag TF1 and the enable bit TR1.
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Functional Description

* Default : Fsyd12 (TOM and T1m is each 0.)
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Figure 6-14 Timer/Counter 0/1 operations in Mode 0/1/2/3

TCON (88h) : Timer/Counter Control Register

B

Bit No. 7 6 5 4 3 2 1 0

TF1 TR1 TFO TRO IE1 IT1 IEO ITO

RW(0) R/W(@O) RMW(@O) R/MW(@O) RMW@O RMW(O  RWO)  R/MW(©)
TF1: Timer 1 Overflow Flag.
TR1: Timer 1 Run Enable.
TFO: Timer 0 Overflow Flag.
TRO: Timer O Run Enable.
TMOD (89h) : Timer/Counter 0/1 Mode Control Register

Bit No. 7 6 5 4 3 2 1 0

GATE CIT M1 MO GATE CIT M1 MO

RIW(O) R/M(0) RMW(O) RMW(O) RMW®O) RMW0O) RMWO)  RMWO)

Timer[1]: GATE[7], C/T[6], M1:MO[5:4]
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Timer[0]: GATE]3], C/T[2], M1:MO0[1:0]

GATE: Timer 0 Gate control. When TRx (in TCON) is set and
GATE=1, Timer x will run only while INTXx pin is high
(hardware control). When GATE=0,

Timer x will run only while TRx=1 (software control).

C/T: Timer 0 Counter/Timer Select.

0 = Timer by Fsys/12. (Default)
1 = Counter by TO pin.
M1, MO: Timer O Mode Select.
[0,0] : Mode 0. 13-bit T/C.
[0,1] : Mode 1. 16-bit T/C.
[1,0] : Mode 2. 8-bit T/C with automatic reload
[1,1] : Mode 3. Two 8-bit T/C

TLO (8Ah) : Timer/Counter O Low Byte Register

B

Bit No. 7 6 5 4 3 2 1 0

TLO.7 TLO.6 TLO.5 TLO.4 TLO.3 TLO.2 TLO.1 TLO.O

RIW(O) R/MW(@0) RMW(O) RMW(0O) RMW0O) RMW0O) RMW®O  RMW(QO)

THO (8Ch) : Timer/Counter 0 High Byte Register

Bit No. 7 6 5 4 3 2 1 0

THO.7 THO.6 THO.5 THO.4 THO.3 THO.2 THO.1 THO.0

RIW(O) RMW(0) RMW(0O) RMW(O) RMW®O) RMW0O) RMW0O)  RMWO)

TL1 (8Bh) : Timer/Counter 1 Low Byte Register

5

Bit No. 7 6 5 4 3 2 1 0

TL1.7 TL1.6 TL1.5 TL1.4 TL1.3 TL1.2 TL11 TL1.0

RIW(O) RMW(0) RMW(0O) RMW(O)  RMW®O) RMW0O) RMW0O)  RWO)

TH1 (8Dh) : Timer/Counter 1 High Byte Register

Bit No. 7 6 5 4 3 2 1 0

TH1.7 TH1.6 TH1.5 TH1.4 TH1.3 TH1.2 TH1.1 TH1.0

RIWO) R/MW(0) RMW(O)  RMW(0O) RMWO) RMW(0O) RMW®O  RMW(QO)
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Functional Description

6.2.4.2 Timer/Counter 2

Timer/Counter 2 is a 16-bit up/down counter that is configured by the T2MOD register and controlled by
the T2CON register. Like Timers 0 and 1, it can operate either as a timer or as an event counter.
Timer/Counter 2 counts either the external pulses of T2 pin (C/T2=1) or the system clock pulses(C/T2=0),
which is divided by 12 or 4. If T2M = 0, 1/12 clock will be selected. Timer 2 counts when TR2 is 1. It stops
when TR2 is 0.

Table 6-6 Operation modes of timer 2

1. 16-bit Auto-reload 16-bit Timer/Counter
[RCLK+TCLK=0, CP/RL2=0, T20E=0] With Automatic Reload
(TH2, TL2 &aRCAP2H, RCAP2L)
2. 16-bit Capture 16-bit Timer/Counter with Capture
[RCLK+TCLK=0, CP/RL2=1, T20E=0] (RCAP2H, RCAP2L &TH2, TL2)
3. Baud Rate Generator Baud Rate Generation
[RCLK+TCLK=1, CP/RL2=X, T20E=X] * Timer 2 Interrupt Disable
4. Programmable Clock Out Clock-out on P1.0
[RCLK+TCLK=X, CP/RL2=0, T20E=1]

6.2.4.2.1 Capture Mode

The capture mode is established by setting the CP/RL2 bit in the T2CON register to 1. In the capture
mode, Timer/Counter 2 operates as a 16-bit up counter. When the counter rolls over from FFFFh to
0000h, the TF2 bit is set to 1, which will generate an interrupt request. If the EXEN2 bit is set, a negative
transition of T2EX pin will cause the value in the TL2 and TH2 registers to be captured by the RCAP2L
and RCAP2H registers. This action also causes the EXF2 bit in T2CON to be set to 1, which will also

generate an interrupt.

6.2.4.2.2 Auto-reload Mode, Counting Up

The auto-reload mode as an up counter is enabled by clearing the CP/RL2 bit in the T2CON SFR and
clearing the DCEN bit in T2MOD SFR. In this mode, Timer/Counter 2 is a 16-bit up counter. When the
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counter rolls over from FFFFh to 0000h, TL2 and TH2 are reloaded with the 16-bit value in SFRs
RCAP2L and RCAP2H. The TF2 bit is also set to 1. If the EXEN2 bit is set, then a negative transition of
T2EX pin will also cause a reload. The EXF2 bit in T2CON is also set to 1.

6.2.4.2.3 Auto-reload Mode, Counting Up/Down

Timer/Counter 2 operates in auto-reload mode as an up/down-counter if CP/RL2 bit in T2CON is cleared
and the DCEN bit in T2MOD is set. In this mode, Timer/Counter 2 is an up/down-counter whose direction
is controlled by the T2EX pin. When T2EX is high, Timer 2 counts up. Timer overflow occurs at FFFFh,
which sets the TF2 flag. The overflow also causes the 16-bit value in RCAP2H and RCAP2L registers to
be reloaded into the timer registers TH2 and TL2. When T2EX is low, Timer 2 counts down. Timer
underflow occurs when the count in the timer registers TH2 and TL2 equals the value stored in RCAP2H
and RCAP2L registers. The underflow sets TF2 flag and reloads FFFFh into the timer registers.

The EXF2 bit toggles when Timer 2 overflows or underflows according to the direction of the count. EXF2

does not generate any interrupt in this mode. This bit can be used to provide 17-bit resolution.

6.2.4.2.4 Baud Rate Generator Mode

The baud rate generator mode is selected by setting either the RCLK or TCLK bits in the T2CON register
to 1. In this mode, Timer/Counter 2 is a 16-bit counter with automatic reload when the count rolls over
from FFFFh to 0000h. However, rolling-over does not set the TF2 bit. If EXENZ2 bit is set, a negative
transition of the T2EX pin will set EXF2 bit in T2CON and cause an interrupt request. Timer 2 interrupt

caused by TF2 will be ignored in this mode.

6.2.4.2.5 Programmable Clock-out

In the clock-out mode, Timer 2 operates as a 50% duty cycle, programmable clock generator. TL2
increases by the rate of (System clock frequency) / 2. Timer 2 repeatedly counts to overflow from a
reloaded value. At overflow, the Timer 2 registers, TL2 and TH2, will be reloaded with the 16-bit value in
registers RCAP2L and RCAP2H, which are preset by software. In this mode, Timer 2 overflows do not
generate interrupts as not in the baud rate generator mode. So Timer 2 can be used as a baud rate
generator and a clock generator simultaneously. For this configuration, the baud rates and clock

frequencies are not independent since both functions use the values in the RCAP2H and RCAP2L
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Functional Description

registers. Timer 2 is programmed for the clock-out mode as follows:

Set the T20E bit in the T2MOD register.
Clear the C/T2 bit in the T2CON register.

Determine the 16-bit reload value from the formula and enter it in RCAP2H/RCAP2L registers.

Enter a 16-bit initial value in timer registers TH2/TL2. It can be the same as the reload value or a

different one depending on the application.

To start the timer, set the TR2 run control bit in the T2CON register.

The formula gives the clock-out frequency as a function of the system oscillator frequency and the value

in the RCAP2H and RCAP2L registers:

(Clock-out frequency) = (System clock frequency) / [4 * {65536 - (RCAP2H, RCAP2L)}]

The generated clock signal is brought out to T2 pin (P1.0)

Figure 6-15 and Figure 6-16 illustrate the operating modes supported by Timer/Counter 2.

CONTROL
CIT2=0 1

Qverflow

Capture

Transition
Detection CONTROL
'
O O—4
1

T2EX PIN

EXEN2

Interrupt

[Capture Mode]

(Down Counting Reload Value)

Timer 2
Interrupt

RCAP2L{ RCAP2

(Up Counting ReloadGtalue)
Direction
1=UP
0=Down

T2EXPIN

[Auto Reload Mode (DCEN=1)]

Overflow

Timer 2
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»EXF

[Auto Reload Mode (DCEN=0)]
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Figure 6-15 Timer/Counter 2 in Capture, Auto reload, and Clock-out Mode
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Figure 6-16 Timer/Counter 2 in Baud Rate Generator Mode

T2CON (C8h) : Timer 2 Control Register

Bit No. 7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 CIT2 CP/RL2
RW(0) R/W(O) R/MW(@O) R/MW(@O) RW@O RW0O)  RWO  R/MW(©)
TF2: Timer 2 Overflow Flag
EXF2: Timer 2 External Flag
RCLK: Receive Clock Flag
TCLK:  Transmit Clock Flag
EXEN2: Timer 2 External Enable Flag
TR2: Timer 2 Run Enable
C/T2 : Timer or Counter Selection. If C/T2=0, Timer Operation.
CP/RL2: Capture/Reload Flag.
CKCON (8Eh) : Clock Control Register
Bit No. 7 6 5 4 3 2 1 0
WD2 WD1 WDO TiM TOM T2M - -
RW(1) RMW(1) RMW(1) R/W(@O) RMW0O)  R/W(O)

T2M: Timer 1 Time-base Selection
T2M=1, Time-base 4 clocks not 12 clocks
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T2MOD (C9h) : Timer 2 Mode Register

Bit No. 7 6 5 4 3 2 1 0

- - - - - - T20E DCEN

RIW(O)  R/W(0)

T20E: Timer 2 Clock Output to P1.0
DCEN: Timer 2 Down Counter Enable

TL2 (CCh): Timer 2 Low Byte Register

Bit No. 7 6 5 4 3 2 1 0

TL2.7 TL2.6 TL2.5 TL2.4 TL2.3 TL2.2 TL2.1 TL2.0

R/W(0) RMW(0) RMW0O) RMW0O) RW0O) RW0O) RW0O)  RW0O)

TH2 (CDh) : Timer 2 High Byte Register

Bit No. 7 6 5 4 3 2 1 0

TH2.7 TH2.6 TH2.5 TH2.4 TH2.3 TH2.2 TH2.1 TH2.0

R/W(0) RMW(0) RMW0O) RMW0O) RW0O) RW0O) RW0O)  RW0O)

RCAP2L (CAh) : Timer 2 Capture/Reload Low Byte Register

Bit No. 7 6 5 4 3 2 1 0

RCAP2L.7| RCAP2L.6)| RCAP2L.5 RCAP2L.4 RCAP2L.3 RCAP2L.2] RCAP2L.1] RCAP2L.0

RIWO) R/M(0) RMW@O)  RMW(0O) RMWO) RMW0O) RMW®O  RMWQO)

RCAP2H (CBh) : Timer 2 Capture/Reload High Byte Register

Bit No. 7 6 5 4 3 2 1 0

RCAP2H.7 RCAP2H.6 RCAP2H.§ RCAP2H.4 RCAP2H.3 RCAP2H.2 RCAP2H.1 RCAP2H.Q

RIW(O) R/M(0) RMW(O) RMW(O)  RMW®O) RMW0O) RMWO)  RMWO)

6.2.5 Simplified UART (Universal Asynchronous Rx/Tx)

UART in the MiDAS1.0B family is a full duplex port. It includes additional features such as the Automatic
Address Recognition. The UART port provides both synchronous and asynchronous communication

modes. In the synchronous mode, the MIDAS1.0B family generates the communication clock and
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operates in a half duplex mode. In the asynchronous mode, the UART port operates as a full duplex port.

This means that it can transmit and receive data simultaneously. The transmit buffer and the receive

buffer are both addressed as SBUF SFR. However, writing to SBUF loads the transmit buffer, and

reading SBUF accesses a physically separate receive buffer. The UART port can operate in four different

modes as described below.

Table 6-7 Baudrate Example

Baudrate Timer 1
UART Reload
T1IM=0 T1IM=1 Mode Fors SMOPL ot | Mode | value
(TH1)
Max: 1.5 MHz | Max 1.5 MHz | Mode 0 6 MHz X X X X
Max 375 kHz | Max 375 kHz | Mode 2 6 MHz 1 X X X
31.25 kHz 93.75 KHz 6 MHz 1 0 2 FFh
9.6 kHz 38.8 KHz 5.5296 MHz 1 0 2 FDh
4.8 kHz 14.4 KHz 5.5296 MHz 0 0 2 FDh
2.4 kHz 7.2 KHz 5.5296 MHz 0 0 2 FAh
1.2 kHz 3.6 KHz Mode 1 5.5296 MHz 0 0 2 F4h
0.6 kHz 1.8 KHz &3 5.5296 MHz 0 0 2 E8h
68.75 Hz 206.25 Hz 5.5296 MHz 0 0 2 1Dh
55 Hz 165 Hz 3 MHz 0 0 2 72h
55 Hz 165 Hz 6 MHz 0 0 1 FEEBh
PCON (87h) : Power Control Register
Bit No. 7 6 5 4 3 2 1 0
SMOD1 SMODO - POF GF1 GFO PD IDL
R/W(0)  R/W(0) - RW(1) R/MW() R/W(@O) R/W@O)  R/W(0)
SMOD1 : Timer 1 baudrate double in UART mode 1, 2, and 3
SMODO : Enable SMO access.Don 6t modi fy this bit.

SCON (98h) : Power Control Register
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Functional Description

Bit No. 7 6 5 4 3 2 1 0
SMO SM1 SM2 REN TB8 RB8 TI RI
RW(O) R/W(0O) R/MW(@O) R/W(@O) RW@O) RWO RW(0O)  RW®O)
SMO, SM1 : Serial Port Operating Mode Selection
[0,0] : Mode 0. 8-bit Shift Register (Fsys/4)
[0,1] : Mode 1. 8-bit UART (Variable)
[1,0] : Mode 2. 9-bit UART (Fsys/32 or Fsyg/ls)
[1,1] : Mode 3. 9-bit UART (Variable)
SM2 : Enable the Automatic Address Recognition in Mode 2 and 3.
Cleared after receiving the address.
In Mode 1, the validity of a Stop Bit is checked if SM2=1.
In Mode 0, SM2 should be 0.
REN : Enable/Disable Reception.
TB8 : 9th data bit that will be transmitted in Mode 2 and 3.
RB8 : 9th data bit that was received in Mode 2 and 3.
In Mode 1, RB8 is equal to Stop Bit if SM2=0.
In Mode 0, RB8 is not used.
Tl : Transmission Interrupt Flag. Must be cleared by S/W.
RI : Reception Interrupt Flag. Must be cleared by S/W.
., SBUF (99h) : Serial Data Buffer Register
Bit No. 7 6 5 4 3 2 1 0
SBUF.7 SBUF.6 SBUF.5 SBUF.4 SBUF.3 SBUF.2 SBUF.1 SBUF.0
RW(O0) R/W(@O) RW@O) R/MW(@O) RW(0O RMW@O RWO  R/W(@)

The transmission buffer and the reception buffer are separated.
The transmission/reception buffers have the same address.

6.2.5.1 ModeO

This mode provides synchronous communication with external devices. Serial data enters and exits

through the RxD. TxD outputs the shift clock. This mode, therefore, supports a half duplex mode of serial

communication. 8 bits are transmitted/received: 8 data bits (LSB first). Because the baud rate is fixed at

1/4 of the oscillator frequency, SM2 bit (SCON.5) should be 0 in mode 0.

The UART port sends and receives data through the RxD line. The TxD line outputs the shift clock. The

clock shifts data bits into and out of the devices at the either end of the line. Transmission is initiated by

any instruction that uses SBUF as a destination buffer. The shift clock will be activated and data will be

shifted out to the RxD pin until all 8 bits are transmitted. The data on RxD will appear four clock periods at

the center of the falling edge of TxD pin. This ensures that at the receiving end the data on RxD line can
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either be clocked on the rising edge of the shift clock on TxD.

The TI flag is set high in S1 state following the end of transmission of the last bit. The UART port will
receive data when REN is 1 and RI is zero. The shift clock (TxD) will be activated and the serial port will
latch data at the low state of shift clock. The external device should therefore present data at the rising
edge on the shift clock. This process will be repeated until all the 8 bits have been received. The Rl flag is
set in S1 state following the last rising edge of the shift clock on TxD. This will stop reception and hold

stop state until the Rl is cleared by software.

Internal BUS

TB8
Write to
SBUF E) 'S
A Q SBUF J—AD_, RYXD
A

P3.0ALT

CL
OUTPUT
Zero Detector I FUNCTION
v

» START SHIFT
TX CONTROL  ——
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Interrupt
» RX CLOCK RI RECEIVH_

REN
ar F—————sTARTRXCONTROL g
11111110

YVYYYy A r v

TXD

P3.1ALT
OUTPUT
FUNCTION

—— RXD

P3.0ALT
INPUT
FUNCTION

Input Shift Register
||

Shift

Load SBUF

Internal BUS

Figure 6-17 UART Mode O
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Functional Description

Transmit

S4|Sl S2 S3 s4

S1 s2 s3 54|51 S2 S3 $4|51 S2 S3 54|51 S2 S3 s4

S1 s2 s3 54|31 S2 S3 s4

S1 s2 s3 54|51 S2 S3 $4|51 S2 S3 54|Sl

A LTl Lo r—r_frrefrrerir_rirr

Write to SBUF ]

SEND I
Shift [ N N N N [ N N
RXD (Data Out) DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 Y
TXD (Shift Clock) W
T S2 sS4 —
Receive
wie e
R
Receive |
Shift 1 N N N i 1 M 1
RXD (Data Out) 0 DO 0 D1 0 D2 0 D3 0 D4 0 D5 0 D6 0 D7

TXD (Shift Clock)

Figure 6-18 UART Mode 0 Timing

6.2.5.2 Model

In Mode 1, the UART communicates asynchronously in the full duplex. Ten bits are transmitted (through
TXD), or received (through RXD): a start bit (0), 8 data bits (LSB first), and a stop bit (1). On receiving,
the stop bit goes into RB8 in the SCON. The baud rate can be programmed to be 1/16 or 1/32 of the
Timer 1 overflow or 1/16 of the Timer 2 overflow rate. It varies widely according to the automatic reload
value of Timer 1 or Timer 2.

Transmission is initiated by any instruction that uses SBUF as a destination register. The serial data is
sent to TxD pin at S1 state after the first roll-over of the divide-by-16 counter. The next bit is placed on
TxD pin at S1 state after the next roll-over of the divide-by-16 counter. Thus, the transmission is
synchronized to the divide-by-16 counter, not directly to the fwrite to SBUFOsignal. After transmission of
all 8-bit data, the stop bit is transmitted. The Tl flag is set in the S1 state after the stop bit has been sent
to TxD pin. This will occur at the 10" roll-over of the divide-by-16 counter after a write to SBUF.

Reception is enabled only if REN is fila It is initiated by detecting 1-to-0 transition at RxD. For this
purpose RxD is sampled at a rate of 16 times whatever baud rate established. When a transition is
detected, the divide-by-16 counter is immediately reset. This aligns its roll-overs with the boundaries of
the incoming bit times.

The 16 states of the counter divide each bit time into 16 ths. At the 8”‘, 9”‘, and 10" counter states of each
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bit time, the bit detector samples the value of RXD. The value accepted is the value that was seen in at
least 2 of three samples. This is done for noise rejection. If the value accepted during the first bit time is
not 0, the receive circuits are reset and the unit goes back to looking for another 1-to-0 transition. This is
to provide rejection of false start bits. If the start bit proves valid, it is shifted into the input shift register,

and reception of the rest of the frame will proceed.

After shifting in 8-bit data, there is one more shift to do, after which the SBUF and RB8 are loaded and RI

is set. However certain conditions must be met before the loading and setting of Rl can be done.

1. RImustbe 0and
2. Either SM2 =0, or the received stop bit =1

If these conditions are met and the stop bit goes to RB8, the 8-bit data go into SBUF and RI is set.
Otherwise the received frame may be lost. After the middle of the stop bit, the receiver goes back to

looking for a 1-to-0 transition in RxD.

Internal BUS
Timer 1 Timer 2 TB8
Overflow Overflow Wiite to
SBUF = IS |
w], A Q SBUF
O Y TXD
SMOD -------- cL
Zero Detector I
1
TCLK - -- ,,,,g » START SHlFT DATA
TXCONTROL  ——
o T T uel—rxciock T SENj
RCLK --==--- fi Serial Port
Interrupt %1
v Sample
0 Rxclock Rl QML
Transition » sTART RX CONTROL
Detector 1FFh SHIF

Input Shift Register|
9 bits

Internal BUS

Figure 6-19 UART Mode 1
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Functional Description

Transmit
TX Clock | I I I ] I ] I ] I ] I ] I
Write to SBUF I
— S1
SEND v
Data
Shift I I I I I I I I I
TXD Start bit DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 Ystophbit
Tl
[Receive] /16 Reset
RXcLock __| I Ill I | I | I | I | I ] I
RXD Start bit DO X D1 X D2 X D3 X D4 X D5 X_ D6 X_ D7 Y Stopbit
Bit Detector
s petector W W W W W W W m WM W m

Shift I ] I ] I ] I I I I I

RI ]

Figure 6-20 UART Mode 1 Timing

6.2.5.3 Mode 2

In Mode 2, the UART communicates asynchronously in full-duplex mode. Eleven bits are transmitted
(through TXD), or received (through RXD): start bit (0), 8 data bits (LSB first), a programmable 9™ bit
(TB8) and a stop bit (0). On transmission, the 9" data bit (TB8) can be assigned the value of 0 or 1. On
reception, the 9" data bit goes into RB8 in SCON. The baud rate is programmable to 1/32 or 1/64 of the
system clock frequency, which is determined by the SMOD1 bit (PCON.7). Transmission is initiated by
any instruction that uses SBUF as a destination register. The serial data is sent to TxD at S1 state after
the first roll-over of the divide-by-16 counter. The next bit is placed on TxD at S1 state after the next roll-
over of the divid-by-16 counter. Thus the transmission is synchronized to the divide-by0-16 counter, and
not directly to the write to SBUF signal. After transmission of all 9 bits of data, the stop bit is transmitted.
The Tl flag is set at the S1 state after the stop bit has been put out on TxD. This will occur at the 11" roll-
over of the divide-by-16 counter after a write to SBUF. Reception is enabled only if REN is fiLo . ecdption
is initiated by detecting 1-to-0 transition of RXD. For this purpose RXD is sampled at a rate of 16 times
whatever baud rate has been established. When a 1-to-0 transition of RXD is detected, the divide-by-16
counter is immediately reset. This aligns its roll-overs with the boundaries of the incoming bit times. The

16 states of the counter divide each bit time into 16 ths.
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Internal BUS

Write to
Fors SBUF |

SBUF
TXD
CL
Zero Detector |

SMOD -------- STOP BIT SHIFI' DATA
(SMOD is PCON.7) » START Tx CONTROL -
—{1/i6 —»{TX cLOcK SEND
Serial Port
Interrupt
! Sample D
100 RX e lile s SBUF|—>
Transition * START RX CONTROL
Detector 1FFh  SHIFT

Bit Detector;

Internal BUS

Figure 6-21 UART Mode 2

The 16 states of the counter divide each bit time into 16 ths. At the 8", 9", and 10" counter states of each
bit time, the bit detector samples the value of RXD. The value accepted is the value that was seen in at
least 2 of three samples. This is done for noise rejection. If the value accepted during the first bit time is
not 0, the receive circuits are reset and the unit goes back to looking for another 1-to-0 transition. This is
to provide rejection of false start bits. If the start bit proves valid, it is shifted into the input shift register,
and reception of the rest of the frame will proceed.

After shifting in 9 data bits, there is one more shift to do, after which the SBUF and RB8 are loaded and

Rl is set. However certain conditions must be met before the loading and setting of RI can be done.

1. RImustbe 0and
2. Either SM2=0, or the received stop bit=1

If these conditions are met, then the stop bit goes to RB8, the 8 data bits go into SBUF and RI is set.
Otherwise the received frame may be lost. After the middle of the stop bit, the receiver goes back to

looking for a 1-to-0 transition on the RxD pin.
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Functional Description

Transmit;
TX Clock __| | | | | | | | | | | | | |
Write to SBUF |
SEND
+
Data S1
Shift 1 | I | I | | | |
TXD startbit / D0 X_D1 X D2 X _D3 X _D4a X D5 X D6 X D7 X _TB8 Y Stophbit
Tl
Stop bit Gen. —
[Receive] /16 Reset
RXCLOCK __| [ Hi | | [ | | | | | | | |
RXD |startbit / D0 X_ D1 X _D2 X D3 X D4 X D5 X D6 X D7 X RB8 Y Sstopbit
Bit Detector
s oetector M W WM W W WM W WM W W W
Shift [ i | [ | [ | | | | |
RI

Figure 6-22 UART Mode 2 Timing

6.2.5.4 Mode 3

This mode is the same as Mode 2, except that the baud rate is programmable. Mode 3 may have a
variable baud rate generated from either Timer 1 or 2 depending on the state of TCLK and RCLK. Timer 1
should also be initialized if Mode 1 and 3 are used. In all four modes, transmission is started by any
instruction that uses SBUF as a destination register. Reception is initiated in Mode 0 when RI=0 and
REN=1. This will shift in 8 bits on the RxD pin. Reception is initiated in the other modes by the incoming

start bit if REN=1. The external device will start the communication by transmitting the start bit.
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Figure 6-23 UART Mode 3
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Figure 6-24 UART Mode 3 Timing
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Functional Description

6.2.5.5 Baud Rates

Table 6-8 Summary of Modes in UART

SM1 | SMO | Mode Data Data Format Baud Rate
Size

0 0 0 8 hit 8 data hit 1/4 * System frequency(Fsyd

0 1 1 10 bit | Start bit, 1/32 * Timer 1 overflow (SMOD1=0)
8 data bit, 1/16 * Timer 1 overflow (SMOD1=1)
stop bit 1/16 * Timer 2 overflow rate

1 0 2 11 bit | Start bit, 8 data bit, 1/32 * System frequency (SMOD1=0)
programmable bit, 1/16 * System frequency (SMOD1=1)
stop bit

1 1 3 11 bit | Start bit, 8 data bit, 1/32 * Timer 1 overflow (SMOD1=0)
programmable bit, 1/16 * Timer 1 overflow (SMOD1=1)
stop bit 1/16 * Timer 2 overflow rate

The baud rates in Mode 0 can be determined by the oscillator clock. The baud rates in Mode 1 and 3 can
be determined by the overflow rate of Timer 1 or Timer 2. The baud rates in Mode 2 can be determined

by the system clcok.

6.2.5.6 Automatic Address Recognition

Automatic address recognition makes use of the 9" data bit in Mode 2 and 3. In the MiDAS1.0B family,
the RI flag is set only if the received byte corresponds to the given or broadcast address. This hardware
feature eliminates the software overhead required for checking every received byte, and greatly reduces
the software programmer task.

In the multiprocessor communication, the address byte is distinguished from the data byte by setting its
9" bit to 1. When the master processor wants to transmit data to a slave, first it sends the address byte of
the targeted slave (or slaves). All the slave processors have their SM2 bit set high when waiting for its
address byte. So they will be interrupted only by the reception of their address. By automatic address
recognition feature, only the addressed slave will be interrupted. The address was recognized by
hardware, not software.

The addressed slave clears the SM2 bit and waits for data bytes. If SM2=0, the slave will be interrupted

every time it receive a complete frame of data. The unaddressed slaves will be still waiting for their
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address. If SM2 is 1, Rl is set only if a valid frame is received and the received byte matches the given or
broadcast address.

The master processor can selectively communicate with a group of slaves by using a given address. The
address for each slave is formed with the SADDR and SADEN SFRs. The slave address is 8-bit value
specified in the SADDR. The SADEN is actually a mask byte for the byte value in SADDR. If a bit in
SADEN is 0, the corresponding bit in SADDR is dond care. By only the bits in SADDR whose
corresponding bits in SADEN are 1, the given address is determined. So a user can address many slaves
flexibly without changing the slave address in SADDR.

The following example shows how to address different slaves with a given address.

Slave 1:

SADDR 1010 0100
SADEN 1111 1010
Given 1010 0X0X

Slave 2:

SADDR 1010 0111
SADEN 1111 1001
Given 1010 0XX1

The given addresses for slave 1 and 2 have the different LSB. For slave 1: Dond care for Slave 1, 1 for
Slave 2. Thus to communicate only with slave 1, the master must send 0 for the LSB of address value
(1010 0000). Similarly the bit 1 is 0 for slave 1 and Dond care for slave 2. Hence to communicate only
with slave 2, the master has to transmit 1 for the bit 1 of address value (1010 0011). If the master wishes
to communicate with both slaves simultaneously, then the LSB two bits of address must be set to ®16
The bit 3 position is a don care for both the slaves. So the two different addresses (1010 0001 and 1010
0101) can be selected.

The master can communicate with all the slaves simultaneously with the broadcast address. This address
is formed from the logical OR of the SADDR and SADEN registers with zeros defined as dond care bits.
In most applications, a broadcast address is FFh. In the previous example, the broadcast address is
(1111 111X) for slave 1 and (1111 1111) for slave 2.

