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A Warning: DO NOT USE THIS PRODUCT IN LIFE SUPPORT SYSTEMS.

LIFE SUPPORT POLICY

ZILOG’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF
THE PRESIDENT AND GENERAL COUNSEL OF ZILOG CORPORATION.

As used herein

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b)
support or sustain life and whose failure to perform when properly used in accordance with instructions for
use provided in the labeling can be reasonably expected to result in a significant injury to the user. A criti-
cal component is any component in a life support device or system whose failure to perform can be reason-
ably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

Document Disclaimer

©2012 Zilog, Inc. All rights reserved. Information in this publication concerning the devices, applications,
or technology described is intended to suggest possible uses and may be superseded. ZILOG, INC. DOES
NOT ASSUME LIABILITY FOR OR PROVIDE A REPRESENTATION OF ACCURACY OF THE
INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED IN THIS DOCUMENT. ZILOG ALSO
DOES NOT ASSUME LIABILITY FOR INTELLECTUAL PROPERTY INFRINGEMENT RELATED
IN ANY MANNER TO USE OF INFORMATION, DEVICES, OR TECHNOLOGY DESCRIBED
HEREIN OR OTHERWISE. The information contained within this document has been verified according
to the general principles of electrical and mechanical engineering.

78051 is a trademark or registered trademark of Zilog, Inc. All other product or service names are the
property of their respective owners.

PS030302-0212 PRELIMINARY



Z51F6412
Product Specification

LIIXYS

Revision History

Each instance in this document’s revision history reflects a change from its previous edi-
tion. For more details, refer to the corresponding page(s) or appropriate links furnished in

the table below.
Revision
Date Level Description Page
Feb 02 Removed references to 14mm x 14mm 64-pin LQFP package. All
2012
Jan 01 Original Zilog issue. All
2012

PS030302-0212 PRELIMINARY Revision History



Z51F6412
Product Specification

L OVETVIBW «.eviiiiiiiicitet ettt btttk b et b et b et b et s e 8
L1 DESCIIPLION ...ttt ettt ettt sttt et et b et et a e bt st e st eb et et e st eb e st e st e bt et et emeat e st et e b entesesbe st entebebenteneneen 8
1.2 Features
1.3 Ordering INFOrMAtION ........coveuiriirieiiinicicee ettt sttt ettt et b e a et b e e e b b et ene e 9
1.4 DeveloPmMENt TOOLS .....c..iiiiiieiteeieese ettt ettt ettt et e st ebe s bt e bt ea e et e besaeeebeensenbenseseeeneensenbeans 10

2. BIOCK DIAZIAIN ..ttt sttt h ettt b bbbt eb e b e st eb et et e bt eatebe et e st et ebenbens et eaenaen 13

3. PN ASSIZIIIINEL «.c.oniiiiiieieierte ettt ettt ettt b et et b bbbt a bbbt e st e b et e b et et b bt e e bt et et eaenten 14

4. Package DIAGIAI .......c.oooiiiiiiiiiiiiiii ettt st 16

5. PIN DIESCIIPION ...ttt ettt b e et a et e st e bt e aeem e e besb e bt eatem b e be e eeeentenseebeeaeenbesbeeaeensensenseenean 18

6. POTE STIUCEUIES ...ttt ettt bt et et e e e et e e bt eatem e e bt eeeesteasem b e be £ eseent et e ebeeasensenbesaeentensensesnean 21
6.1 General PUrpoSe I/0 POTt .....c..coiiiiiiiiiiece ettt ettt ettt st eesbe e 21
6.2 External INterrupt I/O POTT......cc.ooiiiiiiiiieee ettt st ettt et et sbe e 22

7. Electrical CRATaCIEIISTICS .....coveveirieiieirieieirieiiinteieirtet ettt sttt ettt et ae et be bt eae e nene 23
7.1 Absolute Maximum RatiNGS .........ccociiriiiiiiiiiiiiiiccceee et 23
7.2 Recommended Operating CONAItIONS............c.civiriiiiiiiiiniiieicicieeereet ettt s 23
7.3 A/D CONVErter CharaCteriSTICS . .....ueruertirtieieterieeteetietesterte et estestesteeseetenbesbeeseestesessesseeaeeseesnsenbesaeeseensaneessene 24
7.4 Voltage Dropout Converter CharaCteriStICS .........eiererirrierirereeieiestest ettt st bt see e sie et eaesbesbeeseesrene 24
7.5 Power-On Reset CharaCteriStiCs .......c.eueireiiirienieiniiieteeneetereteteieere ettt st et ne e 25
7.6 Brown Out Detector CRaraCteriStiCS ........covvueuirirreiririeirieietiieieteteret ettt sttt st ss et eseseseesenesnenes 25
7.7 Internal RC OsCillator CharaCteriStICS ........cevervirtirieieriesieeeieiesteste et ete e steeteeseesessesseensesessesseensensassesseennens 25
7.8 Ring-O5cillator CharaCtETISTICS .......c.eiueuiiiciiiiicieiiectc ettt s 26
7.9 PLL CRATACIETISTICS ... cuvetetitteuteieeteeteet e tetesteete et e teste s st et eneesbeebeesee s ente st eseeseensenseaseesbeeneensensesaeeseensansessenne 26
7.10 DC CRAr@CLEIISTICS ..vvveureuieriieeieiiieietinteteitsie ettt st ere bbb st be s bt e bt s s st be s et esesesn st eueeen 27
711 AC Char@CEIISTICS ...veeveureuieriieiieiinietett ettt ettt st ere bt e et bbb bt est s s st b sa et esenese st eueeen 28
7.12 SPI CRATACIETISHICS ....euveuveuiriarerieiiteitetint ettt ettt sttt b et eb bbbt et ces st besa et n e s e e st eneeen 29
7.13 Typical CRATACIETISHICS.......ccveveuiiiiiiecieire ettt ettt st s st enenes 30

8L IMBITIOTY ...ttt bbbt 31
8.1 PrOZIam IMBIMIOTY .......oiuiiuiiiiiiieet ettt ettt b e e a et e b et bt eatem e e b e et e e st easenbe bt ebeensentesbeeseensaneenbens 31
8.2 DAtA MBIMOTY ...ttt b ettt b e e h e st e b e sb e e bt e b et bt eh e et e st e st e ebe e st enbenbesbeeneenenbene 32
8.3 XISRAM MEIMNOTY ....cuiuiiiieiteiieteeteei ettt sttt b e sh ettt beea e st et e sb e bt e atem b e bt et bt e st et enbesbeeseensenbene 33
B SFR MAP....cioiiiiiiieiiieieitse ettt ettt ettt s e et ne e 34

Q. /O POILS ..ottt ettt et te st ea e st et et e e se e st en s e s e eseese e st e s tebeeseentenb e te e eseentente s e seensenbe st entensenseseenean 37
Q.1 T/O POTLS ..ottt ettt ettt et et et e s et e et e st eneene e sees e s eeseensenseeseeseens ansenseeseentensenseeneentensenseeneens 37
0.2 POTt REZISLET ...ttt ettt ettt ettt ettt sttt b et b s e bbb s bt et eb e s eneeneeneneen 37
9.3 PX POTT ..ttt et b e bt e h etk b e e a e ea e e be bt e bt et et et e bt eheen e et e beeaeeneenteteerene 39

10. INTEITUPE CONLIOLLET ...ttt ettt ettt et es ettt b e st e te st e st e e bt eat e ee bt sbeestesenbenaeas 42
LO.T OVEIVIEW ..ttt ettt sttt b bt st s ettt b et s bt st eae e 42
10.2 EXEEINal INTETTUDPL c....evitenieierieiet ettt ettt ettt ettt b sttt b et et eb et e st ebe et eseebesbe s enesbestensenenbens 43
10.3 BIOCK DIAZIAIM ..ottt sttt 44
10.4 INterrupt VECtOr TaDIe.....c..oeuiiuiiieieeieiee ettt ettt ettt et s e e eee bt e b et e sbeseeeneeeeseene 45
10.5 INEEITUPE SEQUETICE .....uveueieienietiteetteite ettt et et e ste et e e e sbeee e e st et e besbeeaeeneeabeebeestensebesaeebeeseensensenbeseeaneansesbenne 46
10.6 Effective Timing after Controlling INterrupt bit..........cccoeririiiiniiinieiecnee et 47
10.7 MULE INEEITUPE ...ttt ettt eb st b st sbe bt eb b sbe st eseebesbe s enesbenaeneebentens 48
10.8 Interrupt Enable ACCEPt TIMNE ....cc.evverieririerieieerieieierienteitete ettt eete st et ebes s et et sbe st et sbesbe st ebe e esesbesaenessenbens 49

PS030302-0212 PRELIMINARY 1



Z51F6412
Product Specification

10.9 Interrupt Service ROUNE AdAIESS.......cccoueuiiriiiiiriiiiiiiciciicicteeetee sttt 49
10.10 Saving/Restore General-Purpose REZISIETS .....c..c.evuivueiririeierinieieinereeinteeeere et 49
1O 1T INEEITUPE TIIMNEZ .ttt ettt e bttt b e bt e st e e sbe e besbe e st e beebeeb e et enbenbens 50
10.12 Interrupt REZISIET OVEIVIEW ......ceutiitiiiiiiiiiiriieteeiteitee ettt ettt ettt et s b et e e be st eb e enbenbeas 51
10.13 Interrupt Register DESCIIPLION .....c..eeiuerieuiriirieirierietet ettt ettt sttt sttt sttt e saene b nbene 52
11. Peripheral HATAWALE ...........c.coiviiiiiiiiiiiieicce e e e 58
11,1 CIOCK GEIIETALOT ...ttt ettt ettt sttt sttt a et bt eat bt e b e bt et e st ese e b s ebe b e b e st ebebentenesbeneen 58
LLL2 BIT ettt bbbttt b bbb bt b bbb bbb bt b bbbt st b et tenes 62
T1.3 WDT ettt ettt bttt b bbbt b et et b et e bttt 64
L1 WT ottt ettt ettt bttt b et s bt b et e b et enenen 67
LL.S TIMEI/PWM L.ttt ettt st sttt st b ettt ae e 70
11.6 BUZZET DIIIVET ..ttt ettt ettt et e b et ettt b b sa et bt et bt sbeneen 92
L1 7 USART ...ttt ettt etttk et b st bbb e st st b st e s etk b bt eb e st st e b e st et ebese st ebeneenenen 94
LLL8 SPI ettt ettt b et b e bbbt h bbbt b ettt sttt 112
19 TPC ittt 117
11,10 12-Bit A/D CONVEITET......ioieuieiietiieiietiteteiteeeeetete st eae ettt re s s bbbt be st ebesaesaesesresaennenes 134
11.11 CALCULATOR _AL....ooiiiiiieiiiieietnieietneetnte ettt ettt se sttt st st en e 140
12. POWET DOWIN OPETALON. ........oiiiiiiiiiieieiiieeeee ettt 145
12,1 OVEIVIEW ..ttt ettt ettt ettt b et eb b st et b e bt b e st et e b e bt se b e et eatebeatea e e b e b enteb et eatenenbenaenees 145
12.2 Peripheral Operation in IDLE/STOP MOdE .........cccoriiiiiiiieesieeee ettt 145
12.3 IDLE MOGE ...ttt sttt ettt b et e ettt ettt eb et et suesaemeenesrennens 146
12,4 STOP MOAE ...ttt ettt ettt et b bt sa bbbt ebenennenen 147
12.5 Release Operation 0f STOPT, 2 MOGE .....c.cocerieiririenieiriiieceiestet ettt ettt sttt st s 148
L3 RESET ...ttt ettt b et a e nes 150
13,1 OVEIVIEW ..ttt ettt ettt ettt b b st eb e sh et b e st et eb bt st b et eat e b et ea e s b e b e st eb et et enenbenaeneas 150
13,2 RESEL SOUICE........eviueueeiieeneetiteteit st seeet ettt st ebe et sa st ebe b s bt s b e s e bt b et e st e be s ene s b et e st eb e b et eneesenaeneen 150
13.3 BIOCK DIAZIAIM ...ttt ettt e st et e e e bt b e et et e besaeeste e e ebeeseenseneanaeas 150
13.4 RESET NOISE CaANCEIILT .......ccverieiriiieiieiiieieieteectette ettt e ere bt nesaeneen 151
13.5 POWEr ON RESET ..ottt ettt ettt st st s en e 151
13.6 External RESETB TNPUL.......c.coiiiiiiiirieieiriee ettt ettt ettt st ettt sttt et 154
13.7 Brown Out DeteCtOr PrOCESSOT .......coueutruirieirierieieierietee sttt ettt ettt ettt sae et sbe et ss e be b e enens 155
14, On-Chip DEDUZ SYSTEIMI.....eitiitieiieieie ittt ettt et ettt b e st e st e besaeeb e e st et e be s sbeese et e sesbeeaeenteneenees 158
T4.T OVEIVIEW ..ttt ettt ettt ettt sttt b e st a e et sa et bbbt b e b eee b easen e s b e s e st ebe et et st nbenaenees 158
14.2 Two-pin eXternal INTEITACE ........co.eeiiiiiririiriee ettt b et 159
15. MeMOTY PrOSIaMIMING ....c.covetetirieieiieteteeeie ettt ettt ettt st et es ettt ettt sbe e st e b st e b ebeeb et e st ebe st et ebebenee 163
LS. T OVEIVIEW .ottt ettt b et st es et s bt st s et enenent 163
15.2 Flash Control and StAtUS TEGISLET........c.ceueueuirieuiuirieiiiirieteieeieieet ettt st esese st s s s sae e s s seeneneenes 163
TR (55 10Te) 5 8 11T o OO PO 167
15.4 Serial In-System Program MOdE........c..ccoerieirerieineneieencieeneteeseeteeeteeree ettt er et sae e see e 169
15.5 Paralle]l MOAE .......cooviiiiiiiieiiietiecieiect ettt sttt st b ettt s 174
15.6 Mode entrance method of ISP and byte-parallel mode.............cocoecieiienininiininiiicecee e 177
L5.7 SECUTILY ..ttt ettt bttt sttt a et s bttt be e s bt st s e bt enenent 178
16. CONTIZUIE OPLIOIL ...ttt s 179
16.1 Configure option Control REZISIET .........ccciviiiiuiriiiiiiiiiiiiiicrerceee et 179
17 APPENDIX ...ttt ettt ettt sttt bttt bbbttt b et 180

PS030302-0212 PRELIMINARY 2



Z51F6412
Product Specification

List Of Figures

Figure 1-2 Single PrOZramimer ...........cccoerieiiienieiriinieiei ettt ettt b ettt ebe e 12
Figure 1-3 Gang Programimer............cocoiiiiiiiiiieeeieee ettt ettt sttt e st et e e e eeas 12
Figure 2-1 Z51F6412 bloCK dia@ram..........coouiiuieuiiieiiiieiiei ettt ettt ettt st ees 13
Figure 3-1 Z51GF64 80-Pin LQFP assiZNMeNt .........cccueitiriiririiiiienienieeteee ettt 14
Figure 3-2 Z51GF64A 64 pin LQFP assignment............ccccccueciririiininieeninieiieeieieencseeeeeneiese e 15
Figure 4-1 80 pin LQFP PACKAZE .....ccocueiiiiiiiiiiiiiccicicceectceee st 16
Figure 4-2 64 pin LQFP PACKAZE ......ccueiuiiieiiiieee ettt bt 17
Figure 6-1 General Purpose I/0 POIt.......c..cooiiiiiiiniiiiieeeeeeet et 21
Figure 6-2 External INterrupt I/O POTt..........ccccooiiiiiiiiiiiiniiiiiincceee e e 22
Figure 7-1 AC TIMIE ...ooveuiiiiiiieiciieencce ettt 28
FIigure 7-2 SPITIMING ....ooviriiieiiiiiieieereeertesce ettt ettt sttt et sa et be s e b e e s 29
Figure 8-1 Program MEMOTY ......cccoceveirerieieiinienietetet ettt sttt sttt ebe et be st et eb et et st ebessens 31
Figure 8-2 Data MEMOTY MAP.......cuetirerieirieteiirieriet et stesteteste st esestestesesbesteaesbessestebebentebesbestebesnseneebessenes 32
Figure 8-3 Lower 128 byteS RAM ........ccocciiiiiiiiiiecicceie et 33
Figure 8-4 XDATA MEMOTY AIEA .....ccueruiruieuieieieiteetietiestenteeteeseeseeseesteestetensesseeseeseeasessesseeneensensesseensenees 33
Figure 10-1 External Interrupt DeSCription .......cc.coceevieriririiiinineiteere ettt 43
Figure 10-2 Block Diagram Of INEITUPL ....c.co.evveieiriiieiriinieeeierteteieetertee ettt 44
Figure 10-3 Interrupt Vector Address Table ..o 46
Figure 10-4 Effective time of interrupt request after setting IEX registers. .......cccceveeeereneneneenienenenne. 47
Figure 10-5 Execution of Multi INTEITUPL......cccueiiiiiriiiiieieieeeeee et 48
Figure 10-6 Interrupt Response Timing Diagram.........ccoeceverieierenieinienienieenieteecietee et 49
Figure 10-7 Correspondence between vector Table address and the entry address of ISP.................... 49
Figure 10-8 Saving/Restore Process Diagram & Sample SOUTICE.........cccevirveveirenienirienenicineeeereeees 49
Figure 10-9 Timing chart of Interrupt Acceptance and Interrupt Return Instruction ..........c..cccceeneee. 50
Figure 11-1 Clock Generator Block DIiagram..........c.ccoccoeeiiiiiiinininieinieeeeee et 58
Figure 11-2 BIT BIOCK DIa@Iam ......ccocueuiiiiiiiiiiiiciiieiciieccieie et 62
Figure 11-3 WDT BIOCK DIia@ram........c..coeeiiiiiiiiieiiieeeteee ettt st 64
Figure 11-4 WDT Interrupt Timing Waveform ..........cocoviriiiiiiiniiieeneneeeeeeseeee et 66
Figure 11-5 Watch Timer Block Diagram

Figure 11-6 Bit Timer/Event Counter2, 3 Block Diagram .............ccoccceveiiniiinineninciineecncccenes 71
Figure 11-7 Timer/Event Counter0, 1 EXample..........cocooiiiiiiiiiiiiieieeee e 72
Figure 11-8 Operation Example of Timer/Event Counter0, 1 ..........ccccooiiiiiiiiiiiniieeeeeeceee e 72
Figure 11-9 16 Bit Timer/Event Counter0, 1 Block Diagram ...........ccccoevevereninienienieieneneieeneneeceene 73
Figure 11-10 8-bit Capture Mode for TImer0, ©........ccccoeiviniiiiiniiiiiniiiiniciieecccee e 74
Figure 11-11 Input Capture Mode Operation of Timer 0, 1 ........ccccooviinniininiininiicencccneene 75
Figure 11-12 Express Timer Overflow in Capture Mode...........coceveeierineniinienienenieesieeeeeeeese e 75
Figure 11-13 16-bit Capture Mode of Timer 0, 1 ......cccoevieiiirinieinieieee e e 76
Figure 11-14 PWM Mode .
Figure 11-15 Example of PWM at 4AMHZ .........cccooiiiiniiiiiiiiiciccieecnecceeeec e 78
Figure 11-16 Example of Changing the Period in Absolute Duty Cycle at 4Mhz...........ccccccceverennennee. 78
Figure 11-17 Timer4 16-bit Mode Block Diagrami...........ccccooeieririininininieiccneneeeeeeeeee e 83
Figure 11-18 16-bit Capture Mode Of TIMETL X ....ccerveuiririeieiniinieieieneeee sttt ebe s 84
FIigure 11-19 PWM MOGE.......coiruiiriiriiieinieieinenetete ettt ettt sa e b bt sa et e eeresneaes 85

PS030302-0212 PRELIMINARY 3



Z51F6412
Product Specification

Figure 11-20 Example of PWM at SMHZ.........c.ccooiiiiiiiiiiiiiiiciicccccceeeee e 86
Figure 11-21 Buzzer Driver Block Diagram...........ccccooueiiiiiiiiiiniinininieieene et 92
Figure 11-22 USART Block DIagram........cccceeeiiiiiniiniiiieienienieeicetesesiencei ettt st 95
Figure 11-23 Clock Generation BIOCK Diagramm .........ccoeoueirierieerienieinienieieiesieteicsieeee e 96
Figure 11-24 Synchronous Mode XCKn Timing........ccccoceeieiieienirierereeeee et 97
Figure 11-25 frame fOrmal.........cocooueriiirierieineneeeeetceeteteee ettt ettt se s 98
Figure 11-26 Start Bit SAmPIIng.......cccceoieriiriiiiieie ettt ettt 102
Figure 11-27 Sampling of Data and Parity Bit........c.cccccveririininieiininieineieee e 102
Figure 11-28 Stop Bit Sampling and Next Start Bit Sampling...........ccccceeiiiniiinniinnienneccneeens 103
Figure 11-29 SPI Clock Formats when UCPHA=0...........ccooiiiiiniinininccceneceeneee s 104
Figure 11-30 SPI Clock Formats when UCPHA=1 ..ot 105
Figure 11-31 SPI BIock DIagram ..........ccccoouiuiiiiiiiiiniiiiiiciiicercctrecee et 112
Figure 11-32 SPI Transmit/Receive Timing Diagram at CPHA = 0..........ccccooviinniiinniinnccinene 114
Figure 11-33 SPI Transmit/Receive Timing Diagram at CPHA = 1.......occoooiiiiiiiiiiceeee 114
Figure 11-34 T2C BIOCK DIAZIAIM ..........o.vveeveeeeeeeseeeeeeeeeeseeseeess e ssees e es e ese s ss s ss s 117
Figure 11-35 Bit Transfer on the T2C-BUS ..........cocevvuvvieeeieieeeeseseesesesssesssessessssssssessesssessssssssssesssenens 118
Figure 11-36 START and STOP CONAItiON........cccccieiriiuiriiiiiiiiieiiciciieieirieveceeeeeeie e 118
Figure 11-37 Data Transfer on the TC-BUS ..........c..ovvorvereeereeeeeeeseeeseeeeseeeeseeeseeseeeessseseessse s 119
Figure 11-38 Acknowledge on the TPC-BUS ...........co.coovieeeveievieeeeeesesseeeeeese s ssee s ssesesesseesseenes 119
Figure 11-39 Clock Synchronization during Arbitration Procedure ............cccoeevevvecinnennnrcccnnencns 120
Figure 11-40 Arbitration Procedure of TWO MaSters..........ccouceririeiiinireiinieiinieeenieeeseeeesee e 120
Figure 11-41 Formats and States in the Master Transmitter Mode...........ccccoveevenneiininennnccininecns 123
Figure 11-42 Formats and States in the Master Receiver Mode ..........cccooceverieiienieniniencncnceieiene 125
Figure 11-43 Formats and States in the Slave Transmitter Mode ...........coeoveerenenenenenneneneceeene 127
Figure 11-44 Formats and States in the Slave Receiver Mode........c..ccoveveeirirenieieneneniicneneceenes 129
Figure 11-45 ADC BlOCk DIQ@Iam ......ccueeiiiiiiiieeieiesie ettt st 134
Figure 11-46 A/D Analog Input Pin Connecting Capacitor ..........c..cecueveerinererienienieneeeeeesese e 135
Figure 11-47 A/D Power(AVDD) Pin Connecting Capacitor..........cc.ccoevereeierienenenienienesceieiennens 135
Figure 11-48 ADC Operation for AN Dil........cccccveriiirerinieiniiieieiestertet et 135
Figure 11-49 Converter Operation FIOW .........cccccvcciiiriiirininieinieetneseceneseeee et enes 136
Figure 11-50 Calculator BIock Diagrami..........ccceoiririiiiiiiiniiieeeteieneseeeteee st s 140
Figure 12-1 IDLE Mode Release Timing by External Interrupt .........ccccoceverienininiieneneneneneneiee 146
Figure 12-2 IDLE Mode Release Timing by /RESET ........ccccccccviiiiniiiniinicnceeeeneecee 146
Figure 12-3 STOP Mode Release Timing by External Interrupt...........ccccceoeieninieiienenenenceieseene 147
Figure 12-4 Mode Release Timing by /RESET .........cociiiiiii ettt 147
Figure 12-5 STOP1, 2 Mode Release FIOW ........cccceveiiiriiininieiieieineseeeseeese ettt en 148
Figure 13-1 RESET BIOCK DIa@Iam .........ccceviriiiiiiniiiiiiciiiicieeciceeeeee et 150
Figure 13-2 Reset noise canceller time diagram..........coceueirirueinieieiininieeninieineeccseeeeene e 151
Figure 13-3 Fast VDD TiSING tME.......ccouiitiriiieieieiteetiet ettt sttt et st te st ste sttt e saesse s e eaeeneens 151
Figure 13-4 Internal RESET Release Timing On POWer-Up .......c.coccoevienieiinininieicninececneieeeee e 152
Figure 13-5 Configuration timing When POWEI-0m............coeciiiriiinineniiiiniiicceieceeseeceesetee e 152
Figure 13-6 Boot Process Waveform ...........cocciviiiiiniiiiniiiiicccicceeeeeeece e 153
Figure 13-7 Timing Diagram after RESET .......cc.cocooiiiiiiieeeece e 154
Figure 13-8 Oscillator generating waveform example ...........cccceoereririininienenieeeeeeeeee e 154
Figure 13-9 Block Diagram of BOD .......cc.coviiiriiiiiiniiieinietei ettt 155