The SADDR and SADEN are located at address A9H and B9H, respectively. By reset, these two SFRs
are initialized to O0OH. The given address and broadcast address are set to XXXX XXXX (i.e. all bits are

do rt éare). As a result, the master cannot communicate with the slaves selectively.
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Functional Description

6.2.6 PWMA (Pulse Width Modulator Array)

The MIDAS1.0B family has a two 8-bit PWM Arrays. Each PWM Array has eight PWM modules. Each
PWM module generates one 8-bit PWM waveform. The operation of the PWM Array is controlled by a
control register; PWMxCON (x, which is 0 or 1, denotes each PWM Array).

The PWM counter, or PWMXxCNT, is an 8-bit increment counter. The counter increases until it reaches to
overflow. When PWMEN, or PWMxCON[1], is set to 1, the PWM counter runs. Otherwise the counter
stops. As the counter rolls over from all 1s to all Os, the PWM interrupt flag (PWMOVF) is set to 1.

You can select the clock frequency for the PWM counter by set PWMxCON]6:4]. The clock frequency that
you can select is Fsys/128, Fsys/64, Fsys/32, Fsys/16, Fsys/8, Fsys/4, Fsys/2, or Fsys/1.

MODULEO X P1.0/PWM1.0 MODULEO X P3.0/PWM3.0
MODULE1 X P1.1/PWML.1 MODULE1 X P3.1/PWM3.1
MODULE2 X P1.2/PwWM1.2 MODULE2 X P3.2/PWM3.2
MODULE3 X P1.3/PWML.3 MODULE3 X P3.3/PWM3.3

PWM1 Counter

MODULE4 X P1.4/PWM1.4 MODULE4 X P3.4/PWM3.4

PWMO Counter

MODULES X P1.5/PWML.5 MODULES X P3.5/PWM3.5

MODULEG6 X P1.6/PWM1.6 MODULE6 B P3.6/PWM3.6

gL
(gLl

MODULE7 X P1.7/PWM1.7 MODULE7 X P3.7/PWM3.7

Figure 6-25 Pulse Width Modulation Array

A PWM Array has the following components:

An 8-bit increment PWM counter (PWMXCNT)

Eight 8-bit PWM modules

Eight PWM output pins

An 8-bit PWM Array Control Register (PWMXCNT)

An 8-bit PWM Array Module Output Enable Register (PWMxOEN)
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6.2.6.1 PWMOCON (92h) : PWMA CHO Control Register

Bit No. 7 6 5 4 3 2 1 0
- CPS2 CPSL CPSO - - PWMOVF PWMEN
R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
Symbol Description
CPS2 CPS1 CPSO PWM Array Counter Clock Rate Selection
0 0 0 Fsys/1
0 0 1 Fsys/ 2
0 1 0 Fsys/ 4
0 1 1 Fsvs/ 8
1 0 0 Fovs/ 16
1 0 1 Fovs/ 32
1 1 0 Fsvs/ 64
1 1 1 Fevs/ 128
PWMOVE PWMA counter overflow. Set by hardware and cleared by software. PWMA interrupt
flags.
PWMEN | PWMA counter control  [0] = Stop the PWMA counter.  [1] = Run the PWMA counter.

PWM1CON (A2h): PWMA CH1 Control Register

B

6.2.6.2 The Operation of a PWM module

The 8-bit PWM counter counts the assigned clock pulses. The PWM waveform duty rate is determined by
comparing the PWM counter value with the value of the PWMA CHO Duty Data Register, or PWMXxD.y (Y,
which is 1, 2, é or 8, denotes each PWM module). PWMxOEN.y (The nth bit of PWMA CHx Module
Output Enable Register) controls the PWMx.y output. If the bit is set to 1, the corresponding PWM

waveform is sent out through the PWMx.y output pin. Otherwise, it is not sent out.

The 8-bit PWM module has the following components:

An 8-bit comparator
An 8-bit duty data register (PWMxDy)

B

B
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An 8-bit internal duty data buffer register
A PWM output pin

[PWM Counter]

CPS2,

Overflow
CPS1, CPSO —|—°/ PWMCNT I— PWMOVF PWMA Interrupt

Fsys —]

[PWM Module 0]

N PWMOEN.O

PWM
Pulse I/ £ pwM1.0(P1.0)

Generatior]

PWMDO Buffer

CPU Write Date CPU Read Date

Figure 6-26 Functional block diagram of a PWM module

6.2.6.3 PWM clock frequency

The timing characteristics of PWM output are based on the prescaled Fsys clock frequency. The PWM
counter clock value is determined by the setting of PWMxCON][6:4] (Prescaled Cock Selection for PWM).
6.2.6.4 PWM Output
The PWM output starts from high level and it drops to low level when the 8-bit PWM counter value

matches the PWM duty data register (PWMxDy) value. If the values in the PWMxDy register are not zero,

an overflow of the 8-bit counter causes the PWM output to rise from low level to high level.
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6.2.6.5 PWM Timing Diagram

Clock Count Clock Count Clock Count
000h 100h 200h

Clock Count
300h

Clock Coul

400h

| | | | |
| | | | |
PWM Clock 7 7 7 7
(Fosd1)

I I I I I
PWM Out | | | | |
(PWMxDy = 00h) | Low I I I |
| | | | |
I I I I I
PWM Out ! 1 Clock Cycle | l l :
_> f—
(PWMxDy = 01h) |
I 7 I—| 7 I—| @ I—| @ :
I I I I I
I I I I I
PWM Out
(PWMxDy = 80h) & >
| (50% Duty) | | | I
| | | | |
I I I I I
PWM Out
(PWMxDy = FFh) _,L <iC'°Ck SEs L L L
I I I I I
Figure 6-27 PWM timing diagram
6.2.6.6 PWMOCNT (93h) : PWMA CHO Counter Register
Bit No. 7 6 5 4 3 2 1 0
OE7 OE®6 OE5 OE4 OE3 OE2 OE1 OEO
R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)

Software can change this register value.

PWM1CNT (A2h): PWMA CH1 Counter Register
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6.2.6.7 PWMODO (94h) : PWM CHO Duty Data Module 0 Register

Bit No. 7 6 5 4 3 2 1 0
PWMD.7 | PWMD.6 | PWMD.5 | PWMD.4 | PWMD.3 | PWMD.2 | PWMD.1 | PWMD.0
RIW(O) R/MW(0) RMW(O) RMW(@O) RMWO) RMW(0O) RMWO) R/MW(©)

Each Module contains an internal buffer register for the duty data. A PWM module updates
its internal buffer register with the PWM Duty Data Register value whenever the PWM

counter reaches to overflow. Software can write a value to the Duty Data Register and read

it.

PWMOD1 (95h) :
PWMOD2 (96h) :
PWMOD3 (97h) :
PWMOD4 (9Ch) :
PWMOD5 (9Dh) :
PWMODS (9Eh) :
PWMOD7 (9Fh) :

PWM1DO (A4h) :
PWM1D1 (A5h) :
PWM1D2 (A6h) :
PWM1D3 (A7h) :
PWM1D4 (ACh) :
PWM1D5 (ADh) :
PWM1D6 (AEh) :
PWM1D7 (AFh):

PWMA CHO Duty Data Register of Module 1
PWMA CHO Duty Data Register of Module 2
PWMA CHO Duty Data Register of Module 3
PWMA CHO Duty Data Register of Module 4
PWMA CHO Duty Data Register of Module 5
PWMA CHO Duty Data Register of Module 6
PWMA CHO Duty Data Register of Module 7

PWMA CH1 Duty Data Register of Module 0
PWMA CH1 Duty Data Register of Module 1
PWMA CH1 Duty Data Register of Module 2
PWMA CH1 Duty Data Register of Module 3
PWMA CH1 Duty Data Register of Module 4
PWMA CH1 Duty Data Register of Module 5
PWMA CH1 Duty Data Register of Module 6
PWMA CH1 Duty Data Register of Module 7

6.2.6.8 PWMOOEN (9Bh) : PWMA CHO Module Output Enable Register

Bit No.

7 6 5 4 3 2 1 0
OE7 OE6 OE5 OE4 OE3 OE2 OE1 OEO
RW(O) RMW(@0) RMW(@O) RMW(0O) RMW(0O) RMW(O) RWO)  RW(®O)

OE7 : Module 7 PWM output enable
OE6 : Module 6 PWM output enable
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OES5 : Module 5 PWM output enable
OE4 : Module 4 PWM output enable
OE3 : Module 3 PWM output enable
OEZ2 : Module 2 PWM output enable
OEL1 : Module 1 PWM output enable
OEO : Module 0 PWM output enable

PWM1OEN (ABh): PWMA CH1 Module Output Enable Register

6.2.7 A/D Converter (Analog to Digital Converter)

The 10-bit A/D converter changes analog voltage into 10-bit digital value with successive approximation
logic. The analog voltage is sampled from one of thirty two analog input channels. The analog voltage

must be lower than Vpp and higher than Vss.

The A/D converter consists of the following components:

An analog comparator with successive approximation register

A D/A converter

An A/D Converter Control Register (ADCON)

An ADC Clock and MUX Selection Register (ADCSEL)

Thirty two multiplexed analog data input pins (ADCO0.01 ADC0.7, ADC1.0i ADC1.7, ADC2.0i
ADC2.7, ADC3.0i1 ADC3.7)

Four ADC Channel Enable Bar Register (ADCENBO, ADCENB1, ADCENB2, ADCENB3)

An 10-bit A/D conversion result data buffer register (ADCR[7:0] and ADCONJ1:0])

An analog-to-digital voltage is converted into 10-bit digital value as follows:

Select A/D conversion clock with ADIV[2:0], or ADCSEL[7:5].

Select A/D input channel with ADCS[4:0], or ADCSELJ4:0].

Clear the corresponding bit of Channel Enable Bar Registers (ADCENBO, ADCENB1, ADCENB2,
ADCENBS3) to 0 in order to enable the selected analog input channel.

Set AD_EN bit and AD_REQ bit in ADCON register.

At first, A/D converter logic sets the successive approximation register to 000h. This register will be

updated automatically for every conversion step. The successive approximation block performs 10-bit
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Functional Description

conversions for one input channel at a time. The input of the analog channel is selected by assign the

corresponding value to ADCSEL[4:0].

To start the A/D conversion, set AD_EN bit (ADCON[7]) and AD_REQ bit (ADCONJ6]) to 1. When a
conversion is completed, the end-of-conversion (AD_END and ADCF) bits are automatically set to 1. Also
AD_REQ bit is automatically cleared to 0 by hardware. AD_END bit is ADCON[5]. ADCF (ADCON[4]) is
used for interrupt flag. Conversion result is sent to the ADCR[7:0] and ADCON[1:0] register. Then the A/D

converter enters an idle state.

B

ADCSEL (DFh): ADC Clock and MUX Selection Register

Bit No. 7 6 5 4 3 2 1

ADIV2 ADIV1 ADIVO ADGCs4 ADCS3 ADCS2 ADCS1

ADCSO

RW(0) RMW(0) RMW@O) RMW(@O) RW@O RW@O)  RW(©O)

ADIV[2:0] : ADC clock selection.
[000] : Fsys /2. [001] . FSYS/ 4.
[010] . FSYS / 8 [011] . FSYS / 16
[100] . FSYS / 32 [lOl] . FSYS / 64
[110] : Fsys / 128. [111] : Fsys / 256.
ADCSJ[4:0] : ADC channel selection
[00000] : ADCO0.0 channel selection.
[00001] : ADCO0.1 channel selection.
[00010] : ADCO0.2 channel selection.
[00011] : ADCO0.3 channel selection.
[00100] : ADCO0.4 channel selection.
[00101] : ADCO0.5 channel selection.
[00110] : ADCO0.6 channel selection.
[00111] : ADCO.7 channel selection.
[01000] : ADC1.0 channel selection.
eééeé
[10111] : ADC2.7 channel selection.
[11000] : ADC3.0 channel selection.
eééeé
[11111] : ADC3.7 channel selection.

ADCON (DEh) : ADC Control & ADC Result Low Register: SAR[1:0]

Bit No. 7 6 5 4 3 2 1

R/W(0)

0

AD_EN | AD_REQ| AD_END ADCF - - SAR1

SARO

RIW(O)  R/W(0) R(1) RIW(0) RIW(0)

AD_EN: AD Conversion Enable.

RIW(0)

Page82 of 235




@> CORERIVER

5

5

AD_REQ: AD Conversion Request.
Cleared by H/'W when AD_END goes to 1 from 0.
AD_END: Current ADC Status.

0 = ADC is running now.
User must check the ADCF instead of AD_END.

ADCF

ADC Interrupt Flag.

Must be cleared by S/W.
SAR[1:0]: Low Bits of ADC Result Value. (Total 10 bits)

ADCR (E6h): ADC Result High Register

Bit No.

Bit No.

Bit No.

Bit No.

7 6 5 4 3 2 1 0
SAR9 SARS8 SAR7 SARG SAR5 SAR4 SAR3 SAR2
R/W() R/MW(O) RMW(@O) R/W(@O) RW@O) RMW(0O  RW(@O)  R/W(QO)
ADCENBO (CEh): ADC Channel Enable Bar Register (PO port)
7 6 5 4 3 2 1 0
ADCENBO.]ADCENBO.(ADCENBO0.JADCENBO0.{ADCENBO.JADCENBO.JADCENBO0.JADCENBO.
R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1)
0 = ADCO channel ON / 1 = ADCO channel OFF (Default)
ADCENB1 (CFh): ADC Channel Enable Bar Register (P1 port)
7 6 5 4 3 2 1 0
ADCENB1.]ADCENB1.(ADCENB1.JADCENB1.{JADCENB1.JADCENB1.JADCENB1.JADCENBL1.
RW() RW() RW(@IQ) RW(@I) RW(1) RW(@A) RW(1)  RW(®)
0 = ADCO channel ON / 1 = ADCO channel OFF (Default)
ADCENB2 (D6h): ADC Channel Enable Bar Register (P2 port)
7 6 5 4 3 2 1 0
ADCENB2.]ADCENB2.(ADCENB2.JADCENB2.{ADCENB2.JADCENB2.JADCENB2.JADCENB2.
RW() RW(1) RW(@I1) RW(@I) RW(I) RW(@A) RW(@1)  RW(®)

0 = ADCO channel ON / 1 = ADCO channel OFF (Default)
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Functional Description

ADCENB3 (D7h): ADC Channel Enable Bar Register (PO port)

Bit No. 7 6 5 4 3 2 1 0

ADCENB3.]JADCENBS3.(ADCENB3.JADCENB3./ADCENB3.JADCENB3.JADCENB3.JADCENB3.

RIW(1) RMW(1) RMW() RMW(1) RW(@I) RW(1) RW@I)  RW(®)

0 = ADCO channel ON / 1 = ADCO channel OFF (Default)

Remember to read the conversion result before another conversion starts. Otherwise, the previous result

will be overwritten by the next conversion result.

NOTE: Because the A/D converter does not contain sample-and-hold circuitry, it is important that any
fluctuations in the analog input voltages should be kept in the absolute minimum range during a
conversion procedure. Any change in the input voltage, perhaps due to circuit noise, will invalidate the

result.

The A/D converter input pins are alternately used for digital input in PO ~ P3. For the A/D conversion the

input pins must be configured as analog input.

6.2.7.1 INTERNAL REFERENCE VOLTAGE LEVELS

ADCSEL[4:0] ADCON.7 ADCON.6

ADSEL[7:5] System Clock
- | ADCS0~4 | | ADﬁENl |AD7RE(1 oo l
o
ADIV1 »
v Sttt —>| Clock Divide |
ADC0.0——0"' 0—»| Circuit ADIVO E
(P0.0) - ARG ADCON.5
I .
) ADCENBL )
—0:/0—> Successive _’M
ADC1.0—o” 0—»] Approximation ADCON.4
(P1.0) Register N oes |
nalog
°e Analog Comparator SAR[9:0] ADC Interrupt Flag
ADC2.0—o” s MUX '
(P2.0) D/A Converter |«
e T T { serio2) | sarrol
ADC3.0—o” O—»] AV v ADCR ADCON
#20) Soeer Vs TR [0 | | T LI
L )

Figure 6-28 A/D Converter Block Diagram
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In the A/D converter block diagram (Figure 6-28), the analog input voltage is compared to the reference
voltage. The analog input voltage must be within the range from Vss to VDD.
The resistor tree generates different voltage reference internally for each analog-to-digital conversion step.

The reference voltage level for the first bit conversion is always 1/2 VDD.

6.2.7.2 CONVERSION TIME
The A/D conversion process requires 96 A/D conversion clock cycles.

Setup time: 8 cycles

Conversion time: 10bit x 8 cycles = 80 cycles

B

Hold time: 8 cycles

B

Each conversion time for each system clock frequency is presented in

Table 6-9.
Table 6-9 Example of conversion time vs. clock frequency
System Clock Divide 1 sample
Fapc Taoc(1/F apc) L
(Fperl) (ADIV=0) conversion time
20 MHz @5V Fperi/2 10 MHz 100 ns 9.6 us
10 MHz @5V Fperi/2 5 MHz 200 ns 19.2 us
10 MHz @3V Feeri/2 5 MHz 200 ns 19.2 us
5 MHz @3V Feeri/2 2.5 MHz 400 ns 38.4 us

6.2.7.3 INTERNAL A/D CONVERSION PROCEDURE

The A/D conversion sequences are as follows:

1. Analog input voltage must be in the voltage range between Vss and VDD.

2. To select the enabled low analog input channel, assign the proper value to ADCSEL[4:0].
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Functional Description

Enable a selected analog input channel by clearing the corresponding bit of ADCENHXx[7:0] to 1.
Enable A/D conversion by setting AD_EN to 1.

Start A/D conversion by setting AD_REQ to 1.

When the conversion is completed, AD_END and ADCF will be set to 1.

Check AD_END or ADCEF flag to see if the conversion is finished or not.

The converted digital value is loaded to ADCR[7:0] and ADCON[1:0]. Then, the A/D converter

© N o g & W

goes into the idle state.

9. The A/D conversion result can now be read from the ADCR and ADCON register.

AD_EN } Set by SIW
AD_REQ Set by S/IW ; * Cleared by H/W
: 8F a0
AD_END | + Cleared by H/W ey F Set by H/W
|

I |
vald st e € € €D € € @ € © € © I | >
| | |
| 8Faoc ‘ (8Fapd X 10 bits = 80F xoc © 8Fpe |
) 96F spc g
ADCF 4 Set by H/W
TADC Interrupt
(Check Point)

Figure 6-29 A/D Converter Timing Diagram

6.2.8 I°C Serial I/0

The I°C system uses a serial data line (SDA) and a serial clock line (SCL) for data transfers. All devices
connected to these two signals must have open-drain or open-collector outputs. The logic AND function is

exercised on both lines with external pull-up resistors.

Data is transferred between a Master and a Slave synchronously to SCL on the SDA line on a byte-by-
byte basis. Each data byte is 8 bits long. There is one SCL clock pulse for each data bit with the MSB
being transmitted first. An acknowledge bit follows each transferred byte. Each bit is sampled during the
high period of SCL; therefore, the SDA line may be changed only during the low period of SCL and must
be held stable during the high period of SCL. A transition on the SDA line while SCL is high is interpreted

as a command.
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6.2.8.1 Features of the I°C block

Bidirectional data transfer between masters and slaves

Multimaster bus (no central master)

Arbitration between simultaneously transmitting masters without corruption of serial data on the
bus

Serial clock synchronization can be used as a handshake mechanism to suspend and resume
serial transfer

The I°C bus may be used for test and diagnostic purposes

Two-wire Interface

Master or Slave Operation

Transmitter or Receiver Operation

100Kbps (Min. Fsys = 1MHZ), 400Kbps (Min. Fsys = 4MHz)

7hbits / 10bits (Extended 15bits) Address Mode

Transfer Wait State

Fully Programmable Slave Address

SDA/SCL Schmitt-trigger input

256 Programmable Bit Rates

Wake-up from IDLE mode

Compatible with Phillips 12C protocol

In order to use P4.0 and P4.1 in the I°C slave bus, their output latches must be set to logic 1. Their output

must operate in the open-drain mode. The MiDAS1.0B on-chip I’c logic provides a serial interface that

meets the I°C bus specification and supports all transfer modes (other than the low-speed mode) from

and to the 1°C bus. The I°C logic handles bytes transfer autonomously. It also keeps track of serial

transfers, and the control registers (I2CCON, 12CST) reflect the status of the I°C logic and bus.

6.2.8.2 Special function registers

B

EIE (Alh): Extended Interrupt Enable Register

Bit No. 7 6 5 4 3 2 1 0
ESPI - El2C EWDT EX5 EX4 EX3 Ex2
RIW(0) RIW(O) RM(@0) RMW(@O0) RMW(0O) RMW(O)  R/W(O)
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EI2C: 12C Interrupt Enable

I2CSLA (EBh): I°C Slave Address Register

Bit No.

7

6

5

4

3

2 1 0
SLA7 SLAG SLA5 | SLA4 | SLA3 | SLA2 | SLA1l | SLAO
RIW(0) R/MW(@O) RMW(@O) RMW@O) RMW(0O) RMW(@O) RMW(O)  R/W(©)

SLA[7:0]: I°C Slave Address Register.
In 7-bit address mode and in 10-bit address mode (1% SLA),

12C_SLA[7:1] is used for matching address and 12C_SLA[0] is masked.
In 10-bit address mode (2™ SLA),

12C_SLA[7:0] is used for matching address.

I2CDAT (ECh): I°C Address / Data Register

Bit No.

Bit No.

7 6 5 4 3 2 1 0
MDAT.7 MDAT.6 MDAT.5 MDAT.4 MDAT.3 MDAT.2 MDAT.1 MDAT.O
RW(0O) RMW(©O) RW(0O) RW(0O) RW(O) RW(O) RW0O RW(0)
I2CCFG (E4h): I°C Configuration Register
7 6 5 4 3 2 1 0
- - - - MSSEL | ADSEL | SP_IE GCE
RW(O) RW(O) RMW(@O)  RW(©)

MSSEL: I12C Master/Slave Mode Selection
[0] : Slave mode

ADSEL: 7-bit / 10-bit Address Mode Selection in Slave mode

[0] : 7-bit mode
SP_IE: Start/Stop Interrupt Enable
[0] : Start/Stop Interrupt Disable
GCE: General Call Enable in Slave mode
[1] : Respond to the general call address (0x00)

[1] : Master mode

[1] : 10-bit mode

. 12CSCL (EDh): I°C SCL Clock Scaler Register

Bit No.

7

6

5

[1] : Start/Stop Interrupt Enable

4 3 2 1 0
MSCL.7 | MSCL.6 | MSCL.5 | MSCL.4 | MSCL.3 | MSCL.2 | MSCL.1 | MSCL.0
RW(0) RMW(O0) RMW(O) RMW(0O) RW(@O RMW(O) RW®O)  RW(0O)
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MSCL[7:0]: Frequency scaler of I°C Master
Fizc = Fsys / (4 * (MSCL[7:0] + 2))

I2CCON (E9h): I°C Control Register

Bit No.

7 6 5 4 3 2 1 0

- SLA2ME | SCLHD LASTB PGEN SGEN | I2CIOEN I2CEN

RW(O) RM(1) RMW(@O) RMW(0O) RMWO RMW(@O) RMW(0)

SLA2ME: 2™ Byte Slave Address Match Enable in Slave mode

[0] : 2" Byte SLA Match Disable [1] : 2" SLA Byte Match Enable
SCLHD: Hol d SCL 61l owb6 for Wait State in

[ 0] Hol d SCL 6l owé. The flag i s

[1] : Release SCL o6floaté. The flag

LASTB: Indicate last byte in Master Receiver mode.
[0] : Send Acknowledge after last byte
[1] : Send Not Acknowledge after last byte

In Master Receiver mode, before receiving last byte, the flag must be set.

PGEN: Generate Stop bit.
[0] : Start or Idle state.[1] : Generate Stop bit.
The flag is cleared automatically after Stop bit in Master mode and
when I12CEN is cleared.
SGEN: Generate Start bit
[0] : Stop or Idle state [1] : Generate Start bit
If the bus is not free, it waits for Stop bit condition.
The flag is cleared automatically after Start bit in Master mode
and when I2CEN is cleared.
[2CIOEN: Enable 12C IO

[0] : Disable I12C 10 [1] : Enable I2C IO
[2CEN: Enable 12C module
[0] : Disable I12C module [1] : Enable I12C module

I2CST (E8h): I°C Status Register

Bit No.

7 6 5 4 3 2 1 0
12CIF I2COF | I12CACK | 12CRW | I2CDA 12CP 12CS I2CBF
RIW(O)  R/W(0) R(0) R(0) R(0) R(0) R(0) R(0)

I2CIF: I°C Master Interrupt Flag in slave & master mode.
[0] : Idle [1] : Interrupt occurred.
It is set each time a byte is received or transmitted.
If SP_IE flag in 12C_CFG SFR is set, it is set at Start/Stop condition.
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Functional Description

The flag is set by H/W and cleared by S/W.
I2COF: 12C Overflow Flag in slave & master mode
[0]: Idle [1] : Overflow occurred.
It is set when a byte is received while 12C_BUF SFR is still holding
the previous byte. It is set by H/W and cleared by S/W.
I2CACK: 12C Acknowledge flag in slave & master mode.
[0] : Indicate receiving Acknowledge bit.
[1] : Indicate receiving Not Acknowledge bit.
I2CRW: 12C Read/Write flag in slave mode
[0] : Write state  [1] : Read state
I2CDA: Data / Address flag in slave mode
[0]: Indicates the last byte received or transmitted was Data
[1]: Indicates the last byte received or transmitted was Address
I2CP: Stop flag in slave & master mode
[0]: Indicates Stop bit was not detected.
[1]: Indicates Stop bit was detected.
This flag is cleared when I12CS is set or I2CEN is cleared.
I2CS: Start flag in slave & master mode
[0]: Indicates Start bit was not detected.
[1]: Indicates Start bit was detected.
This flag is cleared when I2CP is set or I2CEN is cleared.
I2CBF: Busy flag in slave & master mode
[0] : RX not complete (Receiver), TX not complete (Transmitter)
[1] : RX complete (Receiver), TX complete (Transmitter)

The CPU interfaces to the I°C logic via the following six special function registers: 12CCON (IZC Control
Register), 12CSLA (I°C Slave Address Register), I2CDAT (I°C Address/Data Register), I2CCFG (I°C
Configuration Register), 12CSCL (IZC SCL Clock Scaler Register), and 12CST (I2C Status Register). The
I°C logic interfaces to the external 1°C bus via four port 0: P4.0/SDA (master or slave serial data line) and

P4.1/SCL (master or slave serial clock line).

The master device generates all of the serial clock pulses and the Start, Restart, and Stop conditions. A
transfer is ended with a Stop condition or with a Restart condition. Since a Restart condition is also the
beginning of the next serial transfer, the 1°C bus will not be released.

6.2.8.3 Mode of Operation

The on-chip I°Cc logic may operate in the following four modes:
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1. Master Transmitter Mode:

Serial data output through P4.0/SDA while P4.1/SCL outputs the serial clock. The first transmitted
byte contains the slave address of the receiving device (7 bits) and the data direction bit. In this case
the data direction bit wild.l be | og 0, andtedbytesay t h
is SLA+W. Serial data is transmitted 8 bits at a time. After each byte is transmitted, an acknowledge
bit is received. Start and Stop conditions are output to indicate the beginning and the end of a serial

transfer.

2. Master Receiver Mode:

After a Start condition or a Restart condition, the first byte transmitted contains the slave address of
the receiving device (7 bits) and the data direction bit. In this case the data direction bit will be log 1,
and we say that a fROoirsttmnsmitted byte im ELtA+Re Serial dath is eeceiveld e  f
via P4.0/SDAO, while P4.1/SCLO outputs the serial clock. Serial data is received 8 bits at a time. After
each byte is received, an acknowledge bit is transmitted. Start, Restart and Stop conditions are

output to indicate the beginning and the end of a serial transfer.

3. Slave Receiver Mode:

Serial data and the serial clock are received through P4.0/SDA and P4.1/SCL. After each byte is
received, an acknowledge bit is transmitted. Start and Stop conditions are recognized as the
beginning and the end of a serial transfer. Address recognition is performed by hardware after

reception of the slave address and direction bit.

4. Slave Transmitter Mode:

After a Start condition or a Restart condition, the first byte is received and handled as a slave.
However, in this mode, the direction bit will indicate that transfer direction is reversed. Serial data is
transmitted via P4.1/SDA while the serial clock is input through P4.1/SCL. Start, Restart, and Stop

conditions are recognized as the beginning and the end of a serial transfer.

The I°C may operate as a master and as a slave. In the slave mode, the I°C hardware looks for its own
address and the general call address. If one of these addresses is detected, an interrupt is requested.

When the microcontroller wishes to become the bus master, the hardware waits until the bus is free
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before the master mode is entered so that a possible slave action is not interrupted. If bus arbitration is
lost in the master mode, the 1°C switches to the slave mode immediately and can detect its own slave

addresses in the same serial transfer.

Foeri: Peripheral Clock

<0,
e

12C_SCL

12C_SLA

SCL_OE

<7

u < N Address Match Detector SDA_OE
— Address matc e
. 12C_SDA
> v I l'\/l\ >
(@]
s| o Clock Fspi |— 8bit Shift Register |« @J
—> = (] > Selection > N
Feeri g . Logic
[ 5
@ > y Y -
L > Upload 12C_DAT Download 12C_DAT
MSSEI
12C 12C_DAT
> Control I\
Logic
Y
12C
Interrupt v
I2C_CFG [2C_ST [2C_CON
g g g )
Internal BUS

Figure 6-30 I°C Block Diagram

6.2.8.4 I°C protocol
Normally, a standard I°C communication consists of four parts:

1) START signal generation
2) Slave address transfer
3) Data transfer

4) WAIT state

5) STOP signal generation
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| ——fr- A —\— g — | —
SDA | | , x x _____ x x \ / \ x x _____ | :
: : Slave holds SCL Slave releases SCL ACK : |
| vy Lo AWV
SCL LS_| 1 2 3~6 7 8 9 1 2 3-8 9 LP_I
1 11 1L 1l I 11 |
SLA R/W  JACK Wait State Data /ACK

6.2.8.4.1 START signal

When the bus is free/idle, meaning no master device is engaging the bus (both SCL and SDA lines are
high), a master can initiate a transfer by sending a START signal. A START signal, usually referred to as
the START bit, is defined as a high-to-low transition of SDA while SCL is high. The START signal denotes
the beginning of a new data transfer. A Repeated START is a START signal without first generating a
STOP signal. The master uses this method to communicate with another slave or the same slave in a
different transfer direction (e.g. from writing to a device to reading from a device) without releasing the

bus.
6.2.8.4.2 Slave Address Transfer

The first byte of data transferred by the master immediately after the START signal is the slave address.
This is a seven-bits calling address followed by R/W bit. The R/W bit informs the slave of the data transfer
direction. No two slaves in the system can have the same address. Only the slave with an address that
matches the one transmitted by the master will respond by returning an acknowledge bit by pulling the
SDA low at the 9" SCL clock cycle.

E 7-bit Address Format
MSb LSb
| S | A7 | A6 | A5 | A4 | A3 | A2 | Al | R/W | /ACK |
Not A0 |

| Slave Address (SLA)

E 10-bit / Extended 15-bit Address Format
MSb LSb
| S |A15|A14|Al3|A12|A11|AlO| A9 |R/\N|/ACK| A7 | A6 | A5 | Ad | A3 | A2 | Al | A0 |/ACK|

Not A8| |
SLA SLA

Note: The core supports 10 bit slave addresses by generating two address transfers.
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Functional Description

The core treats a Slave Address Transfer as any other write action. Store the salve device® address in

the Transmit Register and set the W/R bit. The core will then transfer the slave address on the bus.

6.2.8.4.3 Data Transfer

Once successful slave addressing has been achieved, the data transfer can proceed on a byte-by-byte
basis in the direction specified by the R/W bit sent by the master. Each transferred byte is followed by an
acknowledge bit on the 9" SCL clock cycle. If the slave signals a No Acknowledge, the master can
generate a STOP signal to abort the data transfer or generate a Repeated START signal and start a new

transfer cycle.

If the master, as the receiving device, does not acknowledge the slave, the slave releases the SDA line
for the master to generate a STOP or Repeated START signal. To write data to a slave, store the data to

be transmitted in the I2CDAT register.

E Data Transfer from a Master From Master to Slave | | From Slave to Master
[7-bit Address Mode] [10-bit/ Extended 15 -bit Address Mode]
R/W A R/W A
S| SLA A|Datal| A Data — P S| SLA1 A | SLA2| A| Data | A Dataj— P
©) N IA ©) N IA

E Data Transfer to a Master

[7-bit Address Mode] [10-bit/ Extended 15 -bit Address Mode]

Ll

R R
S| SLA w A |Data] A Data |/A| P S|SLA1 w A | SLA2| A
(1) ) 0)

, A Acknowledge
, /A : Nor Acknowledge RIW
, S:Start » Sr| SLA1 1) A | Data | A Data|/A| P
, Sr: Repeated Start ( 1
, P:Stop

, SLA: Slave Address

6.2.8.4.4 WAIT state

A slave can delay next byte transfer by pulling down the SCL line. Then the master enters the WAIT state.

The state is maintained until the slave release the SCL line. After exiting from the state, the master
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transfers the next byte.

6.2.8.4.5 STOP signal

The master can terminate the communication by generating a STOP signal. A STOP signal, usually

referred to as the P bit, is defined as a low-to-high transition of SDA while SCL is at logical 1.

S/W 1. 3. 51, 7.1, 9 1.
. 1)I2CEN = 1 1) 12C_DAT = SLA + R/W(0) 1) 12C_DAT = DATA1 1) PGEN = 1 if last byte 1) 12CIF = 0
Action 2) SGEN = 1 2) 12CIF = 0 2)12CIF =0 2) 12CIF = 0

F——— T - l
P T N [ [ S—

2. 41 6.1. 8 1.
1) 12CS = 1 if the bus free 1) 12CACK = 0 1) I2CACK = 0 1)12CP =1
2)12CIF = 1 2)12CIF = 1 2)I2CIF = 1 2)I2CIF = 1
(if SP_IE = 1) (if SP_IE = 1)
52, 7.2.
1)I2CIF =0 1)12CIF = 0
2) PGEN = 1

From Slave To Master I — /A |- Fail Sequence : Slave Not ACK

4.2, ¥
H/W 1) I2CACK = 1 1)12cP =1
Action 2)I2CIF =1 2) I2CIF = 1

(ifSP_IE = 1)

Figure 6-31 Software and Hardware Actions of for Master Data Transmission
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Functional Description

L 3. 511 811 11.1_1. 1311
S/W 1) 12CEN = 1 1) I2C_DAT = SLA + R/W(1) 1) LASTB =0 1) Read DATAL | | 1)Read DATA2 | | 1)I2CIF =0
Action 2) SGEN =1 2) I2CIF = 0 2) 12CIF = 0 2)LATSB =1 2) PGEN = 1
3)12CIF =0 3) 12CIF = 0
1 [ |
Success Sequence \_l
4 v v 4 : Multi Bytes v

o e | x| oma & o |]e]

I I — — =1
2. 4.1, 6.1 1. 7.1.1. 9.1.2. 1011, || 1211
1) I2CS = 1 if the bus free 1)T2CACK = 0 1) Send 1)12CIF | | 1) Send 1)I2CTF | | 1)12CP =1
) CF=1 2)12CIF = 1 No ACK =1 No ACK =4 (if SP_IE = 1)
(if SP_IE = 1) (last byte) (last byte)
5.2, 51.2. 812 10.1.2.
1) PGEN = 1 1) LASTB = 1 1) Read DATAL 1) 12CIF = 0
2)12CIF = 0 2) 12CIF = 0 2) PGEN = 1
| 3)12CIF =0
From Slave To Master | > /A |- —_— DATAL I-- Success Sequence
: Single Byte
Fail Sequence
: Slave Not ACK
H/W 4.2. 6.2. 6.1.2. 7.1.2. 9.1.2.
. 1) I2CACK = 1 1)120P =1 1) Send No ACK 1) I2CACK = 1 1I20P =1
Action 2)12CF =1 (if SP_IE = 1) (last byte) 2)TCF =1 (if SP_IE = 1)

Figure 6-32 Software and Hardware Actions of for Master Data Reception

1 3. 7.1 9.1.1. 1211
s/W I2CEN = 1 1)12C_SLA = SLA 1) 12C_DAT = DATAL 1) 12C_DAT = DATA2 1I0F=0
Action 2)2AF =0 2)2CF =0 2)12CIF =0
3) SCLHD = 1 3) SCLHD = 1

— C | e
e i o o ] on | ) 2001
i -t

(- 3 I RN w—
2. 4, 51. 6.1. 8.1.1. 10.1.1. 11.1.1.
1)12c5 = 1 1) I2CRW = 1 1) Send ACK | | 1)T2CIF = 1 1)12CIF = 1 1I2CF=1 1)12cP =1
2)T2CIF = 1 If Address 2) T2CACK = 0 2) I2CACK = 0 (if SP_IE = 1)
(if SP_IE = 1) matched 3)SCLHD = 0 3)SCLHD = 0
4)12C DA =1 4)12C_DA =0

7.2, 9.2, 9.1.2. 11.1.2.

DICF=0 || 1)I2CF=0 1)12CIF =0 1)12C0F = 0

2)SCLHD = 1 2)SCLHD = 1

Hold Hold
From Slave To Master | L /a I I- —>- I- Success Sequence
" | sa scL : Single Byte
Fail Sequence
: Slave Not ACK T H T L‘

5.2, 6.1 2. 8.2. 812 10_1.2.
H/W 1) Send No ACK if | | 1)12CIF =1 1)12cP =1 1ICIF=1 1)I2eP =1
. Address not JRCACK =1 | | )RaF=1 2) 12CACK = 1 2)2CF =1
Action matched 3) SCLHD = 0 (if SP_IE = 1) 3) SCLHD = 0 (If SPIE = 1)
4)12CDA=1 4)12C_DA =0

Figure 6-33 Software and Hardware Actions for Slave Data Transmission
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1. 3. 9.1 1. 11.1.1.
S/W I2CEN = 1 1) 12C_SLA = SLA 1) Read DATA 1) 12CIF = 0
Action 2) I2CIF = 0 2) I2CIF = 0

— 1

s | suirwoy F—— a|  om | Ll ;' Success Sequence
=) Ry —

2. 4. 5.1 6.1, 711 8.1_1. 10_1_1.
1)1es=1 1) I2CRW = 0 1) Send ACK | | 1) I2CIF = 1 1) Send ACK 1ICIF =1 1)ICP =1
2)I2CF =1 If Address 2) I2CACK = 0 If Buffer empty 2) 12CACK = 0 (if SP_IE = 1)
(if SP_IE = 1) matched 3)12CDA=1 3)12CDA=0

7.2, 92, 9.1.2. 11.1.2.

1I2IF=0]| | 1)12CIF=0 DIKF=0]| | 1)12CIF=0

From Master To Slave |
From Slave To Master | Fail Sequence
— /A | P | —> /A | P | : Slave Not ACK for DATA
Fail Sequence
: Slave Not ACK for Address f T t IJ L| f—l
82

5.2. 6.2. 2. 7.1.2. 8.1.2. 10.1.2.
H/W 1) Send No ACK if | | 1)I2CIF = 1 1)12cP=1 1) Send No ACK if | | 1) T2CIF = 1 1)12cP=1
Action Address not 2) I2CACK = 1 2)I2CIF =1 Buffer full 2)12CACK =1| | 2)12CIF =1
matched 3)I2CDA=1 (fSPIE=1) | | 2)I2C0F=1 3)I2C_DA=0| | (ifSP_IE = 1)

Figure 6-34 Software and Hardware Actions for Slave Data Reception

6.2.9 SPI (Serial Peripheral Interface)

6.2.9.1 Overview

The MIDAS1.0B Serial Peripheral Interface (SPI) can interface the serial data transfer. Its 8-bit receiving
buffer register is separated from its 8-bit transmission one. So it can simultaneously transmit and receive
data. However, the receiving buffer shares the address with the transmission one. The interfacing

frequency is determined by the value of the corresponding control register.

The feature of SPI is described as follows:

Full-duplex, Three-wire Synchronous Data Transfer

Master or Slave Operation

B
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Functional Description

LSB First or MSB First Data Transfer
Eight Programmable Bit Rates

Clock Polarity & Phase Selection
Support Write Collision Protection

Wake-up from IDLE mode

6.2.9.2 Special function registers

SPIDR (B6h) : SPI TX/RX Data Register

Bit No. 7 6 5 4 3 2 1 0

DAT7 DAT6 DATS DAT4 DAT3 DAT2 DAT1 DATO

RW(O) RMW(@O0) RW(@O) RWO RW(O RWO RWO  RMW(QO)

SPICON (B4h) : SPI Control Register

Bit No. 7 6 5 4 3 2 1 0

- MODE BORD MSSEL CKPOL CKPHA | SPIOEN SPIEN

RIW(O) RMW(O) RW(O) RW(O) RW(O RW(O  RMW(Q)

MODE: SPI mode selection
[0] : 4-wire mode [1] : 3-wire mode
BORD: SPI Transfer Bit Order

[1] : First LSB, Last MSB [0Q] : First MSB, Last LSB
MSSEL: SPI Master / Slave Selection Flag

[1] : SPI Master Mode [0] : SPI Slave Mode
CKPOL, CKPHA: SPI clock Polarity & Phase

[0,0] : Leading edge Rising, Leading edge Sampling

[0,1] : Leading edge Rising, Trailing edge Sampling

[1,0] : Leading edge Falling, Leading edge Sampling

[1,1] : Leading edge Falling, Trailing edge Sampling
SPIOEN: SPI Output Enable

[1] : SPI Output Enable [0] : SPI Output Disable
SPIEN: SPI Enable Flag

[1] : SPI Enable [0] : SPI Disable

— e — —

SPIST (COh) : SPI Status Register

Bit No. 7 6 5 4 3 2 1 0
- - - TXBV SPIF | SPICOL | SPIOF
R(0) RIW(©O) R/MW(@©)  R/W(0)
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TXBV: TX buffer of SPIDR holds valid data.
[1]: Set by H/W when user writes SPIDR while SPI is enabled.
[0]: Cleared by H/W when the data is moved to TX shift register
or SPI is disabled.
SPIF: SPI Interrupt Flag
[1]: Serial transfer is complete. If SPIE is set and EA is set, SPI
interrupt is generated.
SPICOL: SPI Write Collision Flag
[1]: SPIDR is written when TXBV is set. The previous data is lost.
SPIOF: SPI Read Overflow Flag
[1]: If a new data is received while SPIDR is still holding the previous
data, the flag is set.
SPIF must be cleared before receiving a data again.

SPICK (B5h) : SPI Clock Control Register
Bit No. 7 6 5 4 3 2 1 0

- - - - - SPICRKR SPICKL SPICKO

RIW(O)  R/MW(O)  R/W(0)

SPICK[2:0]: SPI Master Clock Divider

[0,0,0] : Fsys /12 [0,0,l] : Fsys /4
[0,1,0] : Fsys /8 [Ovl,l] : Fsys /16
[1,0,0] . FSYS /32 [1,0,1] . FSYS /64
[1,1,0] : Feys / 128 [1,1,1] : Feys / 256

EIE (Alh) : Extended Interrupt Enable Register

B

Bit No. 7 6 5 4 3 2 1 0
ESPI - El2C EWDT EX5 EX4 EX3 EX2
R/W(0) R/W() R/W(@O)  RMW(@O)  R/W(@O) RMW(O)  R/W(O)
ESPI: SPI Interrupt Enable

6.2.9.3 Block Diagram of SPI
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Feeri © Peripheral Clock

SCK
Internal BUS
Write SPID M
— :{}——» MISO
0 f L V L ﬁ<
8 [— Clock Fspi | |  8bit Shift Register Qe
Foeri *5 > > Selection ™ | (SPI Write Data Buffer)
< > Logic
Q.
) 4
Y < T Load smoR—ﬂ ;'I>——> MOSI
— MSSEL
ckroll | SPI Read Data Buffer |
CKPHA
— | MSSE SPIOE
= ‘:T:LI |
Control
Logic

spI SPIF ﬂ
Interrupt ESE SPI Register |
H %ﬂead SPIDR

Internal BUS

6.2.9.4 SPI Operation

Master Slave

MOSI MOSI

A 4

MISO MISO|

A

8 BIT SHIFT REGISTER

A
A

— 8 BIT SHIFT REGISTER
AN

7y 7y
SCK SCK
CLOCK GENERATOR > >
ISS ISS
GPIO > > » Slave Enable

Figure 6-35 SPI Master-Slave Interconnection

Using the SPI interface, 8-bit data can be sending and receiving data simultaneously with an external
device. A serial clock line synchronizes shifting and sampling of the information on the two serial data
lines. When SPI is the master, transmission frequency can be controlled by assigning the appropriate

value to the SPICK register. The baud rate is adjustable by modifying the transmission frequency. When
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SPl is a slave, an external master supplies the transmission clock. When software sends byte data to the

SPIDR register, SPI transmit and receive operation will start simultaneously.

Table 6-10 SPI Pin Description

Pin Description Direction, Master Direction, Slave
MOSI Master Output Slave Input User Defined Input
MISO Master Input Slave Output Input User Defined
SCK SPI  Clock User Defined Input
/SS Slave Select Bar User Defined Input

6.2.9.5 SPI Mode

Table 6-11 SPI Mode

SPI Control Bits Leading Sampling
Mode CKPOL CKPHA Edge Edge
0 0 0 Rising Leading
1 0 1 Rising Trailing
2 1 0 Falling Leading
3 1 1 Falling Trailing

The MIDAS1.0B family supports 4 SPlI modes to communicate the data. As shown in Table 6-11, the
communication mode is determined by CKPOL and CKPHA bits in the SPICON register. The SPI module
selects the leading edge between rising and falling edges with the CKPOL bit. It uses the CKPHA bit in

order to select the sampling edge between leading and trailing edges.

., SPI Mode 0: CKPOL =0, CKPHA = 0.

The leading and the trailing edges are the rising and falling edges, respectively. The leading

edge is used for sampling.
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Functional Description

ScK
MOSI (Master) / MIS O (Slave) Nt X 2Xs3XaXs XX 77X/

MI SO (Master) / MOS | (Slave) T T T T T T T Tsampling
ss [

SPI Mode 1: CKPOL = 0, CKPHA = 1.
The leading and the trailing edges are the rising and falling edges, respectively. The trailing

edge is used for sampling.

SCK
MOSI (Master) / MIS O (Slave) \l X 2 X 3 X 4 X 5 X 6 X 7 X 8 /

MI SO (Master) / MOS | (Slave) sampling T T T T T T T T
ss\ /[

SPI Mode 2: CKPOL =1, CKPHA = 0.
The leading and the trailing edges are the falling and rising edges, respectively. The leading

edge is used for sampling.

ScK
MOSI (Master) / MIS O (Slave) N1 X 2X3X aXsXsX7X8/

MI SO (Master) / MOS | (Slave) T T T T T T T Tsampling
ss\ [

SPI Mode 3: CKPOL =1, CKPHA = 1.
The leading and the trailing edges are the falling and rising edges, respectively. The trailing

edge is used for sampling.

SCK
MOSI (Master)/ MIS O (Slave) N1 X 2X3XaXs XX 7 X5/

MI SO (Master) / MOS | (Slave) sampling T T T T T T T T
ss\ [
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6.2.10 Interrupt

The MIDAS1.0B family has 14 interrupt sources with four priority levels. Each interrupt source has
individual priority bits, a flag, an interrupt vector and an enable bit. All interrupts can be globally enabled
or disabled.

IE (A8h) : Interrupt Enable Register

Bit No. 7 6 5 4 3 2 1 0

EA EADC ET2 ES ET1 EX1 ETO EXO0

RW(O) RMW(@O) RW(O) RWO RW(O RW(O) RW(O)  RMW(QO)

EA: Global interrupt enable low.
EADC: ADC interrupt enable low.
ET2: Timer 2 interrupt enable low.
ES: Serial port interrupt enable low.
ET1: Timer 1 interrupt enable low.
EX1: External interrupt 1 enable low.
ETO: TimerO interrupt enable low.
EXO: External interrupt O enable low.

IPH (B7h) : Interrupt Priority Register

B

Bit No. 7 6 5 4 3 2 1 0

- PDAGCH PT2H P3H PTIH PXH PTOH PXMH

RIW(O) R/MW(@O) R/MW(0) RMW(0O) RMW(O) RMW®O)  R/W(0)

PADCH: ADC interrupt priority high.
PT2H: Timer 2 interrupt priority high.
PSH:  Serial port interrupt priority high.
PT1H: Timer 1 interrupt priority high.
PX1H: External interrupt 1 priority high.
PTOH: Timer O interrupt priority high.
PXOH: External interrupt O priority high.

IP (B8h) : Interrupt Priority Register

Bit No. 7 6 5 4 3 2 1 0

- PDAC PT2 PS PT1 PX1 PTO PX0

RIW(O) R/MW(@O) R/MW(@O) RMW(0O) RMWO) RMW®O)  R/W(0)

PADC: ADC interrupt priority.
PT2: Timer 2 interrupt priority.
PS:  Serial port interrupt priority.
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PT1: Timer 1 interrupt priority.
PX1: External interrupt 1 priority.
PTO: Timer O interrupt priority.
PXO0: External interrupt O priority.

., EXIF (91h) : External Interrupt Flag Register

Bit No. 7 6 5 4 3 2 1 0

IES IE4 IE3 IE2 XTIRG RGMD RGSL BGS

RIW(O) R/MW(O) RMW(©O) RMW(@O) R/W(QO) R(1) RIW(O)  R/W(1)

IE5: External interrupt 5 flag. Cleared by software
IE4: External interrupt 4 flag. Cleared by software
IES3: External interrupt 3 flag. Cleared by software
IE2: External interrupt 2 flag. Cleared by software.

EIE (Alh) : Extended Interrupt Enable Register

B

Bit No. 7 6 5 4 3 2 1 0
ESPI - EI2C EWDT EX5 EX4 EX3 EX2
R/W(0) RIW(O) RMW(@O) RW(O) RW@O RWO  RW(O)

ESPI: SPI interrupt enable

EI2C: 12C interrupt enable.

EWDT: Watchdog interrupt enable.
EX5: External 5 interrupt enable.
EX4: External 4 interrupt enable.
EX3: External 3 interrupt enable.
EX2: External 2 interrupt enable.

., EIP(B1h): Extended Interrupt Priority Register

Bit No. 7 6 5 4 3 2 1 0
PSPI - PI2C PWDT PX5 PX4 PX3 PX2
RIW(0) RIW(QO) R/MW(O) RMW(@O) RMW(@O) RMW(O)  RMW(®)

PSPI: SPI interrupt priority bit.

PI12C: 12C interrupt priority bit.

PWDT: Watchdog timer interrupt priority bit.
PX5: External interrupt 5 priority bit.

PX4: External interrupt 4 priority bit.

PX3: External interrupt 3 priority bit.

PX2: External interrupt 2 priority bit.
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TCON (88h) : Timer/Conter Control Register

Bit No.

7

6 5 4 3 2

1

0

TF1

TR1 TFO TRO IE1 IT1

IEO

ITO

R/W(0)

RIW(O) R/MW(O) R/MW(O) RMW(O)  R/MW(QO)

IE1: External Interrupt 1 Flag.

IT1: External Interrupt 1 Type Select Flag.
Edge Detect (IT1=1). Level Detect (IT1=0).

IEO: External Interrupt O Flag.

ITO: External Interrupt O Type Select Flag.
Edge Detect (ITO=1). Level Detect (IT0=0).

IT (B2h) : External Interrupt TypeSelection Register

Bit No.

7

6 5 4 3 2

RIW(0)

1

RIW(0)

- ITS IT4

IT3

IT2

RIW()  RW(1)

ITS: Interrupt5 Type Selection Flag

[0] :

Level detect [1] : Edge detect

IT4 : Interrupt4 Type Selection Flag

[0]:

Level detect [1] : Edge detect

IT3 : Interrupt3 Type Selection Flag

[0]:

Level detect [1] : Edge detect

IT2 : Interrupt2 Type Selection Flag

(0]

Level detect [1] : Edge detect

ITSEL (BAh) : External Interrupt Polarity Selection Register

Bit No.

7

6 5 4 3 2

RIW(1)

1

RIW(1)

0

- ITSSEL ITASEL IT3SEL IT2SEL

ITISEL

ITOSEL

ITSSEL:

IT4SEL:

IT3SEL:

IT2SEL:

RIW(O) RMW(1) RMW(0O)  RW()

External Interrupt 5 triggering polarity
0 = low level or falling edge triggered: Default
1 = high level or rising edge triggered
External Interrupt 4 triggering polarity
0 = low level or falling edge triggered
1 = high level or rising edge triggered: Default
External Interrupt 3 triggering polarity
0 = low level or falling edge triggered: Default
1 = high level or rising edge triggered
External Interrupt 2 triggering polarity
0 = low level or falling edge triggered

RIW(0)

RIW(0)
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Functional Description

1 = high level or rising edge triggered: Default
ITISEL: External Interrupt 1 triggering polarity

0 = low level or falling edge triggered: Default

1 = high level or rising edge triggered
ITOSEL: External Interrupt O triggering polarity:

0 = low level or falling edge triggered: Default

1 = high level or rising edge triggered.

WDCON (D8h) : Watchdog & Power Status Register

Bit No. 7 6 5 4 3 2 1 0

WDMOD POR EPFI PFI WDIF WTRF EWT RWT

RIW(O) RMW() R/MW@O)  RMW() RMWO) RMW(0O) RMW0O)  R/W®O)

EPFI: Power-fail interrupt enable.
PFI : Power-fail interrupt flag.
WDIF: Watchdog interrupt flag

6.2.10.1 Interrupt Sources

The six external interrupts INTO, INT1, INT2, INT3, INT4 and INT5 can be either edge or level triggered,
depending on bits ITO, IT1, IT2, IT3, IT4, and IT5 in the TCON and IT registers. The ITx bit must be set
for edge triggering and cleared for level triggering. The triggering edge or level is selected by the value of
the ITXSEL bit in the ITSEL register. When ITXSEL = 0, the INTX interrupt is triggered by falling edge or
low level. Otherwise, it is triggered by rising edge or high level. The bits IEO, IE1, IE2, IE3, |IE4, and IE5 in
the TCON and the EXIF registers are the interrupt flags. The external interrupt input is sampled in every
machine cycle. If the sampling result is high in one cycle and low in the next, a high to low transition is
detected and the interrupt request flag IEx in TCON or EXIF is set. Similarly, a low-to-high transition on
the positive interrupt inputs is detected and the interrupt request flag is set. Since the external interrupt
inputs are sampled every machine cycle, they have to be held high or low for at least one complete
machine cycle. The IEx in TCON is cleared automatically when the service routine is called. But, IEx in
EXIF must be cleared by software. For a level triggered interrupt, the interrupt input has to be kept low till
the interrupt is serviced. The flag bits, IEO, IEL, IE2, IE3, IE4, and IE5, are not cleared by the hardware for
the level triggered interrupt when the interrupt is serviced. If the interrupt input continues to be maintained
even after the service routine is completed, the processor may acknowledge another interrupt request
from the same source. The individual interrupt flag corresponding to external interrupt 2, 3, 4, and 5 must

be cleared manually by software.
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0 Flag Bits
NTx —oXo |T$ELx IEx —
1
/]

Figure 6-36 External Interrupt

The TFO and TF1 flags generate the Timer 0 and 1 interrupts. These flags are set by the overflow in the
Timer 0 and 1. The TFO and TF1 flags are cleared automatically by the hardware when the timer interrupt
is serviced.

The Watchdog timer can be used as a system monitor or a simple timer. In either case, when the time-out
is reached, the Watchdog timer interrupt flag WDIF (WDCON.3) is set. If the enable bit EIE.4 enables the
interrupt, it will occur.

The UART can generate interrupts on reception or transmission. There are two interrupt sources from the
UART, which are obtained by the RI and TI bits in the SCON. This bit is not cleared automatically by the
hardware, and software has to clear these bits.

ADCF flag and AD_END flag are set to 1 when A/D conversion is finished. Then the A/D conversion
interrupt will be generated if it is enabled. The ADCF flag must be cleared by software in A/D conversion
interrupt routine.

PFI flag is set when Vpp drops below the LVD interrupt level. The flag generates LVD interrupt if EPFI is
set to 1. This interrupt is not disabled by EA that is a global interrupt enable bit.

Each individual interrupt can be enabled or disabled by setting or clearing a bit in the IE register. IE also

has a global enable/disable bit EA that can be cleared to disable all interrupts.

[Interrupt Vector Generation Flow]

= Individual| Global . .
Interrupt
Interrupt o |INterrupt || Enable | Enable ! Priority { | Polling & L > Ventor
Sources ® | Flag bits bits bits bits Vector
) Generatior]
—> PXOH
[ e ] [ Exo Il Ea ] PX0 [ 00o3h |

Figure 6-37 Interrupt Vector Generation Flow
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Functional Description

6.2.10.2 Priority Level Structure

Table 6-12 Priority Structure of Interrupts

Hierarchy Sources Vector Address Priority Level
LVD 0033h NMI

1 /INTO 0003h 4 levels
2 TFO 000Bh 4 levels
3 /INT1 0013h 4 levels
4 TF1 001Bh 4 levels
5 RI+TI 0023h 4 levels
6 TF2 002Bh 4 levels
7 ADC 003Bh 4 levels
8 INT2 0043h 2 levels
9 /INT3 004Bh 2 levels
10 INT4 0053h 2 levels
11 /INT5 005Bh 2 levels
12 wWDT 0063h 2 levels
13 12C 006Bh 2 levels

Reserved 0073h 2 levels
14 SPI 007Bh 2 levels

There are four priority levels for the interrupts. A low-priority interrupt can be interrupted by a high-priority
interrupt, but not by another low-priority interrupt. A high-priority interrupt can@ be interrupted by any other
interrupt source. There exists a pre-defined hierarchy amongst the interrupts themselves. This hierarchy
is needed when the interrupt controller has to resolve simultaneous requests having the same priority
level. This hierarchy is defined as shown below; the interrupts are numbered starting from the highest

priority to the lowest.

The interrupt flags are sampled at every machine cycle. In the same machine cycle, the sampled
interrupts are polled and their priority is resolved. If certain conditions are met, the hardware will execute
an internally generated LCALL instruction that will vector the process to the appropriate interrupt vector
address. The conditions for generating the LCALL are

1. Neither an equal priority nor a higher priority interrupt is currently being serviced.

2. The current polling cycle is the last machine cycle of the currently executed instruction.

Pagel08 of 235



) CORER

INTO

Timer/Counter 0

INT1

Timer/Counter 1

RI

UARTO

Tl

Timer/Counter 2

ADC

INT2

INT3

INT4

INTS

1
oo [Pl
1
resened —————[ [ ot
1
1
o ————— [Tl plea oo
SO — s

If any of these conditions are not satisfied, the LCALL will not be generated. The polling cycle is repeated
every machine cycle, with the interrupts sampled in the same machine cycle. If an interrupt flag is active
but all of the above conditions are not satisfied, the interrupt is not serviced. Note that if its flag is not still

active until all above conditions are satisfied, the interrupt will not be serviced. This means that active

IE2

IE3

IE4

[1=3)

Interrupt Enable Bits

EX4 10—
1
1
1

EWDT| ol o—

The instruction in progress is neither RETI nor any write to IP, IE, EIP, EIE, or EXIF.

Low Priority

Highest Interrupt
High Low e Dviocin,
P P High Priorit Lowest
riority  Priority g Yy
—| PXOH| PX0 limm >
I 00
—| PTOH| PTO !im-m —
_|_|_|iul_’
PX1H| PX1 01— J
_|_|_|im_n—’ N
PTIH| PTL | 10 >
— >
PSH| Ps | 01— J 5
—> @
PT2H| PT2 01 ~ =]
I D0 =
[N °
PADCH PADC 01 ~ Interrupt
I no o)
- =} \ector
1 =
—| =1
PX2 2 »
1 (7]
PX3 — a I @
Q
- 3
———»
PX4 3
1 — @

Figure 6-38 Hierarchy of Interrupt Priority

interrupt flags are not remembered; every polling cycle is new.