PS030302-0212 PRELIMINARY 4



Z51F6412
Product Specification

Figure 13-10 Internal Reset at the power fail SItUALION. .........c.ccoviiiiuiririiiniicceccceeeecceee 155
Figure 13-11 Configuration timing when BOD RESET..........c.ccccoiiiiiiiiniiieeceeeeee 156
Figure 14-1 Block Diagram of On-chip Debug SyStem .........cccccoevinininiiiiininiieieeeeseeeeeiee 159
Figure 14-2 10-bit tranSmission PACKEL ........cc.evueirerieiriirieieesiesteertete ettt eb et 160
Figure 14-3 Data transfer on the tWin DUS .........cccooiiiriiiiiie et 160
Figure 14-4 Bit transfer on the Serial DUS ...........cooiiiiiiiiii e 161
Figure 14-5 Start and StOP CONAILION ....c.veruiiiiriiriiniiiieert ettt st ebe st 161
Figure 14-6 Acknowledge on the Serial BUS.........c.cooeeirerieiririeniceneeereree ettt 161
Figure 14-7 Clock synchronization during wait proCedure ............cccoceeinirueenineininiecnineenseeeeeenene 162
Figure 14-8 Connection Of tranSMISSION .......cccueeueruteteriertietieieteste et etete st et ete e sbesbeeseeseeseesseeneeeeneens 162
Figure 15-1 Flash Memory Map........cccooiiieiiiiieniiieeceecet ettt ettt 167
Figure 15-2 Address configuration of Flash memory ..........cccccocvciviiininiinininccicciecceeene 168
Figure 15-3 The sequence of page program and erase of Flash memory..........c.cccooccvivieiinnciinnens 169
Figure 15-4 The sequence of bulk erase of Flash Mmemory ...........ccccceeeeieririniieiieneneeiee e 170
Figure 15-5 Pin diagram for parallel programming ...........c.cooevererienieninenieeiienieneeeeee e 174
Figure 15-6 Parallel Byte Read Timing of Program Memory ...........ccceceevieieenenieeninieceeneieesee e 175
Figure 15-7 Parallel Byte Write Timing of Program MemoOry ...........ccccceeuieiniecinnininicenineinenceens 176
Figure 15-8 ISP MOME .......eoiiiieieeee ettt ettt s eaeeneens 177
Figure 15-9 Byte-parallel MOde.........cc.coeriiiiniiiiiiiiee ettt st 177

PS030302-0212 PRELIMINARY 5



Z51F6412
Product Specification

List Of Tables

Table 1-1 Ordering Information for the Z5STFO6412 MCU .......cccoceoiiiriniiiiniiieiniinieeeeseeeiceie e e 9
Table 5-1 Normal Pin deSCIIPION .......cccuiiuiiuiiiiieieeieet ettt ettt ettt et st eae et e e e eees 18
Table 7-1 Absolute Maximum Ratings .........ccceeoiiiiiriiieieieie ettt 23
Table 7-2 Recommended Operation CONAitioNS............cveeeeierienerieienienieetetee et 23
Table 7-3 A/D Converter CharaCteriStICS ... ..ceirueueireriertrerieteierietentsiesieeerestesseseesessesessessessesessesressenes 24
Table 7-4 Voltage Dropout Converter CharaCteristiCs ............coeeuvueuirirueenirieiininieenineeeeseeeseseneeseenenens 24
Table 7-5 Power-On Reset CharaCteriStiCs .........ccierveeeirerierininieieineseeeeeneeseesieseeseeresseeesesseseeseesenee 25
Table 7-6 Brown Out Detector CharaCteriStiCs.........eoveirrireiririenieirinienieesresrereresreee et snenes 25
Table 7-7 Internal RC Oscillator CharaCteriStiCs .......c.ueerreruererririerirererieninienieteenienseeeressesesesseseeseseenee 25
Table 7-8 Ring-Oscillator CharaCteriStiCS........euiiiuiuiirieiiiieiiieieirieiccreeec et 26
Table 7-9 PLL CharaCteriStiCS .....ccevterrerterrerteriereeetireeseestrresseteseseessesestessenessessessesessessentesessessenseneesessenes 26
Table 7-10 DC CRATACIETISLICS ....c.ceveuiriereeirieieiniireirtetetete ettt ettt sttt ese s ebe s se e ss et s enesesnenes 27
Table 7-11 AC CRATACIETISLICS ....cceveuiriireiirieieiniireirtetet ettt ettt sttt ese s be s ese e st s enesessenes 28
Table 7-12 SPT CRATACLETISHICS ....cc.evveurruerterieieeiiieieitrte st sttt sttt sttt b st et eb et ste e bt e e se e ebessenes 29
Table 8-1 SFR MaP SUMIMATY ....c.eiutiiiiietieieeieie ettt ettt ettt st et es e e st eebe et et e be s et eneenseeneeneeeees 34
Table 9-1 REISIEI VAP ...ttt sttt st nbe bt et sa et b s 38
Table 10-1 Interrupt Group Priority Level.........cooiiiiiiiiniiiinieieeee et 42
Table 10-2 Interrupt Vector Address Table ............occccoiiiiiiiiniiiiiiciccceceees e 45
Table 10-3 REZISTET IMAP .....eeeiuiiiiieieiiet ettt ettt ee et b et ea e et e bt e e e tesbe e ebeeneeneenaeenis 52
Table 11-1 REZISTET IMIAP ..c..eeueiiiiiieieietest ettt ettt st b et ettt b et e e ees 59
Table 11-2 VDC CuIrent CONSUMPLION .....ceveveutruerierieierteniettrienteseesessestesestetesessesseseesesseneesessenessessensensenes 61
Table 11-3 REGISIET IVIAD ....c.coueuiiiiiiiiiirecieet ettt s e 62
Table 11-4 REZISTET IMIAP .....eeeiiiiiieieete ettt st ee et et b et es e et e bt e e eaeebe e ebeeneeneenaeees 64
Table 11-5 REZISTET IMIAP ...c..eeueiuiiiiiiieietese ettt ettt b ettt b st e e eees 67
Table 11-6 Operating Modes Of TIMET........c.cocueiiiiriiiiiiereeee ettt 70
Table 11-7 PWM Frequency vs. Resolution at 8 MNZ.............ccccoiiiiiiiiiiniiiiniciceecccseeene 77
Table 11-8 REZISIET IMIAP ..c.veueeriiiieiirieieitrtctertes ettt sttt st s b bbb e e bt e b e s 79
Table 11-9 PWM Frequency vs. Resolution at 8 Mhz.........c.ccocoeiiiiinininiiniiinieeee e 85
Table 11-10 REZISEEI IMAP ....cueeviiiiieiirieietetete ettt ettt st b sttt ettt s ae s he bt ebe e ens 86
Table 11-11 Buzzer Frequency at IOMHZ ............ccooiiviiiiiiiiiiiiiiiiccceee e 92
Table 11-12 REZISEEI IMAP ....ueoviiiiieiirieieirieteirtestet sttt ae e r e bttt et see s he s e b sn s 93
Table 11-13 Equations for Calculating Baud Rate Register Setting .........c.ccoceeveverenveceneniecnnencneeennene 96
Table 11-14 CPOL FUNtiONALItY .....c.coveveirieieinieieiiieieieteieeeteietereieeeteieserestsaeseat s st sse e eseesesenes 103
Table 11-15 REISTEN VAP ....ceouiiiiiiiiiiiiieciciec ettt e s 105
Table 11-16 Examples of UBAUD Settings for Commonly Used Oscillator Frequencies................. 111
Table 11-17 REZISIEr VAP ...cueiuiiiiiiiieiieteieee ettt st sttt st st st 114
Table 12-1 Peripheral Operation during Power Down Mode..........ccccvinieininennnneneinneneceene 145
Table 12-2 REZISIET IMIAP ..ccveteiiriiieiieiirtetetest ettt sttt ettt ettt b et ebe b et ebe b s ens 149
Table 13-1 RESEE SLALE......cueutiuerieteiietiteteieet ettt ettt sttt et ettt s sb et bbbt et e s bensesesbenseneenen 150
Table 13-2 B0t Process DEeSCIIPLION ......cc.evueeierieriiiierierieei ettt sttt 153
Table 13-3 REZISTET IMIAP ..c..eoueiuiiiiieiiietet ettt ettt b e st ebe st enee e 156
Table 15-1 REZISIET IMIAP ..cveuieiiiiiieiieiieietetest ettt sttt ettt ettt st b e eb et ebe bt ens 163
Table 15-2 Program/erase TIME ..........cocceiierueiirieieieet ettt te st bt et e besae s e e eaeeneens 165

PS030302-0212 PRELIMINARY 6



Table 15-3 Operation Mode

Table 15-4 The selection of memory type by ADDRH[7:4]
Table 15-5 Security policy using lock-bits

PS030302-0212

PRELIMINARY

Z51F6412
Product Specification



Z51F6412
Product Specification

T

Z51F6412

CMOS SINGLE-CHIP 8-BIT MICROCONTROLLER
WITH 12-BIT A/D CONVERTER

1. Overview

1.1 Description

The Z51F6412 MCU is advanced CMOS 8-bit microcontroller with 64K bytes of Flash. This is
powerful microcontroller which provides a highly flexible and cost effective solution to many
embedded control applications. This provides the following features : 64K bytes of Flash, 256 bytes of
SRAM, 3K bytes of XRAM, general purpose I/O, 8/16-bit timer/counter, watchdog timer, watch timer,
SPI, USART, 12C, Calculator, on-chip POR and BOD, 12-bit A/D converter, buzzer driving port, 16-bit
PWM output, on-chip oscillator, and clock circuitry. The Z51F6412 MCU also supports power saving

modes to reduce power consumption.

Device Name Flash XRAM SRAM ADC Package
Z51F6412ATX 80-pin LQFP
64KB 3KB 256 bytes 15 channel
Z51F6412ARX 64-pin LQFP
1.2 Features
« CPU + Basic Interval Timer
-8 Bit CISC Core (8051 Compatible,2 clock + Six Timers/Counters
per cycle)

* 64K Bytes On-chip Flash
-Endurance : 100,000 times
- Retention : 10 years
+ 256 Bytes SRAM(IRAM)
* 3K Bytes XRAM
* General Purpose 1/0s
-66 Ports (P0O[7:0], P1[7:0], P2[7:0], P3[7:0],
P4[7:0], P5[7:0], P6[7:0], P7[7:0],
P8[1:0]) : 80 Pin
-52 Ports (PO[7:0], P1[7:0], P2[7:0], P3[7:0],
P4[7:0], P5[7:0], P6[3:0]) : 64 Pin
- Support TTL compatible PADs (P3[7:0],
SPI0, USART1)

PS030302-0212

- 8Bitx2ch(16Bitx1ch) + 16Bitx4ch
One 10-bit PWM (using Timer1)
Four 16-bit PWMs (using Timer2,3,4,5)
Watch Dog Timer
Watch Timer
2 SPIs
4 USARTs
12C
Buzzer Driving Port
Calculator

- Multiplier mode : 16bits x 16bits

- Divider mode : 32bits / 16bits
12 Bit A/D Converter
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- 15 Input channels
* Interrupt Sources
- External (8)

- Pin Change Interrupt (PO, P7) (2)

-USART (8)
-SPI(2)

- Timer (6)

-12C (1)

-ADC (1)
-WDT (1)

-WT (1)

-BIT (1)
-NVM(Flash) (1)

* On-Chip RC-Oscillator
- 16MHz (£2% after tuning)

* On-Chip PLL

-1.38MHz to 14.75MHz (max)

* Power On Reset
-1.4V

* Programmable Brown-Out Detector

1.3 Ordering Information

Table 1-1 Ordering Information for the Z51F6412 MCU

Z51F6412
Product Specification

-1.6V/25V/3.6V/4.2V

* Minimum Instruction Execution Time
-125ns (@16MHz, NOP Instruction)

* Power down mode
-IDLE, STOP1, STOP2 mode

* Sub-Active mode
- System used external 32.768KHz crystal

* Operating Frequency
-1MHz ~ 10MHz (crystal oscillator)

- 2,4, 8, 16MHz (internal RC oscillator)
-1.38MHz ~ 14.75MHz (PLL)

* Operating Voltage
-3.0V~55V(@1~16 MHz)
-2.0V~55V (@1 ~10 MHz)

« Operating Temperature : -40 ~ +85C

+ Package Type
-80 LQFP
-64 LQFP
- Pb free package

Device Name ROM Size SRAM Size XRAM Size Package
Z51FB6412ATX 80-pin LQFP
64KB Flash 3KB
Z51F6412ARX 64-pin LQFP
PS030302-0212 PRELIMINARY 9
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1.3.1 Part Number Suffix Designation

Zilog part numbers consist of a number of components, as indicated in the following example.

Example: Part number Z51F6412ATX is an 8-bit MCU with 64 KB of Flash memory and 3.25 KB of RAM in
an 80-pin LQFP package and operating within a —-40°C to +85°C temperature range. In accordance with RoHS
standards, this device has been built using lead-free solder.

Z51 F 64 12 A T X

Temperature Range

X =-40°C to +85°C

Pin Count
R = 64 pins
T = 80 pins

Package
A =LQFP

Device Type

Flash Memory Size
64 = 64 KB Flash

Flash Memory
F = General-Purpose Flash

Device Family
Z51 = Z8051 8-Bit Core MCU

1.4 Development Tools

1.4.1 Compiler

We do not provide the compiler. Please contact third parties.

The Z51F6412 MCU core is Mentor 8051. Device ROM size of standard 8051 is smaller than 64KB.
Developer can use all kinds of third party’s standard 8051 compiler.

1.4.2 OCD emulator and debugger

The OCD (On Chip Debug) emulator supports Zilog's 8051 series MCU emulation.

The OCD interface uses two wires interfacing between PC and MCU which is attached to user’s
system. The OCD can read or change the value of MCU internal memory and /O peripherals. And
also the OCD controls MCU internal debugging logic, it means OCD controls emulation, step run,
monitoring, etc.

PS030302-0212 PRELIMINARY 10
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The OCD Debugger program works on Microsoft-Windows NT, 2000, XP, Vista (32bit) operating
system.

If you want to see more details, please refer OCD debugger manual. You can download debugger
S/W and manual from our web-site.

Connection:
- SCLK (Z51F6412 DSCL pin)
- SDATA (Z51F6412 DSDA pin)

PS030302-0212 PRELIMINARY 11
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1.4.3 Programmer

Single programmer:
PGMplus USB: It programs MCU device directly.

Figure 1-1 Single Programmer

OCD emulator: It can write code in MCU device too.
Because of, OCD debugging supports ISP (In System Programming).

It does not require additional H/W, except developer’s target system.

Gang programmer:
It programs 8 MCU devices at once.
So, it is mainly used in mass production line.

Gang programmer is standalone type, it means it does not require host PC.

Figure 1-2 Gang Programmer
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2. Block Diagram
nTEST DSCL / DSDA
P36/AN14 =
P35/AN13 P07-P 00
P34/AN12 — PORT ::J
Eggﬁmé On —Chip (::'J Pg;{T :J P17~P10
P31/AN9 Debug
12-BIT P2
P30/ANS — P27~P20
P27/AN7 ADC = ngﬁ ::J
P26/ANG )
;gifﬁmi : : PORT \;:] P37~P30
M8051 P4
P23/AN3 b47-Pao
P22/AN2 CORE = (=) PORT ::J
P21/ANT =
P20/AVREF/ANO f— PORT ::J P57~P50
P6 *
{— P67~P60
PRO/EGD (= SFRs SRAM |y PORT :J
P61/EC3 (256B) — 77 b77-P70
P64/EC4 TIMER PORT ::J
P65/EC5 D *
P52/T0 & - ) PoRT [ P8I-PE0
P53/T1(PWM1) PWM
P54/T2(PWM2)
P55/T3(PWM3) Flash | | xrAM
P56/T4(PWM4) ¢ (64K byte) (aKB) -
P57/T5(PWM5)

Power on

e = e
e (Scaciao]
P47/MISO1 Brown Out —_BIT
P4&IMOSI1 SPI1 (=) Detector WOT
P44/SSS1

PO3RXD0 PLL L wr_|
PO1/ACKO USARTO (=) 14.75MHz

P0O0/USSO

P33/RxD1 INT-RC OSC

pa2ot USART1 (=) 16MHz (> Interrupt
P30/USS1 ¢ Controller
P43/RxD2 ©

54‘1‘12//;?:% 5<—»| USART2 C:> Voltage

P40/USS2 ¢ Down

Eggﬁxgg o—> Convertor

X| O

P25/ACK3 © USART3 C:>

P24/USS3 O— CLOCK/

P07/SDA © SYSTEM

PO6/SCL Q 12C h— CON
O Q

vDD18 VDD VSS

“*” means that the function is not included in Z51F6412A. Check APPENDIX B.

P50/BUZ

P00 ~ P07/ PCIO
P70 ~ P77/ PCI7 *
P10/INTO
P11/INTA
P12/INT2
P13/INT3
P14/INT4
P15/INT5
P16/INT6
P17/INT7

SUBXIN/P04
SUBXOUT/P05
XIN/P62
XOUT/P63
nRESET

Figure 2-1 Z51F6412 block diagram
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3. Pin Assignmnet

P00/PCI00/USS0
P01/PCI01/ACKO
P02/PCI02/TxD0
P03/PCI03/RxD0
P04/PCI04/SUBXIN
P05/PCI05/SUBXOUT
P06/PCI06/SCL
P07/PCI07/SDA
P70/PCI70
P71/PCI71
P72/PCI72
P73/PCI73
P10/INTO

P11/INT1

P12/INT2

P13/INT3

P14/INT4

P15/INT5

VSS
VDD

PS030302-0212

)

= =2 = =

- sEE:

> W ¢ - 0 & 0o o 0o

e h <4 gg ﬁg he e EE2E
Q w00 oL NsA N © B § WS 8 609
QO F O O O o N © © © © © © K © © 1 1V 1’
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Figure 3-1 Z51GF64 80-Pin LQFP assignment
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P53/T1(PWM1)
P52/T0

P51/ECO
P50/BUZ
P47/MISO1
P46/MOSI1
P45/SCK1
P44/SSS1

VDD

VSS

P81

P80

P43/RxD2
P42/TxD2
P41/ACK2
P40/USS2
P37/MISO0
P36/MOSI0/AN14
P35/SCKO0/AN13
P34/SSS0/AN12
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T ¥ &5 &
= = = =
= = 2= 2 =
3 o 9§ & B & &
© - O 2 W O O B ¥ & «
2 8 3020 0 uwoeosZI gy ¥ Bk
oK @ @ a & v 8 9 g & 8 5 8 8 I
> c o [a] > - > o o [< o o o o o o
564 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P00/PCI00/USSO | 1 48 | P53/T1(PWM1)
P01/PCI01/ACKO | 2 47 | P52/T0
P02/PCI02/TXDO | 3 46 | PS1/ECO
P03/PCI03/RxD0 | 4 45 | P50/BUZ
44
P04/PCI04/SUBXIN | 5 P47/MISO1
43 | P46/MOSH
PO5/PCI05/SUBXOUT | 6 251 F6 41 2
42
P06/PCI06/SCL | 7 P45/SCK1
M
PO7/PCI07/SDA | 8 Pa44/Sss1
40 | P43/RxD2
P10/INTO |9
P11/INT1 |10 39 [P42/TxD2
P12/INT2 | 11 38 | P41/ACK2
P13/INT3 | 12 37 | P4o/uss2
P14/INT4 | 13 36 | P37/MISO0
P15/INT5 | 14 35 [ P36/MOSI0/AN14
vss |15 34 | P35/SCKO/AN13
VDD | 16 33 | P34/SSSO/AN12
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

P16/INT6
P17/INT7
P21/AN1
P22/AN2
P23/AN3
VSS
VDD

P20/ANO/AVREF
P24/USS3/AN4
P25/ACK3/AN5

P26/TxD3/AN6
P27/RxD3/AN7
P30/USS1/ANS
P31/ACK1/AN9
P32/TxD1/AN10
P33/RxD1/AN11

Figure 3-2 Z51GF64A 64 pin LQFP assignment
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4. Package Diagram

4 3 - 2 1
U A
D1 _
_ 43— A R
HEARAAAAAARAAARAAAR \ COMMON DMERSILhS
T == [UMITS OF MEASURE=MILLIMETER)
= SYMBOI MM MM MAK
N s A - | 160
S TOP—E—MARK =] Al 0.05 — 0.15
2=21.80+0,10X0.10+0.08D _M_ A2 1.35 1.40 1.45
A3 0.59 0.64 | 0.69
b 0,18 - 0,27
W oo _ _ b1 017 0.20 0.23
BTM—E—-MARK c _u_“u I.. 0.18
7—#1.B0+0.10%0.104£0.050 w_ Jm mmu _m. uncx _m_wm_
INDEX #1.20+0.10 D1 11.80 | 12.00 | 12.10
Q,\.n.unpm.a DEPTH E 13.80 | 14.00 | 14.20
L WI/ E1 11.80 12.00 | 1210
+/ W/ . 0.40 | 0.50 | 0.60
- _ - L 0.45 0.60 | 0.5
- AUTHEL I S g
dke o8008 A A RI 008 | - -
R2 0.08 [ 0.20
] o 15 7"
WITH PLATING m._.._...Mm METAL | o - -
—o \ 07 i PR S
____ 2 ' b \ GEE] 17" 12 13
4 \ bi—
__ ._|J AR (N
~ o, | _._._m 8 -
o || )N N hoTEsE o .
\V\T : ALL DIMENSIONS REFER TO JEDEC STANDARD
] | MS—026 BDD DO NOT INCLUDE MOLD
| SECTION A—# _ I - . .
_ P | \ FLASH OR PROTRUSIONS,
3 |pw.\N_r ,ﬂ 1
[ I =
(L)
4 _ 3 * Tz ]

Figure 4-1 80 pin LQFP package
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Figure 4-2 64 pin LQFP package
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5. Pin Description

Table 5-1 Normal Pin description

Z51F6412
Product Specification

PIN Name | I/O Function @RESET Shared with
P00 Port PO USSO0/PCIO
PO1 8-Bit I/ Port ACKO/PCIO

Can be set in input or output mode in 1-bit
P02 units TxDO/PCIO
P03 Internal pull-up register can be used via RxDO/PCIO
I/O | software when this port is used as input port Input
P04 . . . SUBXIN/PCIO
Open Drain enable register can be used via
P05 software when this port is used as output port SUBXOUT/PCIO
P06 SCL/PCIO
P07 SDA/PCIO
P10 Port P1 INTO
P11 8-Bit 1/0 Port INT1
Can be set in input or output mode in 1-bit
P12 units INT2
P13 Internal pull-up register can be used via INT3
I/O | software when this port is used as input port Input
P14 . . . INT4
Open Drain enable register can be used via
P15 software when this port is used as output port INT5
P16 INT6
P17 INT7
P20 Port P2 ANO/AVREF
Can be set in input or output mode in 1-bit
P22 units AN2
P23 Internal pull-up register can be used via AN3
I/O | software when this port is used as input port Input
P24 . . : AN4/USS3
Open Drain enable register can be used via
P25 software when this port is used as output port AN5/ACK3
P26 AN6/TxD3
P27 AN7/RxD3
P30 Port P3 (TTL compatible input, PAD) AN8/USS1
Can be set in input or output mode in 1-bit
P32 units AN10/TxD1
P33 Vo Internal pull-up register can be used via Input AN11/RxD1
software when this port is used as input port
P34 . . . AN12/SSS0
Open Drain enable register can be used via
P35 software when this port is used as output port AN13/SCKO0
P36 ANO~AN7 can be selected by ADCM register AN14/MOSIO

PS030302-0212
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P37 MISO0
P40 Port P4 uUSS2
P41 8-Bit 1/0 Port ACK2
Can be set in input or output mode in 1-bit
P42 units TxD2
P43 Internal pull-up register can be used via RxD2
I/O | software when this port is used as input port Input
P44 . . : SSS1
Open Drain enable register can be used via
P45 software when this port is used as output port SCK1
P46 AN8~AN13 can be selected by ADCM register MOSI
P47 MISO1
P50 Port P5 BUZ
Can be set in input or output mode in 1-bit
P53 Internal pull-up register can be used via T1(PWM1)
I/O | software when this port is used as input port Input
P54 . . . T2(PWM2)
Open Drain enable register can be used via
P55 software when this port is used as output port T3(PWM3)
P56 T4(PWM4)
P57 T5(PWMS5)
P60 Port P6 EC2
Can be set in input or output mode in 1-bit
P62 units XIN
P63 Internal pull-up register can be used via XOUT
I/O | software when this port is used as input port Input
P64 . . . EC4
Open Drain enable register can be used via
P65 software when this port is used as output port EC5
P66 -
P67 -
P70 Port P7 PCI70
Can be set in input or output mode in 1-bit
P72 units PCI72
Input
P73 Internal pull-up register can be used via P PCI73
I/O | software when this port is used as input port
P74 : . : PCI74
Open Drain enable register can be used via
P75 software when this port is used as output port PCI75
P76 PCI76
P77 PCI77
P80 Port P8 -
a1 | O 8BitlO Port Input _

PS030302-0212
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Can be set in input or output mode in 1-bit
units

Internal pull-up register can be used via
software when this port is used as input port

Open Drain enable register can be used via
software when this port is used as output port

LPF is loop pass filter for PLL.