The processor responds to a valid interrupt by executing an LCALL instruction to call the appropriate
service routine. This may or may not clear the flag that caused the interrupt. In case of timer interrupts,
the TFO or TF1 flags are cleared by hardware whenever the processor vectors to the appropriate timer
service routine. In case of external interrupts, INTO and INT1, the flags are cleared only if they are edge
triggered. In case of UART interrupts, the flags are not cleared by hardware. In the case of Timer O
interrupt, the flags are not cleared by hardware. Watchdog timer interrupt flag WDIF have to be cleared
by software. The hardware LCALL behaves exactly like the software LCALL instruction. This instruction

saves the Program Counter value onto the stack, but does not save the PSW. The interrupt vector

address is loaded into the Program Counter by the instruction LCALL.
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Functional Description

Execution proceeds from the vector address to an RETI instruction. RETI instruction informs the
processor that this interrupt routine ends. Then the instruction pops the top two bytes from the stack and
reloads the value of the two bytes into the Program Counter. The interrupted program continues to be
executed from where it left off. Note that a simple RET instruction would also have returned execution to
the interrupted program, but it would have left the interrupt control system thinking that the service routine

was still in progress.

6.2.10.3 Interrupt Response Time

The response time for each interrupt source depends on several factors, such as the feature of the
interrupt and the executed instruction. The external interrupt inputs, INTO to INT5, are sampled at S3
state of every machine cycle. After that, their interrupt flags IEx will be set. The Timer 0 and 1 overflow
flags are set at S3 state of the machine cycle in which overflow has occurred. These flag values are
polled in the next machine cycle. If a request is active and all three conditions are satisfied, the LCALL
instruction generated by hardware is executed. This LCALL takes four machine cycles to be completed.
Thus there is a minimum of five complete machine cycles between activation of an external interrupt
request and the beginning of execution of the service
A response time will be extended if any of the three conditions are not satisfied. If a higher or equal
priority level is already in progress, the additional wait time obviously depends on the nature of the
currently executed service routine. If the polling cycle is not in the last machine cycle of the instruction in
progress, then an additional delay is introduced. The maximum response time (if no other interrupt is in
service) occurs if the MiDAS1.0B family is performing any write to IE, IP, EIE, EIP, or EXIF and then
executes a 4-machine cycle instruction. From the time an interrupt source is activated, the longest
reaction time is 11 machine cycles. This includes 1 machine cycle to detect the interrupt, 2 machine
cycles to complete the IE, IP, EIE, EIP, or EXIF access, 4 machine cycles to complete the instruction and
4 machine cycles to complete the hardware LCALL to the interrupt vector location.

Thus in a single-interrupt system, the interrupt response time will always be more than 5 machine cycles
and not more than 11 machine cycles. The maximum latency of 11 machine cycles is 44 clock cycles.
Note that in the standard 80C52, the maximum latency is 8 machine cycles that equals 96 clock cycles.

This is more than 50% reduction in terms of clock periods.
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6.2.11 Reset Circuit

The MIDAS1.0B family has three reset sources. Reset initializes most register bits to their reset values
but some flag bits to the state that depends on the reset source. The flags are used to recognize the
cause of reset. Three reset sources of the MiDAS1.0B family are shown in Figure 6-28: Power on/fail

reset, External reset, and Watchdog reset.

POR _,_|_

Voo = |vp LVD RESET

/T \ A N Generation

A\ 4

_|—|__|_|_

External RESET
RESE Generation :Z)—» Internal RESET

| | (Min. 24 Clocks Period)

WTRF |
A
WDT JL| Delay WDT RESET

Clock 27 bits Counter 512 Clocks| | Generation L

T EWT
Initialize

Figure 6-39 Three Reset Resources

6.2.11.1 Power On/Fail Reset

The MIDAS1.0B family has a band-gap voltage reference to recognize that Vpp falls below Vgsr. When
power is turned on, its internal circuit detects the rise of Vpp above Vgsr, the reset threshold (1.6V)
voltage. Once Vpp is above this voltage, its oscillator starts oscillation. Then its internal reset circuit waits
for 5000 clock cycles until the supply voltage is stabilized. Next, MIDAS1.0B will exit the reset state. No
external components are needed to generate a power-on-reset signal. During power-down or during a
severe power glitch, if Vpp falls below Vgsr, it will also set Power-On-Reset flag to high. The reset state is
maintained as long as the power voltage remains below the threshold. This will occur automatically,

needing no action from the user or from the software.

6.2.11.2 External Reset

Asynchronous external reset signal comes in through the RESETB pin. The signal is sampled during

state S4 of every machine cycle. It must be maintained for at least 6 machine cycles (24 clocks) to start
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Functional Description

an external reset. The reset circuit generates the synchronous internal reset signal. Thus the reset
procedure operates synchronously with the system clock.

Once the device enters reset state, the state will remain so as long as the external reset input is high.
Even after the external input fall to the low state, the device is maintained in reset state for three machine
cycles, and then executes program from the 0000h address. No flag bit is associated with the external
reset. However, the two flag bits are assigned for the other two reset sources. So the external reset can

be recognized as the default reset if the two flags are cleared to 0.

6.2.11.3 Watchdog Timer Reset

The Watchdog timer is a free running timer with programmable time-out intervals. Software can clear the
watchdog timer at any time in order to restart the timer. When the time-out interval is reached, an interrupt
flag is set. After 512 clock cycles, the reset flag will be set. If the Watchdog timer reset is enabled, the

Watchdog timer will generate a reset. Then, the device will begin execution from 0000h.

6.2.12 Clock Circuits

The MIDAS1.0B family contains two internal ring oscillators:
1) 24 MHz Ring oscillator,
2) 32 KHz Ring oscillator,

The 32 KHz Ring oscillator can supply clock signal only for the Watchdog timer. The MiDAS1.0B family
also supports the other clock source:

3) External crystal oscillator.

The 24 MHz Ring oscillator and the external crystal oscillator are available for CPU, Watchdog timer, and
the other peripherals. The MIDAS1.0B family divides the 24 MHz ring oscillator signal into lower
frequency signal and uses the signal as the system clock. After Power-on reset, the device selects 4MHz
frequency signal initially. When using a ring oscillator, it exits rapidly from the power down mode. It also
contains the on-chip oscillator circuit, or a single stage linear inverter. The linear inverter generates the
crystal-controlled, positive reactance oscillator signal. Software can turn off its crystal or external oscillator
by writing 1 to the XTOFF bit in PMR. After the crystal oscillator is stabilized, XTUP in the STATUS

register will be set to 1.
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PCON (87h) : Power Control Register

Bit No. 7 6 5 4 3 2 1 0
SMOD1 | SMODO - POF GF1 GFO PD IDL
RIW(0)  R/W(0) - RIW(1) RMW(O) RMW(@O) RMW(O)  R/W(0)

PD : Power-down (Stop) mode enable.
IDL: IDLE Mode Enable.

EXIF (91h) : External Interrupt Flag Register

Bit No. 7 6 5 4 3 2 1 0

IE5 IE4 IE3 IE2 XTIRG RGMD RGSL BGS

RW(O) RMW(@O)  RW(O) RW(O  RW(O) R(1) RIW(O)  RW(1)

XT/RG: System clock selection.
0 = Internal Ring oscillator is selected as system clock.
1 = External clock is selected as system clock.
RGMD: Ring mode. Now system clock is Ring or XTAL.
Generally RGMD is the invert of XT/RG.
RGSL: Ring select bit when power-down wake-up.
1 = When wake-up from power-down mode in XTAL
clock, use Ring oscillator as system clock during 65,536 XTAL clocks.
BGS: Band-gap select. (Default = 1)
0 = Band-gap block (LVD) will do not run in power-down
mode, but function during normal mode.
It will support the significant power savings in power-down mode.
1 = Band-gap block (LVD) will run in power-down mode.

PMR (C4h): Power Management Control Register

Bit No. 7 6 5 4 3 2 1 0

- - - - XTOFF | ALEOFF - -

RIW(1)  R/W(0)
XTOFF: Internal amplifier disable for external crystal oscillator.
1 = External crystal will be killed.
0 = External crystal will run (Default).
Donét set XTOFF bit to 1 when XT/RG
STATUS (C5h): Crystal Status Register

Bit No. 7 6 5 4 3 2 1 0

- - - XTUP - - - -

R(0)

Pagell3 of 235



’ Y
CO R E Functional Description

B

XTUP: Crystal oscillator warm-up status. (External crystal oscillator)
It represents the crystal clock is stable (1) or not (0).
Cleared by H/W when Power-on reset and all kinds of reset.
Cleared by H/W when XTOFF bit is set.
Cleared by during Power-down wake-up when XT/RG (EXIF.3) = 1.
Set by H/W after XTAL stabilization time.

OSCICN (C6h): Internal Ring Oscillator Control Register

Bit No. 7 6 5 4 3 2 1 0

- - DIV2 RINGON DIVl DIVO

- RW(1) RMW() RMW(O)  R/W(©)
RINGON: 1 = Internal ring Oscillator is running.
0 = Internal ring Oscillator is killed.
Dondét clear RINGON bit when XTRG

OSCICN2 (C7h): Test Internal Ring Oscillator Control Register

Bit No. 7 6 5 4 3 2 1 0

- - - - - RINGON2 - -

- R/W(1)
RINGON2 : 1 = Test Internal ring Oscillator is running.
0 = Test Internal ring Oscillator is killed.
Must clear this flag for saving power at STOP mode

CKSEL (86h): Clock Selection Register

Bit No. 7 6 5 4 3 2 1 0
- - - R32KOE | R32MOE - RGTR | R32KEN
- RIW(O)  R/W(0) RIW(L)  R/MW(1)

R32KOE: RING 32K port output enable (P0.3)
R32MOE: RING 24M port output enable (P0.2)
RGPR: WODT clock selection
0 = RING 32K is selected as WDT clock.
1 = divided clock of RING 24M is selected as WDT clock.
R32KEN: RING 32K clock enable flag.
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Table 6-13 Control Flag Values for System Clock Selection

Control Flag
System Clock
XTRG XTOFF RINGON RGSL
Crystal Oscillator 1 0 X X
Ring Oscillator 0 X 1 X
Crystal Oscillator
(while exiting from stop mode) 1 0 X 0
Ring Oscillator
(while exiting from stop mode) 0 X 1 1

Table 6-14 Clock Status Bits

Status Bits
System Clock
RGMD XTUP
Crystal Oscillator 0 1
Ring Oscillator 1 0/1
Crystal Oscillator
(while exiting from stop mode) 0 0
Ring Oscillator
(while exiting from stop mode) 1 0

The MIDAS1.0B family can select the Watchdog Timer clock among the three clock sources by setting

the control flags as shown in Table 6-15.

Table 6-15 Control Flag Values for Watchdog Timer Clock Selection

Control Flags
Watchdog Clock
RGPR XTRG
32 KHz Ring Oscillator 0 X
Crystal Oscillator 1 1
Divided frequency signal
1 0
(obtained from Ring Oscillator)
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Functional Description

RING32K_ON RGPR
RING32K_ON |

Internal RCLK32 WDT

0 Clock
32K Fosc (Internal 32kHz)
XTRG [ 1

RGCLK

0 Peripheral
| Fsvs

RCLK / i): ‘/\ Clock
—t 1 »

CPU

= P
L

RING24M_ON py ———— PDI IDL
Internal

24M Fosc (Internal 24MHz)

o
WDT_ON
—( R — =
Clock Stabl
XTUP| Counter
N

N\ XCLK
XTAL J

Fosc (External)

XTAL_O

Figure 6-40 Clock Circuit

6.2.12.1 Internal Ring Oscillator Calibration

For precise frequency operation of the internal ring oscillator, calibration data can be used. The
calibration data have been saved at the 0x103F address. To use the calibration mode of the ring oscillator,
it needs to be copied to the RINGCON SFR. Then, the ring oscillator will generate the calibrated 24 MHz

frequency by default. To change the value of the OSICN SFR makes the oscillator generate the different

frequency.

[Example Code: Copying the calibration data to the RINGCON SFR ]
i) Assembly

MOV DPTR, #0x103F

CLR A
MOVC A, @A+DPTR
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MOV  RINGCON, A

ii) C

unsigned char code ringcon_cal_at_0x103F;
void main (void) {
RINGCON = ringcon_cal;

é ..

., RINGCON (8Fh): Ring Control Configuration Register

Bit No. 7 6 5 4 3 2 1 0

S7 S6 S5 S4 S3 S2 S1 SO

RIW(O) RMW(1) RMW() RMW() RMW(@O) RW0O RW1) RMW(Q)

., OSCICN (C6h): Internal Ring Oscillator Control Register

Bit No. 7 6 5 4 3 2 1 0

- - - - DIV2 RINGON DIV1 DIVO

- R/W(1) R/W(1) R/W(0) R/W(0)
RINGON: 1 = Internal ring Oscillator is running.

0 = Internal ring Oscillator is killed.

Dondt c | QNebit whenl XN = 0.
DIV[2:0]: Ring Oscillator divider. (Fosc : 24MHZz)

[0,0,0] = Fosc/48 [0,0,1] = Fosc/24
[0,1,0] = Fosc/lz [0,1,1] = Foscls
[1,0,0] = Fosc/G [1,0,1] = Fosc/4
[1,1,0] = Fosclz

6.2.13 Power Management

The MIDAS1.0B family has two power saving methods (POWER DOWN mode and IDLE mode) that

reduce the power consumption of the device.

6.2.13.1 IDLE Mode
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Functional Description

Setting the IDL bit (PCON.0) to 1 puts the MIiDAS1.0B family into the idle mode. In the idle mode, the
internal clock signal is gated off to the CPU, but not to the interrupt and peripherals such as Timers, the
Watchdog timer, and serial port blocks. The CPU status is preserved in its entirety; the Program counter,
the Stack Pointer, the Program Status Word, the Accumulator and the other registers maintain their data
during the idle mode. The port pins hold the logical states they had at the time when the IDLE state had

started.

CPU

Ly
e VT

On-chip AMP \ o~

® » Peripheral
A
(Interrupt / Timer / UART /

ADC / PWM / WDT / PORT)
_ro |

XTAL1

Figure 6-41 Power Management Circuit

There are two ways to terminate the idle mode. Activation of an interrupt will clear the IDL bit by hardware,
terminating the idle mode. The MIDAS1.0B family will serve the interrupt and return to the original

program. Then it will execute the instruction next to the one that put it into the idle mode.

The idle mode can be also terminated by all kinds of resets. The device can be reset by applying a high
on the external RST pin, a Power-On-Reset condition or a Watchdog timer time-out. The external reset
pin has to hold high for at least six machine cycles i.e. 24 clock periods to activate the reset. By the reset,
the program counter is cleared to 0000h and all the SFRs are set to the default value. Since the system
clock has been running, the MiDAS1.0B family restarts immediately without delay. In the IDLE mode, the
Watchdog timer operates. So a time-out will be able to cause a watchdog timer interrupt or reset. After

the MiDAS1.0B family exits from the idle mode by a reset, the execution restarts from address 0000h.

6.2.13.2 Power Down Mode

An instruction that sets the PD bit (PCON.1) to 1 causes the MiDAS1.0B family to enter the Power Down

mode. In this mode, all the clock circuits are stopped. With the clock frozen, all functions are stopped, but
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the on-chip data memory and SFRs hold their data. However, if EA(IE.7) = 1 and EWDT(EIE.4)=1, or if
EWT(WDCON.1)=1, either a crystal oscillator or the internal ring oscillator operates in the power down

mode. As a result, only the watchdog timer works and power consumption increases a little.

The MIDAS1.0B family can exit the Power Down mode with a hardware reset or all external interrupts. To
wake it from the Power Down mode by an external interrupt, the interrupt has to be enabled (EA = 1, IEx

= 1) and configured as level-sensitive (ITx = 0).

If EA(IE.7) = 1 and EWDT(EIE.4)=1, it can exit the Power Down mode with a watchdog reset. If
EWT(WDCON.1)=1, it can be awakened by a watchdog interrupt. Reset initializes all the SFRs but does
not change the on-chip data memory. An interrupt allows both the SFRs and the on-chip data memory to

hold their value.

If the MIDAS1.0B family uses the crystal oscillator or the external oscillator for the system clock, the
crystal stabilization time is needed. So, t he

65,536¢locks. After 65,536 clocks, system clock will be running normally and interrupt logic will start the
external interrupt. Then the device will execute the interrupt service routine for the corresponding external
interrupt. If the internal ring oscillator is used as the system clock, it will execute the external interrupt
service routine immediately. The MIDAS1.0B family will serve the interrupt and return to the original

program. Then it will execute the instruction next to the one that put it into the power down mode.

An external reset can be used to exit the Power Down state. The high on RST pin terminates the Power
Down mode, and restarts the system clock. At that time, the crystal oscillator or the external oscillator
needed clock stabilization time. The program execution will restart from 0000H.

6.2.14 Programming

The MIDAS1.0B family contains the 8 Kbyte on-chip Flash memory. The on-chip Flash memory occupies

the address space from 0x0000H through Ox1FFFH. The highest 1 Kbytes of the Flash can be also used
for EEPROM. A program code can be debugged by GENICE.

6.2.14.1 In-System Programming (ISP)
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Functional Description

The program code array (Flash 0xO000H ~ Ox1FFFh) and the user data array (EEPROM 0OxOCOOH ~
OxOFFFH) can be programmed using the serial ISP interface through the EJTAG port in a target system.
The EJTAG Port consists of the power supply pins and the serial ISP interface pins: the power supply

pins (Vpp, Vss) and the serial ISP interface pins (MDS_SCL, MDS_SDA, RESET).

E Code memory (8KBytes) can be programmed using EJTAG in target system.

V FLASH  :0x0000 ~ Ox1FFF (8,192 Bytes) 5P Pin Confiouration O

E EEPROM (1KBytes) can be programmed using EJTAG in target system.

V EEPROM :0x1C00 ~ Ox1FFF (1,024 Bytes) Voo (+3.3V or +5V)
. Vss (GND)
E Debugging using GENICE MDS_SCL
E MDS_SDA (RESET) pin connection for ISP MDS_SDA (RESET)

V Case 1 : Not connection

V Case 2 : Pulkdown using resistor > 500KW [ISP Pin Configuration 1]

E MDS_SCL pin connection for ISP > 10KW
V Case 1: Not connection Vpp (+3.3V or +5V)
V Case 2 : Pulkup using resistor > 10KW Vss (GND)

MDS_SCL
MDS_SDA (RESET)

>500KW

GenlCEll

Equipment

User ds

PC

MDS Bridge

E GenlCE52Il System is supports both of debugger and ROM Downloader
E Refer to http://www.coreriver.com A SupportA Supporting Tools A 1.Brief System Manual

Target System

Figure 6-42 Programming and Debugging by GENICE-II
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Table 6-16 ISP command

Command Function

Blank X Check the blank status of the device currently connected.

Performs an er as ememdryi both cotletaed dataee vi c e 6 s

A Code: Flash

Erase Chip A Userdata: EEPROM

A Information data: Lock bits, RING option, PGM/ERS time (ISP)

The device memory will be blank and in a programmable state.

Reads in the devicebfs memory
Read code /

The results fromt he read are | oaded into the | SP
EEPROM

screen.
Write code / | , Writes all memory | ocations in the | SP sof
EEPROM

Compares the | SP soft wainternabmefdryer wi th the

| f the buffers are found to be exact repl

Verify Chip returned.

If there are any differences, a failure result is returned along with the total number of

mismatched bytes.

6.2.14.2 In-Application Programming (IAP)

The MIDAS1.0B family can store operation status/data in the EEPROM (user data memory) or update
program code in the Flash (code memory). The code memory (8KB) can be programmed or erased
during the execution of the program code. So can the user data memory (1 K Bytes) . This i-s

Application Programming (I AP). O

IAP can program code/data memory by the byte but erase them by the byte. So IAP moves one sector
data to the on-chip external data memory in order to erase only one byte. Then it updates the moved data
and erases the target sector. Then, the updated data are moved to the erased sector again. IAP needs

about 3 ms to program one byte.
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The IAP programming routine is located at the OXFF3EH address; the IAP erasing routine at the OXFF29H.

Before executing the IAP routine, the EAEN flag in the EEAEN register must to be set to 1. After

executing an IAP routine, the value of PSW SFR can be changed. Any interrupt service routine will not

be executed timely since the CPU is suspended for tens of milliseconds during executing the IAP routine.

B

EEAEN(FFh): IAP Routine Access Enable Register

Bit No. 7 6 5 4 3 2 1 0

- - - - - - - EAEN

R/W(0)
EAEN : IAP Routine Access Enable

EECNTLD(F1h): EEPROM Erase/Program Time Count Loading Register

Bit No. 7 6 5 4 3 2 1 0

EECNTLD| - - - - - - -

R/W(0)

EECNTLD: EEPROM Erase/Program Time Count Loading
Set by software, and cleared by hardware automatically.

ACC/A(EOh): Accumulator

Bit No. 7 6 5 4 3 2 1 0

ACC.7 ACC.6 ACC.5 ACC.4 ACC.3 ACC.2 ACC.1 ACC.0

RW(O) R/W(0) RW(@O) RW(0O) RW@O) RWO  RW(0O)  RW®O)
B (FOh): B Register

Bit No. 7 6 5 4 3 2 1 0

B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.O

R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
EECNTM(F3H): EEPROM Erase/Program Time Count MSB

Bit No. 7 6 5 4 3 2 1 0

EECNT15 | EECNT14 | EECNT13 | EECNTI12 | EECNT.1 | EECNT.D | EECNT9 | EECNT8

R/W(0) R/W(@O) R/MW(@O) R/W(@O) RMW(0O RMW(0O) RW(0O  R/W(@)
EECNTL(F2H): EEPROM Erase/Program Time Count LSB

Bit No. 7 6 5 4 3 2 1 0
| EECNT7 | EECNT6 | EECNT5 | EECNT4 | EECNT.3| EECNT.2 | EECNT.1| EECNT.0
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RIW(O) R/MW(O)  R/MW(O) RMW(O)  R/W(0)

The IAP sequences are as follows:

o o M wbh P

At first, back up the special function registers.
IAP parameters must be set:

Set the EAEN flag to 1.

Call the IAP routine.

Clear the EAEN flag to O.

Restore the special function registers.

RIW(0)

RIW(0)

RIW(0)
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7 Absolute Maximum Ratings

ltems

Conditions

Ranges

Voltage on any pin relative to

'05 V tO (VDD+05V)

Ground
Voltage in Vpp relative to Ground - -0.5V to 6.5V
Output Voltage - -0.5 Vto (Vppt0.5V)
) One I/O pin active -25mA
Output Current High
All I/O pin active -100mA
One /O pin active +30mA
Output Current Low
All I/O pin active +150mA
Storage Temperature - -65 to 150

Soldering Temperature

Peak 260 , 10 seconds
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8 DC Characteristics

(To=-40 C ~ +85 C, Vpp=2.2V ~ 5.5V unless otherwise specified)

Value
Parameter | Symbol Pin Conditions Unit
Min. | Typ. Max.
RESETB ,P0, P1, P2, 0.2Vpp
Input Low Vi -0.5 -
P3, P4 Vpp =2.2V ~ 5.5V -0.1 \Y
Voltage
Viig | XTALL, XTAL2 -0.5 - 0.3Vpp
RESETB ,P0O, P1, P2, 0.2Vpp
Input ngh V|H - VDD+0-5
P3, P4 Vpp = 2.2V ~ 5.5V +1.0 \Y,
Voltage
Vi1 [ XTALL, XTAL2 0.7Vpp - Vppt0.5

XTAL1, XTAL2, RESET, EA
IOL =20mA @VDD=5V 0.3V
Outout Lo VoL | PO[7:2], P1[7:0], P2[7:0], ) ) . Vv
Hipdt bow (loL = 3MA @Vpp=2.2V) eo

Voltage P3[7:0]
Vour | PO[1:0], P4[3:0] I, =4mA @V =5V - - 03V, | v
Vop | RESET I, = 3.5UA @V, =5V 03V | v

XTAL1, XTAL2, RESET, EA

loy = -15MA @V, =5V

Vou | PO[7:2], P1[7:0], P2[7:0], 0.7V, | - . Vv
(I,= -2MA @V, =2.2V)

Output High P3[7:0]

Voltage Von1 | PO[1:0], P4[3:0] I, = -4mA @V =5V 0.7V | - - \Y/
loue= ~40UA @V, =5V
Vowe | ALL pin ( Pulkup) 0.7V, v
(I gyp= -15UA @V, =2.2V)
Input Leakage All pins except XTAL1,

|||_ V|N = VlH or V||_ - - 1 UA

Current XTAL2

Pin
Co | Al Vpp = 5V - 10 - pF
Capacitance
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9 AC Characteristics

T,=-40 C ~ +85 C unless otherwise specified)

Value
Parameter Symbol Pin Conditions - Unit
Min. Typ. Max.
= ° 0, -
Operating F Internal Ring Oscillator Voo=5V* 10% L 6 MHz
SYS
Frequency XTAL1,XTAL2 Vop=3V° 10% 1 i 6
= ° 0, - -
RESETB Input . RESET Vor=5V*10% 24 -

. RST SYS

Width Voo=3V° 10% 24 - .

External Vop=5V°10% 4 - -
Interrupt tint External Interrupt Fsvs

Input Width Vpp=3V°10% 4 - -

P trsT N
0.8Vpp a - 0.8Vpp
RESET
tinT o
/N
0.8Vpp 0.8Vpp
External ; S
Interrupt Pin 02¥oo—NT___ 7 02
tnt
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Value
Parameter Symbol Conditions Unit
Min. Typ. Max.
Supply Voltage Vbpaoc - 1.6 - 5.5 V
Input Voltage VinADC - Vss - Vbp V
Resolution RESpc - - 10 - Bit
Operating Vpp = 4.5V ~ 5.5V 10
Faoc - - MHz
Frequency Vpp=24V~3.3V 5
Conversion
tapc - - 96 / Fapc - sec
Time
Overall VDD =5V, FADC: 10MHz
OAxpc - 2 4 LSB
ACCUraCy VDD = 3V, FADC: 5MHz
Integral VDD =5V, FADC: 10MHz
INLapc - 2 4 LSB
Nonlinearity Vpp = 3V, Fapc= 5MHz
Differential Vpp = 5V, Fapc= 10MHz
DNLapc - 0.5 1 LSB
Nonlinearity Vpp = 3V, Fapc= 5MHz
Zero Input Vpp = 5V, Fapc = 10MHz
ZIEapc - 2 4 LSB
Error Vpp =3V, Fapc= 5MHz
VDD = 5V, FADC= 10MHz
Full Scale Error FSEpc - 2 4 LSB
VDD = 3V, FADC: 5MHz
Analog Input
) Ginabc - - 10 15 pF
Capacitance
Vop = 5V, Fapc = 10MHz - 1 2 mA
Active
ADC Vop = 3V, Fapc= 5MHz - 0.3 0.6 mA
I anc
Current | Power-
Vpp = 5V - - 100 nA

down

Pagel28 of 235




@> CORERIVER

11 Package Dimension

Hp

A

D

00000000

34

[iN

[AAfnannn

i
=

IR

33

IO

22

Seating Plane

A - - 0.091 - - 2.30
A 0.002 0.004 0.006 0.05 0.10 0.15
A, 0.079 0.083 0.087 2.00 2.10 2.20
b 0.011 - 0.015 0.29 - 0.37
D 0.386 0.394 0.402 9.80 10.00 10.20
E 0.386 0.394 0.402 9.80 10.00 10.20
e 0.031 0.80 BSC

Hp 0.535 0.543 0.551 13.60 13.80 14.00
He 0.535 0.543 0.551 13.60 13.80 14.00
L - 0.075BSC - - 1.90BSC -
L, 0.033 0.039 0.045 0.85 1.00 1.15
a 0" - 8" 0" - 8"

Notes:

1. Dimension D * E do not include interlead flash.
2. Controlling dimension: Inches
3. General appearance spec. should be based on final visual inspection spec.

Figure 11-1 44-PQFP Package
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10

A Exposed PAD

Note
TOP VIEW

DETAIL A

- Seating Plane

Ag

SIDE VIEW

BOTTOM VIEW

L—

N\

el | R | e
S,

0.00 ~ 0.05 N, R
S~ -

DETAIL A

A 0.80 0.85 0.90
A 0.00 0.02 0.05
A 0.20 REF

D 4.90 5.00 5.10
E 4.90 5.00 5.10
D, 3.40 3.50 3.60
E, 3.40 3.50 3.60
b 0.17 0.20 0.25
e 0.40 REF

L 0.30 0.40 0.50
K 0.35 REF

Notes:

1. All Dimension are in mm. Angles in Degrees.

2. Pin 1 visual index feature may vary, but must be
located within the hatched area.

4. Package is saw singulated.

5. Refer JEDEC MG220.

6. BSC : Basic Dimension. Theoretically exact value
shown without tolerances.
REF : Reference Dimension, Usually without tolerance,
for information purpose only.

Figure 11-2 40-QFN Package
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A
A 4

o

Exposed PAD

i Pin#1 1D |

—
EOINIEV BOTTOM VIEW -
DETAIL A /—-\\
a7 A 7Y
A / . 0.20 REF.
+ ‘ A | Terminal

A SeatingPlane T\ AN /' y Thickness

'3 " :
A,
SIDE VIEW : o.oo~o.05T Mo 7
DETAIL A

Dimension in mm
Symbol :

Min. Nom. Max.
A 0.80 0.85 0.90
A; 0.00 0.01 0.05
As 0.20 REF
D 5.00 BSC
E 5.00 BSC
D, 2.60 2.70 2.80
E, 2.60 2.70 2.80
b 0.18 0.23 0.30
e 0.50 BSC
L 0.30 0.40 0.50
k 0.20 - -
P 0.24 0.42 0.60

Notes:
1. All Dimension are in mm. Angles in Degrees.
2. Dimension b applies to Plated Terminal & is measured.