LPF A | Ifit doesn’t use PLL, it doesn’t need filter Analog
circuit and it connects to GND
nRESET I Input
XOUT O | Main Oscillator output -
XIN I | Main Oscillator input -
VSS P Ground
VDD P Power
SUBXOUT | O | Sub Oscillator output -
SUBXIN | | Sub Oscillator input -
DSDA I/O | OCD Data input/output Input
DSCL | | OCD clock input Input
TEST mode enable
nTEST is the same function like internal POR
nTEST | | except remaining port configuration setting Input
value.
nTEST needs about 1k pull-up resistor
VDD18 P | Internal 1.8V VDD Power

PS030302-0212
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6. Port Structures

6.1 General Purpose 1/0 Port

EA Levelshift ( 1.8V to ExtvDD)
EA] Levelshift (ExtvDD to 1.8V)

PULL-UP

1
1
|
REGISTER :
o — q
OPEN DRAIN : VDD
1
1
1
1

REGISTER

DATA »—D—;_@_OI
REGISTER 0

i ﬁ
MUX 4 i
SUB-FUNC DATA OUTPUT 1 ! I:T‘
777

PAD

—— SUB-FUNC ENABLE —

DIRECTION 5
REGISTER
MUX
SUB-FUNC DIRECTION 1
R(400Q) %
PORTx INPUT

@

CMOS or
SchmittLevel
Input
DEBOUNCE
SUB-FUNC CLK
DATA INPUT )
DEBOUNCE
ENABLE
ANALOG CHANNEL
ENARI F E

ANALOG INPUT

ANALOG INPUT
(without Resistor)

Figure 6-1 General Purpose /O Port
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6.2 External Interrupt I/0 Port

EA Levelshitt ( 1.8V to ExtvDD)
[#] Levelshift (ExtvDD to 1.8V)

1
i
PULL-UP '
REGISTER |: ! H
OPEN DRAIN VDD

1
1
REGISTER ' voD
1
1

DATA
REGISTER

PAD

SUB-FUNC DATA OUTPUT

—— SUB-FUNC ENABLE —

DIRECTION
REGISTER

EXTERNAL

SUB-FUNC DIRECTION INTERRUPT

INTERRUPT
ENABLE

EDGE MUX
REG 0o 4

VDD
T
POLARITY

REG
S

FLAG
CLEAR
PORTx INPUT
MUX
0 1
0 .
MUX \ CMOS or
1 Q b SchmittLevel
Input
DEBOUNCE
SUB-FUNC CP: CLK
DATA INPUT L
DEBOUNCE
FNARI F

ANALOG CHANNEL
ENABLE

ANALOG INPUT

Figure 6-2 External Interrupt 1/O Port
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7. Electrical Characteristics
7.1 Absolute Maximum Ratings
Table 7-1 Absolute Maximum Ratings
Parameter Symbol Rating Unit
Supply Voltage VDD -0.3~+6.5 \Y
u
pply Yollag VSS 0.3~+0.3 v
\ -0.3~VDD+0.3 Vv
VO -0.3~VDD+0.3 \'
) IOH 10 mA
Normal Voltage Pin
sIOH 80 mA
IOL 20 mA
yIOL 160 mA
Total Power Dissipation PT 600 mW
Storage Temperature TSTG -45~+125 °C

Note) Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at any other conditions beyond those
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

7.2 Recommended Operating Conditions

Table 7-2 Recommended Operation Conditions

Parameter Symbol Condition MIN TYP MAX Unit
fXIN=1~10MHz
Supply Voltage VDD 2.0 5.5 \Y
fSUB=32.768KHz

Operating Temperature | TOPR VDD=2.0~5.5V -40 85 °C
FOPR fXIN 1 10 MHz
fSUB - 32.768 - KHz
Operating Frequency Internal RC-OSC - - MHz
Internal Ring-OSC MHz
PLL 1.38 14.75 MHz

PS030302-0212
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Table 7-3 A/D Converter Characteristics (TA=-40C ~ +857C, VDD=AVDD=2.7V ~ 5.5V, VSS=0V)
Parameter Symbol Condition MIN TYP MAX Unit
Resolution - - 12 - bits
Total Accuracy - +3 Isb
Integral Linear Error INL - - +2 Isb
Differential Linearity pLg | AVDD=VDD=5.12v| ) I Isb
Error fXIN=4MHz
Zero Offset Error ZOE - +3 Isb
Full Scale Error FSE - +3 Isb
Conversion Time tCON 12bit conversion - 60 - cycle
max 3MHz
Analog Input Voltage VAN - VSS - AVDD=VDD \
Analog Power Voltage AVDD - - *AVDD=VDD - V
Cgﬁ;‘;geReference AVREF - 2.7 . 5.5 v
Analog Ground Voltage AVSS - - VSS - Vv
Analog Input Leakage AVDD=VDD=5.12V | - - 10 UA
IDD - 1 3 mA
ADC Operating Current AVDD=VDD=5.12V
SIDD - - 1 uA
7.4 Voltage Dropout Converter Characteristics
Table 7-4 Voltage Dropout Converter Characteristics
Parameter Symbol Condition MIN | TYP | MAX | Unit
Operating Voltage - 1.8 - 5.5 \'
Operating Temperature - -40 - +85 °C
Regulation Voltage - 1.62 1.8 1.98 \'
Drop-out Voltage - - - 0.02 \'
RUN/IDLE - 20 - mA
o SUB-ACTIVE - 1 - mA
Current Drivability
STOP1 - 50 - uA
STOP2 - 10 - uA
IDDA RUN/IDLE - - 1 mA
, IDD2 SUB-ACTIVE - - 0.1 mA
Operating Current SIDD1 STOP1 ] ] 5 A
SIDD2 STOP2 - - 0.1 uA
o " , TRANT1 SUB to RUN - - 1 usS
Drivability Transition Time
TRAN2 STOP to RUN - - 200 usS
Note) -STOP1: WDT running - STOP2: WDT disable
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Table 7-5 Power-On Reset Characteristics
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Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - 1.6 - 5.5 Vv
Operating Temperature - -40 - +85 °C
RESET Release Level - 1.3 1.4 1.5 \
. IDD - - - 10 uA
Operating Current
SIDD - - - 1 uA
7.6 Brown Out Detector Characteristics
Table 7-6 Brown Out Detector Characteristics
Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - VSS - 5.5 \
Operating Temperature - -40 - +85 C
4.2V - 4.0 4.4 Vv
) 3.6V - 3.4 3.8 \
Detection Level
2.5V - 2.3 2.7 \
1.6V - 1.4 1.8 Vv
Hysteresis - - 50 - mV
) IDD - - - 50 uA
Operating Current
SIDD - - - 1 uA
7.7 Internal RC Oscillator Characteristics
Table 7-7 Internal RC Oscillator Characteristics
Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - 1.8 - 5.5 \
Operating Temperature - -40 - +85 °C
Frequency - - 16 - MHz
Hysteresis - - - 10 mS
) IDD - - 200 300 uA
Operating Current
SIDD - - - 1 UA
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7.8 Ring-Oscillator Characteristics

Table 7-8 Ring-Oscillator Characteristics
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Parameter Symbol Condition MIN TYP MAX Unit
Operating Voltage - 1.8 - 5.5 Vv
Operating Temperature - -40 - +85 °C
Frequency - - 1 - MHz
Stabilization Time - - - - mS

. IDD - - - - uA
Operating Current
SIDD - - - 1 uA

7.9 PLL Characteristics

Table 7-9 PLL Characteristics

(TA=-40T ~ +85T, VDD18=1.8V ~ 2.0V, VSS=0V)

Parameter Symbol [ Min. | Typ. | Max. | Units Conditions
PLL current IPLL - 1.5 TBD mA
Input clock frequency fxin - 32.768 - KHz
Output clock frequency fout 1.38 - 1475 | MHz
Qutput clock duty - 45 - 55 %
Setting time tD - 1 TBD mS
Accuracy - - 2 TBD %
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7.10 DC Characteristics

Table 7-10 DC Characteristics
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(VDD =2.7~5.5V, VSS =0V, fXIN=10.0MHz, TA=-40~+85T)

Parameter Symbol Condition MIN TYP MAX Unit
VIL1 nTEST, nRESET, DSCL, DSDA -0.5 - 0.2VDD \
VIL2 P0,P1,P2,P4,P5,P6,P7,P8 -0.5 - 0.2VDD \
Input Low Voltage
VIL3 P3 (VDD=4.0~5.5V) -0.5 - 0.1VDD+0.4 V
VIL4 P3 (VDD=2.7~4.0V) -0.5 - 0.2vDD Vv
VIH1 nTEST, nRESET, DSCL, DSDA 0.8VvDD - VDD \
Input High Voltage VIH2 P0,P1,P2,P4,P5,P6,P7,P8 0.7vDD - VDD Vv
VIH3 P3 0.3VDD+0.7 - VDD \
Output Low VOL1 ALL 1/O (IOL=20mA, VDD=4.5V) - - 1 v
Voltage
Output High VOH1 ALL 1/O (IOH=-8.57mA, VDD=4.5V) 35 - - v
Voltage
Input High
IIH ALL PAD - - 1 A
Leakage Current v
Input Low
liL ALL PAD -1 - A
Leakage Current )
Pull-Up Resister RPU ALL PAD (except DSCL, DSDA) 20 - 50 kQ
IDD1 Run Mode, fXIN=10MHz @5V - *2.7 15 mA
IDD2 Idle Mode, fXIN=10MHz @5V - *1.8 10 mA
IDD3 Sub Active Mode, fSUBXIN=32.768KHz @5V i 0.3 1 mA
(PLL enable)
Sub Active Mode, fSUBXIN=32.768KHz @5V
IDD4 _ “112 A
(PLL disable) 500 !
Power Supply STOP1 Mode, WDT Active @5V (BOD .
Current IDD5 enable) - 60 150 uA
IDD6 STOP1 Mode, WPT Active @5V (BOD ) *30 50 UA
disable)
STOP2 Mode, WDT Disable @5V (BOD N
IDD7 enable), Room Temp(25C) i 32 110 uA
STOP2 Mode, WDT Disable @5V (BOD .
IDD8 disable), Room Temp(25C) i f 10 uA
Note) - STOP1: WDT running, STOP2: WDT disable.
- (*) typical test condition : VDD=5V, Internal RC-OSC=8MHz, ROOM TEMP, all PORT output LOW,
Timer0 Active, 1PORT toggling.
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Table 7-11 AC Characteristics
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(VDD=5.0V+10%, VSS=0V, TA=-40~+85C)

Parameter Symbol PIN MIN | TYP | MAX | Unit
Operating Frequency fMCP XIN 1 - 16 MHz
System Clock Cycle Time tSYS - 100 - 1000 | ns
Oscillation Stabilization Time (16MHz) tMST1 XIN, XOUT - - 10 ms
External Clock “H” or “L” Pulse Width tCPW XIN 90 - - ns
External Clock Transition Time tRCP,tFCP XIN - - 10 ns
Interrupt Input Width tIW INTO~INTX 2 - - tSYS
External Interrupt Transition Time tFLtRI INTO~INTX 1 us
nRESET Input Pulse “L” Width tRST nRESET 8 - - tSYS
External Counter Input “H" or “L” Pulse {ECW ECO,EC1 5 ) ) ISYS
Width
Event Counter Transition Time tREC,tFEC | ECO,ECH - - 20 ns
1/fMCP tCPW tCPW
XIN
tw tw
INTO Z Z - >
INT1 £ 0.8vDD {
INT2 i/ S f
INT= e . :_ £ 0.2vDD
R tFl
- tRST R
nRESET \ 7Z 0.2VDD
tECW . tECW ~
ECO . E
ECx

PS030302-0212

Figure 7-1 AC Timing
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7.12 SPI Characteristics

Table 7-12 SPI Characteristics

(VDD=5.0V£10%
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, VSS=0V, TA=-40~+85C)

Parameter Symbol PIN MIN TYP MAX | Unit
SPI ns
Output Clock Pulse Period tSCK SCK - clock -
mode
Input Clock Pulse Period tSCK SCK 20 1SYS - - ns
Input Clock “H” or “L” Pulse Width | tSCKL, tSCKH | SCK g% - | ns
Input Clock Pulse Transition Time | tFSCK,tRSCK SCK - - 30 ns
Qriput Glock *H” or 1L Pulse {SCKL,tSCKH | SCK | t5YS:30 & - -~ | ns
_IQiLrJ]:zut Clock Pulse Transition tFSCK.tRSCK SCK i i 30 ns
First Output Clock Delays Time tFOD OUTPUT
Output Clock Delay Time tDS OUTPUT - - 100 ns
Input Pulse Transition Time tFSIN,tRSIN INPUT - - 30 ns
Input Setup Time tDIS INPUT 100 - ns
Input Hold Time tDIH INPUT | tSYS+70 - - ns
Iss \ /
(Output/Input) R
tFOD 1SCK
— -— - >
L \ 0.8VDD
. ﬁ /o
(CPOL=0) 7Z i 72 & 0.2vDD
(Output/Input) >
 tSCKL | i SCKH
SsCK ——————— _ S A
AN A S
(Output/Input) -~ x__
— > — —p -
tFSCK  tRSCK
MISO/MOSI LsB
(Data Input)
—> — —P —
tRSIN tFSIN
DS
MOSI/MISO R
(Data Output) \T MsB >§ >< LsB
: R
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7.13 Typical Characteristics

These graphs and tables provided in this section are for design guidance only and are not tested or
guaranteed. In some graphs or tables the data presented are outside specified operating range (e.g.
outside specified VDD range). This is for information only and devices are guaranteed to operate
properly only within the specified range.

The data presented in this section is a statistical summary of data collected on units from different
lots over a period of time. “Typical” represents the mean of the distribution while “max” or “min”
represents (mean + 30) and (mean - 30) respectively where o is standard deviation.
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8. Memory

The Z51F6412 MCU addresses two separate address memory stores: Program memory and Data
memory. The logical separation of Program and Data memory allows Data memory to be assessed by
8-bit addresses, which can be more quickly stored and manipulated by 8-bit CPU. Nevertheless, 16-
bit Data memory addresses can also be generated through the DPTR register.

Program memory can only be read, not written to. There can be up to 64K bytes of Program memory
in a bank. In the Z51F6412 Flash version of these devices the 64K bytes of Program memory are
provided on-chip. Data memory can be read and written to up to 256 bytes internal memory (DATA)
including the stack area and 3K bytes of external data memory(XRAM).

8.1 Program Memory

A 16-bit program counter is capable of addressing up to 64K bytes for one bank of memory space.

Figure 8-1 shows a map of the lower part of the program memory. After reset, the CPU begins
execution from location 0000H. Each interrupt is assigned a fixed location in program memory. The
interrupt causes the CPU to jump to that location, where it commences execution of the service
routine. External interrupt 0, for example, is assigned to location 0003H. If external interrupt 0 is going
to be used, its service routine must begin at location 0003H. If the interrupt is not going to be used, its
service location is available as general purpose program memory. 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 service routines can use a jump instruction to skip over subsequent interrupt locations,
if other interrupts are in use.

FFFFH

Total
64K Bytes
Flash

0000H Bank 0

Figure 8-1 Program memory
- User Function Mode: 64KBytes Included Interrupt Vector Region

- Non-volatile and reprogramming memory: Flash memory
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8.2 Data Memory

Figure 8-2 shows the internal Data memory space available.

FFh FFh
Upper Special Function
128 Bytes Registers

Internal RAM 128 Bytes

(Indirect (Direct Addressing)
80h Addressing) 80h

7Fh Lower
128 Bytes
Internal RAM

(Direct or Indirect
Addressing)

00h

Figure 8-2 Data memory map

The internal memory space is divided into three blocks, which are generally referred to as the lower
128, upper 128, and SFR space.

Internal Data memory addresses are always one byte wide, which implies an address space of only
256 bytes. However, the addressing modes for internal RAM can in fact accommodate 384 bytes,
using a simple trick. Direct addresses higher than 7FH access one memory space and indirect
addresses higher than 7FH access a different memory space. Thus Fig 8-2 shows the upper 128 and
SFR space occupying the same block of addresses, 80H through FFH, although they are physically
separate entities.

The lower 128 bytes of RAM are present in all 8051 devices as mapped in Figure 8-3. The lowest 32
bytes are grouped into 4 banks of 8 registers. Program instructions call out these registers as RO
through R7. Two bits in the Program Status Word select which register bank is in use. This allows
more efficient used of code space, since register instructions are shorter than instructions that use
direct addressing.

The next 16 bytes above the register banks form a block of bit-addressable memory space. The
8051 instruction set includes a wide selection of single-bit instructions, and the 128 bits in this area
can be directly addressed by these instructions. The bit addresses in this area are 00H through 7FH.

All of the bytes in the lower 128 can be accessed by either direct or indirect addressing. The upper
128 bytes RAM can only be accessed by indirect addressing. These spaces are used for user RAM
and stack pointer.
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A|7F [7E |[7D|7C|7B |7A |79 [78
£ |77 |76 |75 |74 |73 |72 |71 |70
[ 7FH / [6F |6e [6n]6c o8 [6a 60 o
i 67 |66 |65 |64 [63 [62 [61 |60

5F |5E [5D[5C |5B [5A [59 |58
. 57 |56 |55 |54 53 |52 [51 [50
80 bytes < General purpose 4F |4E (4D [4C 4B J4A |49 |48
register 47 |46 |45 |44 (43 [42 [41 |40

3F |3E |3D[3C[3B [3A [39 38
37 |36 |35 [34 [33 [32 [31 |30
2F |2E |2D|2C [2B [2A [29 |28

\_ 30H
SFH 27 126 |25 |24 [23 [22 [21 |20
b 1FHE [1D|1C|1B |1A |19 [18
es
(1283:1) Bit addressable 17 |16 {15 [14 [13 [12 {11 [10
its
20H OF |0E |oD|0C [0B [0A {09 |08
. { 208 e —— 07 |06 [05 [04 Jos fo2 [o1 [oo
Y 18H (8 bytes)
17H Register bank2 (.
8 bytes 10H 8bytes) | L R7
OFH Registerbank 1 | . R6
8bytes 1 ogn (Bbytes) | L. R5
{ 07H Register bank 0 R4
8 bytes (8 bytes)
00H Y . RS
........ R2
R R1
..... RO

Figure 8-3 Lower 128 bytes RAM

8.3 XSRAM Memory

The Z51F6412 MCU use 3K bytes of XSRAM.

FFFFH
2FFFH
2F00H
O0BFFH
XSRAM
total 3K Bytes
(000H~BFFH)  |g.nko
0000H

Figure 8-4 XDATA memory area
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8.4 SFR Map
8.4.1 SFR Map Summary
Table 8-1 SFR Map Summary
OH/8H 1H/9H 2H/AH 3H/BH 4H/CH 5H/DH 6H/EH 7H/FH
2F58H - FUSE_PKG FUSE_CAL2 PUSE_CALA1 FUSE_CALO FUSE_CONF TEST B TEST A
. PSRO ...... o : : _ —— - _
2F48H - - - - - - - -
2F40H - - - - - - - -
oF3gH | T 5CR ...... T5CR1 T5L T5H T5DRL WORH | - -
2F30H | UCTRL31 UCTRL32 UCTRL33 USTAT3 UBAUD3 UDATAS - -
2F28H | UCTRL21 UCTRL22 UCTRL23 USTAT2 UBAUD2 UDATA2 - -
2F20H P8DB - - - - ~ - -
2F18H PODB P1DB P2DB P3DB P4DB psDE | | ;GI;I; ------- P7DB
2F10H P40D P50D P60D P70D P8OD - - -
2F08H P8PU - - - POOD P10D P20D P30D
2F00H POPU ...... P1PU P2PU P3PU P4PU — PGPU ------- P7PU
F8H IP1 - UCTRL11 UCTRL12 UCTRL13 USTAT1 UBAUD1 UDATA1
FOH B SPISR1 FEARH FEARM FEARL FEDR FECR 7777777 CAL_CNTR
N - _ o - S =—n CAL?ADD R -
EOH ACC - UCTRLO1 UCTRLO02 UCTRLO3 USTATO UBAUDO UDATAO
D8H P8 PLLCR 12CMR I2CSR I2CSCLLR [2CSCLHR 12CSDAHR I2CDR
DOH PSW P8IO SPICRO SPIDRO SPISRO TMISR IZCSAFH 777777 I2CSAR
C8H P7 P710 T4ACR T4CRA1 T4L T4H T4DRL ------ T4DRH
CoH P6 P6IO T3CR T3CR1 T3L T3H T3DRL T3DRH
B8H IP P5I0 T2CR T2CR1 ToL T2H T2DRL 777777 T2DRH
BoH | P5 .......... P410 TOCR TODR T1CR — TWPWDR ------ T1PWHR
A8H IE IE1 IE2 IE3 IE4 IE5 PCIO PCI7
AOH P4 P3IO EO EIENAB EIFLAG EIEDGE EIPOLA 777777 EIBOTH
98H P3 P2I0 ADCM ADCRH ADCRL wivR | w TR 77777777 BUZCR
o | P2 .......... i o S _ B o _
88H P1 POIO SCCR BCCR BITR WDTMR WDTR BUZDR
80H PO SP DPL DPH DPLA1 DPH1 BODR PCON
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8.4.2 Compiler Compatible SFR
ACC (Accumulator) : EOH
7 6 5 4 3 0
| ACC
RW RW RW RW RW RW
Initial value : O0OH
ACC Accumulator

B (B Register) : FOH

7 6 5 4 3 0
[ B
RW RW RW RW RW RW
Initial value : O0H
B B Register

SP (Stack Pointer) : 81H

7 6 5 4 3 0
| SP
RW RW RW RW RW RW
Initial value : 07H
SP Stack Pointer

DPL (Data Pointer Low Byte) : 82H

7 6 5 4 3 0
| DPL
RW RW RW RW RW RW
Initial value : 00H
DPL Data Pointer Low Byte

DPH (Data Pointer High Byte) : 83H

7 6 5 4 3 0
[ DPH
RW RW RW RW RW RW
Initial value : O0H
DPH Data Pointer High Byte

DPL1 (Data Pointer Low 1 Byte) : 84H

7 6 5 4 3 0
| DPL1
RW RW RW RW RW RW
Initial value : 00H
DPL1 Data Pointer Low 1 Byte

DPH1 (Data Pointer High 1 Byte) : 85H
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DPH1

RW RW RW RW RW RW RW RW
Initial value : O0OH

DPH1 Data Pointer High 1 Byte

PSW (Program Status Word) : DOH

7 6 5 4 3 2 1 0
| ow | a | R [ mrt | RO | oo | m | P
RW RW RW RW RW RW RW RW
Initial value : 00H

cY Carry Flag
AC Auxiliary Carry Flag
FO General Purpose User-Definable Flag
RS1 Register Bank Select bit 1
RSO Register Bank Select bit 0
ov Overflow Flag
F1 User-Definable Flag
P Parity Flag. Set/cleared by hardware each instruction cycle to

indicate an odd/even number of ‘1’ bits in the accumulator

EO (Extended Operation Register) : A2H

7 6 5 4 3 2 1 0
| - ] - ] - | mween]| - | ppse2 | DpseLt | DPsELO
R R R RW R RW RW RW

Initial value : 00H
TRAP_EN Select the instruction
0 Select MOVC @(DPTR++), A
1 Select Software TRAP instruction
DPSEL[2:0] Select Banked Data Point Register
DPSEL2 DPSEL1 DPSELO

0 0 0 DPTRO
0 0 1 DPTR1
Reserved -
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9. 1/0 Ports

9.1 1/0 Ports

The Z51F6412 MCU features nine 1/O ports (PO ~ P8). Each port can be easily configured by
software as I/O pin, internal pull up and open drain pin to meet various system configurations and
design requirements. Also PO, P7 include function that can generate interrupt according to change of
state of the pin.