3. BSC : Basic Dimension. Theoretically exact value shown without tolerances.
REF : Reference Dimension, Usually without tolerance, for information purpose only

Figure 11-3 32-MLF Package
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A Exposed PAD

- — E E2 -
v
2
1 X k
: Note L
TOP VIEW BOTTOM VIEW
DETAIL A ,’/‘—- \.\‘
Y 0.203 (50.008A ‘ 7////// \ 1 0.203 +0.058/ -0.008
A A 4 + / l Terminal Thickness
, NN v
N N R Seating Plane 0.00 - 0.05 T N — . ya
SIDE VIEW '
DETAIL A
Dimension in mm
Srae Min. Nom. Max.
A 0.70 0.75 0.80
A 0.00 0.02 0.05
A, 0.20 REF
D 3.90 4.00 4.10
E 3.90 4.00 4.10
D, 2.80 REF
E, 2.80 REF
b 015 | 020 | 025
e 0.40 REF
L 0.25 0.35 0.45
K 0.20 0.25 0.30
Notes:

1. All Dimension are in mm. Angles in Degrees.
2. Pin 1 visual index feature may vary, but must be
located within the hatched area.
4. Package is sawsingulated.
5. Refer JEDEC M@220.
6. BSC:Basic Dimension. Theoretically exact value
shown without tolerances.
REF:Reference Dimension, Usually without tolerance,
for information purpose only .

Figure 11-4 32-QFN Package

Pagel32 of 235



> CORERIVER

_—
3
w]

HAAAAAAR

o]

Seating Plane

Symbol Dimension in Inches Dimension in mm

Min. Nom. Max. Min. Nom. Max.
A - - 0.063 - - 1.60
A, 0.002 - 0.006 0.05 - 0.15
A 0.053 - 0.057 1.35 - 1.45
b 0.012 0.015 0.018 0.30 0.38 0.45
D 0.272 0.276 0.280 6.90 7.00 7.10
E 0.272 0.276 0.280 6.90 7.00 7.10
e 0.0315 BSC 0.80 BSC
Hp 0.344 0.354 0.364 8.75 9.00 9.25
He 0.344 0.354 0.364 8.75 9.00 9.25
L - 0.039 - - 1.00 -
L, 0.018 - 0.029 0.45 - 0.75
a 0" - 7" 0" - 7"
C 0" - - 0" - -

Notes:
1. Dimension D * E do not include interlead flash.
2. Dimension b ; dose not include dambar protrusion/intrusion.
3. Controlling dimension: Inches
4. General appearance spec. should be based on final visual inspection spec.

Figure 11-5 32-LQFP Package
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T
[S]

_..”l“.. T
R
Seating Plane e fAl
Dimension in Inches Dimension in mm
Symbol - -
Min. Nom. Max. Min. Nom. Max.
A 0.093 0.099 0.104 2.35 2.45 2.65
Aq 0.004 0.008 0.012 0.10 0.20 0.30
b 0.014 0.016 0.019 0.35 0.42 0.49
D - 0.65 - - 16.51 -
E 0.291 0.295 0.299 7.40 7.50 7.60
Hp 0.697 0.705 0.713 17.70 17.90 18.10
He 0.404 0.411 0.419 10.26 10.45 10.65
L 0.057 0.058 0.060 1.43 1.48 1.53
Ly 0.034 0.038 0.042 0.86 0.96 1.07
a O H _ 8 H O n _ 8 n
e 0.050 BSC 1.27 BSC
0020 | 0025 | 0.030 050 | o062 | 0.75

Notes:
1. Dimension D Max. & S include mold flash or tie bar Burns.
2. Dimension E; dose not include interlead flash.
3. Dimension D & E ; include mold mismatch and are determined
at the mold parting line.
4. Dimension B, does not include dambar protrusion/intrusion.
5. General appearance spec. should be based on final visual inspection spec.

Figure 11-6 28-SOIC Package
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12 Product Numbering System

GC X X X XXX X X -

General Core
MCU Series

Core Type

8 =8 bits
16 =16 bits
32 =32 bits

ROM Type
0= ROMless
1 = Mask ROM
7 = EPROM

8 = EEPROM
9 = FLASH

=T
Operating Voltage

Cc

L

= Common
(2.7V ~ 5.5V)

= Low Voltage
1.2V ~ 2.7V)

=

ROM Size

320 = ROMless
500 = 2KB

501 = 1KB

510 = 4KB

520 = 8KB

521 = 8KB

54X = 16KB
58X = 32KB
59X = 64KB

=

Version

Application

= General
=ADC

= Battery
=LCD

= USB

= Printer

dI—lﬂ'l'UC'_UJ)O

= Edu./Toy
= Telecom
= Home Application

X XX XXX X X

Figure 12-1 Product Numbering System

P =Pb -Free
Temperature
C =-20°C~85°C
| = -40°C~85°C
E =-40°C~ 125 °C
=
Package Pins
=
Package Type
P =PDIP TS =TSSOP ML =MLF
SP =SPDIP LQ =LQFP WL =WLCSP
PL =PLCC MQ = MQFP W = Wafer Biz.
SO =S0IC TQ =TQFP C =ChipBiz.
SS =SSOP CO =COB
=
Custom ROM Code
(Option)
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13 Appendix A: Instruction Set

Table 13-1 Note on instruction set and addressing modes

Notation Description

Rn Register RO-R7 of the currently selected Register Bank.

direct 8bit internal data | ocat i on dlscatiand@ 122 srsa.SFRI
(128-255).

@RI 8-hit IRAM location (0-255) addressed indirectly through register RO or R1.

#data 8-bit constant included in instruction

#datal6 16-bit constant included in instruction

addrl6 16-bit destination address. Used by LCALL & LIMP. A branch can be anywhere within
the 64Kbyte Program Memory address space.

Addrll 11-bit destination address. Used by ACALL & AJMP. The branch will be within the same
2Kbyte page of program memory as the first byte of the following instructi on.

rel Signed (twods -bitoffsepbyte.meed by) SIMP and all conditional jumps.
Range isi 128 to +127 bytes relative to first byte of the following instruction.

bit Direct addressed bit in IRAM or SFR.
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ACALL addril

Function:

Description:

Example:

Bytes:

Cycles:

Encoding:

Operation:

Absolute Call

ACALL unconditionally calls a subroutine located at the indicated address.
The instruction increments the PC twice to obtain the address of the following
instruction, then pushes the 16-bit result onto the stack (low-order byte first)
and increments the Stack Pointer twice. The destination address is obtained
by successively concatenating the five high-order bits of the incremented PC,
opcode bits 7-5, and the second byte of the instruction. The called subroutine
must therefore start within the same 2K block of the program memory as the
first byte of the instruction following ACALL. No flags are affected.

Initially SP equals O07h. The | abel
0345h. After executing the instruction,

ACALL SUBRTN

at location 0123h, SP will contain 09h, internal RAM locations 08h and 09h
will contain 25h and 01h, respectively, and the PC will contain 0345h.

2

3

alda9aB81 |0 0 0 1 afababad4 | a3a2alal

ACALL

(PC) « (PC)+2

(SP) « (SP) +1

((SP)) « (PC.,)

(SP) « (SP) +1

((SP)) « (PCis.s)
(PC10.0) « page address
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ADD

A, <src-byte>
Function:  ADD
Description: ADD adds the byte variable indicated to the Accumulator, leaving the result
in the Accumulator. The carry and auxiliary-carry flags are set, respectively,
if there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding
unsigned integers, the carry flag indicates an overflow occurred.
OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit
7 but not bit 6; otherwise OV is cleared. When adding signed integers, OV
indicates a negative number produced as the sum of two positive operands,
or a positive sum from two negative operands.
Four source operand addressing modes are allowed: register, direct,
register-indirect, or immediate.
Example:  The Accumulator holds 0C3h (11000011b) and register O holds OAAh
(10101010b). The instruction,
ADD A, RO
will leave 6Dh (01101101b) in the Accumulator with the AC flag cleared and
both the carry flag and OV set to 1.
ADD A, Rn
Bytes: 1
Cycles: 1
Encoding: O 01 0|21 r r r
Operation: ADD
(A) « (A) +(Rn)
ADD A, direct
Bytes: 2
Cycles: 2
Encoding: 0 01 0|0 101 direct address
Operation:  ADD

(A) « (A) + (direct)
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ADD A, @RI

Bytes:
Cycles:
Encoding:

Operation:

ADD A, #data

Bytes:
Cycles:
Encoding:

Operation:

0 01 0

0O 1 1 i

ADD

(A) « (A) + ((Ri)

0 01 0

0 1 0O

immediate data

ADD

(A) « (A) + #data
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ADDC A, <src-byte>

Function:

Description:

Example:

ADDC A, Rn
Bytes:
Cycles:
Encoding:

Operation:

ADDC A, direct
Bytes:

Cycles:
Encoding:

Operation:

Add with Carry

ADDC simultaneously adds the byte variable indicated, the carry flag and the
Accumulator contents, leaving the result in the Accumulator. The carry and
auxiliaryi carry flags are set, respectively, if there is a carry-out from bit 7 or bit
3, and cleared otherwise. When adding unsigned integers, the carry flag
indicates an overflow occurred.

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7
but not out of bit 6; otherwise OV is cleared. When adding signed integers, OV
indicates a negative number produced as the sum of two positive operands or a
positive sum from two negative operands.

Four source operand addressing modes are allowed: register, direct, register-
indirect, or immediate.

The Accumulator holds OC3h (11000011b) and register 0 holds O0AAh
(10101010b) with the carry flag set. The instruction,

ADDC A, RO

will leave 6Eh (01101110b) in the Accumulator with AC cleared and both the
carry flag and OV set to 1.

0O 01 11 r r

ADDC
(A) « (A) +(C) + (Rn)

2

2

0 01 1210101 direct address
ADDC

(A) « (A)+(C) + (Rn)
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ADDC A, @R
Bytes:

Cycles:
Encoding:

Operation:

ADDC A, #data

Bytes:
Cycles:
Encoding:

Operation:

0 011

0 1 1 i

ADDC

(A) « (A) +(C) + ((Ri)

0 01 1

0 1 0O

immediate data

ADDC

(A) « (A) + (C) + #data
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AJMP  addrll

Function:

Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

Absolute Jump

AJMP transfers program execution to the indicated address, which is formed at
run-time by concatenating the high-order five bits of the PC (after incrementing
the PC twice), opcode bits 7-5, and the second byte of the instruction. The
destination must therefore be within the same 2K block of program memory as
the first byte of the instruction following AJMP.

The | abel AiJMPADRO is at program memc
AIJMP JMPADR

is at location 0345h and will load the PC with 0123h.

2

3

ald0a9a80 | 0 0 O 1 a7 a6 a5 a4 | a3a2alal

AIJMP
(PC) « (PC) +2
(PC10.0) « page address
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ANL  <dest-byte>, <

src-byte>

Function:

Description:

Example:

ANL A, Rn
Bytes:
Cycles:
Encoding:

Operation:

ANL A, direct
Bytes:
Cycles:
Encoding:

Operation:

Logical-AND for byte variables

ANL performs the bitwise logical-AND operation between the variables
indicated and stores the results in the destination variable. No flags are
affected.

The two operands allow six addressing mode combinations. When the
destination is the Accumulator, the source can use register, direct, register,
indirect, or immediate addressing; when the destination is a direct address, the
source can be the Accumulator or immediate data.

Note: When this instruction is used to modify an output port, the value used as
the original port data will be read from the output data latch not the input pins.

If the Accumulator holds 0C3h (11000011b) and register 0 holds 55h
(0101010Db) then the instruction,

ANL A, RO

will leave 41h (01000001b) in the Accumulator.

When the destination is a directly addressed byte, this instruction will clear
combinations of bits in any RAM location or hardware register. The mask byte
determining the pattern of bits to be cleared would either be a constant
contained in the instruction or a value computed in the Accumulator at run-time.
The instruction,

ANL P1, #01110011b

will clear bits 7, 3, and 2 of output port 1.

01 0 11 r r

ANL
(A) « (A) d(Rn)

01 0 1|10 10 1 direct address

ANL
(A) « (A) g(direct)
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ANL A, @RI
Bytes:
Cycles:
Encoding:

Operation:

ANL A, #data
Bytes:
Cycles:
Encoding:

Operation:

ANL direct, A
Bytes:
Cycles:
Encoding:

Operation:

ANL direct, #data

Bytes:
Cycles:
Encoding:

Operation:

0 1 0 1

0 1 1 i

ANL
(A) « (A) B((Ri)

0 1 0 1

0 1 0O

immediate data

ANL

(A) « (A) g#data

0 1 0 1

0 010

direct address

ANL

(direct) « (direct) @ (A)

0 1 0 1

0 0 11

direct address

immediate data

ANL

(direct) « (direct) @#data
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ANL C, <src-bit>

Function:

Description:

Example:

ANL C, bit

Bytes:
Cycles:
Encoding:

Operation:

ANL C, /bit

Bytes:
Cycles:
Encoding:

Operation:

Logical-AND for bit variables

If the boolean value of the source bit is a logical O then clear the carry flag;
ot herwise | eave the carry flag in it
operand in the assembly language indicates that the logical complement of the
addressed bit is used as the source value, but the source bit itself is not
affected. No other flags are affected.

Only direct addressing is allowed for the source operand.
Set the carry flag if, and only if, P1.0=1, ACC. 7=1,and OV = 0:
MOV C,P1.0

ANL C, ACC.7
ANL C, /ov

; LOAD CARRY WITH INPUT PIN STATE
; AND CARRY WITH ACCUM. BIT 7
; AND WITH INVERSE OF OVERFLOW FLAG

1 0 0 0OJ]O0O O 1 O bit address

ANL
(C) « (C) @(bit)

1 0 1 1

0 00O

bit address

ANL
(C) « (C) @~(bit)
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CINE <dest-byte>, <src-byte>, rel

Function:

Description:

Example:

CJINE A, direct, rel
Bytes:

Cycles:

Encoding:

Operation:

Compare and Jump if Not Equal.

CJINE compares the magnitudes of the first two operands, and branches if their
values are not equal. The branch destination is computed by adding the signed
relative-displacement in the last instruction byte to the PC, after incrementing
the PC to the start of the next instruction.

The carry flag is set if the unsigned integer value of <dest-byte> is less than the
unsigned integer value of <src-byte>; otherwise, the carry is cleared. Neither
operand is affected.

The first two operands allow four addressing mode combinations: the
Accumulator may be compared with any directly addressed byte or immediate
data, and any indirect RAM location or working register can be compared with
an immediate constant.

The Accumulator contains 34h. Register 7 contains 56h. The first instruction in
the sequence,

CINE R7, #60h, NOT_EQ

; 119.. 1191 : R7 = 60h.
NOT_EQ: Jc REQ_LOW - IF R7 < 60h.
; 1799 1797 : R7 > 60h.

sets the carry flag and branches to the instruction at label NOT_EQ. By testing
the carry flag, this instruction determines whether R7 is greater or less than
60h.

If the data being presented to Port 1 is also 34h, then the instruction,

WAIT: CINE A, P1, WAIT

clears the carry flag and continues with the next instruction in sequence, since
the Accumulator does equal the data read from P1. (If some other value was
being input on P1, the program will loop at this point until the P1 data changes
to 34h.)

1 01 1({0 1 0 1 direct address relative

(PC)« (PC)+3

IF (A) <> (direct)

THEN (PC) « (PC) + relative offset
IF  (A) <(direct)

THEN (C)« 1

ELSE (C)« O
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CJINE A, #data, rel
Bytes:
Cycles:
Encoding:

Operation:

CJINE Rn, #data, rel
Bytes:
Cycles:
Encoding:

Operation:

CJINE @RI, #data, rel

Bytes:
Cycles:
Encoding:

Operation:

3
4
1 01 1({0 1 0O immediate data relative
(PC)« (PC)+3
IF (A) <>data
THEN (PC) « (PC) + relative offset
IF (A) <data
THEN (C)« 1
ELSE (C)« 0
3
4
1 01 1|1 r r r immediate data relative
(PC)« (PC)+3
IF  (Rn) <>data
THEN (PC) « (PC) + relative offset
IF  (Rn) <data
THEN (C)« 1
ELSE (C)« 0
3
4
1 01 1|0 1 1 i immediate data relative

(PC)« (PC)+3
IF  ((Ri)) <>data
THEN
IF  ((Ri)) < data
THEN (C)« 1
ELSE (C)« O

(PC) « (PC) + relative offset
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CLR A
Function: Clear Accumulator
Description: The Accumulator is cleared (all bits set on zero). No flags are affected.

Example: The Accumulator contains 5Ch (01011100b). The instruction,
CLR A

will leave the Accumulator set to 00h (00000000b).

Bytes: 1
Cycles: 1
Encoding: 111 0101 0O

Operation: CLR
A« O
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CLR  bit
Function: Clear bit
Description: The indicated bit is cleared (reset to zero). No other flags are affected. CLR can

operate on the carry flag or any directly addressable bit.
Example: Port 1 has previously been written with 5Dh (01011101b). The instruction,
CLR P1.2

will leave the port set to 59h (01011001b).

CLRC
Bytes: 1
Cycles: 1
Encoding: 11 0 0|0 0 1 1
Operation: CLR
)« 0
CLR bit
Bytes: 2
Cycles: 2
Encoding: 11 0 0|00 10 bit address

Operation: CLR
(bit) « O
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CPL A
Function: Complement Accumulator
Description: Each bit of the Accumulator is |l ogic:i
which previously contained a one are changed to a zero and vice-versa. No
flags are affected.
Example: The Accumulator contains 5Ch (01011100b). The instruction,
CPLA
will leave the Accumulator set to 0A3h(10100011b).
Bytes: 1
Cycles: 1
Encoding: 11 1 170100
Operation: CPL
(A) « ~(A)
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CPL  bit
Function: Complement bit
Description: The bit variable specified is complemented. A bit which had been a one is
changed to zero and vice-versa. No other flags are affected. CPL can operate
on the carry or any directly addressable bit.
Note: When this instruction is used to modify an output pin, the value used as
the original data will be read from the output data latch, not the input pin.
Example: Port 1 has previously been written with 5Bh (01011101b). The instruction
sequence,
CPLP1.1
CPL P1.2
will leave the port set to 5Bh (01011011b).
CPLC
Bytes: 1
Cycles: 1
Encoding: 1 01 170011
Operation: CPL
(€ « ~(©)
CPL bit
Bytes: 2
Cycles: 2
Encoding: 1 01 110010 bit address
Operation: CPL

(bit) « ~(bit)
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DA

Function:

Description:

Example:

Decimal-adjust Accumulator for Addition

DA A adjusts the eight-bit value in the Accumulator resulting from the earlier
addition of two variables (each in packed-BCD format), producing two four-bit
digits. Any ADD or ADDC instruction may have been used to perform the
addition.

If Accumulator bits 3-0 are greater than nine (xxxx1010-xxxx1111), or if the AC
flag is one, six is added to the Accumulator producing the proper BCD digit in
the low-order nibble. This internal addition would set the carry flag if a carry-out
of the low-order four-bit field propagated through all high-order bits, but it would
not clear the carry flag otherwise.

If the carry flag is now set, or if the four high-order bits now exceed nine
(1010xxxx-1111xxxx), these high-order bits are incremented by six, producing
the proper BCD digit in the high-order nibble. Again, this would set the carry flag
if there was a carryout of the high-or der bi t s, but woul
carry flag thus indicates if the sum of the original two BCD variables is greater
than 100, allowing multiple precision decimal addition. OV is not affected.

All of this occurs during the one instruction cycle. Essentially, this instruction
performs the decimal conversion by adding 00h, 06h, 60h, or 66h to the
Accumulator, depending on initial Accumulator and PSW conditions.

Note: DA A cannot simply convert a hexadecimal number in the Accumulator to
BCD notation, nor does DA A apply to decimal subtraction.

The Accumulator holds the value 56h (01010110b) representing the packed
BCD digits of the decimal number 56. Register 3 contains the value 67h
(01100111b) representing the packed BCD digits of the decimal number 67.
The carry flag is set. The instruction sequence.

ADDC A, R3
DA A
wi || first p er f eomplenent birtary adtlifion, desulting dnotise

value OBEh (10111110b) in the Accumulator. The carry and auxiliary carry flags
will be cleared.

The Decimal Adjust instruction will then alter the Accumulator to the value 24h

(00100100b), indicating the packed BCD digits of the decimal nhumber 24, the
low-order two digits of the decimal sum of 56, 67, and the carry-in. The carry
flag will be set by the Decimal Adjust instruction, indicating that a decimal
overflow occurred. The true sum 56, 67, and 1 is 124.
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BCD variables can be incremented or decremented by adding 01h or 99h. If the
Accumulator initially holds 30h (representing the digits of 30 decimal), then the
instruction sequence,

ADD A, #99h
DA A

will leave the carry set and 29h in the Accumulator, since 30 + 99 = 129. The
low-order byte of the sum can be interpreted to mean 307 1 = 29.

Bytes: 1
Cycles: 1
Encoding: 11 0 1(01 0O

Operation: DA
- contents of Accumulator are BCD

IF {[(As0) >9] U [(AC)=1]}
THEN (A3_0) « (A3_0) +6
AND
IF {[(A7)>9] U [(C)=1]}

THEN (A7_4) « (A7_4) + 6
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DEC Dbyte
Function: Decrement
Description: The variable indicated is decremented by 1. An original value of 00h will underflow to
OFFh.
No flags are affected. Four operand addressing modes are allowed: accumulator,
register, direct or register-indirect.
Note: When this instruction is used to modify an output port, the value used as the
original port data will be read from the output data latch, not the input pins.
Example: Register 0 contains 7Fh (01111111b). Internal RAM locations 7Eh and 7Fh contain 00h
and 40h, respectively. The instruction sequence
DEC @RO
DEC RO
DEC @RO
will leave register O set to 7Eh and internal RAM locations7Eh and 7Fh set to OFFh and
3Fh.
DEC A
Bytes: 1
Cycles: 1
Encoding: 0 00 1170100
Operation: DEC
(A) « (A)T 1
DEC Rn
Bytes: 1
Cycles: 1
Encoding: O 0 o0 1|1 r r
Operation: DEC

(Rn)« (Rn)7 1
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DEC direct

Bytes:
Cycles:
Encoding:

Operation:

DEC @Ri

Bytes:
Cycles:
Encoding:

Operation:

0 0 0 1

01 0 1

direct address

DEC
(direct) « (direct)

T1

0 0 0 1

0O 1 1 i

DEC
(R)) « ((R)T 1
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DEC DPTR
Function: Decrement Data Pointer
Description: Decrement the 16-bit data pointer by 1. A 16-bit decrement (modulo 2'°) is
performed; an underflow of the low-order byte of the data pointer (DPL) from
OFFH to O0H will decrement the high-order byte (DPH). No flags are affected.
This is the only 16-bit register which can be decremented.
Example: Registers DPH and DPL contain 12h and 01h, respectively. The instruction
sequence,
DEC DPTR
DEC DPTR
DEC DPTR
will change DPH and DPL to 11h and OFEh.
Bytes: 1
Cycles: 1
Encoding: 1 01 0|0 1 01
Operation: DEC

(DPTR) « (DPTR) - 1
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DIV AB
Function: Divide
Description: DIV AB divides the unsigned eight-bit integer in the Accumulator by the
unsigned eight-bit integer in register B. The Accumulator receives the integer
part of the quotient; register B receives the integer remainder. The carry and OV
flags will be cleared.
Exception: if B had originally contained 00h, the values returned in the
Accumulator and B register will be undefined and the overflow flag will be set.
The carry flag is cleared in any case.
Example: The Accumulator contains 251 (OFBh or 11111011b) and B contains 18 (12h or
00010010b). The instruction,
DIV AB
will leave 13 in the Accumulator (0Dh or 00001101b) and the value 17 (11h or
00010001b) in B, since 251 = (13 X 18) + 17. Carry and OV will both be
cleared.
Bytes: 1
Cycles: 3
Encoding: 1 00 0|0 1 0O
Operation: DIV

(A)1s.8 » (B)7.0 « (A)/(B)
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DJINZ

<byte>, <rel-addr>

Function:

Description:

Example:

Decrement and Jump if Not Zero

DJNZ decrements the location indicated by 1, and branches to the address
indicated by the second operand if the resulting value is not zero. An original
value of 00h will underflow to OFFh. No flags are affected. The branch
destination would be computed by adding the signed relative-displacement
value in the last instruction byte to the PC, after incrementing the PC to the first
byte of the following instruction.

The location decremented may be a register or directly addressed byte.

Note: When this instruction is used to modify an output port, the value used as
the original port data will be read from the output data latch, not the input pins.

Internal RAM locations 40h, 50h and 60h contain the values 01h, 70h, and 15h,
respectively. The instruction sequence,

DJIJNZ 40H,LABEL_1
DJIJNZ 50H,LABEL_2
DJIJNZ 60H,LABEL_3

will cause a jump to the instruction at label LABEL_2 with the values 00h, 6Fh,
and 15h in the three RAM locations. The first jump was not taken because the
result was zero.

This instruction provides a simple way of executing a program loop a given
number of times, or for adding a moderate time delay (from 2 to 512 machine
cycles) with a single instruction. The instruction sequence,

MOV  R2, #8
TOGGLE: CPL P1.7
DIJNZ R2, TOGGLE

will toggle P1.7 eight times, causing four output pukes to appear at bit 7 of
output Port 1. Each pulse will last three machine cycles; two for DJNZ and one
to alter the pin.
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DJINZ Rn, rel
Bytes:
Cycles:
Encoding:

Operation:

DJNZ direct, rel
Bytes:

Cycles:
Encoding:

Operation:

11 0 1(1 r r r relative

DJINZ
(PC)« (PC)+2
(Rn)« (RN)T 1
IF (Rn)>0o0r(Rn)<0
THEN (PC) « (PC) +rel

01 0 1|10 0 1 1 direct address

relative

DJINZ

(PC)« (PC)+2

(direct) « (direct) T 1

IF (direct) > 0 or (direct) <0
THEN  (PC) « (PC) + rel
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INC <byte>
Function: Increment
Description: INC increments the indicated variable by 1. An original value of OFFh will
overflow to 00h. No flags are affected. Three addressing modes are allowed:
register, direct, or register-indirect.
Note: When this instruction is used to modify an output port, the value used as
the original port data will be read from the output data latch, not the input pins.
Example: Register 0 contains 7Eh (01111110b). Internal RAM locations 7Eh and 7Fh
contain OFFh and 40H, respectively. The instruction sequence,
INC @RO
INC RO
INC @RO
will leave register 0 set to 7Fh and internal RAM locations 7Eh and 7Fh holding
00h and 41h, repectively.
INC A
Bytes: 1
Cycles: 1
Encoding: 0 00 0OJO0O 1 0O
Operation: INC
(A« (A)+1
INC Rn
Bytes: 1
Cycles: 1
Encoding: 0O 00 0|21 r r
Operation: INC

(Rn) « (Rn)+1
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INC direct

Bytes:
Cycles:
Encoding:

Operation:

INC @Ri

Bytes:
Cycles:
Encoding:

Operation:

0 0 0O

0 1 01

direct address

INC

(direct) « (direct) + 1

0O 0 0O

0 1 1 i

INC
(R)) « ((Ri)) +1
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INC DPTR
Function: Increment Data Pointer
Description: Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is
performed; an overflow of the low-order byte of the data pointer (DPL) from
OFFh to 00h will increment the high-order byte (DPH). No flags are affected.
This is the only 16-bit register which can be incremented.
Example: Registers DPH and DPL contain 12h and OFEh, respectively. The instruction
sequence,
INC DPTR
INC DPTR
INC DPTR
will change DPH and DPL to 13h and 01h.
Bytes: 1
Cycles: 1
Encoding: 1 01 0|0 0 1 1
Operation: INC

(DPTR) « (DPTR) + 1
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JB  bit, rel
Function: Jump if Bit set
Description: If the indicated bit is a one, jump to the address indicated; otherwise proceed
with the next instruction. The branch destination is computed by adding the
signed relative-displacement in the third instruction byte to the PC, after
incrementing the PC to the first byte of the next instruction. The bit tested is not
modified. No flags are affected.
Example: The data present at input port 1 is 11001010b. The Accumulator holds 56h
(01010110b). The instruction sequence,
JB P1.2, LABEL1
JB ACC.2, LABEL2
will cause program execution to branch to the instruction at label LABEL2.
Bytes: 3
Cycles: 4
Encoding: 0O 01 o0 O OUP O bit address relative
Operation: JB
(PC)« (PC)+3
IF (bit)=1

THEN (PC) « (PC) + rel
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JBC bit, rel
Function: Jump if Bit is set and Clear bit
Description: If the indicated bit is one, branch to the address indicated; otherwise proceed

with the next instruction. The bit will not be cleared if it is already a zero. The
branch destination is computed by adding the signed relative-displacement in
the third instruction byte to the PC, after incrementing the PC to the first byte of
the next instruction. No flags are affected.

Note: When this instruction is used to test an output pin, the value used as the
original data will be read from the output data latch, not the input pin.

Example: The Accumulator holds 56h (01010110b). The instruction sequence,

JBC ACC.3, LABELI
JBC ACC.2, LABEL2

will cause program execution to continue at the instruction identified by the label
LABEL2, with the Accumulator modified to 52h (01010010b).

Bytes: 3
Cycles: 4
Encoding: 0O 00 12/{0 0 0O bit address relative

Operation: JBC
(PC)« (PC)+3
IF (bit)=1
THEN (bit)« O
(PC) « (PC) +rel
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JC rel
Function: Jump if Carry is set
Description: If the carry flag is set, branch to the address indicated; otherwise proceed with
the next instruction. The branch destination is computed by adding the signed
relative-displacement in the second instruction byte to the PC, after
incrementing the PC twice. No flags are affected.
Example: The carry flag is cleared. The instruction sequence,
JC LABEL1
CPLC
JC LABEL2
will set the carry and cause program execution to continue at the instruction
identified by the label LABEL2.
Bytes: 2
Cycles: 3
Encoding: 01 0 0|0 O OO relative
Operation: JC
(PC)« (PC)+2
IF (C)=1

THEN (PC) « (PC) + rel
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JMP @A +DPTR

Function: Jump indirect

Description: Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data
pointer, and load the resulting sum to the program counter. This will be the
address for subsequent instruction fetches. Sixteen-bit addition is performed
(modulo 2'%): a carry-out from the low-order eight bits propagates through the
higher-order bits. Neither the Accumulator nor the Data Pointer is altered. No
flags are affected.

Example: An even number from O to 6 is in the Accumulator. The following sequence of
instructions will branch to one of four AJMP instructions in a jump table starting
at JMP_TBL:

MOV  DPTR, #JMP_TBL

JMP @A+DPTR
JMP_TBL: AJMP  LABELO

AJMP  LABEL1

AJMP  LABEL2

AJMP  LABEL3

If the Accumulator equals 04h when starting this sequence, execution will jump
to label LABEL2. Remember that AJMP is a two-byte instruction, so the jump
instructions start at every other address.