9.2 Port Register

9.2.1 Data Register (Px)

Data Register is a bidirectional 1/0O port. If ports are configured as output ports, data can be written to
the corresponding bit of the Px. If ports are configured as input ports, the data can be read from the
corresponding bit of the Px.

9.2.2 Direction Register (PxIO)

Each 1/0O pin can independently used as an input or an output through the PxIO register. Bits cleared
in this read/write register will select the corresponding pin in Px to become an input, setting a bit sets
the pin to output. All bits are cleared by a system reset.

9.2.3 Pull-up Resistor Selection Register (PxPU)

The on-chip pull-up resistor can be connected to them in 1-bit units with a pull-up resistor selection
register (PxPU). The pull-up register selection controls the pull-up resister enable/disable of each port.
When the corresponding bit is 1, the pull-up resister of the pin is enabled. When 0, the pull-up resister
is disabled. All bits are cleared by a system reset. Pull-up operation is only enable in input mode.

9.2.4 Open-drain Selection Register (PxOD)

There is internally open-drain selection register (PxOD) in PO ~ P8. The open-drain selection register
controls the open-drain enable/disable of each port. Ports become push-pull by a system reset. You
should connect an external resistor in open-drain output mode.

9.2.5 Debounce Enable Register (PxDB)

PO ~ P8 support debounce function. Debounce time of each ports has 5us

9.2.6 Pin Change Interrupt Enable Register (PClx)

The PO, P7 can support Pin Change Interrupt function. Pin Change Interrupts PCI will trigger if any
enabled POQ[7:0], P7[7:0] pin toggles. The PCIx Register control which pins contribute to the pin
change interrupts.
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PSRx registers prevent the input leakage current when ports are connected to analog inputs. If the
bit of PSRx is ‘1’, the dynamic current path of the schmitt OR gate of the port is cut off and the digital

input of the corresponding port is always ‘0’.

9.2.8 Register Map

Table 9-1 Register Map

Name Address Dir Default Description
PO 80H R/W 00H PO Data Register
POIO 89H R/W 00H PO Direction Register
POPU 2F00H R/W 00H PO Pull-up Resistor Selection Register
POOD 2FOCH R/W 00H PO Open-drain Selection Register
PODB 2F18H R/W 00H PO Debounce Enable Register
PCIO AEH R/W 00H PO Pin Change Interrupt Enable Register
P1 88H R/W 00H P1 Data Register
P110 91H R/W 00H P1 Direction Register
P1PU 2F01H R/W 00H P1 Pull-up Resistor Selection Register
P10D 2FODH R/W 00H P1 Open-drain Selection Register
P1DB 2F19H R/W 00H P1 Debounce Enable Register
P2 90H R/W 00H P2 Data Register
P210 99H R/W 00H P2 Direction Register
P2PU 2F02H R/W 00H P2 Pull-up Resistor Selection Register
P20D 2FOEH R/W 00H P2 Open-drain Selection Register
P2DB 2F1AH R/W 00H P2 Debounce Enable Register
P3 98H R/W 00H P3 Data Register
P31O A1H R/W 00H P3 Direction Register
P3PU 2FO3H R/W 00H P3 Pull-up Resistor Selection Register
P30D 2FOFH R/W 00H P3 Open-drain Selection Register
P3DB 2F1BH R/W 00H P3 Debounce Enable Register
P4 AOH R/W 00H P4 Data Register
P410 B1H R/W 00H P4 Direction Register
P4PU 2F04H R/W 00H P4 Pull-up Resistor Selection Register
P40OD 2F10H R/W 00H P4 Open-drain Selection Register
P4DB 2F1CH R/W 00H P4 Debounce Enable Register
P5 BOH R/W 00H P5 Data Register
P510 B9H R/W 00H P5 Direction Register
P5PU 2F05H R/W 00H P5 Pull-up Resistor Selection Register
P50D 2F11H R/W 00H P5 Open-drain Selection Register
P5DB 2F1DH R/W 00H P5 Debounce Enable Register
P6 COH R/W 00H P6 Data Register
P61O C1H R/W 00H P6 Direction Register
P6PU 2F06H R/W 0CH P6 Pull-up Resistor Selection Register
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P6OD 2F12H R/W 00H P6 Open-drain Selection Register
P6DB 2F1EH R/W 00H P6 Debounce Enable Register
P7 C8H R/W 00H P7 Data Register
P710 C9H R/W 00H P7 Direction Register
P7PU 2F07H R/W 00H P7 Pull-up Resistor Selection Register
P70D 2F13H R/W 00H P7 Open-drain Selection Register
P7DB 2F1FH R/W 00H P7 Debounce Enable Register
PCI7 AFH R/W 00H P7 Pin Change Interrupt Enable Register
P8 D8H R/W 00H P8 Data Register
P8IO D1H R/W 00H P8 Direction Register
P8PU 2F08H R/W 00H P8 Pull-up Resistor Selection Register
P8OD 2F14H R/W 00H P8 Open-drain Selection Register
P8DB 2F20H R/W 00H P8 Debounce Enable Register
PSRO 2F50H R/W 00H Port Selection Register 0
PSR1 2F51H R/W 00H Port Selection Register 1

9.3 Px Port

9.3.1 Px Port Description

Px ports are 8-bit General purpose I/O ports except P8. Px control registers consist of Data register
(Px), direction register (PxIO), debounce enable register (PxDB), pull-up register selection register
(PxPU), open-drain selection register (PxOD), pin change interrupt register (PCIO0, PCI7).

9.3.2 Register description for Px

Px (Px Data Register) : 80H, 88H, 90H, 98H, AOH, BOH, COH, C8H, D8H

7 6 5 4 3 2 1 0
| p@ | P6e | P65 | Pa P3 P2 Px1 PO
RW RW RW RW RW RW RW RW

Initial value : 00OH

Px[7:0] /O Data

PxIO (Px Direction Register) : 89H, 91H, 99H, A1H, B1H, B9H, C1H, C9H, D1H

7 6 5 4 3 2 1 0
| o | Pe0o | PO | Puo P30 P20 Px10 P00
RW RW RW RW RW RW RW RW

Initial value : 00OH

PxIO[7:0] Px data /O direction.

0 Input
1 Output
PxPU (P0~P7 Pull-up Resistor Selection Register) : 2FO0H ~ 2F07H
7 6 5 4 3 2 1 0

| pru | Peru | PsPU | Paru | Peu | PePu [ PdPU | PoRU

PS030302-0212 PRELIMINARY 39



Z51F6412
Product Specification

RW RW RW RW RW RW RW RW
Initial value : 00H
PxPU[7:0] Configure pull-up resistor of Px port
0 Disable
1 Enable

Note) P6PU initial value : OCH .
P8PU[7:2] : Not used, P8PU[1:0] : Only used.

PxOD (Px Open-drain Selection Register) : 2FOCH ~ 2F14H

7 6 5 4 3 2 1 0
| p7oo | PeoD | PsoD | PdodD | PeoD | Peop | Pdop | PooD
RW RW RW RW RW RW RW RW

Initial value : O0OH

PxODI[7:0] Configure open-drain of Px port
0 Disable
1 Enable

PxDB (Px Debounce Enable Register) : 2F18H ~ 2F20H

7 6 5 4 3 2 1 0
| B | PeoB | PsDB | PuoB | PaDB PCDB PxIDB PYODB
RW RW RW RW RW RW RW RW

Initial value : O0OH

PxDB[7:0] Configure debounce of Px port
0 Disable
1 Enable
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PCIO0 (PO Pin Change Interrupt Enable Register) : AEH

7 6 5 4 3 2 1 0
| pooz | Poos | Poos | Pos | PO PCI02 PClO1 PCI00
RW RW RW RW RW RW RW RW

Initial value : 00OH

PCI0[7:0] Configure Pin Change Interrupt of PO port
0 Disable
1 Enable

PCI7 (P7 Pin Change Interrupt Enable Register) : AFH

7 6 5 4 3 2 1 0
| pom | pPome | Pom | Pom | Pom | pPome | Pom | Pomo
RW RW RW RW RW RW RW RW

Initial value : 00OH

PCI7[7:0] Configure Pin Change Interrupt of P7port

0 Disable
1 Enable
PSRO (Port Selection Register 0) : 92H
7 6 5 4 3 2 1 0
| Psroz | PSR | Psrs | PSRm PSRO3 PSR02 PSRO1 PSR00
RW RW RW RW RW RW RW RW

Initial value : O0OH

PSRO[7:0] P20~P27 port selection register

0 Disable analog channel AN[7:0].
1 Enable analog channel AN[7:0].
PSR1 (Port Selection Register 1) : 93H
7 6 5 4 3 2 1 0
| - | Psrie | PsRi5 | Psri4 PSR13 | PSRi2 | PSR PSR10
- RW RW RW RW RW RW RW

Initial value : 00OH

PSR1[6:0] P30~P36 port selection register
0 Disable analog channel AN[14:8].
1 Enable analog channel AN[14:8].
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10. Interrupt Controller

10.1 Overview

The Z51F6412 MCU supports up to 32 interrupt sources. The interrupts have separate enable
register bits associated with them, allowing software control. They can also have four levels of priority
assigned to them. The non-maskable interrupt source is always enabled with a higher priority than
any other interrupt source, and is not controllable by software. The interrupt controller has following
features:

- receive the request from 32 interrupt source
- 8 group priority

- 4 priority levels

- Multi Interrupt possibility

- If the requests of different priority levels are received simultaneously, the request of higher
priority level is serviced

- Each interrupt source can control by EA bit and each IEx bit
- Interrupt latency: 5~8 machine cycles in single interrupt system

The non-maskable interrupt is always enabled. The maskable interrupts are enabled through five
pair of interrupt enable registers (IE, IE1, IE2, IE3, IE4, IE5). Bits of IE, IE1, IE2, IE3, IE4, IE5 register
each individually enable/disable a particular interrupt source. Overall control is provided by bit 7 of IE
(EA). When EA is set to ‘0, all interrupts are disabled: when EA is set to ‘1’, interrupts are individually
enabled or disabled through the other bits of the interrupt enable registers. The Z51F6412 MCU
supports a four-level priority scheme. Each maskable interrupt is individually assigned to one of four
priority levels by writing to IP or IP1.

Interrupt default mode is level-trigger basically but if needed, it is able to change edge-trigger mode.
Table 10-1 shows the Interrupt Group Priority Level that is available for sharing interrupt priority.
Priority sets two bit which is to IP and IP1 register about group. Interrupt service routine services
higher priority. If two requests of different priority levels are received simultaneously, the request of
higher priority level is serviced. If the request of same or lower priority level is received, that request is
not serviced.

Table 10-1 Interrupt Group Priority Level

Interrupt Group | Highest Lowest >
0 (Bit0) Interrupt0 | Interrupt8 | Interrupt16 | Interrupt24 Highest
1 (Bit1) Interrupt1 | Interrupt9 | Interrupt17 | Interrupt25
2 (Bit2) Interrupt2 | Interrupt10 | Interrupt18 | Interrupt26
3 (Bit3) Interrupt3 | Interrupt11 | Interrupt19 | Interrupt27
4 (Bit4) Interrupt4 | Interrupt12 | Interrupt20 | Interrupt28
5 (Bit5) Interrupt5 | Interrupt13 | Interrupt21 | Interrupt29
6 (Bit6) Interrupt6 | Interrupt14 | Interrupt22 | Interrupt30
7 (Bit7) Interrupt7 | Interrupt15 | Interrupt23 | Interrupt31 "Lowest
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10.2 External Interrupt

The external interrupt on INTO, INT1, INT2, INT3, INT4, INT5, INT6 and INT7 pins receive various
interrupt request depending on the edge selection register EIEDGE (External Interrupt Edge register)
and EIPOLA (External Interrupt Polarity register) as shown in Figure 10-1. Also each external interrupt
source has control setting bits. The EIFLAG (External interrupt flag register) register provides the
status of external interrupts.

\ 4

FLAGO [—» INTO Interrupt

2

»
AY

A
INTOPin [ J—>
/\

INTI1 Pin [_]

1
- A

A
INT6 Pin [ _H—> X
/\

\ 4

FLAG1 [— INTI Interrupt

4—%— I I

\ 4

£
x
/N

A\ 4

FLAG6 [— INT30 Interrupt

b))
K

FLAG7 —— INT31 Interrupt

\ 4
\ 4

INT7Pin [ ]

i
b ¥
N\

[0xAS5]External Interrupt Edge Register
EIEDGE, EIPOLA

[0xA6]External Interrupt Polarity Register

Figure 10-1 External Interrupt Description
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10.4 Interrupt Vector Table

The interrupt controller supports 32 interrupt sources as shown in the Table 10-2 below. When
interrupt becomes service, long call instruction (LCALL) is executed in the vector address. Interrupt
request 32 has a decided priority order.

Table 10-2 Interrupt Vector Address Table

Interrupt Source Symbol Elzta%tgti t Priority Mask Vector Address
Hardware Reset RESETB 0 0 Non-Maskable 0000H
External Interrupt 0 INTO IEQ.O0 1 Maskable 0003H
External Interrupt 1 INTH IEO.1 2 Maskable 000BH
External Interrupt 2 INT2 IE0.2 3 Maskable 0013H
External Interrupt 3 INT3 IEQ.3 4 Maskable 001BH
Pin Change Interrupt (P0) INT4 IE0.4 5 Maskable 0023H
Pin Change Interrupt (P7) INT5 IE0.5 6 Maskable 002BH
USARTO Rx INTE IE1.0 7 Maskable 0033H
USARTOTx INT7 IE1.1 8 Maskable 003BH
SPIO INT8 IE1.2 9 Maskable 0043H
12C INT9 IE1.3 10 Maskable 004BH
USART1 Rx INT10 IE1.4 11 Maskable 0053H
USART1 Tx INT11 IE1.5 12 Maskable 005BH
T0 INT12 IE2.0 13 Maskable 0063H
T1 INT13 IE2.1 14 Maskable 006BH
T2 INT14 IE2.2 15 Maskable 0073H
T3 INT15 IE2.3 16 Maskable 007BH
T4 INT16 IE2.4 17 Maskable 0083H
T5 INT17 IE2.5 18 Maskable 008BH
ADC INT18 IE3.0 19 Maskable 0093H
EEPROM INT19 IE3.1 20 Maskable 009BH
WT INT20 IE3.2 21 Maskable 00A3H
WDT INT21 IE3.3 22 Maskable 00ABH
BIT INT22 IE3.4 23 Maskable 00B3H
SPI INT23 IE3.5 24 Maskable 00BBH
USART2 Rx INT24 IE4.0 25 Maskable 00C3H
USART2 Tx INT25 IE4.1 26 Maskable 00CBH
USART3 Rx INT26 IE4.2 27 Maskable 00D3H
USARTS3 Tx INT27 IE4.3 28 Maskable 00DBH
External Interrupt 4 INT28 IE4.4 29 Maskable 00E3H
External Interrupt 5 INT29 IE4.5 30 Maskable 00EBH
External Interrupt 6 INT30 IE5.0 31 Maskable 00F3H
External Interrupt 7 INT31 IE5.1 32 Maskable 00FBH

For maskable interrupt execution, first EA bit must set ‘1’ and specific interrupt source must set ‘1’ by
writing a ‘1’ to associated bit in the IEx. If interrupt request is received, specific interrupt request flag
set ‘1’. And it remains ‘1’ until CPU accepts interrupt. After that, interrupt request flag will be cleared
automatically.
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10.5 Interrupt Sequence

An interrupt request is held until the interrupt is accepted or the interrupt latch is cleared to ‘0’ by a
reset or an instruction. Interrupt acceptance always generates at last cycle of the instruction. So
instead of fetching the current instruction, CPU executes internally LCALL instruction and saves the
PC stack. For the interrupt service routine, the interrupt controller gives the address of LJMP
instruction to CPU. After finishing the current instruction, at the next instruction to go interrupt service
routine needs 5~8 machine cycle and the interrupt service task is terminated upon execution of an
interrupt return instruction [RETI]. After generating interrupt, to go to interrupt service routine, the
following process is progressed

IE.EA Flag < 1
IEx.y € 1

A

Program Counter low Byte

SP €SP +1

M(SP) € (PCL)

Saves PC value in order to continue
A process again after executing ISR

Program Counter high Byte

SP ¢ SP + 1
M(SP) € (PCH)

a

A

Interrupt Vector Address occurrence
(Interrupt Vector Address)

[~ |

A

ISR(Interrupt Service Routine) move, execute

]

A

Return from ISR
RETI

A

Program Counter high Byte recovery
(PCL) €« (SP+1)

B B

A

Program Counter low Byte recovery
(PCL) €« (SP-1)

A

Main Program execution

Figure 10-3 Interrupt Vector Address Table
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10.6 Effective Timing after Controlling Interrupt bit

EA & INTNnE set

Next Instruction
Setting both EA bit and individual interrupt

< enable bit INTNE makes the pending interrupt
active after executing the next instruction.

Next Instruction

v

Figure 10-4 Effective time of interrupt request after setting IEx registers
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10.7 Multi Interrupt

If two requests of different priority levels are received simultaneously, the request of higher priority
level is serviced. If requests of the interrupt are received at the same time simultaneously, an interrupt
polling sequence determines by hardware which request is serviced. However, multiple processing
through software for special features is possible.

Main Program
Service
INT1 ISR
INTO ISR
Enable INTO
Disable others
[
EA
Occur )
INT1 Interrupt Occur
INTO Interrupt
Enable INTO
Enable others
RETI
RETI

Figure 10-5 Execution of Multi Interrupt
Following example is shown to service INTO routine during INT1 routine in Figure 10-5. In this
example, INTO interrupt priority is higher than INT1 interrupt priority. If some interrupt is lower than

INT1 priority, it can't service its interrupt routine.

Example) Software Multi Interrupt:

INT1: MOV IE, #01H ; Enable INTO only
MOV IE1, #00H ; Disable others
SETB EA ; Enable global interrupt (necessary for multi interrupt)

MOV IE, #03FH ; Enable all Interrupts
MOV IE1, #03FH
RETI
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10.8 Interrupt Enable Accept Timing

Y Y
|

o

Max. 4 Machine Cycle 4 Machine Cycle —>|
System | Y ...
Clock A

)
<

Interrupt

goes g B

Active Interrupt Y Y

Latched Interrupt Processing

- LCALL & LIJMP Interrupt Routine

Figure 10-6 Interrupt Response Timing Diagram

10.9 Interrupt Service Routine Address

Basic Interval Timer Basic Interval Timer
Vector Table Address Service Routine Address
/’—‘-\§___ ________1 /’—‘-\§___
00B3H 01H 1 0125H OEH
00B4H 25H J : 0126H 2EH
/’—‘-\_____ r’—“-\‘___

Figure 10-7 Correspondence between vector Table address and the entry address of ISP

10.10 Saving/Restore General-Purpose Registers

INTxx : PUSH PSW
PUSH DPL Main Task
PUSH DPH Interrupt

PUSH B | | Service Task
PUSH ACC S

Saving
Register

Interrupt_Processing:

POP ACC =] Restoring
POP B | |<— Register

POP DPH
POP DPL
POP PSW
RETI

Figure 10-8 Saving/Restore Process Diagram & Sample Source

PS030302-0212 PRELIMINARY

49



10.11 Interrupt Timing

Z51F6412
Product Specification

SCLK

INT_SRC

CLP2

Interrupt sampled here

CLP1

C1P1

C1P2

C2P1

C2P2

P

\ CLP2
3

INTR_ACK

LAST_CYC

INTR_LCALL

INT_VEC

PROGA

8-Bit

nterrupt Vector

)

X {8'h00, INT_VEC}

)

Figure 10-9 Timing chart of Interrupt Acceptance and Interrupt Return Instruction

Interrupt source sampled at last cycle of the command. When sampling interrupt source, it is decided
to low 8-bit of interrupt vector. M8051W core makes interrupt acknowledge at first cycle of command,
executes long call to jump interrupt routine as INT_VEC.

Note) command cycle C?P?: L=Last cycle, 1=1% cycle or 1% phase, 2=2" cycle or 2™ phase

PS030302-0212

PRELIMINARY

50




Z51F6412
Product Specification

10.12 Interrupt Register Overview

10.12.1 Interrupt Enable Register (IE, IE1, IE2, IE3, IE4, IE5)

Interrupt enable register consists of Global interrupt control bit (EA) and peripheral interrupt control
bits. Totally 32 peripheral are able to control interrupt.
10.12.2 Interrupt Priority Register (IP, IP1)

The 32 interrupt divides 8 groups which have each 4 interrupt sources. A group can decide 4 levels
interrupt priority using interrupt priority register. Level 3 is the high priority, while level 0 is the low
priority. Initially, IP, IP1 reset value is ‘0’. At that initialization, low interrupt number has a higher
priority than high interrupt number. If decided the priority, low interrupt number has a higher priority
than high interrupt number in that group.

10.12.3 External Interrupt Flag Register (EIFLAG)

The external interrupt flag register is set to ‘1’ when the external interrupt generating condition is
satisfied. The flag is cleared when the interrupt routine is executed. Alternatively, the flag can be
cleared by writing a ‘0’ to it.

10.12.4 External Interrupt Edge Register (EIEDGE)

The External interrupt edge register determines which type of edge or level sensitive interrupt.

Initially, default value is level. For level, write ‘0’ to related bit. For edge, write ‘1’ to related bit.

10.12.5 External Interrupt Polarity Register (EIPOLA)

According to EIEDGE register, the external interrupt polarity (EIPOLA) register has a different
meaning. If EIEDGE is level type, EIPOLA is able to have Low/High level value. If EIEGDE is edge
type, EIPOLA is able to have rising/falling edge value.

10.12.6 External Interrupt Both Edge Enable Register (EIBOTH)

When the external interrupt both edge enable register is written to ‘1’, the corresponding external pin

interrupt is enabled by both edges. Initially, default value is disabled.

10.12.7 External Interrupt Enable Register (EIENAB)

When the external interrupt enable register is written to ‘1’, the corresponding external pin interrupt is
enabled. The EIEDGE and EIPOLA register defines whether the external interrupt is activated on
rising or falling edge or level sensed.
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10.12.8 Register Map

Table 10-3 Register Map

Name Address Dir Default Description
IE A8H R/W 00H Interrupt Enable Register
IE1 A9H R/W 00H Interrupt Enable Register 1
IE2 AAH R/W 00H Interrupt Enable Register 2
IE3 ABH R/W 00H Interrupt Enable Register 3
IE4 ACH R/W 00H Interrupt Enable Register 4
IE5 ADH R/W 00H Interrupt Enable Register 5
IP B8H R/W 00H Interrupt Priority Register
IP1 F8H R/W O00H Interrupt Priority Register 1
EIFLAG A4H R/W 00H External Interrupt Flag Register
EIEDGE A5H R/W 00H External Interrupt Edge Register
EIPOLA A6H R/W 00H External Interrupt Polarity Register
EIBOTH A7H R/W 00H External Interrupt Both Edge Register
EIENAB A3H R/W 00H External Interrupt Enable Register

10.13 Interrupt Register Description

The Interrupt Register is used for controlling interrupt functions. Also it has External interrupt control
registers. The interrupt register consists of Interrupt Enable Register (IE), Interrupt Enable Register 1
(IE1), Interrupt Enable Register 2 (IE2), Interrupt Enable Register 3 (IE3), Interrupt Enable Register 4
(IE4) and Interrupt Enable Register 5 (IE5). For external interrupt, it consists of External Interrupt Flag
Register (EIFLAG), External Interrupt Edge Register (EIEDGE), External Interrupt Polarity Register
(EIPOLA) and External Interrupt Enable Register (EIENAB).

10.13.1 Register description for Interrupt

|IE (Interrupt Enable Register) : ASH

7 6 5 4 3 2 1 0
EY - | N | N INT3E INT2E INT1E INTOE
RW - RW RW RW RW RW RW
Initial value : 00H
EA Enable or disable all interrupt bits
0 All Interrupt disable
1 All Interrupt enable
INT5E Enable or disable Pin Change Interrupt 1 (Port 7)
0 Disable
1 Enable
INT4E Enable or disable Pin Change Interrupt 0 (Port 0)
0 Disable
1 Enable
INT3E Enable or disable External Interrupt 3
0 Disable
1 Enable
INT2E Enable or disable External Interrupt 2
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IE2 (Interrupt Enable Register 2) : AAH

0 Disable
1 Enable
INT1E Enable or disable External Interrupt 1
0 Disable
1 Enable
INTOE Enable or disable External Interrupt 0
0 Disable
1 Enable
IE1 (Interrupt Enable Register 1) : A9H
7 6 5 4 3 2 1 0
[ - ] - ] w~me [ wmoe [ wNE | NeE | O NTE | NTeE
- - RW RW RW RW RW RW
Initial value : 00H
INT11E Enable or disable USART1 Tx Interrupt
0 Disable
1 Enable
INT10E Enable or disable USART1 Rx Interrupt
0 Disable
1 Enable
INT9E Enable or disable 12C Interrupt
0 Disable
1 Enable
INTSE Enable or disable SPI0 Interrupt
0 Disable
1 Enable
INT7E Enable or disable USARTO Tx Interrupt
0 Disable
1 Enable
INT6E Enable or disable USARTO Rx Interrupt
0 Disable
1 Enable

7 6 5 4 3 2 1 0
[ - ] - | w~mzE [ wmee | wmsE | NrE | ONmieE | NTiE
- - RW RW RW RW RW RW
Initial value : 00H
INT17E Enable or disable Timer 5 Interrupt
0 Disable
1 Enable
INT16E Enable or disable Timer 4 Interrupt
0 Disable
1 Enable
INT15E Enable or disable Timer 3 Interrupt
0 Disable
1 Enable
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IE4 (Interrupt Enable Register 4) : ACH

INT14E Enable or disable Timer 2 Interrupt
0 Disable
1 Enable
INT13E Enable or disable Timer 1 Interrupt
0 Disable
1 Enable
INT12E Enable or disable Timer 0 Interrupt
0 Disable
1 Enable
IE3 (Interrupt Enable Register 3) : ABH
7 6 5 4 3 2 1 0
[ - ] - ] wmsE [ NmE INT21E INT20E INT19E INT18E
R R RW RW RW RW RW RW
Initial value : 00H
INT23E Enable or disable SPI1 Interrupt
0 Disable
1 Enable
INT22E Enable or disable BIT Interrupt
0 Disable
1 Enable
INT21E Enable or disable WDT Interrupt
0 Disable
1 Enable
INT20E Enable or disable WT Interrupt
0 Disable
1 Enable
INT19E Enable or disable EEPROM Interrupt
0 Disable
1 Enable
INT18E Enable or disable ADC Interrupt
0 Disable
1 Enable

7 6 5 4 3 2 1 0
| - - | N | Nt INT27E INT26E INT25E INT24E
R R RW RW RW RW RW RW
Initial value : 00H
INT29E Enable or disable External Interrupt 5
0 Disable
1 Enable
INT28E Enable or disable External Interrupt 4
0 Disable
1 Enable
INT27E Enable or disable USART3 Tx Interrupt
0 Disable
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1 Enable
Enable or disable USART3 Rx Interrupt
0 Disable
1 Enable
Enable or disable USART2 Tx Interrupt
0 Disable
1 Enable
Enable or disable USART2 Rx Interrupt
0 Disable
1 Enable

IE5 (Interrupt Enable Register 5) : ADH

ilog

PS030302-0212
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7 6 5 4 3 2 1 0
|- - ] w~mE | nme INT3E INT3E INT31E INT30E
R R RW RW RW RW RW RW
Initial value : 00H
INT35E Reserved
0 Disable
1 Enable
INT34E Reserved
0 Disable
1 Enable
INT33E Reserved
0 Disable
1 Enable
INT32E Reserved
0 Disable
1 Enable
INT31E Enable or disable External Interrupt 7
0 Disable
1 Enable
INT30E Enable or disable External Interrupt 6
0 Disable
1 enable
IP (Interrupt Priority Register) : B8H
7 6 5 4 3 2 1 0
[ e | wm | P [ P [ m® [ P [ P | P
RW RW RW RW RW RW RW RW
Initial value : 00H
IP1 (Interrupt Priority Register 1) : F8H
7 6 5 4 3 2 1 0
| p7 | Pe | 5 P14 P13 P12 P11 P10
RW RW RW RW RW RW RW RW
Initial value : 00H
IP[7:0], Select Interrupt Group Priority

55



Z51F6412
Product Specification

IP1[7:0] IP1x  IPx Description
0 0 level 0 (lowest)
0 1 level 1
1 0 level 2
1 1 level 3 (highest)

EIFLAG (External Interrupt Flag Register) : A4H

7 6 5 4 3 2 1 0
| A | RAase | RA | RA® | AA® FLAG2 FLAGT FLAGO
RW RW RW RW RW RW RW RW
Initial value : 00H
FLAG[7:0] If External Interrupt is occurred, the flag becomes ‘1. The flag can

be cleared by writing a ‘0’ to bit

0 External Interrupt not occurred

1 External Interrupt occurred

EIEDGE (External Interrupt Edge Register) : A5H

7 6 5 4 3 2 1 0
| Epce7 | EpeEs | EDGES | EDGE4 | EDGE3 EDGE2 EDGEI EDGED
RW RW RW RW RW RW RW RW

Initial value : 00OH

EDGE[7:0] Determines which type of edge or level sensitive interrupt may occ
ur.
0 Level (default)

1 Edge

EIPOLA (External Interrupt Polarity Register) : A6H

7 6 5 4 3 2 1 0
| Poz | Poue POLAS | PO | POLA3 POLA? POLAf POLAD
RW RW RW RW RW RW RW RW

Initial value : 00OH

POLA[7:0] According to EIEDGE, External interrupt polarity register has a
different means. If EIEDGE is level type, external interrupt polarity
is able to have Low/High level value. If EIEGDE is edge type,
external interrupt polarity is able to have rising/ falling edge value.

Level case:

0 When High level, Interrupt occurred (default)
When Low level, Interrupt occurred
Edge case:

0 When Rising edge, Interrupt occurred (default)

When Falling edge, Interrupt occurred

EIBOTH (External Interrupt Both Edge Enable Register) : A7TH

7 6 5 4 3 2 1 0
| Boz | BOMe | BOM5 | BOMH4 | BOTH3 | BOTH2 | BOTH1 BOTHO
RW RW RW RW RW RW RW RW

Initial value : 00OH
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BOTH[7:0] Determines which type of interrupt may occur, EIBOTH or
EIEDGE+EIPOLA. if EIBOTH is enable, EIEDGE and EIPOLA r
egister value don’t matter

0 Disable (default)
1 Enable

EIENAB (External Interrupt Enable Register) : A3H

7 6 5 4 3 2 1 0
| Enag7 | Enaes | ENaBs | ENAB4 | ENABS ENAB? ENAB ENABD
RW RW RW RW RW RW RW RW

Initial value : O0OH

ENABJ[7:0] Control External Interrupt
0 Disable (default)
1 Enable
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11. Peripheral Hardware
11.1 Clock Generator

11.1.1 Overview

As shown in Figure 11-1, the clock generator produces the basic clock pulses which provide the
system clock to be supplied to the CPU and the peripheral hardware. It contains main-frequency clock
oscillator. The system clock operation can be easily obtained by attaching a crystal between the XIN
and XOUT pin, respectively. The system clock can also be obtained from the external oscillator. In
this case, it is necessary to put the external clock signal into the XIN pin and open the XOUT pin. The
default system clock is INT-RC Oscillator and the default division rate is two. In order to stabilize
system internally, use 1MHz RING oscillator for BIT, WDT and ports de-bounce.

- Calibrated Internal RC Oscillator (16 MHz / +2%)
. INT-RC OSC/1 (16 MHz)
. INT-RC OSC/2 (8 MHz, Default system clock)
. INT-RC OSC/4 (4 MHz)
. INT-RC OSC/8 (2 MHz)

- Crystal Oscillator (1~10 MHz)

- Sub-Clock Crystal Oscillator (32.768 KHz)

- PLL output (14.75 MHz)

11.1.2 Block Diagram

PDOWN
Xin | I Main
osC
Xour D_ | fran beLK Syetom
SUBx D_ SUB fsus / frLL "| ClockGen. SCLK
osc | | PLL > (Core, System,
SUBxout D_ 11 Clock L) Peripherals)
fintre 12 Change
DIV] 1/4
o hare
WT INT-RC 1/8
OSsC frine System Clock
(16MHz) <_| Masking Control

PDOWN BIT
WONS Overflow

RING-OSC l
H DIV/8 BIT >
(1MHz)

WDT

Figure 11-1 Clock Generator Block Diagram
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Name Address Dir Default Description
SCCR 8AH R/W 24H System and Clock Control Register
PLLCR D9H R/W 00H PLL Control Register

11.1.4 Clock Generator Register description

The Clock Generation Register uses clock control for system operation. The clock generation
consists of System and Clock register.

11.1.5 Register description for Clock Generator

SCCR (System and Clock Control Register) : 8AH

7 6 5 4 3 2 1 0
| sort | D pvo | oBys | stOP XSTOP cst =)
RW RW RW RW RW RW RW RW
Initial value : 24H

STOP1 Control the STOP Mode.

Note) when PCON=0x03, It is applied. But when PCON=0x01,
don't set this bit.

0 STOP2 Mode (at PCON=0x03) (default)

1 STOP1 Mode (at PCON=0x03)

DIV[1:0] When using fINTRC as system clock, determine division rate.
Note) when using fINTRC as system clock, only division rate come
into effect.

Note) To change by software, CBYS set to ‘1’
DIV1 DIVO  description

0 0 fINTRC/1 (16MHz)

0 1 fINTRC/2 (8MHz) (default)
1 0 fINTRC/4 (4MHz)

1 1 fINTRC/8 (2MHz)

CBYS Control the scheme of clock change. If this bit set to ‘0, clock
change is controlled by hardware. But if this set to ‘1’, clock
change is controlled by software. Ex) when setting CS[1:0], if
CBYS bit set to ‘0’, it is not changed right now, CPU goes to STOP
mode and then when wake-up, it applies to clock change.

Note) when clear this bit, keep other bits in SCCR.
0 Clock changed by hardware during stop mode (default)
1 Clock changed by software

ISTOP Control the operation of INT-RC Oscillation
Note) when CBYS=1", It is applied
0 RC-Oscillation enable (default)

1 RC-Oscillation disable
XSTOP Control the operation of X-Tal Oscillation

PS030302-0212

Note1) when CBYS="1’, It is applied
Note2) if XINENA bit in FUSE_CONF to ‘0’, XSTOP is fixed to ‘1’

0 X-Tal Oscillation enable
1 X-Tal Oscillation disable (default)
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Determine System Clock
Note) by CBYS bit, reflection point is decided

CSt CSo0 Description

0 fINTRC INTRC (16 MHz)

1 fXIN Main Clock (1~10 MHz)

0 fSUB / fPLL (32.768 KHz, 14.75MHz)
1 fRING (125 KHz)

- a4 O O

PLLCR (Phase Locked Loop Control Register) : D9H

7 6 5 4 3 2 1 0
| pustatT | Pucks | vboonsus PLLFB | PLLPD PLLEN
R RW RW RW RW RW RW RW
Initial value : 00H
PLLSTAT PLL Status flag (read only bit)
0 PLL output is Fvcoin (32.768KHz bypass)
1 PLL output is Fpll
PLLCKS PLL output clock selection control
PLLEN should be set “1” to use bypass control. PLL VCO would
not stop in the case of PLLCKS is “0” (32KHz). In addition, this bit
automatically set by interrupt event on sub-active or power down.
0 PLL output is Fvcoin (32.768KHz bypass, default)
1 PLL output is Fpll
VDConSUB Normal Power Selection for PLLCKS control
Limited VDC power when PLLCKS is “0” (32.768KHz)
0 - Limited VDC consumes about 0.1mA to drive 1mA
(default)
- In this mode, user must care about power consumption
1 Normal VDC power when PLLCKS is “0” (32.768KHz)
- Normal VDC consumes about 1mA to drive about 10mA
PLLFB[1:0] PLL Feedback Divider control
PLLFB1 PLLFBO description
0 0 FBdiv = 674 (Not valid)
0 1 FBdiv = 562 (Not valid)
1 0 FBdiv = 450
1 1 FBdiv = 338
PLLPD[1:0] PLL Post Divider Control
PLLPD1 PLLPDO  description
0 0 M =
0 1 M=2
1 0 M=4
1 1 M=8
PLLEN PLL Enable control
0 PLL disable (2 SUB-OSC clock need for disable, default)

Fvco = Fvcoin * FBdiv

Fpll = Fveo /M

PS030302-0212

1 PLL enable
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Fvco = (32.768 KHz * 450) = 14.7456 MHz
Fvco = (32.768 KHz * 338) = 11.075584 MHz

11.1.6 Power control for 32.768KHz Clock operation

The Z51F6412 MCU features two different way to use 32.768KHz operation.

First, user can select 32.768KHz clock on PLL disable as a low power operation(Sub-active mode,
CS[1:0] = 0x2 of SCCR, PLLCKS = "0” and PLLEN = “0” of PLLCR). In this mode, user also has to
care about power consumption of whole chip. Because, to achieve lower power consumption in sub-
active mode, The Z51F6412 MCU has a smaller SUB-ACTIVE VDC(voltage Down Converter) which
is automatically enable in sub-active mode and has only 1mA current capability while main VDC(for
normal operation) is off.

Second, if user wanted to use 32.768KHz on PLL enable(CS[1:0] = 0x2 of SCCR, PLLCKS = “0” and
PLLEN = “1” of PLLCR), in this case PLL VCO block would not stop so need more power than the first
case. In this case, user can select VDC mode with VDConSUB bit of PLLCR. If VDConSUB = “0”,
then main 10mA VDC is off and only SUB_ACTIVE VDC of 1mA is available. If user set VDConSUB =
“1”, main VDC, which has 10mA of current drive capability for 1.8V output, will work for 32.768KHz
and main VDC itself will consume about 1mA current to operate while SUB_ACTIVE VDC consume
0.1mA.

Table 11-2 VDC current consumption

PLLEN@PLLCR | VDConSUB@PLLCR | MAIN SUB | VDC current | VDC current
(PLLCKS = 0) (PLLCKS = 0) VDC VDC capability | consumption
1 ON OFF | 20mA@1.8V 1mA
1 0 OFF ON 1mA@1.8V 0.1mA
0 X (don’t care) OFF ON 1mA@1.8V 0.1mA
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11.2 BIT

11.2.1 Overview

The Z51F6412 MCU features one 8-bit Basic Interval Timer that is free-run and can’t stop. Block
diagram is shown in Figure 11-2. In addition, the Basic Interval Timer generates the time base for
watchdog timer counting. It also provides a Basic interval timer interrupt (BITF).

The Z51F6412 MCU features these Basic Interval Timer (BIT) features:

- During Power On, BIT gives a stable clock generation time
- On exiting Stop mode, BIT gives a stable clock generation time
- As clock function, time interrupt occurrence

11.2.2 Block Diagram

RING-OSC
(1MHz)

@+ 32 _,—>| BIT Interrupt Generator I—»BIT Interrupt Flag

BIT_CLK ———» BITR (8-bit COUNT)

% 1MHz + 8 + 32 = 3.91KH
i : _|—>| BIT Out Generator |—> BIT_OUT (WDT clock source)

3% BCK[2:0] = 001b

e inligigigigigigigigigigigigigigigigigiy
BITROX1 X2 X3 X4 KX5NK6X7X8X9 X10X11X12 K13 {14 X15)16 X17 X 18 X19 X 20)

BIT_Int_Flag | 1 1 1 1
BIT_Out I 1 I 1 I 1 I 1 I L

Figure 11-2 BIT Block Diagram

11.2.3 Register Map

Table 11-3 Register Map

Name Address Dir Default Description
BCCR 8BH R/W 05H BIT Clock Control Register
BITR 8CH R 00H Basic Interval Timer Register
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11.2.4 Bit Interval Timer Register description

The Bit Interval Timer Register consists of BIT Clock control register (BCCR) and Basic Interval
Timer register (BITR). If BCLR bit set to ‘1’, BITR becomes ‘0’ and then counts up. After 1 machine
cycle, BCLR bit is cleared as ‘0’ automatically.

11.2.5 Register description for Bit Interval Timer

BCCR (BIT Clock Control Register) : 8BH

7 6 5 4 3 2 1 0
| s | - [ - ] | Bor | B | Bkt | Boko
RW R R R RW RW RW RW
Initial value : 05H
BITF When BIT Interrupt occurs, this bit becomes ‘1’. For clearing bit, write
‘0’ to this bit.
0 no generation
1 generation
BCLR If BCLK Bit is written to ‘1, BIT Counter is cleared as ‘0’
0 Free Running
1 Clear Counter

BCK|2:0] Select BIT overflow period (BIT Clock =3.9 KHz)
BCK2 BCK1 BCKO

0 0 0 0.512msec (BIT Clock * 2)
0 0 1 1.024msec
0 1 0 2.048msec
0 1 1 4.096msec
1 0 0 8.192msec
1 0 1 16.384msec (default)
1 1 0 32.768msec
1 1 1 65.536msec
BITR (Basic Interval Timer Register) : 8CH
7 6 5 4 3 2 1 0
| B | B | B | BmM™ BIT3 BIT2 BIT1 BITO
R R R R R R R R

Initial value : O0OH

BIT[7:0] BIT Counter
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11.3 WDT

11.3.1 Overview

The watchdog timer rapidly detects the CPU malfunction such as endless looping caused by noise or
the like, and resumes the CPU to the normal state. The watchdog timer signal for detecting
malfunction can be selected either a reset CPU or an interrupt request. When the watchdog timer is
not being used for malfunction detection, it can be used as a timer to generate an interrupt at fixed
intervals. It is possible to use free running 8-bit timer mode (WDTRSON="0’) or watch dog timer mode
(WDTRSON="1") as setting WDTMRI6] bit. If writing WDTMR([5] to ‘1’, WDT counter value is cleared
and counts up. After 1 machine cycle, this bit has ‘0’ automatically. The watchdog timer consists of 8-
bit binary counter and the watchdog timer data register. When the value of 8-bit binary counter is
equal to the 8 bits of WDTR, the interrupt request flag is generated. This can be used as Watchdog
timer interrupt or reset the CPU in accordance with the bit WDTRSON.

The clock source of Watch Dog Timer is BIT overflow output. The interval of watchdog timer interrupt
is decided by BIT overflow period and WDTR set value. The equation is as below

WDT Interrupt Interval = (BIT Interrupt Interval) X (WDTR Value+1)

11.3.2 Block Diagram

Watchdog Timer
Counter Register
Clear - >
BIT Overflow —| - > To Reset
WDTEN —> }' WDTCR N > ) Circuit
[BEW]
> \ Ia Va Clear
=/ C C »| WDTIFR [«— INT_ACK
Watchdog Timer WDTR r WDTIF
Register
[BEn]
WDTCL WDTRSON
WDTMR

Figure 11-3 WDT Block Diagram

11.3.3 Register Map

Table 11-4 Register Map

Name Address Dir Default Description
WDTR 8EH W FFH Watch Dog Timer Register
WDTCR 8EH R 00H Watch Dog Timer Counter Register
WDTMR 8DH R/W O00H Watch Dog Timer Mode Register
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11.3.4 Watch Dog Timer Register description

The Watch dog timer (WDT) Register consists of Watch Dog Timer Register (WDTR), Watch Dog
Timer Counter Register (WDTCR) and Watch Dog Timer Mode Register (WDTMR).
11.3.5 Register description for Watch Dog Timer

WDTR (Watch Dog Timer Register: Write Case) : 8EH

7 6 5 4 3 2 1 0
| worRr | wobtRe | WDTRs | WDTR¢ | WDTR3 | WDTR2 | WDTR WDTRO
w w w w w w w w

Initial value : FFH

WDTR[7:0] Set a period
WDT Interrupt Interval=(BIT Interrupt Interval) x(WDTR Value+1)

Note) To guarantee proper operation, the data should be greater than 01H.

WDTCR (Watch Dog Timer Counter Register: Read Case) : 8EH

7 6 5 4 3 2 1 0
| worcr7 | worcre | wbtcRs | wotcRe | WDTCRs | WoTcRe | WDTCRI WDTCRO
R R R R R R R R

Initial value : O0OH
WDTCR[7:01 WDT Counter

WDTMR (Watch Dog Timer Mode Register) : 8DH

7 6 5 4 3 2 1 0
| worEN | womrson | woraL | - | WDTIFR
RW RW RW - RW
Initial value : 00H

WDTEN Control WDT operation
0 disable
1 enable

WDTRSON Control WDT Reset operation

0 Free Running 8-bit timer
1 Watch Dog Timer Reset ON

WDTCL Clear WDT Counter
0 Free Run
1 Clear WDT Counter (auto clear after 1 Cycle)

WDTIFR When WDT Interrupt occurs, this bit becomes ‘1°. For clearing bit, write

PS030302-0212

‘0’ to this bit or auto clear by INT_ACK signal.

0 WDT Interrupt no generation
1 WDT Interrupt generation
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11.3.6 WDT Interrupt Timing Waveform

Source Clock
BIT Overflow

WDTCR[7:0] 0><1><21><2><3 0><1><2
A t
: __ Counter Clear
WDTR[7:0] n 3
WDTCL __|
Occur
Match
WDTIF WDTR € 0000_0011b D;ecct
Interrupt
WDTRESETB RESET

Figure 11-4 WDT Interrupt Timing Waveform
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11.4WT

11.4.1 Overview

The watch timer has the function for RTC (Real Time Clock) operation. It is generally used for RTC
design. The internal structure of the watch timer consists of the clock source select circuit, timer
counter circuit, output select circuit and watch timer mode register. To operate the watch timer,
determine the input clock source, output interval and set WTEN to ‘1’ in watch timer mode register
(WTMR). It is able to execute simultaneously or individually. To stop or reset WT, clear the WTEN bit
in WTMR register. Even if CPU is STOP mode, sub clock is able to be alive so WT can continue the
operation. The watch timer counter circuits may be composed of 21-bit counter which is low 14-bit
with binary counter and high 7-bit with auto reload counter in order to raise resolution. In WTR, it can
control WT clear and set Interval value at write time, and it can read 7-bit WT counter value at read
time.

11.4.2 Block Diagram

fSUB
(32.768kHz)
14
Poles MUX fwox 14Bit fack/2” | Timer Counter |
g . Binary Counter | (7vit auto reload counter)
fx R P
a
é +256 fwek/ 2 x (7bit WTR Value +1)
r
7 >
fiver/2
fwexl/2"®] MUX WTIFR [—>
> WTIF
fwexl2
> Clear|
WTMR |WTENI - | - |WTIFR|WTIN1 |WTINO |WTCK1|WTCKO|
INT_ACK

WTR

WTR Write—>| WTCL I WTR6 | WTR5 I WTR4 | WTR2 | WTR2 | WTR1 | WTRO |

WT:I;EC;E—" - IWTCRGlWTCRSIWTCR4|WTCR2|WTCR2|WTCR1 |WTCRO|

Figure 11-5 Watch Timer Block Diagram

11.4.3 Register Map

Table 11-5 Register Map

Name Address Dir Default Description
WTMR 9DH R/W 00H Watch Timer Mode Register
WTR 9EH W 7FH Watch Timer Register
WTCR 9EH R 00H Watch Timer Counter Register
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11.4.4 Watch Timer Register description

The watch timer register (WT) consists of Watch Timer Mode Register (WTMR), Watch Timer
Counter Register (WTCR) and Watch Timer Register (WTR). As WTMR is 6-bit writable/readable
register, WTMR can control the clock source (WTCK), interrupt interval (WTIN) and function
enable/disable (WTEN). Also there is WT interrupt flag bit (WTIFR).

11.4.5 Register description for Watch Timer

WTMR (Watch Timer Mode Register) : 9DH

7 6 5 4 3 2 1 0
[ wen | - ] - [ wimm [ womi [ wmwo | wiok | wicko
RW - - RW RW RW RW RW
Initial value : 00H

WTEN Control Watch Timer
0 disable
1 enable

WTIFR When WT Interrupt occurs, this bit becomes ‘1’. For clearing bit,
write ‘0’ to this bit or auto clear by INT_ACK signal.
0 WT Interrupt no generation
1 WT Interrupt generation

WTIN[1:0] Determine interrupt interval
WTIN1  WTINO  description

0 0 fwck/2048

0 1 fwek/8192

1 0 fwck/16384

1 1 fwck/16384 x (7bit WT Value)

WTCK]I1:0] Determine Source Clock
WTCK1 WTCKO description

0 0 fsub
0 1 fx/256
1 0 fx/128
1 1 x/64

Remark: fx— Main system clock oscillation frequency
fsub- Sub clock oscillation frequency
fwck- selected Watch Timer clock
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WTR (Watch Timer Register: Write Case) : 9EH
7 6 5 4 3 1 0
[ wree | wre | wrs | wme | wms WIRT |  WRo
W W W W W W W
Initial value : 7FH
WTCL Clear WT Counter
0 Free Run
1 Clear WT Counter (auto clear after 1 Cycle)
WTR[6:0] Set WT period

WTCR (Watch Timer Counter Register: Read Case) : 9EH

WT Interrupt Interval=(fwck/2*14) x(7bit WT Value+1)
Note) To guarantee proper operation, it is greater than 01H to write WTR.