Bytes: 1
Cycles: 2
Encoding: 01 1 170 0 11

Operation: JMP
(PC) « (A) + (DPTR)
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JNB  bit, rel
Function: Jump if Bit Not set
Description: If the indicated bit is a zero, branch to the indicated address; otherwise proceed
with the next instruction. The branch destination is computed by adding the
signed relative-displacement in the third instruction byte to the PC, after
incrementing the PC to the first byte of the next instruction. The bit tested is not
modified. No flags are affected.
Example: The data present at input port 1 is 11001010b. The Accumulator holds 56h
(01010110b). The instruction sequence,
JNB P1.3, LABEL1
JNB ACC.3, LABEL2
will cause program execution to continue at the instruction at label LABEL2.
Bytes: 3
Cycles: 4
Encoding: 0O 01 1/0 0 0O bit address relative
Operation: JNB
(PC)« (PC)+3
IF (bit)=0

THEN (PC)« (PC) + rel
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JNC el
Function: Jump if Carry not set
Description: If the carry flag is a zero, branch to the address indicated; otherwise proceed
with the next instruction. The branch destination is computed by adding the
signed relative-displacement in the second instruction byte to the PC, after
incrementing the PC twice to point to the next instruction. The carry flag is not
modified.
Example: The carry flag is set. The instruction sequence,
JNC LABEL1
CPL C
JNC LABEL2
will clear the carry and cause program execution to continue at the instruction
identified by the label LABEL2.
Bytes: 2
Cycles: 3
Encoding: 01 0 10 0 0O relative
Operation: JNC
(PC)« (PC)+2
IF (C)=0

THEN (PC)« (PC) + rel
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JNZ  rel
Function: Jump if Accumulator Not Zero
Description: If any bit of the Accumulator is a one, branch to the indicated address;
otherwise proceed with the next instruction. The branch destination is computed
by adding the signed relative-displacement in the second instruction byte to the
PC, after incrementing the PC twice. The Accumulator is not modified. No flags
are affected.
Example: The Accumulator originally holds 00h. The instruction sequence,
JNZ LABEL1
INC A
JNZ LAEEL2
will set the Accumulator to 01h and continue at label LABEL2.
Bytes: 2
Cycles: 3
Encoding: 01 1 10 0 00O relative
Operation: JNZ
(PC)« (PC)+2
IF (A)I O

THEN (PC) « (PC) + rel
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JZ

rel
Function: Jump if Accumulator Zero
Description: If all bits of the Accumulator are zero, branch to the address indicated;
otherwise proceed with the next instruction. The branch destination is computed
by adding the signed relative-displacement in the second instruction byte to the
PC, after incrementing the PC twice. The Accumulator is not modified. No flags
are affected.
Example: The Accumulator originally contains 01h. The instruction sequence,
JZ LABEL1
DEC A
JZ LABEL2
will change the Accumulator to 00h and cause program execution to continue at
the instruction identified by the label LABEL2.
Bytes: 2
Cycles: 3
Encoding: 01 1 0|00 O0TO relative
Operation: INZ
(PC)« (PC)+2
IF (A)=0

THEN (PC)« (PC) + rel
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LCALL addrl6

Function:

Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

Long call

LCALL calls a subroutine located at the indicated address. The instruction adds
three to the program counter to generate the address of the next instruction and
then pushes the 16-bit result onto the stack (low byte first), incrementing the
Stack Pointer by two. The high-order and low-order bytes of the PC are then
loaded, respectively, with the second and third bytes of the LCALL instruction.
Program execution continues with the instruction at this address. The
subroutine may therefore begin anywhere in the full 64Kbyte program memory
address space. No flags are affected.

Initially the Stack Pointer equal s
program memory location 1234h. After executing the instruction,

LCALL SUBRTN

at location 0123h, the Stack Pointer will contain 09h, internal RAM locations
08h and 09h will contain 26h and 01h, and the PC will contain 1234h.

3

4

0 0012|0010 addrl5 ~ addr8 addr7 ~ addrO
LCALL

(PC)« (PC)+3
(SP)« (SP)+1
((SP)) « (PC7.0)
(SP)« (SP)+1
((SP)) « (PCs.8)
(PC)« (PC)+3
(PC) « addrl5_o
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LIMP addrl6

Function:

Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

Long Jump

LIMP causes an unconditional branch to the indicated address, by loading the
high-order and low-order bytes of the PC (respectively) with the second and
third instruction bytes. The destination may therefore be anywhere in the full
64Kbyte program memory address space. No flags are affected.

The | abel AiJMPADRO is assigned to th
1234h. The instruction,

LIMP JMPADR
at location 0123h will load the program counter with 1234h.
3

4

0O 00O0O|JOOT1TODO0 addrl5 ~ addr8 addr7 ~ addr0O

LIMP
(PC) « addr15.0
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MOV  <dest-byte>, <src-byte>

Function:

Description:

Example:

MOV A, Rn
Bytes:
Cycles:
Encoding:

Operation:

MOV A, direct
Bytes:
Cycles:
Encoding:

Operation:

Move byte variable

The byte variable indicated by the second operand is copied into the location
specified by the first operand. The source byte is not affected. No other register
or flag is affected.

This is by far the most flexible operation. Fifteen combinations of source and
destination addressing modes are allowed.

Internal RAM location 30h holds 40h. The value of RAM location 40h is 10h.
The data present at input port 1 is 11001010b (OCAh).

MOV RO, #30h ;R0 <= 30h

MOV A, @RO ;A <=40h

MOV R1,A ‘R1 < = 40h

MOV B, @R1 ;B<=10h

MOV @R1, P1 ;RAM (40h)< = 0CAh
MOV P2, P1 P2  #0CAh

leaves the value 30h in register 0, 40h in both the Accumulator and register 1,
10h in register B, and 0Cah (11001010b) both in RAM location 40h and output
on port 2.

1 1 1 01 r r r

MOV
(A) « (Rn)

1 1 1 0[O0 1 0 1 direct address

MOV
(A) « (direct)

MOV A, ACC is not a valid instruction

Pagel74 of 235



@5 CORER

MOV A, @RI
Bytes:
Cycles:
Encoding:

Operation:

MOV A, #data
Bytes:
Cycles:
Encoding:

Operation:

MOV Rn, A
Bytes:
Cycles:
Encoding:

Operation:

MOV Rn, direct
Bytes:

Cycles:
Encoding:

Operation:

MOV Rn, #data
Bytes:

Cycles:

11 10

0 1 1 i

MOV
(A) « ((Ri)

01 1 1

0 1 0O

immediate data

MOV
(B) « #data

1 1 11

MOV
(Rn) « (A)

1 01 0

direct address

MOV
(Rn) « (direct)
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Encoding: 0O 1 1 1(1 r r r immediate data

Operation: MOV
(Rn) « #data

MOV direct, A
Bytes: 2
Cycles: 2
Encoding: 111 10101 direct address

Operation: MOV
(direct) « (A)

MOV direct, Rn

Bytes: 2
Cycles: 2
Encoding: 10 0 0|21 r r r direct address

Operation: MOV
(direct) « (Rn)

MOV direct, direct

Bytes: 3
Cycles: 3
Encoding: 1 0 0 0|0 1 01 dir. addr. (src) dir. addr. (dest)

Operation: MOV
(direct) « (direct)

MOV direct, @Ri

Bytes: 2
Cycles: 2
Encoding: 1 0 0 0[O0 1 1 i direct address

Operation: MOV
(direct) « ((Ri))
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MOV direct, #data

Bytes:
Cycles:
Encoding:

Operation:

MOV @Ri, A
Bytes:
Cycles:
Encoding:

Operation:

MOV @RI, direct

Bytes:
Cycles:
Encoding:

Operation:

MOV @RI, #data
Bytes:
Cycles:
Encoding:

Operation:

3

01 1 1

0 1 01

direct address

immediate data

MOV
(direct) « #data

1 1 11

0 1 1

MOV
((R)) « (A)

1 01 0

0 1 1

direct address

MOV
(Ri)) « (direct)

01 1 1

0 1 1

immediate data

MOV
((RI)) « tHdata

Pagel77 of 235




@5 CORER

MOV  <dest-bit>, <src-bit>

Function: Move bit data

Description: The Boolean variable indicated by the second operand is copied into the
location specified by the first operand. One of the operands must be the carry
flag; the other may be any directly addressable bit. No other register or flag is
affected.

Example: The carry flag is originally set. The data present at input Port 3 is 11000101b.
The data previously written to output Port 1 is 35h (00110101b).

MOV P13,C
MOV C, P3.3
MOV P1.2,C

will leave the carry cleared and change Port 1 to 39h (00111001b).

MOV C, bit
Bytes: 2
Cycles: 2
Encoding: 1 01 0|0 010 bit address

Operation: MOV
(C) « (hit)

MOV bit, C
Bytes: 2
Cycles: 2
Encoding: 1 0 0 1{0 010 bit address

Operation: MOV
(bit) « (C)
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MOV  DPTR, #datal6
Function: Load Data Pointer with a 16-bit constant
Description: The Data Pointer is loaded with the 16-bit constant indicated. The 16-bit
constant is loaded into the second and third bytes of the instruction. The second
byte (DPH) is the high-order byte, while the third byte (DPL) holds the low-order
byte. No flags are affected.
This is the only instruction, which moves 16 bits of data at once.
Example: The instruction,
MOV DPTR, # 1234h
will load the value 1234h into the Data Pointer: DPH will hold 12h and DPL will
hold 34h.
Bytes: 3
Cycles: 3
Encoding: 1 0 0110000 imm. data 15~8 imm. data 7~0
Operation: MOV

(DPTR) « #datays
{DPH, DPL} « {#datalg,_g, #data7_0}
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MOVC A, @A + <base-reg>

Function:

Description:

Example:

Move Code byte

The MOVC instructions load the Accumulator with a code byte, or constant from
program memory. The address of the byte fetched is the sum of the original
unsigned eight-bit Accumulator contents and the contents of a sixteen-bit base
register, which may be either the Data Pointer or the PC. In the latter case, the
PC is incremented to the address of the following instruction before being
added with the Accumulator; otherwise the base register is not altered. Sixteen-
bit addition is performed so a carry-out from the low-order eight bits may
propagate through higher-order bits. No flags are affected.

A value between 0 and 3 is in the Accumulator. The following instructions will
translate the value in the Accumulator to one of four values defined by the DB
(define byte) directive.

REL-PC: INC A
MOVC A, @A+PC
RET
DB 66h
DB 77h
DB 88h
DB 99h

If the subroutine is called with the Accumulator equal to 01h, it will return with
77h in the Accumulator. The INC A before the MOVC instruction is needed to
Nfget a the REildirstruction above the table. If several bytes of code
separated the MOVC from the table, the corresponding number would be added
to the Accumulator instead.

MOVC A, @A + DPTR

Bytes:
Cycles:
Encoding:

Operation:

1

2

1 00 100 11

MOV
(A) « ((A) + (DPTR))
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MOVC A, @A + PC

Bytes: 1
Cycles: 2
Encoding: 1 0 0 12|00 11

Operation: MOVC
PC« PC+1
(A) « ((A) +(PC))

Note: It is recommended that all interrupts are disabled before using MOVC
instruction.

Pagel81 of 235



@) CORE!

MOVX  <dest-byte>,

<src-byte>

Function:

Description:

Example:

MOVX A, @RI
Bytes:
Cycles:
Encoding:

Operation:

Move External

The MOVX instructions transfer data between the Accumulator and a byte of
external data memory, hence the fiXo
instructions, differing in whether they provide an eight-bit or sixteen-bit indirect
address to the external data RAM.

In the first type the contents of RO or R1 in the current register bank provide an
eight-bit address multiplexed with data on PO. Eight bits are sufficient for
external I/O expansion decoding or for a relatively small RAM array. For
somewhat larger arrays, any output port pins can be used to output higher-order
address bits. These pins would be controlled by an output instruction preceding
the MOVX.

In the second type of MOVX instruction, the Data Pointer generates a sixteen-
bit address. P2 outputs the high-order eight address bits (the contents of DPH)
while PO multiplexes the low-order eight bits (DPL) with data. The P2 Special
Function Register retains its previous contents while the P2 output buffers are
emitting the contents of DPH. This form is faster and more efficient when
accessing very large data arrays (up to 64Kbytes), since no additional
instructions are needed to set up the output ports.

It is possible in some situations to mix the two MOVX types. A large RAM array
with its high-order address lines driven by P2 can be addressed via the Data
Pointer, or with code to output high-order address bits to P2 followed by a
MOVX instruction using RO or R1.

An external 256byte RAM using multiplexed address/data lines (e.g., an Intel
8155 RAM / I/O / TIMER) is connected to the 8052 Port 0. Port 3 provides
control lines for the external RAM. Ports 1 and 2 are used for normal 1/O.
Registers 0 and 1 contain 12h and 34h. Location 34h of the external RAM holds
the value 56h. The instruction sequence,

MOVX A, @R1
MOVX @RO, A

copies the value 56h into both the Accumulator and external RAM location 12h.

111 0|0 0 1 i

MOVX
(A) « ((RD)
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MOVX A, @DPTR

Bytes: 1
Cycles: 3
Encoding: 11 1 0|0 00O

Operation: MOVX
(A) « ((DPTR))

MOVX @Ri, A
Bytes: 1
Cycles: 3
Encoding: 11 1 10 0 1 i

Operation: MOVX
((Ri)) « (A)

MOVC @DPTR, A

Bytes: 1
Cycles: 3
Encoding: 111 1(00 0O

Operation: MOVX
(DPTR) « (A)
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MUL AB
Function: Multiply
Description: MUL AB multiplies the unsigned eight-bit integers in the Accumulator and
register B. The low-order byte of the sixteen-bit product is left in the
Accumulator, and the high-order byte in B. If the product is greater than 255
(OFFh) the overflow flag is set; otherwise it is cleared. The carry flag is always
cleared.
Example: Originally the Accumulator holds the value 80 (50h). Register B holds the value
160 (0AOh). The instruction,
MUL AB
will give the product 12,800 (3200h), so B is changed to 32h (00110010b) and
the Accumulator is cleared. The overflow flag is set, carry is cleared.
Bytes: 1
Cycles: 3
Encoding: 1 01 0f0O 1 0O
Operation: MUL

(A)70, (B)1s.s « (A) X (B)
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NOP
Function: No Operation
Description: Execution continues at the following instruction. Other than the PC, no registers
or flags are affected.
Example: It is desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly
5 cycles. A simple SETB/CLR sequence would generate a one-cycle pulse, so
four additional cycles must be inserted. This may be done (assuming no
interrupts are enabled) with the instruction sequence,
CLR P2.7
NOP
NOP
NOP
NOP
SETB P2.7
Bytes: 1
Cycles: 1
Encoding: O 0 0O0O|O OOTPO
Operation: NOP

(PC)« (PC)+1
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ORL <dest-byte> <src

-byte>

Function:

Description:

Example:

ORL A, Rn
Bytes:
Cycles:
Encoding:

Operation:

ORL A, direct
Bytes:
Cycles:

Encoding:

Logical-OR for byte variables

ORL performs the bitwise logical-OR operation between the indicated variables,
storing the results in the destination byte. No flags are affected.

The two operands allow six addressing mode combinations. When the
destination is the Accumulator, the source can use register, direct, register-
indirect, or immediate addressing; when the destination is a direct address, the
source can be the Accumulator or immediate data.

Note: When this instruction is used to modify an output port, the value used as
the original port data will be read from the output data latch, not the input pins.

If the Accumulator holds 0C3h (11000011b) and RO holds 55h (01010101b)
then the instruction,

ORL A, RO

will leave the Accumulator holding the value OD7h (11010111b).

When the destination is a directly addressed byte, the instruction can set
combinations of bits in any RAM location or hardware register. The pattern of
bits to be set is determined by a mask byte, which may be either a constant
data value in the instruction or a variable computed in the Accumulator at run-
time. The instruction,

ORL P1,#00110010b

will set bits 5, 4, and 1 of output Port 1.

0O 1 0 01 r r

ORL
(A) « (A) V] (Rn)

0O 1 0 0|0 1 1 i direct address
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Operation:

ORL A, @RI
Bytes:
Cycles:
Encoding:

Operation:

ORL A, #data
Bytes:
Cycles:
Encoding:

Operation:

ORL direct, A
Bytes:
Cycles:
Encoding:

Operation:

ORL direct, #data

Bytes:
Cycles:
Encoding:

Operation:

ORL

(A) « (A) U(direct)

0 1 0O

0 1 1 i

ORL
(A) « (A) U((Ri)

0 1 0O

01 0O

immediate data

ORL

(A) « (A) U #data

0 1 0O

0 010

direct address

ORL

(direct) « (direct) U (A)

w

0 1 0O

0 0 11

direct address

immediate data

ORL

(direct) « (direct) U#data
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ORL C, <src-hit>

Function:

Description:

Example:

ORL C, bit

Bytes:
Cycles:
Encoding:

Operation:

ORL C, /bit

Bytes:
Cycles:
Encoding:

Operation:

Logical-OR for bit variables

Set the carry flag if the Boolean value is a logical 1; leave the carry in its current
state otherwise. A slash (A/0) prece
indicates that the logical complement of the addressed bit is used as the source
value, but the source bit itself is not affected. No other flags are affected.

Set the carry flag if and only if P1.0 =1, ACC. 7 =1, 0or OV =0:

MOV  C,P1.0
ORL C, ACC.7

;LOAD CARRY WITH INPUT PIN P1.0
;OR CARRY WITH THE ACC.BIT 7

ORL C,/oVv ;:OR CARRY WITH THE INVERSE OF OV.
2
2

01 1 1|10 010 bit address
ORL
(C) « (C) U (bit)
2
2

1 01 0|0 O OO bit address

ORL
(C) « (C) U~(bit)
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POP  direct
Function: Pop from stack.

Description: The contents of the internal RAM location addressed by the Stack Pointer is
read, and the Stack Pointer is decremented by 1. The value read is then
transferred to the directly addressed byte indicated. No flags are affected.

Example: The Stack Pointer originally contains the value 32h, and internal RAM locations
30h through 32h contain the values 20h, 23h, and 01h, respectively. The
instruction sequence,

POP DPH
POP DPL
will leave the Stack Pointer equal to the value 30H and the Data Pointer set to
0123h. At this point the instruction,
POP SP
will leave the Stack Pointer set to 20h. Note that in this special case the Stack
Pointer was decremented to 2Fh before being loaded with the value popped
(20h).
Bytes: 2
Cycles: 2
Encoding: 11 0 110 0 00O direct address
Operation: ~ POP

(direct) « ((SP))
(SP)« (SP)i 1

Pagel89 of 235



PUSH direct
Function: Push onto stack
Description: The Stack Pointer is incremented by 1. The contents of the indicated variable is
then copied into the internal RAM location addressed by the Stack Pointer.
Otherwise no flags are affected.
Example: On entering an interrupt routine the Stack Pointer contains 09h. The Data
Pointer holds the value 0123h.The instruction sequence,
PUSH DPL
PUSH DPH
will leave the Stack Pointer set to OBh and store 23h and 01h in internal RAM
locations OAh and OBh, respectively.
Bytes: 2
Cycles: 2
Encoding: 11 0 1|00 00 direct address
Operation: ~ PUSH

(SP)« (SP)+1
((SP)) « (direct)
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RET
Function: Return from subroutine
Description: RET pops the high-and low-order bytes of the PC successively from the stack,
decrementing the Stack Pointer by 2. Program execution continues at the
resulting address, generally the instruction immediately following an ACALL or
LCALL. No flags are affected.
Example: The Stack Pointer originally contains the value 0Bh. Internal RAM locations OAh
and OBh contain the values 23h and 01h, respectively. The instruction,
RET
will leave the Stack Pointer equal to the value 09h. Program execution will
continue at location 0123h.
Bytes: 1
Cycles: 2
Encoding: 0O 01 0J]0 O 10
Operation: ~ RET

(PCis.8) « ((SP))
(SP)« (SP)1 1
(PC70) « ((SP))
(SP)« (SP)i1 1
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RETI

Function:

Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

Return from interrupt

RETI pops the high-and low-order bytes of the PC successively from the stack,
and restores the interrupt logic to accept additional interrupts at the same
priority level as the one just processed. The Stack Pointer is left decremented
by two. No other registers are affected; the PSW is not automatically restored to
its pre-interrupt status. Program execution continues at the resulting address,
which is generally the instruction immediately after the point at which the
interrupt request was detected. If a lower-or same-level interrupt had been
pending when the RETI instruction is executed, that one instruction will be
executed before the pending interrupt is processed.

The Stack Pointer originally contains the value 0Bh. An interrupt was detected
during the instruction ending at location 0122h. Internal RAM locations OAh and
0Bh contain the values 23h and 01h, respectively. The instruction,

RETI

will leave the Stack Pointer equal to 09h and return program execution to
location 0123h.

1

2

0 01 1210010

RETI

(Pcls-s) « ((SP))
(SP)« (SP)i 1
(PC70) « ((SP))
(SP)« (SP)i 1
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RL A

Function: Rotate Accumulator Left

Description: The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated
into the bit O position. No flags are affected.

Example: The Accumulator holds the value 0C5h (11000101b). The instruction,

RL A
leaves the Accumulator holding the value 8Bh (10001011b) with the carry
unaffected.
Bytes: 1
Cycles: 1
Encoding: 0 01 0)J]O O 1 1

Operation: ~ RL
(An+t1)« (Ay) n=0~6
(AO) « (A7)
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RLC A
Function: Rotate Accumulator Left through the Carry flag
Description: The eight bits in the Accumulator and the carry flag are together rotated one bit
to the left. Bit 7 moves into the carry flag; the original state of the carry flag
moves into the bit 0 position. No other flags are affected.
Example: The Accumulator holds the value 0C5h (11000101b), and the carry is zero. The
instruction,
RLC A
leaves the Accumulator holding the value 8Bh (10001010b) with the carry set.
Bytes: 1
Cycles: 1
Encoding: 0 01 11700 11
Operation:  RLC
(An+1)« (Ay) n=0~6
(A0) « (C)
(C) « (A7)
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RR A

Function: Rotate Accumulator Right

Description: The eight bits in the Accumulator are rotated one bit to the right. Bit O is rotated
into the bit 7 position. No flags are affected.

Example: The Accumulator holds the value 0C5h (11000101b). The instruction,

RR A
leaves the Accumulator holding the value OE2h (11100010b) with the carry
unaffected.
Bytes: 1
Cycles: 1
Encoding: 0 0 0O0O)JO O 11
RR

Operation:
(A« (Ah+1) n=0~6

(A7) « (AO)
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RRC A
Function: Rotate Accumulator Right through Carry flag
Description: The eight bits in the Accumulator and the carry flag are together rotated one bit
to the right. Bit 0 moves into the carry flag; the original value of the carry flag
moves into the bit 7 position. No other flags are affected.
Example: The Accumulator holds the value 0C5h (11000101b), the carry is zero. The
instruction,
RRC A
leaves the Accumulator holding the value 62h (01100010b) with the carry set.
Bytes: 1
Cycles: 1
Encoding: 0 00 110011
Operation: ~ RRC
(An) « (An+1) n=0~6
(A7) « (C)
(C) « (A0)
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SETB <bit>

Function: Set Bit

Description: SETB sets the indicated bit to one. SETB can operate on the carry flag or any
directly addressable bit. No other flags are affected.

Example: The carry flag is cleared. Output Port 1 has been written with the value 34h
(00110100b). The instructions,

SETB C
SETB PI.O

will leave the carry flag set to 1 and change the data output on Port 1 to 35h

(00110101b).
SETB C
Bytes: 1
Cycles: 1
Encoding: 11 0 170011
Operation: SETB
(C)« 1
SETB bit
Bytes: 2
Cycles: 2
Encoding: 11 0 10010 bit address

Operation: ~ SETB
(bit) « 1
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SIMP  rel
Function: Short Jump
Description: Program control branches unconditionally to the address indicated. The branch

destination is computed by adding the signed displacement in the second
instruction byte to the PC, after incrementing the PC twice. Therefore, the range
of destinations allowed is from 128 bytes preceding this instruction to 127 bytes
following it.

Example: The | abel ARELADRO is assigned to an
0123h. The instruction,

SIJMP RELADR

will assemble into location 0100h. After the instruction is executed, the PC wiill
contain the value 0123h.

(Note: Under the above conditions the instruction following SIMP will be at
102h. Therefore, the displacement byte of the instruction will be the relative
offset (0123h 1 0102h) = 21h. Put another way, an SIJMP with a displacement of
OFEH would be a one-instruction infinite loop.)

Bytes: 2
Cycles: 3
Encoding: 1 0 0 0J]0 O0O0O relative

Operation: SIMP
(PC)« (PC)+2
(PC) « (PC) +rel
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SUBB A, <src-byte>

Function:

Description:

Example:

SUBB A, Rn
Bytes:
Cycles:
Encoding:

Operation:

Subtract with borrow

SUBB subtracts the indicated variable and the carry flag together from the
Accumulator, leaving the result in the Accumulator. SUBB sets the carry
(borrow) flag if a borrow is needed for bit 7, and clears C otherwise. (If C was
set before executing a SUBB instruction, this indicates that a borrow was
needed for the previous step in a multiple precision subtraction, so the carry is
subtracted from the Accumulator along with the source operand.) AC is set if a
borrow is needed for bit 3, and cleared otherwise. OV is set if a borrow is
needed into bit 6, but not into bit 7, or into bit 7, but not bit 6.

When subtracting signed integers OV indicates a negative number produced
when a negative value is subtracted from a positive value, or a positive result
when a positive number is subtracted from a negative number.

The source operand allows four addressing modes: register, direct, register-
indirect, or immediate.

The Accumulator holds 0C9h (11001001b), register 2 holds 54h (01010100b),
and the carry flag is set. The instruction,

SUBB A, R2

will leave the value 74h (01110100b) in the accumulator, with the carry flag and
AC cleared but OV set.

Notice that 0C9h minus 54h is 75h. The difference between this and the above
result is due to the carry (borrow) flag being set before the operation. If the state
of the carry is not known before starting a single or multiple-precision
subtraction, it should be explicitly cleared by a CLR C instruction.

1 0 O 1|1 r r r

SUBB
(A)« (A)T (C)T (Rn)
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SUBB A, direct

Bytes:
Cycles:
Encoding:

Operation:

SUBB A, @Ri

Bytes:
Cycles:
Encoding:

Operation:

SUBB A, #data

Bytes:
Cycles:
Encoding:

Operation:

1 0 0 1

0 1 01

direct address

SUBB

(A)« (A)T (C)71 (direct)

1 0 0 1

0 1 1 i

SUBB

(A) « (A)T (C)T ((Ri)

1 0 0 1

0 1 0O

immediate data

SUBB

(A) « (A)i (C)i #data
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SWAP A
Function: Swap nibbles within the Accumulator
Description: SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the
Accumulator (bits 3-0 and bits 7-4). The operation can also be thought of as a
four-bit rotate instruction. No flags are affected.
Example: The Accumulator holds the value 0C5h (11000101b). The instruction,
SWAP A
leaves the Accumulator holding the value 5Ch (01011100Db).
Bytes:
Cycles: 1
Encoding: 1
Operation: 11 0 00100

XCH
(Az0) 2 (A7)
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XCH A, <byte>

Function:

Description:

Example:

XCH A, Rn
Bytes:
Cycles:
Encoding:

Operation:

XCH A, direct
Bytes:
Cycles:
Encoding:

Operation:

XCH A, @RI
Bytes:
Cycles:
Encoding:

Operation:

Exchange Accumulator with byte variable

XCH leads the Accumulator with the contents of the indicated variable, at the
same time writing the original Accumulator contents to the indicated variable.
The source/destination operand can use register, direct, or register-indirect
addressing.

RO contains the address 20h. The Accumulator holds the value 3Fh
(00111111b). Internal RAM location 20h holds the value 75h (01110101b). The
instruction,

XCH A, @RO

will leave RAM location 20h holding the values 3Fh (00111111b) and 75h
(01110101b) in the accumulator.

11 0 O|1 r r r

XCH
(A)# (Rn)

1 1 0 0[O0 1 0 1 direct address

XCH
(A) 2 (direct)

110 0|0 1 1 i

XCH
(A) = ((R)

Page202 of 235



@5 CORER

XCHD A, @Ri

Function:

Description:

Example:

Bytes:
Cycles:
Encoding:

Operation:

Exchange Digit

XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally
representing a hexadecimal or BCD digit, with that of the internal RAM location
indirectly addressed by the specified register. The high-order nibbles (bits 7-4)
of each register are not affected. No flags are affected

RO contains the address 20h. The Accumulator holds the value 36h
(00110110b). Internal RAM location 20h holds the value 75h (01110101b). The
instruction,

XCHD A, @RO

will leave RAM location 20h holding the value 76h (01110110b) and 35h
(00110101b) in the Accumulator.

1

1

11 0 1(0 1 1 i

XCH
(As.0) * ((Rnsy))
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XRL  <dest-byte>, <src-byte>

Function:

Description:

Example:

XRL A, Rn
Bytes:
Cycles:
Encoding:

Operation:

XRL A, direct
Bytes:
Cycles:

Encoding:

Logical Exclusive-OR for byte variables

XRL performs the bitwise logical Exclusive-OR operation between the indicated
variables, storing the results in the destination. No flags are affected.

The two operands allow six addressing mode combinations. When the
destination is the Accumulator, the source can use register, direct register-
indirect, or immediate addressing; when the destination is a direct address, the
source can be the Accumulator or immediate data.

(Note: When this instruction is used to modify an output port, the value used as
the original port data will be read from the output data latch, not the input pins.)

If the Accumulator holds O0C3h (11000011b) and register 0 holds OAah
(10101010b) then the instruction,

XRL A, RO

will leave the Accumulator holding the value 69h (01101001b).

When the destination is a directly addressed byte this instruction can
complement combinations of bits in any RAM location or hardware register. The
pattern of bits to be complemented is then determined by a mask byte either a
constant contained in the instruction or a variable computed in the Accumulator
at run-time. The instruction,

XRL PI, #00110001b

will complement bits 5, 4, and O of output Port 1.