7 6 5 4 3 1 0
| | wrcRe | WrcRs | WrcR4 | WICcR3 | wrcr2 | WrCR1 | WICRo
- R R R R R R
Initial value : 00H
WTCR[6:0] WT Counter
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11.5 Timer/PWM

11.5.1 8-bit Timer/Event Counter 0, 1

11.5.1.1 Overview

Timer 0 and timer 1 can be used either two 8-bit timer/counter or one 16-bit timer/counter with
combine them. Each 8-bit timer/event counter module has multiplexer, 8-bit timer data register, 8-bit
counter register, mode register, input capture register, comparator. For PWM, it has PWM register
(T1PPR, T1PDR, TIPWHR).

It has seven operating modes:
- 8 Bit Timer/Counter Mode
- 8 Bit Capture Mode
- 8 Bit Compare Output Mode
- 16 Bit Timer/Counter Mode
- 16 Bit Capture Mode
- 16 Bit Compare Output Mode
- PWM Mode

Note> TxDR must be set to higher than 0x03 for guaranteeing operation.

The timer/counter can be clocked by an internal or external clock source (external ECO0). The clock
source is selected by clock select logic which is controlled by the clock select (TOCK[2:0], T1CK][1:0]).

- TIMERO clock source : fX/2, 4, 16, 64, 256, 1024, 4096, ECO
- TIMER1 clock source : fX/1, 2, 16, TOCK

In the capture mode, by INTO, INT1, the data is captured into Input Capture Register. The TIMER 0
outputs the compare result to TO port in 8/16-bit mode. Also the timer 1 outputs the result T1 port in
the timer mode and the PWM waveform to PWMS3 in the PWM mode.

Table 11-6 Operating Modes of Timer

16 Bit | CAPO | CAP1 | PWMI1E | TOCKJ[2:0] | T1CK[1:0] | TO/1_PE TIMER 0 Timer 1
0 0 0 0 XXX XX 00 8 Bit Timer 8 Bit Timer
0 0 1 0 111 XX 00 8 Bit Event Counter 8 Bit Capture
0 1 0 0 XXX XX 01 8 Bit Capture 8 Bit Compare Output
0 0 0 1 XXX XX 11 8 Bit Timer/Counter 10 Bit PWM
1 0 0 0 XXX 11 00 16 Bit Timer
1 0 0 0 111 11 00 16 Bit Event Counter
1 1 1 0 XXX 11 00 16 Bit Capture
1 0 0 0 XXX 11 01 16 Bit Compare Output
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11.5.1.2 8 Bit Timer/Counter Mode

The 8-bit Timer/Counter Mode is selected by control registers as shown in Figure 11-6.

ADDRESS : B2,

TOCR TOEN | ToPE | cAPo | Tock2 | Tocki | Tocko | TocN | TosT | INITIAL VALUE * 0000_00005
1 X 0 X X X X X
ADDRESS : B4y
TICR | POL1 | 16BIT |PWM1E| CAP1 |T1CK1 |T1CKO| TICN | TiST INITIAL VALUE - 0000_00005

0 0 0 X X X X

i
/

ECO TOST
TOEN
2 * l 8-bit Timer0 Counter
P +4 g
r >
= = Clear
e ;2 »| MUX o o TO(8-bit) -
SCLK —» ¢ ——>
a 256 (B3]
e #1024 > Timer0
r +4096 > TOIF Interrup
[B34] Comparator
3 B
TOCK[2:0] TODR(8-bit) » FIF —| I P52/T0
8-bit Timer2 Data Register
T1ST
T1CN
R * l 8-bit Timer1 Counter
L: Clear
-:6 MUX o o T1(8-bit) -
[B6K]

- Timer1

2 > T1IF

Interrupt
T1CK[1:0] [B54] Comparator
T1DR(8-bit) »! FIF —| |P53/T1

8-bit Timer1 Data Register

Figure 11-6 Bit Timer/Event Counter2, 3 Block Diagram

The two 8-bit timers have each counter and data register. The counter register is increased by
internal or external clock input. The timer 0 can use the input clock with 2, 4, 8, 32, 128, 512, 2048
prescaler division rates (TOCK[2:0]). The timer 1 can use the input clock with 1, 2, 8 and timer 0
overflow clock (T1CK[1:0]). When the value of TO, 1value and the value of TODR, T1DR are
respectively identical in Timer 0, 1, the interrupt of timer P2, 3 occurs. The external clock (ECO)
counts up the timer at the rising edge. If ECO is selected from TOCK[2:0], ECO port becomes input port.
The timer 1 can’t use the external ECO clock.
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A Match with TODR/T1DR
n
TODR/T1DR
Value n-1
n-2 Count Pulse Period
/ Per
Up-count 6
/ =
4
3
2
1
0 »
Interrupt Period TIME
=Pcp X (n+1)
Timer 0, 1
(TOIF, T1IF)
Interrupt Occur Occur Occur
Interruot Interruot Interruot
Figure 11-7 Timer/Event Counter0, 1 Example
A
TODR/T1IDR
Value Disable Enable
Clear&Start |
STOP ! [ /
i | Up-count
| ! |
: | 1
| : !
; ! I .
: | I TIME
I I : :
: ! |
Timer 0, 1 I | | :
(TOIF, T1IF) i - - }
Interrupt Occur . | | . Occur
Interrupt | | ! | Interruot
. . | |
TOST, T1ST i ; ; I
Start&Stop TOST,T1ST =1 | ITOST,T1ST =1 | |
TOST,T1ST=0 | :
|
TOCN, TICN ;
Control count TOCN,T1CN =1 TOCN,TICN =1
TOCN,TICN =0
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Figure 11-8 Operation Example of Timer/Event Counter0, 1
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11.5.1.3 16 Bit Timer/Counter Mode

The timer register is being run with all 16bits. A 16-bit timer/counter register TO, T1 are incremented
from 0003H to FFFFH until it matches TODR, T1DR and then resets to 0000H. the match output
generates the Timer O interrupt ( no timer 1 interrupt). The clock source is selected from TOCK[2:0]
and T1CK][1:0] must set 11b and 16BIT bit must set to ‘1’. The timer 0 is LSB 8-bit, the timer 1 is MSB
8-bit. TODR must not be 0x00(0x01~0xFF). The 16-bit mode setting is shown as Figure 11-19.

ADDRESS : B2,
TOCR TOEN | TOPE | CAPO | Tock2 | TocK1 [ TocKo | TocN | TosT INITIAL VALUE * 0000_0000;
1 X 0 X X X X X
ADDRESS : B4,
TICR PoL1 | 16BIT [PwMiE| CAPT | TicKt | T1CKO | TICN | TiST INITIAL VALUE - 000000005
X 1 0 0 1 1 X X

\
ECO . - ’ ToST
TOEN
2 * l 16-bit Counter
P +4 g
r - > Clear
S s MuX oo (sTt:it) (BT:it)
SCLK —» ¢ |%
? 256 [B64] [B34]
+1024 .
e > > Timer0
r | 4096 > > > TOIF Interrup
[B54] Comparator
3 TIDR | TODR
TOCK[2:0] (8-bit) | (8bit) |5y > FIF _| Iiﬁf’m

16-bit Data Register

Figure 11-9 16 Bit Timer/Event Counter0, 1 Block Diagram

11.5.1.4 8-Bit Capture Mode

The timer 0, 1 capture mode is set by CAPO, CAP1 as ‘1’. The clock source can use the
internal/external clock. Basically, it has the same function of the 8-bit timer/counter mode and the
interrupt occurs at TO, 1 and TODR, T1DR matching time, respectively. The capture result is loaded
into CDRO, CDR1. The TO, T1 value is automatically cleared by hardware and restarts counter.

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider
than the maximum period of timer.

As the EIEDGE and EIPOLA register setting, the external interrupt INTO, INT1 function is chosen.

The CDRO, TO and TODR are in same address. In the capture mode, reading operation is read the
CDRO, not TODR because path is opened to the CDR0O. The CDR1 has the same function.
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ADDRE : B2,
TOCR ToEN | ToPE | cAPo | Tockz | Tockt | Tocko | TooN | TosT NTIAC VALUE™ 0000 00005
1 X 1 X X X X X
ADDRESS : B4y
T1CR POL1 16BIT | PWMIE| CAP1 | TICK1 | TICKO | TICN | T1ST INITIAL VALUE : 0000_0000
X 0 0 1 X X X X
\
ECO - - > ToST
TOCN
2 # l&-bit Timer0 Counter
PN
r = > Clear
e =16 | mux o o TO(8Bit) <
fx—»| ¢ e )
a 256 Clear |} [B34] Timer0
(Ie 1024 : N Interrupt
r +4096 g » q » TOIF [——>»
[B34] | [B3ul Comparator
3 CDRO | TODR
TOCK(2:0] (8Bit) | (8Bit)
EIEDGE.O0
8-bit Timer0 Data Register
f INTO
> >
INTo [} D INTOIF Interrupt
T1ST
TI1CN
\| # l 8-bit Timer1 Counter
+1 > Clear
>
: MUX o o

+2 _ T1(8Bit) -<
+16
> Clear } [B64] Timert
Interrupt

> > TIIF —>

£2 Y =
T1CK[1:0] [B6x] [BSu] comparator

CDR1 | TIDR
(8Bit) | (8Bit)

EIEDGE.1
8-bit Timer1 Data Register

\

INT D 4 INT1IF |——» INT1

m Interrupt

Figure 11-10 8-bit Capture Mode for Timer0, 1
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CDRO, CDR1 Load

TO0/T1 Value

n-1
n-2

/

Up-count 6

Count Pulse Period
Pcp

R

'IME

Ext. INT0,1PIN

Interrupt

Request:
(INTOF,INT1F)

A

Interrupt Interval Period

Figure 11-11 Input Capture Mode Operation of Timer 0, 1

T0, T1

004

Interrupt
Request
(TOIF,T1IF)

Ext. INT0,1 PIN

Interrupt

XXu

00.

(INTOF,INT1F)

Interrupt Interval Period = FF,+01,+FF,+014+YY} +01,

PS030302-0212

Figure 11-12 Express Timer Overflow in Capture Mode
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11.5.1.5 16 Bit Capture Mode

The 16-bit capture mode is the same operation as 8-bit capture mode, except that the timer register
uses 16 bits.

The clock source is selected from TOCK[2:0] and T1CK[1:0] must set 11b and 16BIT2 bit must set to
‘1’. The 16-bit mode setting is shown as Figure 11-13

TOCR TOEN | ToPE | cAPo | Tock2 | Tocki1 | Tocko | TocN | TosT ﬁ\IDI-Il?IiE?/SAI:_SEH: 0000_00005
1 X 1 X X X X X
T1CR POL1 | 16BIT | PWMIE| CAP1 | TICK1 | TICKO | TICN | T1ST ﬁ\lDI'P&E?/SALLBJéH 0000_00005
X 1 0 1 1 1 X X
\
ECO TOST
TOCN
2 16-bit Counter B6,:B3,
P — * l [B64:B34]
; 4164= . . Clear
‘ »| MUX o o T1(8Bit) MSB TO0(8Bit) LSB
fx —> (s; 64 Timer0
X a 256 Y Interrupt
] - > Clear
+1024
e > >
r 4096 S TIIF [—>
Comparator
3 CDR1(8Bit) T1DR(8Bit)
TOCK[2:0] +CDRO(8BIT) +TODR(8Bit)
EIEDGE.O
—’3\‘ [B64:B34]  16-bit Data Register [B54:B34]
f INTO
|NTO| I m > INTOIF _>Interrupt

Figure 11-13 16-bit Capture Mode of Timer 0, 1

11.5.1.6 PWM Mode

The timer 1 has a PWM (pulse Width Modulation) function. In PWM mode, the T1/PWM1 output pin
outputs up to 10-bit resolution PWM output. This pin should be configured as a PWM output by set
T1_PE to ‘1. The period of the PWM output is determined by the TIPPR (PWM period register) +
T1PWHR[3:2] + TIPWHR[1:0]

PWM Period = [ TIPWHR[3:2]T1PPR ] X Source Clock
PWM Duty = [ TIPWHR[1:0] TIPDR ] X Source Clock
Note> T1PPR must be set to higher than T1PDR for guaranteeing operation.
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. Frequency
Resolution
T1CK[1:0]=00 (125ns) | T1CK[1:0]=01 (250ns) | T1CK[1:0]=10 (2us)
10 Bit 7.8KHz 3.9KHz 0.49KHz
9 Bit 15.6KHz 7.8KHz 0.98KHz
8 Bit 31.2KHz 15.6KHz 1.95KHz
7 Bit 62.4KHz 31.2KHz 3.91KHz

ilog

The POL bit of T1CR register decides the polarity of duty cycle. If the duty value is set same to the
period value, the PWM output is determined by the bit POL (1: High, 0: Low). And if the duty value is
set to "00H", the PWM output is determined by the bit POL (1: Low, 0: High).

ADDRESS : B4y
T1CR | POL1 | 16BIT |PWM1E| CAP1 |T1CK1 |T1CKO| T1CN | T1ST | INITIAL VALUE : 0000_0000g
X 0 1 0 X X X X
ADDRESS : B7
T1PWHR T1_PE PW1H3 | PW1H2 | PW1H1 | PW1HO INITIAL VALUE : 0— 0000
1 - - - X X X X
| | ]
Period High Duty High
8-bit Timer1 PWM Period Register
T1PWHR[1:0}—> T1PPR
[1:0 (8 Bit) T1_PE
[B74]
T1ST > -
— S
P TICN Q PWM1
; +1 o # Comparator
fx —>] g +2 : T Clear| R
a 16 | mux o o —2Bit (8 Bit)
e POL
r 8-bit Timer1 [B6x]
Counter + 2-bit
2
T1CK[1:0]
Comparator
TO Clock
Source T1PDR
Slave Ly (8 Bit)
[B64]
T1PWHR[3:2]
\\ T1PDR
Master (8 Bit)
[B64]

PS030302-0212

Figure 11-14 PWM Mode

PRELIMINARY 77



Z51F6412
Product Specification

.;r\(:'
& |

Source Clock ..
(fx)
L O 000 OGO 00
N
AY)

T1/PWM1
POL=1

1l

T1/PWM1
POL=0

»

ALY
Duty Cycle(1+80,)X250ns = 32.25us
Period Cycle(1+3FF,)X250ns = 256us = 3.9kHz

\

A

| PW1H3 | PW1H2

T1PPR(8 Bit)
T1CR[1:0] = 00y(fxn)

T1PWHR = 03, 1 1 FFu
T1PPR = FFy
T1PDR = 80, PW1H1 | PW1Ho | T1PDR(8 Bit) |

0 0 804

Figure 11-15 Example of PWM at 4MHz

T1CR[1:0] = 104(2us)
T1PWHR = 004

T1PPR = 0E4 Write 0A, to T3PPR
T1PDR = 054

Source Clock
(fx)
s JolorfoffeffiorfolofekekekekKeenteleloketikkefel ek

F=1"

T1/PWM1
POL =1
Duty Cycle > < Duty Cycle < Duty Cycle >
(1+05,)X2us = 12us (1+054)X2us = 12us (1+05,)X2us = 12us
< Period Cycle i Period Cycle >
(1+0Ey)X2us = 32us > 31.25kHz (1+0Ay)X2us = 22us > 45.5kHz

Figure 11-16 Example of Changing the Period in Absolute Duty Cycle at 4Mhz
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11.5.1.7 8-Bit (16 Bit) Compare Output Mode

If the T1 (TO+T1) value and the TIDR (TODR+T1DR) value are matched, T1/PWM1 port outputs.
The output is 50:50 of duty square wave, the frequency is following

¥ B Oscillator Frequency
COMP 7 x Prescaler Valuex (TDR +1)

To export the compare output as T1/PWM1, the T1_PE bit in the TIPWHR register must set to ‘1.

11.5.1.8 Register Map

Table 11-8 Register Map

Name Address Dir Default Description
TOCR B2 R/W O00H Timer 0 Mode Control Register
TO B3 R 00H Timer 0 Register
TODR B3 W FFH Timer 0 Data Register
CDRO B3 R 00H Capture 0 Data Register
T1CR B4 R/W 00H Timer 1 Mode Control Register
T1DR B5 W FFH Timer 1 Data Register
T1PPR B5 W FFH Timer 1 PWM Period Register
T1 B6 R 00H Timer 1 Register
T1PDR B6 R/W 00H Timer 1 PWM Duty Register
CDR1 B6 R 00H Capture 1 Data Register
T1PWHR B7 W 00H Timer 1 PWM High Register

11.5.1.9 Timer/Counter 0, 1 Register description

The Timer/Counter 0, 1 Register consists of Timer 0 Mode Control Register (TOCR), Timer 0
Register (T0), Timer 0 Data Register (TODR), Capture 0 Data Register (CDRO), Timer 1 Mode Control
Register (T1CR), Timer 1 Data Register (T1DR), Timer 1 PWM Period Register (T1PPR), Timer 1
Register (T1), Timer 1 PWM Duty Register (T1PPR), Capture 1 Data Register (CDR1) and Timer 1
PWM High Register (T1PWHR).

11.5.1.10 Register description for Timer/Counter 0, 1

TOCR (Timer 0 Mode Control Register) : B2H

7 6 5 4 3 2 1 0
| tEen | ToPE cao | Tocke | ook TOCKO TOCN TOST
RW RW RW RW RW RW RW RW

Initial value : 00OH

TOEN Control Timer 0
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0 Timer 0 disable
1 Timer 0 enable
TO_PE Control Timer 0 Output port
0 Timer 0 Output disable
1 Timer 0 Output enable
CAPO Control Timer 0 operation mode
0 Timer/Counter mode
1 Capture mode
TOCK][2:0] Select Timer 0 clock source. Fx is main system clock frequency
TOCK2 TOCK1  TOCKO Description
0 0 0 fx/2
0 0 1 fx/4
0 1 0 fx/16
0 1 1 fx/64
1 0 0 fx/256
1 0 1 fx/1024
1 1 0 fx/4096
1 1 1 External Clock (ECO0)
TOCN Control Timer 0 Count pause/continue
0 Temporary count stop
1 Continue count
TOST Control Timer 0 start/stop
0 Counter stop
1 Clear counter and start
TO (Timer 0 Register: Read Case) : B3H
7 6 5 4 3 2 1 0
| 17 | 18 | 5 [ O T08 T02 T01 T00
R R R R R R R R
Initial value : 00H
TO[7:0] TO Counter data

TODR (Timer 0 Data Register: Write Case) : B3H

7 6 5 4 3 2 1 0
| o7 | Ttooé | Toos | To | Toms TOD2 TODI TODO
w w w w w w w w
Initial value : FFH
TOD[7:0] TO Compare data

CDRO (Capture 0 Data Register: Read Case) : B3H

7

6

5

4 3 2 1 0

| corr | comros | coros | core | coms | core | cprot | corwo

R

PS030302-0212

R

R

CDRO[7:0]

R R R R R

Initial value : 00OH

TO Capture data
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T1CR (Timer 1 Mode Count Register) : B4H
7 6 5 4 3 2 1 0
| po. | BT | PamiE | oAt [ Tkt | Tk | mon | TisT
RW RW RW RW RW RW RW RW
Initial value : 00H
POL Configure PWM polarity
0 Negative (Duty Match: Clear)
1 Positive (Duty Match: Set)
16BIT Select Timer 1 8/16Bit
0 8 Bit
1 16 Bit
PWM1E Control PWM enable
0 PWM disable
1 PWM enable
CAP1 Control Timer 1 mode
0 Timer/Counter mode
1 Capture mode
T1CK[1:0] Select clock source of Timer 1. Fx is the frequency of main
system.
T1CK1 T1CKO description
0 0 fx
0 1 fx/2
1 0 fx/16
1 1 Use Timer 0 Clock
T1CN Control Timer 1 Count pause/continue
0 Temporary count stop
1 Continue count
T1ST Control Timer 1 start/stop
0 Counter stop
1 Clear counter and start

T1DR (Timer 1 Data Register: Write Case) : B5H

7 6 5 4 3 2 1 0
| mor | moe | mos | ms | mos | mpe | Tt | TiDo
w w w w w w w w
Initial value : FFH
T1D[7:0] T1 Compare data

T1PPR (Timer 1 PWM Period Register: Write Case PWM mode only) : B5H

7 6 5 4 3 2 1 0
| meez | TiPe | TIPS | TIPP4 TIP3 | TIPP2 | TIPPI T1PPO
W W W W W W W W
Initial value : FFH
TIPP[7:0]  T1 PWM Period data

T1 (Timer 1 Register: Read Case) : B6H
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7 6 5 4 3 2 1 0
TI7 T6 | T5 | T4 T13 T12 T11 T10
R R R R R R R R
Initial value : 00H
T1[7:0] T1 Counter Period data
T1PDR (Timer 1 PWM Duty Register) : B6H
7 6 5 4 3 2 1 0
| mPo7 | TiPs | TPps | TP4 | TP | TPz | TPDI | TIPDO
RW RW RW RW RW RW RW RW
Initial value : 00H
T1PD[7:0] T1 PWM Duty data
Note) only write, when PWMB3E ‘1’
CDR1 (Capture 1 Data Register: Read Case) : B6H
7 6 5 4 3 2 1 0
| coomri7 | corte | coris | CDRi4 | CDR3 CDR12 CDR11 CDR10
R R R R R R R R
Initial value : 00H
CDR3[7:0] T1 Capture data
T1PWHR (Timer 1 PWM High Register) : B7TH
7 6 5 4 3 2 1 0
TIPE | - | - | - | Pvis | Pwie | PwiHt | PwiHo
Initial value : 00H
T1_PE Control Timer 1 Output port operation
Note) only writable Bit. Be careful
0 Timer 1 Output disable
1 Timer 1 Output enable

PW1H[3:2] PWM period High value (Bit [9:8])
PW1H[1:0] PWM duty High value (Bit [9:8])

PERIOD: | PW1H3 | PW1H2 T1PPR[7:0]
DUTY: PW1H1 | PW1HO T1PDRJ[7:0]
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X

11.5.2 16-bit Timer/Event Counter 2, 3, 4, 5

11.5.2.1 Overview

The 16-bit timer x(2~5) consists of Multiplexer, Timer Data Register High/Low, Timer Register
High/Low, Timer Mode Control Register, PWM Duty High/Low, PWM Period High/Low Register It is
able to use internal 16-bit timer/ counter without a port output function.

The 16-bit timer x is able to use the divided clock of the main clock selected from prescaler output.

11.5.2.2 16-Bit Timer/Counter Mode

In the 16-bit Timer/Counter Mode, If the TxH + TxL value and the TxDRH + TxDRL value are
matched, T3/PWMS port outputs. The output is 50:50 of duty square wave, the frequency is following

¥ B Timer Clock Frequency
COMP 2 xPrescalerValuex (TxDR+1)

fcomp is timer output frequency and TxDR is the 16 bits value of TXxDRH and TxDRL.
To export the compare output as Tx/PWMx, the Tx_PE bit in the TXCR1 register must set to ‘1°.
The 16-bit Timer/Counter Mode is selected by control registers as shown in Figure 11-17

ADDRESS : BAy, C2;;, CAy; 2F38
TxCR TXEN PV\éMx CAPx | Txck2 | TxcK1 | TxCko | TxoN | TxST INITIAL VALUE - 0-0 00005
1 - 0 X X X X X
ADDRESS : BBy, C3,, CBy;, 2F39
TxCR1 - - - - - | ECEN | Tx_PE| POL INITIAL VALUE - —- -0005
X X X
. \
M TxST
Fyam— TXEN
P g g -
r =8+ * l16-b|t Timer3 Counter
: >
+16
s > TxH TxL | _Clear
SCLK > g +64 - MUX O/O (8-bit) (8-bit) -
| 256
e |[+1024
r N = - .
22048 = Timerx
> > > TxIF Interrupt
Comparator
3
TXCK[2:0] TXDBH TXDBL
(8-bit) | (8-bit)

16-bit Timer3 Data Register

Figure 11-17 Timer4 16-bit Mode Block Diagram
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11.5.2.3 16-Bit Capture Mode

The timer X(2~5) capture mode is set by CAPx as ‘1’ in TXCR register. The clock is same source as
Output Compare mode. The interrupt occurs at TxH, TxL and TxDRH, TxDRL matching time. The
capture result is loaded into CDRxH, CDRxL. The TxH, TxL value is automatically cleared(0000y) by
hardware and restarts counter.

This timer interrupt in capture mode is very useful when the pulse width of captured signal is wider
than the maximum period of timer. As the EIEDGE and EIPOLA register setting, the external interrupt
INTx function is chosen.

The CDRxH, PWMxHDR and TxH are in same address. In the capture mode, reading operation is

read the CDRxH, not TxH because path is opened to the CDRxH. PWMxHDR will be changed in
writing operation. The PWMXxLDR, TxL, CDRxL has the same function.