0O 1 1 01 r r r

XRL
(A) « (A) A (Rn)

01 1 0|0 1 0 1 direct address
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14 Appendix B: SFR description

14.1 Port 0 Register (PO)

Bit No. 7 6 5 4 3 2 1 0

80h PO.7 P0.6 P0O.5 P0.4 P0.3 P0.2 PO.1 P0.0

RW() RMW(1) RMW(1) RW(@I) RW@Q) RW(1) RW(@I) RMW(@Q)

This port can operate in the open-drain mode or the push-pull mode. It has pull-up devices.
They can be used selectively.

14.2 Stack Pointer Register (SP)

Bit No. 7 6 5 4 3 2 1 0

81h SP.7 SP.6 SP.5 SP.4 SP.3 SP.2 SP.1 SP.0

RIW(O) R/MW(O) RMW(@O) RMW(0O) RW(0O) RW1) RMW@1) RMW(Q)

The stack pointer identifies the location where the stack will begin. The stack pointer is
incremented by PUSH operation and decremented by POP operation.

14.3 Data Pointer Low Register (DPL)

Bit No. 7 6 5 4 3 2 1 0
82h DPL7 | DPL6 | DPL5 | DPL4 | DPL3 | DPL2 | DPL1 | DPLO
RW(O0) RMW(@O) RMW(@O) RWO RWO RW(O) RW(O)  RW(QO)

This register is the low byte of the 16-bit data pointer. DPL and DPH are used to point to non-
scratchpad data RAM.

14.4 Data Pointer High Register (DPH)

Bit No. 7 6 5 4 3 2 1 0

83h DPH.7 DPH.6 DPH.5 DPH.4 DPH.3 DPH.2 DPH.1 DPH.0

RIW(O) RMW(@O0) RMW(O) RMW(O) RMW@O) RMW@O) RMW(0O) RW(QO)

This register is the high byte of the 16-bit data pointer. DPL and DPH are used to point to non-
scratchpad data RAM.
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14.5 Port Alternative Function Selection 2 (ALTSEL?2)

Bit No. 7 6 5 4 3 2 1 0
84h - PWM_A | UART B | UART_A| SPID A | SPIC_A| I2C A INT_A
R/W(0) RW@O) R/W() R/MW(O)  R/W(©)
PWM_A: PWM alternative A function selection
PWM3.6_A (P4.4), PWM3.7_A (P4.5)
UART_B: UART alternative B function selection
RXD_B (P0.0), TXD_B (P0.1)
UART_A: UART alternative A function selection
RXD_A (P4.0), TXD_A (P4.1)
SPID_A: SPI Data pin alternative A function selection
MISO_A (P4.4), MOSI_A (P4.5)
SPIC_A: SPI Clock, Enable pin alternative A function selection
SSB_A (P0.0), SCLK_A (P0.1)
I12C_A: I2C alternative A function selection
I2C_SDA_A (P0.0), I2C_SCL_A (P0.1)
INT_A: INT alternative A function selection
INT4_A (P4.2), INT5_A (P4.3)
14.6 Port Alternative Function Selection (ALTSEL)
Bit No. 7 6 5 4 3 2 1 0
85h - - - - - EA_IOEN | XTAL_IOEN| RST_IOEN
R/W(0) R/W(1) R/W(0)
EA_IOEN: EA IO function enable
XTAL_IOEN: XTAL IO function enable
RST_IOEN: RESETB IO function enable
14.7 Clock Selection Register (CKSEL)
Bit No. 7 6 5 4 3 2 1 0
86h - - - R32KOE | R24MOE - RGPR | R32KEN
R/W(0) R/W(0) R/W(1) R/W(1)

R32KOE: RING 32K port output enable (P0.3)
R24MOE:  RING 24M port output enable (P0.2)
RGPR: WDT clock selection
0 = RING 32K is selected as WDT clock.
1 =RING 24M is selected as WDT clock.
R32KEN: RING 32K clock enable flag.
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14.8 Power Control Register (PCON)

Bit No. 7 6 5 4 3 2 1 0
87h SMOD1 SMODO - POF GF1 GFO PD IDL
R/W(0) R/W(0) R/W(1) R/W(0) R/W(0) R/W(0) R/W(0)
Symbol Function
SMOD1 This bit doubles the serial port baud rate in mode 1, 2, and 3 when set to 1.
SMODO Enable SMO access. Donét modify this bi
Not implemented, reserved for future use.
Note : User software should not write 1s to reserved bits. These bits may be used in
) future products to invoke new features. In that case, the reset or inactive value of
the new bit will be 0, and its active value will be 1.
POF Power Off flag. When power-on, this bit will be set by H/W.
GF1 General purpose flag bit
GFO General purpose flag bit
Power down (Stop) mode. Setting this bit causes the MIiDAS10B family to go into the
PD POWER DOWN mode. In this mode all the clocks are stopped and program execution
is frozen.
Idle mode. Setting this bit causes the MiDAS10B family to go into the IDLE mode. In
DL this mode the clocks to the CPU are stopped, so program execution is frozen. But the

clock to the peripherals and interrupt blocks is not stopped, and these blocks
continue operating.

14.9 Timer 0/1 Control Register (TCON)

Bit No. 7 6 5 4 3 2 1 0
88h TF1 TR1 TFO TRO IE1 IT1 IEO ITO
RW@O) R/MW(@O) R/W(@O) RW@O) RW(0O  RW@O)  RWO  R/W(O)
Symbol Function
Timer 1 Overflow Flag. This bit indicates when Timer 1 overflows its maximum count
as defined by the current mode. This bit can be cleared by software and is
TF1 automatically cleared when the CPU vectors to the Timer 1 interrupt service routine.
0: No Timer 1 overflow has been detected.
1: Timer 1 has overflowed its maximum count
Timer 1 Run Control. This bit enables/disables the operation of Timer 1. Halting this
TR1 timer will preserve the current count in TH1 and TL1.
0: Timer 1 is halted.
1: Timer 1 is enabled.
Timer 0 Overflow Flag. This bit indicates when Timer 0 overflows its maxim um count
TFO . . . .
as defined by the current mode. This bit can be cleared by software and is
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automatically cleared when the CPU vectors to the Timer O interrupt service routine.
0: No Timer 0 overflow has been detected.
1: Timer 0 has overflowed its maximum count

Timer 0 Run Control. This bit enables/disables the operation of Timer 0. Halting this
timer will preserve the current count in THO and TLO.

TRO 0: Timer 0 is halted.

1: Timer O is enabled.

Interrupt 1 Edge Detect. This bit is set when an edge/level of the type defined by IT1
IE1 is detected. If IT1=1, this bit will remain set until cleared in software or the start of

the External Interrupt 1 service routine. If IT1=0, this bit will inversely reflect the

state of the /INT1 pin.

Interrupt 1 Type Select. This bit selects whether the /INT1 pin will detect edge or
IT1 level triggered interrupts.

0: /INT1 is level triggered.

1: /INT1 is edge triggered.

Interrupt O Edge Detect. This bit is set when an edge/level of the type defined by ITO
IEO is detected. If ITO=1, this bit will remain set until cleared in software or the start of

the External Interrupt O service routine. If ITO=0, this bit will inversely reflect the

state of the /INTO pin.

Interrupt O Type Select. This bit selects whether the /INTO pin w ill detect edge or
ITO level triggered interrupts.

0: /INTO is level triggered.
1: /INTO is edge triggered.

14.10 Timer Mode Control Register (TMOD)

Bit No. 7 6 5 4 3 2 1 0
89h GATE CIT M1 MO GATE C/IT M1 MO
R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
Symbol Function
Timerl GATE([7], C/T[6], M1:MO[5:4]
Timer0 GATE[3], C/T[2], M1:MO[1:0]
Timer 0/1 Gate Control. This bit enables/disables the ability of Timer 0 to increment.
GATE 0: Timer O will clock when TR0O=1, regardless of the states of /INTO.
1: Timer O will clock only when TRO=1 and /INTO=1.
Timer 0/1 Counter/Timer Select.
CIT 0: Timer 0/1 is incremented by internal clocks.
1: Timer 0/1 is incremented by pulses on TO/T1 when TRO/TR1 (TCON.46) is 1.
Timer 0/1 Mode Select. These bits select the operating mode of Timer 0/1. When
M1, MO Timer 0 is in mode 3, TLO is started/stopped by TRO and THO is started/stopped by

TR1. Run control for Timer 1 is then provided via the Timer 1 mode selection.
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M1 MO Mode

Mode 0: 8 bits with 5 -bit prescale

Mode 1: 16 bits

Mode 2: 8 bits with auto -reload

PR, O|O

R O[O

Mode 3: Timer 1 is halted, but holds its count.

14.11 Timer O Low Byte Register (TLO)

Bit No. 7 6 5 4 3 2 1 0

8Ah TLO.7 TLO.6 TLO.5 TLO.4 TLO.3 TLO.2 TLO.1 TLO.O

RW(O) RMW(@O) RMW(@O) RWO RWO RW(O) RW(O)  RW(QO)

This register contains the least significant byte of Timer 0.

14.12 Timer 1 Low Byte Register (TL1)

Bit No. 7 6 5 4 3 2 1 0

8Bh TL1.7 TL1.6 TL1.5 TL1.4 TL1.3 TL1.2 TL11 TL1.0

RW(O) RMW(@O) RMW(@O) RWO RWO RW(O) RW(O)  RW(QO)

This register contains the least significant byte of Timer 1.

14.13 Timer 0 High Byte Register (THO)

Bit No. 7 6 5 4 3 2 1 0

8Ch THO.7 THO.6 THO.5 THO.4 THO.3 THO.2 THO.1 THO.0

RW(O0) RMW(@O) RMW(@O) RWO RWO RW(O) RW(O)  RW(QO)

This register contains the most significant byte of Timer 0.

14.14 Timer 1 High Byte Register (TH1)

Bit No. 7 6 5 4 3 2 1 0

8Dh TH1.7 TH1.6 TH1.5 TH1.4 TH1.3 TH1.2 TH1.1 TH1.0

RW(O0) RMW(@O) RMW(@O) RWO RWO RW(O) RW(O)  RW(QO)

This register contains the most significant byte of Timer 1.
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14.15 Clock Control Register (CKCON)

Bit No. 7 6 5 4 3 2 1 0
8Dh WD2 WD1 wWDO T2M TiM TOM
RW(1) R/MW() RMW() RMW(@O) RW(0O)  RW(Q)
wD2, WD1, WDO: Watchdog timer mode select
Refer to WDT section for detailed descriptions.
T2M, T1M, TOM: Timer 2/1/0 time base selection
0: time base is 4 clocks.  1:time base is 12 clocks.
14.16 Internal Ring Calibration Control Register (RINGCON)
Bit No. 7 6 5 4 3 2 1 0
8Dh RINGC7 | RINGC6 | RINGC5 | RINGC4 | RINGC3 | RINGC2 | RINGC1 | RINGCO
RW() R/MW(1) RW(1) RW(@I) RW(@1) RMW(0O RW(@I1) RW(Q)
14.17 Port 1 Register (P1)
Bit No. 7 6 5 4 3 2 1 0
90h P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0
RW(1) RW() RW(1) RMW(@1) RW(@A) RW(1) RW(@I)  RW(®)
14.18 External Interrupt Flag Register (EXIF)
Bit No. 7 6 5 4 3 2 1 0
91h IES- IE4 IE3 IE2 XT/IRG RGMD RGSL BGS
RW(O0) R/MW(@O) R/W(@O)  RW@O) RW0O  RW(@) RWO  RW(@)
Symbol Function
IE5~2 External Interrupt 5~2 Flag.
Crystal Source Select.
XTIRG 0: The internal Ring oscillator is selected as the clock source.
1: The crystal oscillator is selected.
Ring mode.
RGMD Generally, RGMD is the inversion of XT/RG
Oscillator select bit when exiting from the power -down.
RGSL 1: When exiting from the power -down mode, the system use the internal ring

oscillator as system clock during 65,536 XTAL oscillator clock cycles.
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BGS

Band-Gap Select. This bit enables/disables the bandgap reference during Stop
mode. Disabling the band-gap reference provides significant power savings in Stop
mode, but sacrifices the ability to perform a power fail interrupt or power -fail reset
while stopped. The state of this bit will be undefined on devices which do not
incorporate a band-gap reference.

0: The band-gap reference is disabled in Stop mode but will function during normal
operation.

1: The band-gap reference will operate in Stop mode.

14.19 PWMA CHO Control Register (PWMOCON)

Bit No. 7 6 5 4 3 2 1 0
92h CPS2 CPS1 CPSO - PWMOVF| PWMEN
R/W()  R/W(0O)  R/W(0) R/W()  R/W(0)
CPS2, CPS1, CPS0: PWMA counter frequency selection.
[0,0,0] = F sys/ 1; Default
[0,0,1] =F SYS/ 2
[0,1,0] =F SYS/4
[0,1,1]=F sys/ 8
[1,0,0] =F sys/ 16
[1,0,1] = F sys/ 32
[1,1,0] = F sys/ 64
[1,1,1] = F sys/ 128
PWMOVF: PWMA counter overflow flag.
Set by hardware and cleared by software.
PWMOVF flags an interrupt.
PWMEN: PWMA counter run control bit.
[0] = Stop the PWMA counter.
[1] = Run the PWMA counter.
14.20 PWMA CHO Counter Register (PWMOCNT)
Bit No. 7 6 5 4 3 2 1 0
93h CNT7 CNT6 CNT5 CNT4 CNT3 CNT2 CNT1 CNTO
RW() R/W(O) R/MW(O) RMW(0O) RW(0O) RW(0O RW0O)  R/W(O)

Software can write this register for the initialization of the counter.
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14.21 PWMA CHO Duty Data Register of Module 0 (PWMO0DO)

Bit No. 7 6 5 4 3 2 1 0
94h PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(O0) R/MW(@O) R/W(@O)  RWO RW(0O  RW0O)  RWO  R/W(@)
Each Module has a internal buffer register for the duty data register.
The buffer register is updated with the new data whenever the PWMA counter
rolls over. When user write, the data register is written.
When user read, the contents of buffer register is read out.
14.22 PWMA CHO Duty Data Register of Module 1 (PWMO0D1)
Bit No. 7 6 5 4 3 2 1 0
95h PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW() R/W(O) R/MW(0O) RMW(0O) RMW(0O) RW(0O) RW0O)  R/W(O)
14.23 PWMA CHO Duty Data Register of Module 2 (PWMO0D2)
Bit No. 7 6 5 4 3 2 1 0
96h PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW() R/W(O) R/MW(0O) RMW(0O) RMW(0O) RW0O RW0O)  R/W(O)
14.24 PWMA CHO Duty Data Register of Module 3 (PWMO0D3)
Bit No. 7 6 5 4 3 2 1 0
97h PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(O0) R/W(@O) R/MW(@O) RW(O) RW(0O RMW0O) RWO  R/W(0O)
14.25 Serial Port Control Register (SCON)
Bit No. 7 6 5 4 3 2 1 0
98h SMO SM1 SM2 REN TB8 RB8 Tl RI
RW(O0) R/MW(@O) R/MW(@O) RW@O) RW(0O RMW(0O  RWO  R/W(O)
Symbol | Function
SMO [0,0] : ModeO, 8-bit shift register (F syd4) [0,1] : Model, 8-bit UART (Variable)
SM1 [1,0]: Mode2, 9-bit UART (Fsyd32 or Fsyd16) [1,1]: Mode3, 9-bit UART (Variable)
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Enables the Automatic Address Recognition in Mode2 and 3.
SM2 In Model, the validity of a Stop Bit is checked if SM2=1
In ModeO, SM2 should be @A00.

Receive Enable. This bit enables/disables the serial port receiver shiftregister.
REN 0: serial port reception disable.
1: serial port receiver enable(modes 1, 2 and 3). Initiate synchronous reception(mode 0).

TBS8 9th data bit that will be transmitted in Mode2 and 3.

9th data bit that was received in Mode 2 and 3.

RB8 . . .
InModel, RB8 i s equal t o s tinovoded, RB8isindtus&dM2 i s
Transmitter Interrupt Flag. This bit indicates that data in the serial port buffer has been
Tl completely shifted out. In serial port mode 0, Tl is set at the end of the 8 " data bit. In all

other modes, this bit is set at the end of the last data bit. This bit must be manually
cleared by software.

Receiver Interrupt Flag. This bit indicates that a byte of data has been received in the
serial port buffer. In serial port mode 0, Rl is s et at the end of the 8 ™ bit. In serial port
RI mode 1, Rl is set after the last sample of the incoming stop bit subject to the state of
SM2. In modes 2 and 3, Rl is set after the last sample of RB8. This bit must be manually
cleared by software.

14.26 Serial Data Buffer Register (SBUF)

Bit No. 7 6 5 4 3 2 1 0
99h SBUF.7 | SBUF.6 | SBUF.5 | SBUF.4 | SBUF.3 | SBUF.2 | SBUF.1 | SBUF.0
RW(0) RMW(@©O) RMW(O) RMW0O) RW@O RMW(0O) RW®O) RW(0O)

Data for serial port is read from or written to this location. The serial transmit and receive
buffers are separate registers, but both are addressed at the same location.

14.27 PWMA CHO Module Output Enable (PWMOOEN)

Bit No. 7 6 5 4 3 2 1 0
9Bh OE7 OBb OB (o)1 OB3 oR OFEL fol=0)
RIW(O) R/MW(@O) R/MW(0O) RMW(O) RMW@O) RMW@O) RMW(0O) RW(QO)

OE7: Module 7 PWM output enable.
OES®: Module 6 PWM output enable.
OES: Module 5 PWM output enable.
OEA4: Module 4 PWM output enable.
OE3: Module 3 PWM output enable.
OEZ2: Module 2 PWM output enable.
OE1: Module 1 PWM output enable.
OEQO: Module 0 PWM output enable.
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14.28

Bit No.

9Ch

14.29

Bit No.

9Dh

14.30

Bit No.

9Eh

14.31

Bit No.

9Fh

14.32

Bit No.

AOh

14.33

Bit No.

Alh

PWMA CHO Duty Data Register of Module 4 (PWMO0DA4)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RIW(O) RMW() RMW@O)  RMW(O)  RMW(O) RMW(0O) RMW(0O)  RW©O)

PWMA CHO Duty Data Register of Module 5 (PWMOD5)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(O) RMW(O0) RMW(@O) RW®O RW@O RW®O RW(O  RW(O)

PWMA CHO Duty Data Register of Module 6 (PWMODG6)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(O) RMW(@O0) RMW(0O) RW(O) RMW®O RMW@O) RMW0O) RW(0)

PWMA CHO Duty Data Register of Module 7 (PWMO0D?7)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(O0) R/W(@O) R/MW(@O) RW(O) RW(0O RMW0O) RWO  R/W(0O)

Port 2 Register (P2)
7 6 5 4 3 2 1 0
P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0
RW() R/W(1) RW(@1) RW(@1) RW(@IA) RW(@A) RW(@1)  RW()
Extended Interrupt Enable Register (EIE)
7 6 5 4 3 2 1 0
ESPI El2C EWDT EX5 EX4 EX3 EX2
R/W(0) RW(O) R/MW(@O) RMW(@O) RW@O) RW(0O)  R/W(@)
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ESPI:
EI2C:
EWDT:
EX5:
EX4:
EX3:
EX2:

SPI interrupt enable.
12C interrupt enable.
Watchdog timer interrupt enable.

External interrupt 5 enable.
External interrupt 4 enable.
External interrupt 3 enable.
External interrupt 2 enable.

14.34 PWMA CH1 Control Register (PWM1CON)

Bit No.

A2h

Bit No.

A3h

7 6 5 4 3 2 1 0
- CPS2 CPS1 CPSO - - PWMOVF| PWMEN
RW(O)  R/W(@O)  R/W(0) RW(@O)  R/W(0)
CPS2, CPS1, CPS0: PWMA counter frequency selection.
[0,0,0] = Fsys/ 1; Default
[0,01] = Fsys/2
[0,1,0] = Fsysl 4
[0,1,1] = Fsysl 8
[1,0,0] = Fsys/ 16
[1,0,1] = Fsys/ 32
[11110] = FSYS/ 64
[1,1,1] = Fsysl 128
PWMOVF: PWMA counter overflow flag.
Set by hardware and cleared by software.
PWMOVF flags aninterrupt.
PWMEN: PWMA counter run control bit.
[0] = Stop the PWMA counter.
[1] = Run the PWMA counter.
14.35 PWMA CH1 Counter Register (PWM1CNT)
7 6 5 4 3 2 1 0
CNT7 CNT6 CNT5 CNT4 CNT3 CNT2 CNT1 CNTO
R/W(O)  R/W() R/W(@O  RW(O) RW(@O  RW@O)  RW@O)  RW®O)

Software can write this register for the initialization of the counter.
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14.36 PWMA CH1 Duty Data Register of Module 0 (PWM1DO0)

Bit No.

Adh

14.37

Bit No.

A5h

14.38

Bit No.

A6h

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RIW(O) RMW() RMW@O)  RMW(O)  RMW(O) RMW(0O) RMW(0O)  RW©O)

Each Module has a internal buffer register for the duty data register.
The buffer register is updated with the new data whenever the PWMA counter
rolls over. When user write, the data register is written.

When user read, the contents of buffer register is read out.

PWMA CH1 Duty Data Register of Module 1 (PWM1D1)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(O) RMW(0) RMW(0O) RW(O) RMW®O RMW@O) RMW(0O) R/W(0)

PWMA CH1 Duty Data Register of Module 2 (PWM1D2)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RIW(O) R/MW(0) RMW(O) RMW@O) RMW(O) RMW(0O) RWO  R/W(©)

14.39 PWMA CH1 Duty Data Register of Module 3 (PWM1D3)

Bit No.

A7h

Bit No.

A8h

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(@O) R/W() R/W(@O RWO RW(0O  RW(0O  RW0O)  RW®O)
14.40 Interrupt Enable Register (IE)
7 6 5 4 3 2 1 0
EA EADC ET2 ES ET1 EX1 ETO EXO0
RW(O) R/W(0O) RW(@O RWO RW(O RW(O  RW(0O)  RWQ)
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Symbol

Function

EA

Global Interrupt Enable. This bit controls the global masking of all interrupts except
Power-Fail interrupt, which is enabled by the EPFI bit (WDCON.5).

0: Disable all interrupt sources. This bit overrides individual interrupt mask settings.
1: Enable all individual interrupt masks. Individual interrupts will occur if enabled.

EADC

Enable ADC Interrupt. This bit controls the masking of the ADC interrupt.
0: Disable all ADC interrupts.
1: Enable interrupt requests generated by the ADCF flag (ADCON.4)

ET2

Timer 2 interrupt enable

ES

Enable Serial port Interrupt. This bit controls the masking of the serial port interrupt.
0: Disable all serial port interrupts.
1: Enable interrupt requests generated by the Rl (SCON.0) or TI (SCON.1) flags

ET1

Enable Timer 1 Interrupt. This bit controls the masking of the Timer 1 interrupt.
0: Disable all Timer 1 interrupts.
1: Enable interrupt requests generated by the TF1 flag (TCON.7).

EX1

Enable External Interrupt 1. This bit controls the masking of external interrupt 1.
0: Disable external interrupt 1.
1: Enable interrupt requests generated by the /INT1 pin.

ETO

Enable Timer O Interrupt. This bit controls the masking of the Timer 0 interrupt.
0: Disable all Timer O interrupts.
1. Enable interrupt requests generated by the TFO flag (TCON.5).

EXO

Enable External Interrupt 0. This bit controls the masking of external interrupt O.
0: Disable external interrupt O.
1: Enable interrupt requests generated by the /INTO pin.

14.41 Slave Address Register (SADDR)

Bit No. 7 6 5 4 3 2 1 0
A%h SADDR.7| SADDR.6| SADDR.5| SADDR.4| SADDR.3| SADDR.2| SADDR.1| SADDR.O
RW() R/W(O) R/MW(0O) RMW(O) RW(0O) RW(0O RW0O)  R/W(O)
Programmed with the given or broadcast address assigned to serial port
14.42 PWMA CH1 Module Output Enable (PWM1OEN)
Bit No. 7 6 5 4 3 2 1 0
ABh OE7 OB (0]=9) OH OR3 or OEL OB
R/W(O) R/MW(@O) R/MW(@O) R/W(0O) R/MW(@O) RW0O RW®O)  R/W(@)
OET: Module 7 PWM output enable.
OESé: Module 6 PWM output enable.
OES: Module 5 PWM output enable.
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14.43

Bit No.

Ach

14.44

Bit No.

A9Dh

14.45

Bit No.

AEh

14.46

Bit No.

AFh

14.47

Bit No.

BOh

OE4:
OE3:
OE2:
OEL1:
OEO:

Module 4 PWM output enable.
Module 3 PWM output enable.
Module 2 PWM output enable.
Module 1 PWM output enable.
Module 0 PWM output enable.

PWMA CH1 Duty Data Register of Module 4 (PWM1D4)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(O) RMW(0) RMW(O) RMW(@O) RMWO RMW(0O) RWO  RMW(©)

PWMA CH1 Duty Data Register of Module 5 (PWM1D5)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RW(O) RMW(@O0) RMW(@O) RW®O RW@O RWO RW(O  R/W(O)

PWMA CH1 Duty Data Register of Module 6 (PWM1D6)

7 6 5 4 3 2 1 0
PWMD7 | PWMD6 | PWMD5 | PWMD4 | PWMD3 | PWMD2 | PWMD1 | PWMDO
RIW(O) R/MW(0) RMW(O) RMW(@O) RMW(O) RMW(0O) RW(O  R/W(©)

PWMA CH1 Duty Data Register of Module 7 (PWM1D?7)

7 6 5 4 3 2 1 0
PWMD7 PWMD6 | PWMD5 PWMD4 | PWMD3 | PWMD2 PWMD1 | PWMDO
RW(O0) R/W(@O) R/MW(@O) RWO) RW(0O RW0O) RWO  R/W(0O)

Port 3 Register (P3)
7 6 5 4 3 2 1 0
P3.7 P3.6 P3.5 P3.4 P3.3 P3.2 P3.1 P3.0
RW(1) R/W(1) RW(1) RMW(@1) RW(@A) RW(1) RW(@I)  RW(®)
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14.48 Extended Interrupt Priority Register (EIP)

Bit No. 7 6 5 4 3 2 1 0
B1lh PSPI - P12C PWDT PX5 PX4 PX3 PX2
R/W(0) RW(@O)  RMW(@O) R/MW(@O) RW@O) RW(0O)  R/W(@)
PSPI: SPI interrupt priority bit.
PI12C: 12C interrupt priority bit.
PWDT: Watchdog timer interrupt priority bit.
PX5: External interrupt 5 priority bit.
PX4: External interrupt 4 priority bit.
PX3: External interrupt 3 priority bit.
PX2: External interrupt 2 priority bit.
14.49 Interrupt Type Selection Register (IT)
Bit No. 7 6 5 4 3 2 1 0
B2h - - - - ITS IT4 IT3 IT2
RW(1)  RMW() RMW(@1)  RW()
ITS: Interrupt5 Type Selection Flag
[0] : Level detect [1] : Edge detect
IT4: Interrupt4 Type Selection Flag
[0] : Level detect [1] : Edge detect
IT3: Interrupt3 Type Selection Flag
[0] : Level detect [1] : Edge detect
IT2: Interrupt2 Type Selection Flag
[0] : Level detect [1] : Edge detect
14.50 Port 4 Register (P4)
Bit No. 7 6 5 4 3 2 1 0
B3h P47 P4.6 P4.5 P4.4 P4.3 P4.2 PA4.1 P4.0
RW(1) RMW() RW(1) RW(@I) RW(@1) RW(@1) RW(@IA) RMW(Q)
14.51 SPI Control Register (SPICON)
Bit No. 7 6 5 4 3 2 1 0
B4h - MODE BORD MSSEL CKPOL CKPHA | SPIOEN SPIEN
RW() R/W(O0) RW(O) R/W(@O) RW(O) R/MW(@O)  R/W(©)

Page219 of 235




@) CORE!

MODE:

BORD:

MSSEL:

SPI mode selection
[0] : 4-wire mode

SPI Transfer Bit Order
[1] : First LSB, Last MSB [0] : First MSB, Last LSB
SPI Master / Slave Selection Flag

[1] : SPI Master Mode [0] : SPI Slave Mode

[1] : 3-wire mode

CKPOL, CKPHA : SPI clock Polarity & Phase

SPIOEN:

SPIEN:

[0,0] : Leading edge Rising, Leading edge Sampling
[0,1] : Leading edge Rising, Trailing edge Sampling

[1,0] : Leading edge Falling, Leading edge Sampling
[1,1] : Leading edge Falling, Trailing edge Sampling
SPI Output Enable

[1] : SPI Output Enable
SPI Enable Flag
[1] : SPI Enable

[0] : SPI Output Disable

[0] : SPI Disable

14.52 SPI Clock Control Register (SPICK)

Bit No. 6 5 4 3 2 1 0
B5h - - - SPICK2 SPCK1 SPICKO
R/W() R/W()  R/W(0)
SPICK[2:0]: SPI Master Clock Divider
[0,0,0] . Fsys/ 2 [0,0,1] . FSYS/4
[0,1,0]: Fsys/ 8 [0,1,1]: Fsys/ 16
[1,0,0] : Fsys/ 32 [1,0,1] : Fsys/ 64
[1,1,0]: Fsys/ 128 [1,1,1]: Fsys/ 256
14.53 SPI TX / RX Data Register (SPIDR)
Bit No. 7 6 5 4 3 2 1 0
B6h DATA7 DATA6 DATAS DATA4 DATA3 DATA2 DATA1 DATAO
RW(O) R/W(0O) R/W(@O RWO RW(O RW(O  RW(0O)  RWQ)
14.54 Interrupt Priority High Register (IPH)
Bit No. 7 6 5 4 3 2 1 0
B7h PADCH PT2H PEH PTIH PX1H PTOH PXH
RW(O) R/W(O0) RMW@O RW(O) RMW(0O  RW(0O)  RWQ)
Symbol Function
- Reserved.
PADCH ADC Interrupt Priority High.
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PT2H Timer 2 Interrupt Priority High.
P Serial port Interrupt Priority High.
PTIH Timer 1 Interrupt Priority High.
PXH External Interrupt 1 Priority High.
PTOH Timer O Interrupt Priority High.
PXMH External Interrupt O Priority High.