ADDRESS : BAy, G2y, CAy, 2F38
TxCR | TxEN |PWMxE|CAPx TxCK2 | TxCK1 | TxCKO | TxCN | TxsT |INITIALVALUEH:OOO'57000% H
ADDRESS : BBy, C3y, CByy, 2F39y
TxCR1 | ) | i | ) | ) | ) |ECEN TxPE | |INITIALVALUE:————7—000b
1
P —> [~
R 4 »
E =8 o TxST
S +16 . TxEN
sclk—»| ¢ [=ea + Y 16-bit Counter
A N -
L ;fgg“: MUX @— TxH@8-bit) § TxL(8-bit)
E - >
R 2048 clear
" »\ TxIF |- Timerx
comparator Interrupt
ECx [}— f >
CDRxH(8-bit) TxDRH(8-bit)
EIEDGE[5:2] CDRxL(8-bit) TXDRL(8-bit)
ECTN,TXCK[2:0] I\L‘ 16-bit Capture Register 16-bit Timer Data Register
-\- INTx
| INTxIF
INTx D @ x Interrupt

Figure 11-18 16-bit Capture Mode of Timer x

11.5.2.4 PWM Mode

The timer X(2~5) has a PWM (pulse Width Modulation) function. In PWM mode, the TX/PWMX
output pin outputs up to 16-bit resolution PWM output. This pin should be configured as a PWM
output by set TX_PE to ‘1. The PWM output mode is determined by the PWMxHPR, PWMXxLPR,
PWMxHDR and PWMxLDR. And you should configure PWMXE bit to “1” in TxCR register

PWM Period = [ PWMxHPR, PWMxLPR ] X Source Clock
PWM Duty = [ PWMxHDR, PWMXxLDR ] X Source Clock
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Y Y
|

o

. Frequency
Resolution
TxCKJ]2:0]=000 (125ns) | TxCKJ[2:0]=010 (500ns) | TxCK[2:0]=011 (1us)
16-bit 122.070Hz 30.469Hz 15.259Hz
15-bit 244.141Hz 60.938Hz 30.518Hz
10-bit 7.8125KHz 1.95KHz 976.563Hz
9-bit 15.625KHz 3.9KHz 1.953KHz
8-bit 31.25KHz 7.8KHz 3.906KHz

The POL bit of TxCR register decides the polarity of duty cycle. If the duty value is set same to the
period value, the PWM output is determined by the bit POL (1: High, 0: Low). And if the duty value is
set to "00H", the PWM output is determined by the bit POL (1: Low, 0: High).

TXCR | mxEN |PWMxE| cAPx | Txckz | Txck1 | Txcko | Txen | TxsT |ﬁ"ﬁ%ifﬁﬁéﬁ&ga’jg&iFSSH
ADDRESS: BBy, C3y, CBy, 2F39
TXCR1 | . | | | | |ECEN TxPE| POL ||N|TIALVALUE:W;000: t
16-bit Timerx PWM Period Register
» Timerx
1 TXIF =P
1 \ PWMXHPR PWMX!_PR Interrupt
P (8-bit) (8-bit)
R .8 > TxPE
E el » |
s [ 216 TxEN TXST :|> »s a [>$_
SCLK—| C | =64 o # {V
A | :256 o
»| MUX TxH(8-bit TxL(8-bit) |- R POL Px
b [=1024 (8-l b cleaj | PWMx
R |Lz2048 16-bit Counter _
ecx[H f > compa;nor
PWMxHDR PWMxLDR
Stave (8-bit) (8-bit)
3
o
TxCK[2:0]
Master| PWMXHDR | PWNXLDR
(8-bit) (8-bit)

Figure 11-19 PWM Mode
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Source Clock
(fscLk)
Yoo )on Nom o (o) - (e oo ){on o) oo o X
b)Y —
ALY

Tx/PWMx
POLO =1 |
Tx/PWMx ‘
POLO =0 2
_ Duty Cycle(1+00804)X500ns = 64.50us
Period Cycle(1+03FF)X500ns = 512us > 1.95kHz .

TxCK[2:0] = 01(fpcLi/4) PWMxHPR(8-bit) | | PWMxLPR(8-bit)

PWMxHPR = 03y

PWMxLPR = FFy 034 FFu

PWMxHDR = 004

PWMXxLDR = 80.. PWMxHDR(8-bit) PWMxLDR(8-bit)

004 80y

Figure 11-20 Example of PWM at 8MHz

11.5.2.5 Register Map

Table 11-10 Register Map

Name Address Dir Default Description
T2CR BA4 R/W 004 Timer 2 Mode Control Register
T2CR1 BBH R/W 00 Timer 2 Mode Control Register 1
T2L BCH R 004 Timer 2 Low Register
PWM2LDR BCx R/W 00y PWM 2 Duty Low Register
CDR2L BCx R 004 Timer 2 Capture Data Low Register
T2H BDy R 00 Timer 2 High Register
PWM2HDR BDnH R/W 00y PWM 2 Duty High Register
CDR2H BDx R 00H Timer 2 Capture Data High Register
T2DRL BEH W FFH Timer 2 Data Register Low
PWM2LPR BEH w FFu PWM 2 Period Low Register
T2DRH BFH W FFH Timer 2 Data Register High
PWM2HPR BFy W FFu PWM 2 Period High Data Register
T3CR C2y R/W 004 Timer 3 Mode Control Register
T3CR1 C3y4 R/W 00H Timer 3 Mode Control Register 1
T3L C4y R 00H Timer 3 Low Register
PWM3LDR C4y R/W 004 PWM 3 Duty Low Register
CDR3L C4y R 004 Timer 3 Capture Data Low Register
T3H Chn R 004 Timer 3 High Register
PWM3HDR C5H R/W 00y PWM 3 Duty High Register
CDR3H C5H R 00y Timer 3 Capture Data High Register
T3DRL C6H W FFu Timer 3 Data Register Low
PWM3LPR C6H W FFu PWM 3 Period Low Register
T3DRH C7x W FFu Timer 3 Data Register High
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PWM3HPR C7n W FFy PWM 3 Period High Data Register
T4CR CA4 R/W 00H Timer 4 Mode Control Register
T4CR1 CBH R/W 004 Timer 4 Mode Control Register 1
T4L CCh R 00K Timer 4 Low Register

PWM4LDR CCx R/W 00H PWM 4 Duty Low Register

CDR4 L CChx R 00H Timer 4 Capture Data Low Register
T4 H CDn R 004 Timer 4 High Register

PWM4 HDR CDy R/W 00H PWM 4 Duty High Register

CDR4 H CDn R 00H Timer 4 Capture Data High Register
T4 DRL CEn w FFu Timer 4 Data Register Low

PWM4 LPR CEn w FFu PWM 4 Period Low Register

T4 DRH CFy W FFu Timer 4 Data Register High

PWM4 HPR CFy W FFu PWM 4 Period High Data Register
T5CR 2F384 R/W 004 Timer 5 Mode Control Register
T5CR1 2F394 R/W 00H Timer 5 Mode Control Register 1
T5L 2F3AH R 00H Timer 5 Low Register

PWMS5LDR 2F3AH R/W 004 PWM 5 Duty Low Register

CDR5L 2F3AH R 004 Timer 5 Capture Data Low Register
T5H 2F3BH R 00H Timer 5 High Register

PWM5HDR 2F3BH R/W 00H PWM 5 Duty High Register

CDR5H 2F3BH R 00 Timer 5 Capture Data High Register
T5DRL 2F3CH W FFu Timer 5 Data Register Low
PWM5LPR 2F3Ch W FFu PWM 5 Period Low Register
T5DRH 2F3Dy W FFy Timer 5 Data Register High
PWM5HPR 2F3Dy W FFy PWM 5 Period High Data Register

11.5.2.6 Timer/Counter x Register description

The Timer 2~5 Register consists of Timer 2~5 Mode Control Register (T2CR), (T3CR), (T4CR),
(T5CR), Timer 2~5 Mode Control Register 1 (T2CR1), (T3CR1), (T4CR1), (T5CR1), Timer 2~5 Low
Register (T2L), (T3L), (T4L), (T5L), Timer 2~5 Data Register Low (T2DRL), (T3DRL), (T4DRL),
(TSDRL), Timer 2~5 High Register (T2H), (T3H), (T4H), (T5H), Timer 2~5 Data Register High
(T2DRH), (T3DRH), (T4DRH), (T5DRH), Timer 2~5 Capture Data Low Register (CDR2L), (CDR3L),
(CDRA4L), (CDR5L), Timer 2~5 Capture Data High Register (CDR2H), (CDR3H), (CDR4H), (CDR5H),
PWM2~5 Low Duty Register (PWM2LDR), (PWM3LDR), (PWM4LDR), (PWM5LDR), PWM2~5 High
Duty Register (PWM2HDR), (PWM3HDR), (PWM4HDR), (PWM5HDR), PWM2~5 Low Period
Register (PWM2LPR), (PWM3LPR), (PWM4LPR), (PWM5LPR), PWM2~5 High Period Register
(PWM2HPR), (PWM3HPR), (PWM4HPR), (PWM5HPR).
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11.5.2.7 Register description for Timer/Counter 2~5

T2CR, T3CR, T4CR, T5CR (Timer 2~5 Mode Control Register): BAH, C2H, CAH,

2F38H
7 6 5 4 3 2 1 0
TEN PAMWE | cAPx | Tok2 TOK | TeKo TN ST
RW RW RW RW RW RW RW RW
Initial value : 004

TxEN Control Timer X
0 0
1 Timer X enable

PWMXxE Control PWM enable

0 PWM disable
1 PWM enable

CAPx Control Timer X capture mode.
0 Timer/Counter mode
1 Capture mode

TxCK]|2:0] Select clock source of Timer X. Fx is the frequency of main system

TxCK2 TxCK1 TxCKO  description
0 0 0 fsoLk
0 0 1 fscLk/4
0 1 0 fsck/8
0 1 1 fscLk/16
1 0 0 fscLk/64
1 0 1 fscLk/256
1 1 0 fscLk/1024
1 1 1 fscLk/2048

TxCN Control Timer X Count pause/continue.
0 Temporary count stop
1 Continue count

TxST Control Timer X start/stop
0 Counter stop
1 Clear counter and start

T2CR1, T3CR1, T4CR1, T5CR1 (Timer 2~5 Mode Control Register 1) : BBH, C3H,

CBH, 2F39H
7 6 5 4 3 2 1 0
[ - ] [ - | Ecen | wPE | PoL
Initial value : 004
ECEN Control Timer X External Clock
0 Timer X External Clock disable
1 Timer X External Clock enable
Tx_PE Control Timer X Output port
0 Timer X Output disable
1 Timer X Output enable
POL Configure PWM polarity
PS030302-0212 PRELIMINARY 88



Z51F6412
Product Specification

0 Negative (Duty Match: Clear)
1 Positive (Duty Match: Set)
T2L, T3L, T4L, T5L (Timer 2~5 Low Register, Read Case) : BCH, C4H, CCH,
2F3AH
7 6 5 4 3 2 1 0
™7 | me | s | T4 ™3 | T2 oLt O
R R R R R R R R

Initial value : 004

TxL[7:0] TxL Counter Period Low data.

CDR2L, CDR3L, CDR4L, CDR5L (Capture 2~5 Data Low Register, Read Case) :
BCH, C4H, CCH, 2F3AH

7 6 5 4 3 2 1 0
CDR07 | CDRX06 | CDRM05 | CDRA.0O4 | CDR03 | CDRx02 | CDRAO! | CDRXLOD
R R R R R R R R

Initial value : 004
CDRxL[7:0] Tx Capture Low data.

PWM2LDR, PWM3LDR, PWM4LDR, PWM5LDR (PWM 2~5 Low Duty Register,
Write Case) : BCH, C4H, CCH, 2F3AH

7 6 5 4 3 2 1 0
PAMMD7 | PWMMDS | PAMMD5 | PAMMD4 | PAMKD3 | PWWKD2 | PWMXDI | PWMXLDO
w w w w w w w w

Initial value : 004

PWMxLD[7:0] Tx PWM Duty Low data
Note) only write, when PWMXxE ‘1’

T2H, T3H, T4H, T5H (Timer 2~5 High Register, Read Case) : BDH, C5H, CDH,
2F3BH

7 6 5 4 3 2 1 0
™7 | e | s [ Tdm ™| TR ToH! TxHO
R R R R R R R R

Initial value : 00y
TxH[7:0] TxH Counter Period High data.

CDR2H, CDR3H, CDR4H, CDR5H (Capture 2~5 Data High Register, Read Case) :
BDH, C5H, CDH, 2F3BH

7 6 5 4 3 2 1 0
CDRH07 | CDRHo6 | CDR¢s | COReis | COReHo3 | CDRedoe | CDReH01 | CDRdHOO
R R R R R R R R

Initial value : 004
CDRxH[7:0] Tx Capture High data
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PWM2HDR, PWM3HDR, PWM4HDR, PWM5HDR (PWM 2~5 High Duty Register,
Write Case) : BDH, C5H, CDH, 2F3BH

7 6 5 4 3 2 1 0
PWWMHD7 | PWWHD6 | PWMXHD5 | PWMxHD4 | PWWHD3 | PWMXHD2 | PWMxHD1 PWWxHDO
W W W W W W W W

Initial value : 004

PWMxHD[7:0] Tx PWM Duty High data
Note) only write, when PWM3E ‘1’

T2DRL, T3DRL, T4DRL, T5DRL (Timer 2~5 Data Register Low, Write Case) : BEH,
C6H, CEH, 2F3CH

7 6 5 4 3 2 1 0
THLD7 ™D | TdDs | TdD4 T+LD3 o2 | ™Dl | Do
w w w w w w w w

Initial value : FFy

TxLD[7:0] TxL Compare Low data

PWM2LPR, PWM3LPR, PWM4LPR, PWM5SLPR (PWM 2~5 Low Period Register,
Write Case) : BEH, C6H, CEH, 2F3CH

7 6 5 4 3 2 1 0
PAMXP7 | PWMMPS | PWMXPS | PWMMP4 | PWMXLP3 | PWMMP2 | PWMXLPT | PWWMPO
w w w w w w w w

Initial value : FFy

PWMxLP[7:0] Tx PWM Duty Low data
Note) only write, when PWMB3E ‘1’

T2DRH, T3DRH, T4DRH, T5DRH (Timer 2~5 Data Register High, Write Case) :
BFH, C7H, CFH, 2F3DH

7 6 5 4 3 2 1 0
THD7 D6 | DS | TxHD4 T¥HD3 THDR2 | ™Dt | TxHDO
w w w w w w w w

Initial value : FFy

TxHD[7:0] TxH Compare High data

PWM2HPR, PWM3HPR, PWM4HPR, PWM5HPR (PWM 2~5 High Period Register,
Write Case) : BFH, C7H, CFH, 2F3DH

7 6 5 4 3 2 1 0
PAMHP7 | PWMWHPS | PWMHPS | PWWkHP4 | PWWHP3 | PWWkHP2 | PwWMkHPT | PwHPO
w w w w w w w w

Initial value : FFy

PWMxHP[7:0] Tx PWM Duty High data
Note) only write, when PWMS3E ‘1’
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11.5.3 Timer Interrupt Status Register (TMISR)

11.5.3.1 Register description for TMISR

TMISR (Timer Interrupt Status Register) : D5H

7 6 5 4 3 2 1 0
| - - ™F | TMF4 | TMIF3 T™IF2 TMIF1 TMIFO
- - R R R R R R
Initial value : 00H
TMIF5 Timer 5 Interrupt Flag
0 No Timer 5 interrupt
1 Timer 5 interrupt occurred, write “1” to clear interrupt flag
TMIF4 Timer 4 Interrupt Flag
0 No Timer 4 interrupt
1 Timer 4 interrupt occurred, write “1” to clear interrupt flag
TMIF3 Timer 3 Interrupt Flag
0 No Timer 3 interrupt
1 Timer 3 interrupt occurred, write “1” to clear interrupt flag
TMIF2 Timer 2 Interrupt Flag
0 No Timer 2 interrupt
1 Timer 2 interrupt occurred, write “1” to clear interrupt flag
TMIF1 Timer 1 Interrupt Flag
0 No Timer 1 interrupt
1 Timer 1 interrupt occurred, write “1” to clear interrupt flag
TMIFO Timer O Interrupt Flag
0 No Timer 0 interrupt
1 Timer 0 interrupt occurred, write “1” to clear interrupt flag

Note) The Timer Interrupt Status Register contains interrupt information of each timers. Even if user disabled
timer interrupt at IE2, user could check timer interrupt condition from this register.
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11.6 Buzzer Driver

11.6.1 Overview

The Buzzer consists of 8 Bit Counter and BUZDR (Buzzer Data Register), BUZCR (Buzzer Control

Register). The Square Wave (122.07Hz~250 KHz, @16MHz) gets out of P12/BUZ pin. BUZDR
(Buzzer Data Register) controls the Buzzer frequency (look at the following expression). In the
BUZCR (Buzzer Control Register), BUCK][1:0] selects source clock divided from prescaler.

Oscillator Frequency
2 x Prescaler Ratio x (BUZDR +1)

fpy,(Hz) =

Table 11-11 Buzzer Frequency at 16MHz

Buzzer Frequency (kHz)
BUZDR][7:0]
BUZCR[2:1]=00 BUZCR[2:1]=01 BUZCR[2:1]=10 BUZCR[2:1]=11

0000_0000 250kHz 125kHz 62.5kHz 31.25kHz
0000_0001 125kHz 62.5kHz 31.25kHz 15.624kHz
1111_1101 984.252Hz 492.126Hz 246.062Hz 123.03Hz
1111_1110 980.392Hz 490.196Hz 245.098Hz 122.548Hz
1111_1111 976.562Hz 488.282Hz 244 140Hz 122.07Hz

11.6.2 Block Diagram

32 8-bit Up-counter
Pre 64 > Overflow
fx D— scaler | =128 MUX Counter BUZCR[0]
256
L— \_>
* > FIF BUZOPIN
N
BUZCR[2:1] | 2
Selection Input
Clock Counter
Writing to BUZDR
RESET
Buzzer Control Register Buzzer Data Register
[oF, | BUZCR BUZDR [8F4]

Figure 11-21 Buzzer Driver Block Diagram
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11.6.3 Register Map

Table 11-12 Register Map

Name Address Dir Default Description
BUZDR 8FH R/W FFH Buzzer Data Register
BUZCR 9FH R/W 00H Buzzer Control Register

11.6.4 Buzzer Driver Register description

Buzzer Driver consists of Buzzer Data Register (BUZDR), Buzzer Control Register (BUZCR).

11.6.5 Register description for Buzzer Driver

BUZDR (Buzzer Data Register) : 8FH

7 6 5 4 3 2 1 0
| BuzoR7 | BUDRe | BUZDRS | BUZDR4 | BUZDR3 | BUZDR2 | BUZDRI | BUZDRO
RW RW RW RW RW RW RW RW

Initial value : FFH

BUZDR[7:0] This bits control the Buzzer frequency
Its resolution is 00H ~ FFH

BUZCR (Buzzer Control Register) : 9FH

7 6 5 4 3 2 1 0
| ] | - | ] | - - BUCK1 BUCKO BUZEN

Initial value : O0OH

BUCK]1:0] Buzzer Driver Source Clock Selection
BUCK1 BUCKO Source Clock

0 0 fx/32

0 1 x/64

1 0 fx/128

1 1 x/256
BUZEN Buzzer Driver Operation Control

0 Buzzer Driver disable

1 Buzzer Driver enable

Note) fx: Main system clock oscillation frequency
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11.7 USART

11.7.1 Overview

The Universal Synchronous and Asynchronous serial Receiver and Transmitter (USART) is a highly
flexible serial communication device. The main features are listed below.

- Full Duplex Operation (Independent Serial Receive and Transmit Registers)
- Asynchronous or Synchronous Operation

- Master or Slave Clocked Synchronous and SPI Operation

- Supports all four SPI Modes of Operation (Mode 0, 1, 2, 3)

- LSB First or MSB First Data Transfer @SPI mode

- High Resolution Baud Rate Generator

- Supports Serial Frames with 5,6,7,8, or 9 Data Bits and 1 or 2 Stop Bits

- Odd or Even Parity Generation and Parity Check Supported by Hardware

- Data OverRun Detection

- Framing Error Detection

- Digital Low Pass Filter

- Three Separate Interrupts on TX Complete, TX Data Register Empty and RX Complete

- Double Speed Asynchronous Communication Mode

USART has three main parts of Clock Generator, Transmitter and Receiver. The Clock Generation
logic consists of synchronization logic for external clock input used by synchronous or SPI slave
operation, and the baud rate generator for asynchronous or master (synchronous or SPI) operation.
The Transmitter consists of a single write buffer, a serial shift register, parity generator and control
logic for handling different serial frame formats. The write buffer allows a continuous transfer of data
without any delay between frames. The receiver is the most complex part of the USART module due
to its clock and data recovery units. The recovery unit is used for asynchronous data reception. In
addition to the recovery unit, the Receiver includes a parity checker, a shift register, a two level
receive FIFO (UDATAX) and control logic. The Receiver supports the same frame formats as the
Transmitter and can detect Frame Error, Data OverRun and Parity Errors.
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11.7.2 Block Diagram
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| I SS
S Control | TXC |—— RxInterrupt
\V

UCTRLx1 UMSEL1 | UMSELO | UPM1 | UPMO |usizE2|usiZE1 |usizED UCPOL| ﬁﬁ%if%ﬁfjé’*;&%’jﬁ%ﬁ?2F3°”
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Figure 11-22 USART Block Diagram
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11.7.3 Clock Generation

UBAUD
u2x
Y fscik i
. (UBAUD+1)
Prescaling > /8 > 12 > M
Up-Counter - o o u "
»| X U — txclk
L— X
SCLK g MASTER
Y i i
; »| Edge M e
Sync Register > Detector N nlljl o UMSELO
f ‘L ’_f\_> X
ucpPoL
XCK < 12 -
M
U rxclk
X

Figure 11-23 Clock Generation Block Diagram

The Clock generation logic generates the base clock for the Transmitter and Receiver. The USART

supports four modes of clock operation and those are Normal Asynchronous, Double Speed
Asynchronous, Master Synchronous and Slave Synchronous. The clock generation scheme for
Master SPI and Slave SPI mode is the same as Master Synchronous and Slave Synchronous
operation mode. The UMSELn bit in UCTRLx1 register selects between asynchronous and
synchronous operation. Asynchronous Double Speed mode is controlled by the U2X bit in the
UCTRLx2 register. The MASTER bit in UCTRLX2 register controls whether the clock source is internal
(Master mode, output port) or external (Slave mode, input port). The XCK pin is only active when the
USART operates in Synchronous or SPI mode.

Table below contains equations for calculating the baud rate (in bps).

Table 11-13 Equations for Calculating Baud Rate Register Setting

Operating Mode Equation for Calculating Baud Rate
A h N | Mode (U2X=0 Baud Rate = SCLK
synchronous Normal Mode ( =0) aud Rate = 16(UBAUDx + 1)
A h Double Speed Mode (U2X=1 Baud Rate = fSCLK
synchronous Double Speed Mode ( =1) aud Rate = S(UBAUDx + 1)
fSCLK
Synchronous or SPI Master Mode Baud Rate =

2(UBAUDx + 1)
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11.7.4 External Clock (XCK)

External clocking is used by the synchronous or spi slave modes of operation.

External clock input from the XCK pin is sampled by a synchronization logic to remove meta-stability.
The output from the synchronization logic must then pass through an edge detector before it can be
used by the Transmitter and Receiver. This process introduces a two CPU clock period delay and
therefore the maximum frequency of the external XCK pin is limited by the following equation.

fSCLK
fXCK = 7

where fXCK is the frequency of XCK and fSCLK is the frequency of main system clock (SCLK).

11.7.5 Synchronous mode Operation

When synchronous or spi mode is used, the XCK pin will be used as either clock input (slave) or
clock output (master). The dependency between the clock edges and data sampling or data change is
the same. The basic principle is that data input on RXD (MISO in spi mode) pin is sampled at the
opposite XCK clock edge of the edge in the data output on TXD (MOSI in spi mode) pin is changed.

The UCPOL bit in UCTRLx1 register selects which XCK clock edge is used for data sampling and
which is used for data change. As shown in the figure below, when UCPOL is zero the data will be
changed at rising XCK edge and sampled at falling XCK edge.

UCPOL =1

XCK

TXD/RXD X R X X X:
L

UCPOL =0

XCK

TXD/RXD X X X X X:
I

Sample

Figure 11-24 Synchronous Mode XCKn Timing
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11.7.6 Data format

A serial frame is defined to be one character of data bits with synchronization bits (start and stop
bits), and optionally a parity bit for error checking.

The USART supports all 30 combinations of the following as valid frame formats.
- 1 start bit
-5, 6,7, 8 or 9 data bits
- no, even or odd parity bit

- 1 or 2 stop bits

A frame starts with the start bit followed by the least significant data bit (LSB). Then the next data bits,
up to a total of nine, are succeeding, ending with the most significant bit (MSB). If enabled the parity
bit is inserted after the data bits, before the stop bits. A high to low transition on data pin is considered
as start bit. When a complete frame is transmitted, it can be directly followed by a new frame, or the
communication line can be set to an idle state. The idle means high state of data pin. The next figure
shows the possible combinations of the frame formats. Bits inside brackets are optional.