14.55 Interrupt Priority Register (IP)

Bit No. 6 5 4 3 2 1 0
B8h PADC PT2 PS PT1 PX1 PTO PX0
RW0O) RMW(@O) RMW(@O) RMW(@O) RMW(0O) RW®O  R/W(©)
Symbol Function
- Reserved.
PADC ADC Interrupt Priority Low.
PT2 Timer 2 Interrupt Priority Low.
PS Serial port Interrupt Priority Low.
PT1 Timer 1 Interrupt Priority Low.
PX1 External Interrupt 1 Priority Low.
PTO Timer O Interrupt Priority Low.
PX0 External Interrupt O Priority Low.
14.56 Slave Address Mask Enable Register (SADEN)
Bit No. 7 6 5 4 3 2 1 0
B9h SADEN7 | SADENG6 | SADENS5 | SADEN4 | SADEN3 | SADEN2 | SADEN1 | SADENO
RW@O) R/MW(@O) R/W(@O) RW@O) RW(0O  RW@O  RWO  R/W(O)
14.57 Interrupt Polarity Selection Register (ITSEL)
Bit No. 7 6 5 4 3 2 1 0
BAh ITSELS ITSEL4 ITSEL3 ITSEL2 ITSELX ITSELO
RW(O) R/MW() RMW(@O) RW(1) RW(0O)  R/W(©)
ITSELS: Interrupt5 Polarity Selection Flag
[0] : low level or negative edge detect
[1] : high level or positive edge detect
ITSEL4: Interrupt4 Polarity Selection Flag
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ITSEL3:

ITSELZ2:

ITSEL1:

ITSELO:

[0] : low level or negative edge detect
[1] : high level or positive edge detect
Interrupt3 Polarity Selection Flag

[0] : low level or negative edge detect
[1] : high level or positive edge detect
Interrupt2 Polarity Selection Flag

[0] : low level or negative edge detect
[1] : high level or positive edge detect
Interruptl Polarity Selection Flag

[0] : low level or negative edge detect
[1] : high level or positive edge detect
InterruptO Polarity Selection Flag

[0] : low level or negative edge detect
[1] : high level or positive edge detect

14.58 SPI Status Register (SPIST)

Bit No. 7 6 5 4 3 2 1 0
Clh - - - TXBV SPIF | SPICOL | SPIOF
R(0) RW(@O)  R/W(O)  R/MW(0)
TXBV: TX buffer of SPIDR holds valid data.
[1] : Set by H/W when user write SPIDR while SPI is enabled.
[0] : Cleared by H/W when the data is moved to TX shift register
or SPI is disabled.
SPIF: SPI Interrupt Flag
[1] : Serial transfer is complete. If SPIE is set and EA is set, SPI
interrupt is generated.
SPICOL: SPI Write Collision Flag
[1] : SPIDR is written when TXBV is set. The previous data is lost.
SPIOF: SPI Read Overflow Flag

[1] : If a new data is received while SPIDR is still holding the previous data,
the flag is set. SPIF must be cleared before receiving a data again.

14.59 Power Management Register (PMR)

Bit No. 7 6 5 4 3 2 1 0
C4h XTOFF ALEOFF
R/W(1) R/W(0)
Symbol Function
- Reserved.
XTOFF XTOFF  [1]: External crystal Oscillator disable (Default).
[0] : External crystal Oscillator enable.
ALEOFF ALEOFF [1]: ALE toggI!ng disable.
[0] : ALE toggling enable (Default).
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14.60 Status Register (STATUS)

Bit No. 7 6 5 4 3 2 1 0
C5h - - - XTUP - - -
R(0) - - -
Symbol Function
- Reserved.

Crystal oscillator warm-up status.

It represents the crystal clock is stable (1) or not (0).
Cleared by H/W when Power-on reset and all kinds of reset.
Cleared by H/W when XTOFF bit is set.

Cleared by during Powerdown wake-up when XT/RG = 1.
Set by H/W after XTAL stabilization time.

XTUP

14.61 Internal Ring Oscillator Control Register (OSCICN)

Bit No. 7 6 5 4 3 2 1 0

Céh - - - - DIV2 RINGON DIVl DIVO

RW(1) RMW(1) RMW(0O)  R/MW()

RINGON: 1 = Internal ring Oscillator is running.
0 = Internal ring Oscillator is killed.

Donét clear RINGON bit when XTRG = 0.
DIV[2:0] : Ring Oscillator divider. (Fosc: 24MHz)

[0,0,0] = Fpsd48 [0,0,1] = Fosd24

[0,1,0] = Fpsd12 [0,1,1] = Fosd8

[1,0,0] = Fosd6 [1,0,1] = Fosd4

[1,1,0] = FOSCIZ

14.62 Test Internal Ring Oscillator Control Register (OSCICN2)

Bit No. 7 6 5 4 3 2 1 0
Ch - - - - - RINGON2 -
RIW(1)

RINGON2: 1 =Testinternal ring Oscillator is running.
0 = Test internal ring Oscillator is killed.
Must clear the flag for saving power at STOP mode
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14.63 Timer/Counter 2 Control Register (T2CON)

Bit No.
Céh

Bit No.

Co

7 6 5 4 3 2 1 0
TF2 EXF2 RCLK TCLK EXEN2 TR2 C/T2 CP/PL2
RW() RW(@O RW(@O) RW(@O RW(@O) RW(@O  RWO  R/W(0)
TF2 : Timer 2 overflow flag.
EXF2 : Timer 2 external flag.
RCLK : Receive clock flag.
TCLK : Transmit clock flag.
EXEN2 : Timer 2 external enable flag.
TR2 : Timer 2 run flag.
C/T2: Timer 2 Timer/Counter select. When set, counter by T2.
CP/RL2 : Capture/Reload flag.
CP/RL2 = 0, Reload. (TH2,TL2) ¢ (RCAP2H,RCAP2L)
CP/RL2 =1, Capture. ~ (RCAP2H,RCAP2L) ¢ (TH2,TL2)
14.64 Timer/Counter 2 Mode Control Register (T2MOD)
7 6 5 4 3 2 1 0
- - T20E DCEN
RW(O)  R/W(0)
T20E: Timer 2 clock output enable. When set, clock output to P1.0.
DCEN: Timer 2 down count enable. When set, count down.

14.65 Timer/Counter 2 Capture/Reload Low Byte Register (RCAP2L)

Bit No.

Chh

14.66 Timer/ Counter 2 Capture/Reload High Byte Register (RCAP2H)

Bit No.
Chh

7 6 5 4 3 2 1 0
RCAP2L7 RCAP2L6 RCAP2L5 RCAP2l4 RCAP2L3 RCAP212 RCAP2l1 RCAP2L0
RW(O) RMW(O RW(O RWO RW(O) RW(O) RW(O  RW(QO)

7 6 5 4 3 2 1 0
RCAP2H7 | RCAP2K6 | RCAP2tE | RCAP2H4A | RCAP2H3 | RCAP2H2 | RCAP2HL | RCAP2HD
RW(O) RMW(@O) RW(O RW(O RW(O) RW(O) RW(O  RW(QO)

Page224 of 235




@5 CORER

14.67 Timer 2 Low Byte Register (TL2)

Bit No.

7 6 5 4 3 2 1 0

Chh

TL2.7 TL2.6 TL2.5 TL2.4 TL2.3 TL2.2 TL2.1 TL2.0

RIW(O) R/MW(O) RMW(O) RMW(0O) RW(0O) RMW@O RMW(O)  R/W(QO)

14.68 Timer 2 High Byte Register (TH2)

Bit No.

7 6 5 4 3 2 1 0

CDh

TH2.7 TH2.6 TH2.5 TH2.4 TH2.3 TH2.2 TH2.1 TH2.0

RW(O) RMW(@O) RMW(@O) RWO RWO RW(O) RW(O)  RW(QO)

14.69 ADC Channel Enable Bar Register (ADCENBO)

Bit No.

7 6 5 4 3 2 1 0

CEh

ADCENB(O7 | ADCENB® | ADCENB(G | ADCENBM | ADCENB® | ADCENB(® | ADCENBQL | ADCENB®

RW(1) RMW(1) RW(I) RW(@I) RW(@IQ) RW@ID) RW@D)  RW)

0 = ADCO channel ON / 1 = ADCO channel OFF (Default)

14.70 ADC Channel Enable Bar Register (ADCENB1)

Bit No.

7 6 5 4 3 2 1 0

CFh

ADCENB17 | ADCENB16 | ADCENB15 | ADCENB14 | ADCENB13 | ADCENB12 | ADCENB11 | ADCENBI0

RW() RMW(1) RMW(1) RW(I) RMW(@I) RW(@1) RW(I1) RW()

0 = ADC1 channel ON /1 = ADC1 channel OFF (Default)

14.71 Program Status Word Register (PSW)

Bit No. 7 6 5 4 3 2 1 0
DOh CY AC FO RS1 RSO (0)Y] F1 P
R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R(0)
Symbol Function
Carry Flag. This bit is set when if the last arithmetic operation resulted in a carry
CY (during addition) or a borrow (during subtraction). Otherwise it is cleared to 0 by all

arithmetic operations.
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Auxiliary Carry Flag. This bit is set to 1 if the last arithmetic operation resulted in a

AC carry into (during addition), or a borrow (during subtraction) from the high order
nibble. Otherwise it is cleared to 0 by all arithmetic operations.
FO User Flag 0. This is a general purpose flag for software control.

Register Bank Select. These bits select which register bank is addessed during
register accesses.

RS1 RSO Register Bank Address
RS1, RSO 0 0 0 00H ~07H
0 1 1 08H ~ OFH
1 0 2 10H ~ 17H
1 1 3 18H ~ 1FH
Overflow Flag. This bit is set to 1 if the last arithmetic operation resulted in a carry
ov (addition), borrow (subtraction), or overflow (multiply or divide). Otherwise it is
cleared to O by all arithmetic operations.
F1 User Flag 1. This is a general purpose flag for software control.

Parity Flag. This bit is set to 1 if the modulo-2 sum of the eight bits of the
accumulator is 1 (odd parity); and cleared to O on even parity.

14.72 Port 0 Pull-up Control Register (POSEL)

Bit No. 7 6 5 4 3 2 1 0

D1h POSEL.7 | POSEL.6 | POSEL.5| POSEL.4 | POSEL.3| POSEL.2 | POSEL.1| POSEL.O0

RIW(O) RMW(@O) RW(O) RW(O) RW(O) RW(O RW(O  RW(QO)

0: The internal pull-up resistor in Port 0 is ON.
1: The internal pull-up resistor in Port 0 is OFF(Default).

14.73 Port 1 Pull-up Control Register (P1SEL)

Bit No. 7 6 5 4 3 2 1 0

D2h PISEL.7 | PISEL.6 | PISEL.5 | PISEL.4 | PISEL.3 | PISEL.2 | PISEL.1 | P1SEL.0
RIW(O) R/W(O) RMW() RMW@O) RMW(0O) RMW0O) RMW(O  RW(©)

0: The internal pull-up resistor in Port 1 is ON.
1: The internal pull-up resistor in Port 1 is OFF(Default).

14.74 Port 2 Pull-up Control Register (P2SEL)

Bit No. 7 6 5 4 3 2 1 0

D3h P2SEL.7 | P2SEL.6 | P2SEL.5 | P2SEL.4 | P2SEL.3 | P2SEL.2 | P2SEL.1 | P2SEL.O

RIW(O) RMW(O) RMW(@0) RMW(@O) RMW(O) RMW@O RMW0O) RW(0)
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0: The internal pull-up resistor in Port 2 is ON.
1: The internal pull-up resistor in Port 2 is OFF(Default).

14.75 Port 3 Pull-up Control Register (P3SEL)

Bit No. 7 6 5 4 3 2 1 0

D4h P3SEL.7 | P3SEL.6 | P3SEL.5 | P3SEL.4 | P3SEL.3 | P3SEL.2 | P3SEL.1 | P3SEL.O

RW(QO) RMW(O) RMW(@O) RMW(@O) RMW(O RMW(O RMW0O) RW(0)

0: The internal pull-up resistor in Port 3 is ON.
1: The internal pull-up resistor in Port 3 is OFF(Default).

14.76 Port 4 Pull-up Control Register (P4SEL)

Bit No. 7 6 5 4 3 2 1 0

D5h PASEL.7 | PASEL.6 | PASEL.5 | PASEL.4 | PASEL.3 | PASEL.2 | PASEL.1 | P4SEL.O

RW(O) R/MW(O) RMW() RMW() RMW(0O) RW@O) RMW(O)  R/W(QO)

PASEL.5: 0 = Pull-up resistor ON.

1 = Pull-up resistor OFF (Default).
PASEL.4: 0 = Pull-up resistor ON.

1 = Pull-up resistor OFF (Default).
PASEL.X: 0 = Pull-up resistor ON (Default).

1 = Pull-up resistor OFF.

14.77 ADC Channel Enable Bar Register (ADCENB2)

Bit No. 7 6 5 4 3 2 1 0

D6h ADCENBZ | ADCENB2 | ADCENBZ | ADCENB2 | ADCENBZ | ADCENB2 | ADCENB2L | ADCENB2

RIW() RMW(1) RMW(@1) RW(@I) RMW(@I) RW(@1) RW(1) RW()

0 = ADC2 channel ON / 1 = ADC2 channel OFF (Default)

14.78 ADC Channel Enable Bar Register (ADCENB3)

Bit No. 7 6 5 4 3 2 1 0

D7h ADCENB37 | ADCENBX% | ADCENB3X® | ADCENB3 | ADCENB3 | ADCENB2 | ADCENB3l | ADCENBX

RW() RMW(1) RMW(1) RW(I) RMW(@I) RW(Q) RW(I1) RW()

0 = ADC3 channel ON / 1 = ADC3 channel OFF (Default)
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14.79 Watchdog Timer & Power Status Register (WDCON)

Bit No. 7 6 5 4 3 2 1 0

D8h WD1 WDO EPFI PFI WDIF WTRF EWT RWT

RW(O) RMW() RMW(@O) RMW() RW@O RMW®O RWO R/W(QO)

WDMOD: WDT mode selection flag.

POR: Power-on reset flag.

EPFI: Enable power-fail interrupt.
PFI: Power-fail interrupt flag.
WDIF: Watchdog timer interrupt flag.
WTRF: Watchdog timer reset flag.
EWT: Watchdog timer reset enable.
RWT: Restart watchdog timer.

14.80 Port 0 Type Control Register (POTYPE)

Bit No. 7 6 5 4 3 2 1 0

D9h POTYPE.7| POTYPE.6| POTYPE.5| POTYPE.4| POTYPE.3| POTYPE.2| POTYPE.1| POTYPE.O

RIW() RMW(@I) RW(@Q) RW(@I) RW(I) RW(I) RW(I)  RMW()

0 = Push-Pull Output / 1 = Open-drain Output (Default)

14.81 Port 1 Type Control Register (P1TYPE)

Bit No. 7 6 5 4 3 2 1 0

DAh PITYPE.7 | PATYPE.6 | PLTYPE.5 | PITYPE.4 | PITYPE.3 | PITYPE.2 | PITYPE.1 | PITYPE.O

RIW() RMW() RW(1) RW(1) RW(@I1) RWI) RWQL) RMW()

0 = Push-Pull Output / 1 = Open-drain Output (Default)

14.82 Port 2 Type Control Register (P2TYPE)

Bit No. 7 6 5 4 3 2 1 0

DBh P2TYPE.7 | P2TYPE.6 | P2TYPE.5 | P2TYPE.4 | P2TYPE.3 | P2TYPE.2 | P2TYPE.1 | P2TYPE.O

RIW(1) RMW() RMW(1) RW(1) RW(@I1) RW@I) RWL) RMW()

0 = Push-Pull Output / 1 = Open-drain Output (Default)
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14.83 Port 3 Type Control Register (P3TYPE)

Bit No. 7 6 5 4 3 2 1 0

DCh P3TYPE.7 | P3TYPE.6 | PSTYPE.5 | P3TYPE.4 | P3TYPE.3 | P3TYPE.2 | P3TYPE.1 | P3TYPE.O

RIW(1)  RMW(1) RMW(@I) RW(@I) RW(1) RW(Q) RW@I) RMWQ)

0 = Push-Pull Output / 1 = Open-drain Output (Default)

14.84 Port 4 Type Control Register (P4TYPE)

Bit No. 7 6 5 4 3 2 1 0

DDh PATYPE.7 | PATYPE.6 | PATYPE.5 | PATYPE.4 | PATYPE.3 | PATYPE.2 | PATYPE.1 | PATYPE.O

RW() RMW(1) RMW(1) RW(I) RW(@I) RW@Q) RW(1) RW()

0 = Push-Pull Output / 1 = Open-drain Output (Default)

14.85 ADC Control & ADC Result Low Register (ADCON)

Bit No. 7 6 5 4 3 2 1 0
DEh AD_EN AD_REQ AD_END ADCF - - SARL SAR)
RW(O) RMW(O) RMW(1) R/W(©) RIW(O)  R/W(0)

AD_EN: ADC Ready Enable
AD_REQ: ADC Start.

Cleared by H/W when AD_END goes to 1 from 0.
AD_END: Current ADC Status.

0 = ADC is running now.

User must check the ADCF instead of AD_END.
ADCF: ADC Interrupt Flag.

Must be cleared by S/W.
SARJ[1:0]: Low Bits of ADC Result Value. (Total 10 bits)

14.86 ADC Clock and MUX Selection Register (ADCSEL)

Bit No. 7 6 5 4 3 2 1 0

DFh ADIV2 ADIV1 ADIVO ADCS4 ADCS3 ADCS2 ADCS1 ADC®

RIW() R/MW(O) RMW(0O) RMW@O) RMW(0O) RMW@O) RMW(O) R/W(©)

ADIV[2:0]: ADC clock selection.

[OOO] cFsys/ 2. [001] :Fsys /4.
[010] : Fays / 8. [011] : Feys / 16.
[100] : Feys / 32. [101] : Feys / 64.
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ADCS[4:0]:

[110] : Fsys /128.

[00000] :
[00010] :
[00100] :
[00110] :
[01000] :
[01010] :
[01100] :
[01110] :
[10000] :
[10010] :
[10100] :
[10110] :
[11000] :
[11010] :
[11100] :
[11110] :

ADC channel selection
ADCO.0 selection.
ADCO.2 selection.

ADCO0.4 selection

ADCO.6 selection.
ADCL1.0 selection.
ADCL1.2 selection.
ADC1.4 selection.
ADCL1.6 selection.
ADC2.0 selection.
ADC2.2 selection.
ADC2.4 selection.
ADC2.6 selection.
ADC3.0 selection.
ADC3.2 selection.

ADC3.4 selection

ADC3.6 selection.

14.87 Accumulator (ACC/A)

Bit No.
EOh

Bit No.

Elh

Bit No.

E2h

[111] . ngsl256.

[00001] :
[00011] :
[00101] :
[00111] :
[01001] :
[01011] :
[01101] :
[01111] :
[10001] :
[10011] :
[10101] :
[10111] :
[11001] :
[11011] :
[11101] :
[11111]

ADCO.1 selection.
ADCO0.3 selection.
ADCO0.5 selection.
ADCO0.7 selection.
ADC1.1 selection.
ADC1.3 selection.
ADCL1.5 selection.
ADCL1.7 selection.
ADC2.1 selection.
ADC2.3 selection.
ADC2.5 selection.
ADC2.7 selection.
ADC3.1 selection.
ADC3.3 selection.
ADC3.5 selection.

: ADC3.7 selection.

7 6 5 4 3 2 1 0
ACC.7 ACC.6 ACC.5 ACC.4 ACC.3 ACC.2 ACC.1 ACC.0
RW(@O) RMW(@O) RMW(@O) RW(@O RWO RMW(0O  RW(0O)  RW©O)
This register serves as the accumulator for arithmetic operations.
14.88 Port 0 Input/Output Control Register (PODIR)
7 6 5 4 3 2 1 0
PODIR.7 | PODIR.6 | PODIR.5 | PODIR.4 | PODIR.3 | PODIR.2 | PODIR.1 | PODIR.O
R/W@O) RMW(O) RMW(@O) RW(@O RW(0O RMW(0O)  RW(@O)  R/WO)
This register determines the 1/O direction of Port 0.
PODIR.X = 1: Input / 0: Output (Default)
14.89 Port 1 Input/Output Control Register (P1DIR)
7 6 5 4 3 2 1 0
P1DIR.7 | P1DIR.6 | PIDIR.5 | P1IDIR.4 | P1DIR.3 | P1DIR.2 | P1DIR.1 | P1DIR.0
RW(@O) RMW(O) RMW(@O) RW@O RW(0O RW(0O)  RW(@O)  R/WO)

This register determines the 1/O direction of Port 1.
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P1DIR.X = 1: Input / 0;: Output (Default)

14.90 Port 2 Input/Output Control Register (P2DIR)

Bit No. 7 6 5 4 3 2 1 0

E3nh P2DIR.7 | P2DIR.6 | P2DIR.5 | P2DIR.4 | P2DIR.3 | P2DIR.2 | P2DIR.1 | P2DIR.O

RW(O) R/MW(O) RMW(@O) RMW(@O) RMW(@O) RMW@O) RMW(O  R/W(QO)

This register determines the 1/O direction of Port 2.
P2DIR.X = 1: Input / O: Output (Default)

14.91 Port 3 Input/Output Control Register (P3DIR)

Bit No. 7 6 5 4 3 2 1 0

E4h P3DIR.7 | P3DIR.6 | P3DIR.5 | P3DIR.4 | P3DIR.3 | P3DIR.2 | P3DIR.1 | P3DIR.O

RIW(O) RMW(O) RW(O) RW(O) RW(O) RW(O RW(O  RW(QO)

This register determines the 1/O direction of Port 3.
P3DIR.X = 1: Input / 0: Output (Default)

14.92 Port 4 Input/Output Control Register (P4DIR)

Bit No. 7 6 5 4 3 2 1 0

Ebh PADIR.7 | PADIR.6 | PADIR.5 | PADIR.4 | P4ADIR.3 | P4DIR.2 | P4DIR.1 | P4DIR.O

RIW(0O) R/MW(O) RMW(@O0) RMW(@O) RMW(O) RMW(O RMW®O RW(0)

This register determines the 1/O direction of Port 4.
P4DIR.X = 1: Input / 0: Output (Default)

14.93 ADC Result Value High Register (ADCR)

Bit No. 7 6 5 4 3 2 1 0

E6h SAR9 SARS8 SAR7 SAR6 SAR5 SAR4 SAR3 SAR2

RIW(O) RMW(@O) RMW(@O) RMW(0O) RMW(O) RMW@O RMW0O) RW(Q)

[9:2] of ADC conversion result will be stored into ADCR. LSB of conversion result will be
stored into ADCON][O].

Page231 of 235



@) CORE!

14.94 12C Status Register (12CST)

Bit No.

E8h

7

6 5 4 3 2 1 0

12CIF

I2COF I2CACK | I12CRW I2CDA 12CP 12CS I12CBF

RIW(0)

12CIF:

12COF:

[2CACK:

[2CRW:

[2CDA:

12CP:

12CS:

[2CBF:

R/W(0) R(0) R(0) R(0) R(0) R(0) R(0)

I2C Master Interrupt Flag in slave & master mode.

[0]: Idle [1] : Interrupt occurred.

It is set each time a byte is received or transmitted.

If SP_IE flag in 12C_CFG SFR is set, it is set at Start/Stop condition.
The flag is set by H/W and cleared by S/W.

I2C Overflow Flag in slave & master mode

[0] : Idle [1] : Overflow occurred.

It is set when a byte is received while 12C_BUF SFR is still holding
the previous byte.

It is set by H/W and cleared by S/W

12C Acknowledge flag in slave & master mode.

[0] : Indicate receiving Acknowledge bit.

[1] : Indicate receiving Not Acknowledge bit.

I2C Read/Write flag in slave mode

[0] : Write state  [1] : Read state

Data / Address flag in slave mode

[0] : Indicates the last byte received or transmitted was Data

[1] : Indicates the last byte received or transmitted was Address
Stop flag in slave & master mode

[0] : Indicates Stop bit was not detected.

[1] : Indicates Stop bit was detected.

This flag is cleared when 12CS is set or I2CEN is cleared.

Start flag in slave & master mode

[0] : Indicates Start bit was not detected.

[1] : Indicates Start bit was detected.

This flag is cleared when 12CP is set or I2CEN is cleared.

Busy flag in slave & master mode

[0] : RX not complete (Receiver), TX not complete (Transmitter)
[1] : RX complete (Receiver), TX complete (Transmitter)

14.95 12C Control Register (I2ZCCON)

Bit No.

ESh

7 6 5 4 3 2 1 0
- SLA2ME | SCLHD LASTB PGEN SGEN I2CION I2CEN
R/W(0) R/W(1) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
SLA2ME: 2nd Byte Slave Address Match Enable in Slave mode
[0] : 2nd Byte SLA Match Disable [1]: 2nd SLA Byte Match Enable
SCLHD: Hold SCL 6l owd for Wait State i
[ 0] : Hold SCL 6l owbdb. The flag
[1] : Release SCL o6floatd. The
LASTB: Indicate last byte in Master Receiver mode.

n

i s
flag is

S| ave

mo d

cleared
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[0] : Send Acknowledge after last byte
[1] : Send Not Acknowledge after last byte
In Master Receiver mode, before receiving last byte, the flag must be
set.
PGEN: Generate Stop bit.
[0] : Start or Idle state. [1] : Generate Stop bit.
The flag is cleared automatically after Stop bit in Master mode
and when 12CEN is cleared.
SGEN: Generate Start bit
[0] : Stop or Idle state [1] : Generate Start bit
If the bus is not free, it waits for Stop bit condition.
The flag is cleared automatically after Start bit in Master mode
and when 12CEN is cleared.
I2CIOEN:  Enable I2C IO
[0] : Disable 12C 10 [1] : Enable 12C IO
I2CEN: Enable 12C module
[0] : Disable 12C module [1]: Enable I2C module

14.96 12C Configuration Register (I2CCFG)

Bit No. 7 6 5 4 3 2 1 0

EAh - - - - MSSEL ADSEL SP_IE GCE

RIW(O) RMW(@O) RMW(@O)  R/W(0)

MSSEL: I12C Master/Slave Mode Selection
[0] : Slave mode [1] : Master mode
ADSEL: 7-bit / 10-bit Address Mode Selection in Slave mode
[0] : 7-bit mode [1] : 10-bit mode
SP_IE: Start/Stop Interrupt Enable
[0] : Start/Stop Interrupt Disable [1] : Start/Stop Interrupt Enable
GCE: General Call Enable in Slave mode

[1] : Respond to the general call address (0x00)

14.97 12C Slave Address Register (I2ZCSLA)

Bit No. 7 6 5 4 3 2 1 0

EBh SLA1.7 SLA1.6 SLA1.5 SLA1.4 SLA1.3 SLA1.2 SLA1.1 SLA1.0

RIW(O) R/MW(@O) RMW(@O0) RMW(0O) RMW(O) RMW@O RMW©O) RW(O)

SLA[7:0]: I12C Slave Address Register.
In 7-bit address mode and in 10-bit address mode (1st SLA),
12C_SLA[7:1] is used for matching address and I12C_SLA[0] is masked.
In 10-bit address mode (2nd SLA),
12C_SLA[7:0] is used for matching address.
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14.98 12C Address / Data Register (I2CDAT)

Bit No. 7 6 5 4 3 2 1 0

ECh MDAT.7 MDAT.6 MDATS5 MDAT.4 MDAT.3 MDAT.2 MDAT1 MDAT.0

RW(O) R/MWO) RMW(O) RMW(@O) RMW(0O) RW0O RW®O  R/W(QO)

14.99 12C SCL Clock Scaler (12CSCL)

Bit No. 7 6 5 4 3 2 1 0

EDh MSCL7 MSCL6 MSCL5 MSCL4 MSCL3 MSCL2 MSCL1 MSCLO

RW(O) RMW(@O) RW(@O RWO RWO RWO RWO  RW(QO)

14.100 B Register (B)

Bit No. 7 6 5 4 3 2 1 0

FOh B.7 B.6 B.5 B.4 B.3 B.2 B.1 B.O

RW(O) RMW(@O) RMW@O RWO RWO) RWO RWO  RW(QO)

This register serves as a second accumulator for certain arithmetic operations.

14.101 EEPROM Erase/Program Time Count Loading (EECNTLD)

Bit No. 7 6 5 4 3 2 1 0

F1h MSCL.7

RIW(0)

EECNTLD: EEPROM Erase/Program Time Count Loading
Set by S/W, cleared by H/W automatically.

14.102 EEPROM Erase/Program Time Count LSB (EECNTL)

Bit No. 7 6 5 4 3 2 1 0

F2h EECNT | EECND | EECND | EECNRB | EECNB | EECNR | EECNT | EECND

RIW(O) RMW(@O) RMW(@0) RMW(0O) RWO) RMW@O) RMW(0O) RW(Q)
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14.103 EEPROM Erase/Program Time Count MSB (EECNTM)

Bit No. 7 6 5 4 3 2 1 0

F3h EECNT15| EECNT14| EECNT13| EECNT12| EECNT11| EECNT10| EECNT9 | EECNT8

RW(O) R/MW(O) RMW(@O) RMW(@O) RMW(@O) RMW@O RMW®O  R/W(QO)

14.104 EEPROM Erase/Program Time Count MSB (EECNTM)

Bit No. 7 6 5 4 3 2 1 0
F6h - EFLAG - EDONE EWF ECOMM EWST EINIT
R/W(0) R(0) RW(O) R/W() R/W(O)  R/W(©)
EFLAG : EEPROM mode flag.
EDONE : EEPROM erase / program done.
EWF : EEPROM erase / program mode selection flag.
ECOMM : EEPROM common operation start.
EWST : EEPROM erase / program start.
EINIT : EEPROM initialization operation start.

14.105 EEPROM Access Enable Register (EEAEN)

Bit No. 7 6 5 4 3 2 1 0

F7h - - - - - - MDSF EEAEN

R(0) RIW(0)

MDSF : MDS mode flag.
EEAEN : EEPROM access enable flag.

Page235 of 235