:‘ 1 data frame 1

|
Idle | St DO D1 D2 D3 | p4 | 5] | 61 | D71 | (D] - Spl  [Sp2] | Idle/St

I Character bits :

Figure 11-25 frame format

1 data frame consists of the following bits
+ Idle No communication on communication line (TxD/RxD)
+ St Start bit (Low)
« Dn Data bits (0~8)
«  Parity bit ------------ Even parity, Odd parity, No parity
+  Stop bit(s) ---------- 1 bit or 2 bits

The frame format used by the USART is set by the USIZE[2:0], UPM[1:0] and USBS bits in
UCTRLXx1 register. The Transmitter and Receiver use the same setting.

11.7.7 Parity bit

The parity bit is calculated by doing an exclusive-or of all the data bits. If odd parity is used, the result
of the exclusive-or is inverted. The parity bit is located between the MSB and first stop bit of a serial
frame.
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Peven =Dny A ... "D3 "Dy "Dy 2Dy "0
Podg =Dnq ... D3 Dy A Dy Dy ™1
Peven : Parity bit using even parity

Posq : Parity bit using odd parity

D, :Data bit n of the character

11.7.8 USART Transmitter

The USART Transmitter is enabled by setting the TXE bit in UCTRLx1 register. When the
Transmitter is enabled, the normal port operation of the TXD pin is overridden by the serial output pin
of USART. The baud-rate, operation mode and frame format must be setup once before doing any
transmissions. If synchronous or spi operation is used, the clock on the XCK pin will be overridden
and used as transmission clock. If USART operates in spi mode, SS pin is used as SS input pin in
slave mode or can be configured as SS output pin in master mode. This can be done by setting
SPISS bit in UCTRLX3 register.

11.7.8.1 Sending Tx data

A data transmission is initiated by loading the transmit buffer (UDATAX register I/O location) with the
data to be transmitted. The data written in transmit buffer is moved to the shift register when the shift
register is ready to send a new frame. The shift register is loaded with the new data if it is in idle state
or immediately after the last stop bit of the previous frame is transmitted. When the shift register is
loaded with new data, it will transfer one complete frame at the settings of control registers. If the 9-bit
characters are used in asynchronous or synchronous operation mode (USIZE[2:0]=7), the ninth bit
must be written to the TX8 bit in UCTRLX3 register before loading transmit buffer (UDATA register).

11.7.8.2 Transmitter flag and interrupt

The USART Transmitter has 2 flags which indicate its state. One is USART Data Register Empty
(UDRE) and the other is Transmit Complete (TXC). Both flags can be interrupt sources.

UDRE flag indicates whether the transmit buffer is ready to receive new data. This bit is set when the
transmit buffer is empty and cleared when the transmit buffer contains data to be transmitted that has
not yet been moved into the shift register. And also this flag can be cleared by writing ‘0’ to this bit
position. Writing ‘1’ to this bit position is prevented.

When the Data Register Empty Interrupt Enable (UDRIE) bit in UCTRLx2 register is set and the
Gilobal Interrupt is enabled, USART Data Register Empty Interrupt is generated while UDRE flag is set.

The Transmit Complete (TXC) flag bit is set when the entire frame in the transmit shift register has
been shifted out and there are no more data in the transmit buffer. The TXC flag is automatically
cleared when the Transmit Complete Interrupt service routine is executed, or it can be cleared by
writing ‘0’ to TXC bit in UCTRLX2 register.

When the Transmit Complete Interrupt Enable (TXCIE) bit in UCTRLX2 register is set and the Global
Interrupt is enabled, USART Transmit Complete Interrupt is generated while TXC flag is set.
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11.7.8.3 Parity Generator

The Parity Generator calculates the parity bit for the sending serial frame data. When parity bit is
enabled (UPM[1]=1), the transmitter control logic inserts the parity bit between the MSB and the first
stop bit of the sending frame.

11.7.8.4 Disabling Transmitter

Disabling the Transmitter by clearing the TXE bit will not become effective until ongoing transmission
is completed. When the Transmitter is disabled, the TXD pin is used as normal General Purpose 1/O
(GPIO) or primary function pin.

11.7.9 USART Receiver

The USART Receiver is enabled by setting the RXE bit in the UCTRLx1 register. When the Receiver
is enabled, the normal pin operation of the RXD pin is overridden by the USART as the serial input pin
of the Receiver. The baud-rate, mode of operation and frame format must be set before serial
reception. If synchronous or spi operation is used, the clock on the XCK pin will be used as transfer
clock. If USART operates in spi mode, SS pin is used as SS input pin in slave mode or can be
configured as SS output pin in master mode. This can be done by setting SPISS bit in UCTRLx3
register.

11.7.9.1 Receiving Rx data

When USART is in synchronous or asynchronous operation mode, the Receiver starts data
reception when it detects a valid start bit (LOW) on RXD pin. Each bit after start bit is sampled at pre-
defined baud-rate (asynchronous) or sampling edge of XCK (synchronous), and shifted into the
receive shift register until the first stop bit of a frame is received. Even if there’s 2™ stop bit in the
frame, the 2" stop bit is ignored by the Receiver. That is, receiving the first stop bit means that a
complete serial frame is present in the receiver shift register and contents of the shift register are to
be moved into the receive buffer. The receive buffer is read by reading the UDATAX register.

If 9-bit characters are used (USIZE[2:0] = 7) the ninth bit is stored in the RX8 bit position in the
UCTRLX3 register. The 9" bit must be read from the RX8 bit before reading the low 8 bits from the
UDATAX register. Likewise, the error flags FE, DOR, PE must be read before reading the data from
UDATAX register. This is because the error flags are stored in the same FIFO position of the receive
buffer.

11.7.9.2 Receiver flag and interrupt

The USART Receiver has one flag that indicates the Receiver state.

The Receive Complete (RXC) flag indicates whether there are unread data present in the receive
buffer. This flag is set when there are unread data in the receive buffer and cleared when the receive
buffer is empty. If the Receiver is disabled (RXE=0), the receiver buffer is flushed and the RXC flag is
cleared.

When the Receive Complete Interrupt Enable (RXCIE) bit in the UCTRLXx2 register is set and Global
Interrupt is enabled, the USART Receiver Complete Interrupt is generated while RXC flag is set.

PS030302-0212 PRELIMINARY 100



Z51F6412
Product Specification

The USART Receiver has three error flags which are Frame Error (FE), Data OverRun (DOR) and
Parity Error (PE). These error flags can be read from the USTATX register. As data received are
stored in the 2-level receive buffer, these error flags are also stored in the same position of receive
buffer. So, before reading received data from UDATAX register, read the USTATXx register first which
contains error flags.

The Frame Error (FE) flag indicates the state of the first stop bit. The FE flag is zero when the stop
bit was correctly detected as one, and the FE flag is one when the stop bit was incorrect, ie detected
as zero. This flag can be used for detecting out-of-sync conditions between data frames.

The Data OverRun (DOR) flag indicates data loss due to a receive buffer full condition. A DOR
occurs when the receive buffer is full, and another new data is present in the receive shift register
which are to be stored into the receive buffer. After the DOR flag is set, all the incoming data are lost.
To prevent data loss or clear this flag, read the receive buffer.

The Parity Error (PE) flag indicates that the frame in the receive buffer had a Parity Error when
received. If Parity Check function is not enabled (UPM[1]=0), the PE bit is always read zero.

Note) The error flags related to receive operation are not used when USART is in spi mode.

11.7.9.3 Parity Checker

If Parity Bit is enabled (UPM[1]=1), the Parity Checker calculates the parity of the data bits in
incoming frame and compares the result with the parity bit from the received serial frame.

11.7.9.4 Disabling Receiver

In contrast to Transmitter, disabling the Receiver by clearing RXE bit makes the Receiver inactive
immediately. When the Receiver is disabled the Receiver flushes the receive buffer and the remaining
data in the buffer is all reset. The RXD pin is not overridden the function of USART, so RXD pin
becomes normal GPIO or primary function pin.

11.7.9.5 Asynchronous Data Reception

To receive asynchronous data frame, the USART includes a clock and data recovery unit. The Clock
Recovery logic is used for synchronizing the internally generated baud-rate clock to the incoming
asynchronous serial frame on the RXD pin.

The Data recovery logic samples and low pass filters the incoming bits, and this removes the noise
of RXD pin.

The next figure illustrates the sampling process of the start bit of an incoming frame. The sampling
rate is 16 times the baud-rate for normal mode, and 8 times the baud rate for Double Speed mode
(U2X=1). The horizontal arrows show the synchronization variation due to the asynchronous sampling
process. Note that larger time variation is shown when using the Double Speed mode.

PS030302-0212 PRELIMINARY 101



Z51F6412
Product Specification

RO o\ START /o
amwle TTTTTTTTTTI

r tt i

L [ [ 70 s

Figure 11-26 Start Bit Sampling

When the Receiver is enabled (RXE=1), the clock recovery logic tries to find a high to low transition
on the RXD line, the start bit condition. After detecting high to low transition on RXD line, the clock
recovery logic uses samples 8,9, and 10 for Normal mode, and samples 4, 5, and 6 for Double Speed
mode to decide if a valid start bit is received. If more than 2 samples have logical low level, it is
considered that a valid start bit is detected and the internally generated clock is synchronized to the
incoming data frame. And the data recovery can begin. The synchronization process is repeated for
each start bit.

As described above, when the Receiver clock is synchronized to the start bit, the data recovery can
begin. Data recovery process is almost similar to the clock recovery process. The data recovery logic
samples 16 times for each incoming bits for Normal mode and 8 times for Double Speed mode. And
uses sample 8, 9, and 10 to decide data value for Normal mode, samples 4, 5, and 6 for Double
Speed mode. If more than 2 samples have low levels, the received bit is considered to a logic 0 and
more than 2 samples have high levels, the received bit is considered to a logic 1. The data recovery
process is then repeated until a complete frame is received including the first stop bit. The decided bit
value is stored in the receive shift register in order. Note that the Receiver only uses the first stop bit
of a frame. Internally, after receiving the first stop bit, the Receiver is in idle state and waiting to find
start bit.

RxD ><

Sample T T
(U2X =0) k% T T

Sample #
(uz2x=1)

N4
T

R

Figure 11-27 Sampling of Data and Parity Bit

The process for detecting stop bit is like clock and data recovery process. That is, if 2 or more
samples of 3 center values have high level, correct stop bit is detected, else a Frame Error flag is set.
After deciding first stop bit whether a valid stop bit is received or not, the Receiver goes idle state and
monitors the RXD line to check a valid high to low transition is detected (start bit detection).
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Figure 11-28 Stop Bit Sampling and Next Start Bit Sampling

11.7.10 SPI Mode
The USART can be set to operate in industrial standard SPI compliant mode. The SPI mode has the
following features.
- Full duplex, three-wire synchronous data transfer
- Master or Slave operation
- Supports all four SPI modes of operation (mode0, 1, 2, and 3)
- Selectable LSB first or MSB first data transfer
- Double buffered transmit and receive
- Programmable transmit bit rate

When SPI mode is enabled (UMSEL[1:0]=3), the Slave Select (SS) pin becomes active low input in
slave mode operation, or can be output in master mode operation if SPISS bit is set.

Note that during SPI mode of operation, the pin RXD is renamed as MISO and TXD is renamed as
MOSI for compatibility to other SPI devices.

11.7.10.1 SPI Clock formats and timing

To accommodate a wide variety of synchronous serial peripherals from different manufacturers, the
USART has a clock polarity bit (UCPOL) and a clock phase control bit (UCPHA) to select one of four
clock formats for data transfers. UCPOL selectively insert an inverter in series with the clock. UCPHA
chooses between two different clock phase relationships between the clock and data. Note that
UCPHA and UCPOL bits in UCTRLx1 register have different meanings according to the UMSEL[1:0]
bits which decides the operating mode of USART.

Table below shows four combinations of UCPOL and UCPHA for SPI mode 0, 1, 2, and 3.
Table 11-14 CPOL Funtionality

SPI Mode | UCPOL | UCPHA Leading Edge Trailing Edge
0 0 0 Sample (Rising) Setup (Falling)
1 0 1 Setup (Rising) Sample (Falling)
2 1 0 Sample (Falling) Setup (Rising)
3 1 1 Setup (Falling) Sample (Rising)
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Figure 11-29 SPI Clock Formats when UCPHA=0

When UCPHA=0, the slave begins to drive its MISO output with the first data bit value when SS goes
to active low. The first XCK edge causes both the master and the slave to sample the data bit value
on their MISO and MOSI inputs, respectively. At the second XCK edge, the USART shifts the second
data bit value out to the MOSI and MISO outputs of the master and slave, respectively. Unlike the
case of UCPHA=1, when UCPHA=0, the slave’s SS input must go to its inactive high level between
transfers. This is because the slave can prepare the first data bit when it detects falling edge of SS

input.
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Figure 11-30 SPI Clock Formats when UCPHA=1

When UCPHA=1, the slave begins to drive its MISO output when SS goes active low, but the data
is not defined until the first XCK edge. The first XCK edge shifts the first bit of data from the shifter
onto the MOSI output of the master and the MISO output of the slave. The next XCK edge causes
both the master and slave to sample the data bit value on their MISO and MOSI inputs, respectively.
At the third XCK edge, the USART shifts the second data bit value out to the MOSI and MISO output
of the master and slave respectively. When UCPHA=1, the slave’s SS input is not required to go to its
inactive high level between transfers.

Because the SPI logic reuses the USART resources, SPI mode of operation is similar to that of
synchronous or asynchronous operation. An SPI transfer is initiated by checking for the USART Data
Register Empty flag (UDRE=1) and then writing a byte of data to the UDATA Register. In master
mode of operation, even if transmission is not enabled (TXE=0), writing data to the UDATA register is
necessary because the clock XCK is generated from transmitter block.

11.7.11 Register Map

Table 11-15 Register Map

Name Address Dir Default Description
UCTRLO1 E2H R/W 00H USART Control 1 Register 0
UCTRLO2 E3H R/W 00H USART Control 2 Register 0
UCTRLO3 E4H R/W 00H USART Control 3 Register 0
USTATO E5H R 80H USART Status Register 0
UBAUDO E6H R/W FFH USART Baud Rate Generation Register 0
UDATAO E7H R/W 00H USART Data Register 0
UCTRL11 FAH R/W 00H USART Control 1 Register 1
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UCTRL12 FBH R/W 00H USART Control 2 Register 1

UCTRL13 FCH R/W 00H USART Control 3 Register 1

USTAT1 FDH R 80H USART Status Register 1

UBAUD1 FEH R/W FFH USART Baud Rate Generation Register 1
UDATA1 FFH R/W 00H USART Data Register 1

UCTRL21 2F28H R/W 00H USART Control 1 Register 2

UCTRL22 2F29H R/W 00H USART Control 2 Register 2

UCTRL23 2F2AH R/W 00H USART Control 3 Register 2

USTAT2 2F2BH R 80H USART Status Register 2

UBAUD2 2F2CH R/W FFH USART Baud Rate Generation Register 2
UDATA2 2F2DH R/W 00H USART Data Register 2

UCTRL31 2F30H R/W 00H USART Control 1 Register 3

UCTRL32 2F31H R/W 00H USART Control 2 Register 3

UCTRL33 2F32H R/W 00H USART Control 3 Register 3

USTAT3 2F33H R 80H USART Status Register 3

UBAUDS3 2F34H R/W FFH USART Baud Rate Generation Register 3
UDATAS 2F35H R/W 00H USART Data Register 3

11.7.12 USART Register description

USART module consists of USART Control 1 Register (UCTRLx1), USART Control 2 Register
(UCTRLx2), USART Control 3 Register (UCTRLx3), USART Status Register (USTATx), USART Data
Register (UDATAX), and USART Baud Rate Generation Register (UBAUDX).

11.7.13 Register description for USART

UCTRLx1 (USART Control 1 Register) : E2H, FAH, 2F28H, 2F30H

7 6 5 4 3 2 1 0
USIZEA USIZEO
UMSELA1 UMSELO uPMi UPMO USIZE2 UDORD UCPHA UCPOL
RW RW RW RW RW RW RW RW
Initial value : 00H
UMSEL][1:0] Selects operation mode of USART.
UMSEL1 UMSELO Operation Mode
0 0 Asynchronous Mode (Uart)
0 1 Synchronous Mode
1 0 Reserved
1 1 SPI Mode
UPM[1:0] Selects Parity Generation and Check methods
UPM1 UPMO Parity
0 0 No Parity
0 1 Reserved
1 0 Even Parity
1 1 Odd Parity
USIZE[2:0] When in asynchronous or synchronous mode of operation, selects the
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0 0 0 5 bit
0 0 1 6 bit
0 1 0 7 bit
0 1 1 8 bit
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9 bit

This bit is in the same bit position with USIZE1. In SPI mode, when set
to one the MSB of the data byte is transmitted first. When set to zero
the LSB of the data byte is transmitted first.

0 LSB First

1 MSB First

Selects polarity of XCK in synchronous or spi mode

0 TXD change @Rising Edge, RXD change @Falling Edge
1 TXD change @ Falling Edge, RXD change @ Rising Edge

This bit is in the same bit position with USIZEO. In SPI mode, along
with UCPOL bit, selects one of two clock formats for different kinds of
synchronous serial peripherals. Leading edge means first XCK edge
and trailing edge means 2™ or last clock edge of XCK in one XCK
pulse. And Sample means detecting of incoming receive bit, Setup
means preparing transmit data.

UCPOL UCPHA Leading Edge Trailing Edge

0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)

1 1 Setup (Falling) Sample (Rising)

UCTRLx2 (USART Control 2 Register) : E3H, FBH, 2F29H, 2F31H

7 6 5

4 3 2 1 0

UDRIE | TXCIE RXCIE

| waee | TE RXE USARTEN U2x

RW RW RW

UDRIE

TXCIE

RXCIE

WAKEIE

TXE

PS030302-0212

RW RW RW RW RW
Initial value : 00H
Interrupt enable bit for USART Data Register Empty.
0 Interrupt from UDRE is inhibited (use polling)
1 When UDRE is set, request an interrupt
Interrupt enable bit for Transmit Complete.
0 Interrupt from TXC is inhibited (use polling)
1 When TXC is set, request an interrupt
Interrupt enable bit for Receive Complete
0 Interrupt from RXC is inhibited (use polling)
1 When RXC is set, request an interrupt

Interrupt enable bit for Asynchronous Wake in STOP mode. When
device is in stop mode, if RXD goes to LOW level an interrupt can be
requested to wake-up system.

0 Interrupt from Wake is inhibited

1 When WAKE is set, request an interrupt
Enables the transmitter unit.

0 Transmitter is disabled

1 Transmitter is enabled
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Enables the receiver unit.

0 Receiver is disabled

1 Receiver is enabled

Activate USART module by supplying clock.
0 USART is disabled (clock is halted)
1 USART is enabled

This bit only has effect for the asynchronous operation and selects
receiver sampling rate.

0 Normal asynchronous operation
1 Double Speed asynchronous operation

UCTRLXx3 (USART Control 3 Register) : E4H, FCH, 2F2AH, 2F32H

7 6 5 4 3 2 1 0
MASTER | Loops | Disxek | sPss | - USBS ™8 RX8
RW RW RW RW - RW RW RW
Initial value : 00H
MASTER Selects master or slave in SPI or Synchronous mode operation and
controls the direction of XCK pin.
0 Slave mode operation and XCK is input pin.
1 Master mode operation and XCK is output pin
LOOPS Controls the Loop Back mode of USART, for test mode
0 Normal operation
1 Loop Back mode
DISXCK In Synchronous mode of operation, selects the waveform of XCK
output.
0 XCK is free-running while USART is enabled in synchronous
master mode.
1 XCK is active while any frame is on transferring.
SPISS Controls the functionality of SS pin in master SPI mode.
0 SS pin is normal GPIO or other primary function
1 SS output to other slave device
USBS Selects the length of stop bit in Asynchronous or Synchronous mode of

TX8

RX8

operation.
0 1 Stop Bit
1 2 Stop Bit

The ninth bit of data frame in Asynchronous or Synchronous mode of
operation. Write this bit first before loading the UDATA register.

0 MSB (9" bit) to be transmitted is ‘0’
1 MSB (9" bit) to be transmitted is ‘1’

The ninth bit of data frame in Asynchronous or Synchronous mode of
operation. Read this bit first before reading the receive buffer.

0 MSB (9" bit) received is ‘0’
1 MSB (9" bit) received is ‘1’

USTATxX (USART Status Register) : ESH, FDH, 2F2BH, 2F33H

7 6 5 4 3 2 1 0
URE | T™C RC | wae SOFTRST DOR FE PE
RW RW RW RW RW R R R

PS030302-0212
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The UDRE flag indicates if the transmit buffer (UDATA) is ready to
receive new data. If UDRE is ‘1’, the buffer is empty and ready to be
written. This flag can generate a UDRE interrupt.

0 Transmit buffer is not empty.
1 Transmit buffer is empty.

This flag is set when the entire frame in the transmit shift register has
been shifted out and there is no new data currently present in the
transmit buffer. This flag is automatically cleared when the interrupt
service routine of a TXC interrupt is executed. This flag can generate a
TXC interrupt.

0 Transmission is ongoing.

1 Transmit buffer is empty and the data in transmit shift register
are shifted out completely.

This flag is set when there are unread data in the receive buffer and
cleared when all the data in the receive buffer are read. The RXC flag
can be used to generate a RXC interrupt.

0 There is no data unread in the receive buffer
1 There are more than 1 data in the receive buffer

This flag is set when the RX pin is detected low while the CPU is in stop
mode. This flag can be used to generate a WAKE interrupt. This bit is
set only when in asynchronous mode of operation.

0 No WAKE interrupt is generated.
1 WAKE interrupt is generated

This is an internal reset and only has effect on USART. Writing ‘1’ to
this bit initializes the internal logic of USART and is auto cleared.

0 No operation
1 Reset USART

This bit is set if a Data OverRun occurs. While this bit is set, the
incoming data frame is ignored. This flag is valid until the receive buffer
is read.

0 No Data OverRun
1 Data OverRun detected

This bit is set if the first stop bit of next character in the receive buffer is
detected as ‘0’. This bit is valid until the receive buffer is read.

0 No Frame Error
1 Frame Error detected

This bit is set if the next character in the receive buffer has a Parity
Error when received while Parity Checking is enabled. This bit is valid
until the receive buffer is read.

0 No Parity Error
1 Parity Error detected

UBAUDx(USART Baud-Rate Generation Register) : E6H, FEH, 2F2CH, 2F34H

4 3 2 1 0

| ueauD7 | uBAUDs | uBAUDS | UBAUD4 | UBAUD3 | UBAUD2 | UBAUDI | UBAUDO

7 6 5
RW RW RW
UBAUD [7:0]

RW RW RW RW RW
Initial value : FFH

The value in this register is used to generate internal baud rate in
asynchronous mode or to generate XCK clock in synchronous or
spi mode. To prevent malfunction, do not write ‘0’ in asynchronous
mode, and do not write ‘0’ or 1’ in synchronous or spi mode.

UDATAX (USART Data Register) : E7H, FFH, 2F2DH, 2F35H
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PRELIMINARY 109



Z51F6412
Product Specification

7 6 5 4 3 2 1 0
UDATA? UDATA6 | UDATA5 | UDATA4 UDATA3 UDATA2 UDATA1 UDATAO
RW RW RW RW RW RW RW RW
Initial value : 00H
UDATA[7:01 The USART Transmit Buffer and Receive Buffer share the same

PS030302-0212

/O address with this DATA register. The Transmit Data Buffer is
the destination for data written to the UDATA register. Reading the
UDATA register returns the contents of the Receive Buffer.

Write this register only when the UDRE flag is set. In spi or
synchronous master mode, write this register even if TX is not
enabled to generate clock, XCK.
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11.7.14 Baud Rate setting (example)
Table 11-16 Examples of UBAUD Settings for Commonly Used Oscillator Frequencies
fOSC=1.00MHz fOSC=1.8432MHz fOSC=2.00MHz
Baud U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 25 0.2% 51 0.2% 47 0.0% 95 0.0% 51 0.2% 103 0.2%
4800 12 0.2% 25 0.2% 23 0.0% 47 0.0% 25 0.2% 51 0.2%
9600 6 7.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0.2%
14.4K 3 8.5% 8 -3.5% 7 0.0% 15 0.0% 8 -3.5% 16 2.1%
19.2K 2 8.5% 6 7.0% 5 0.0% 11 0.0% 6 7.0% 12 0.2%
28.8K 1 8.5% 3 8.5% 3 0.0% 7 0.0% 3 8.5% 8 3.5%
38.4K 1 18.6% 2 8.5% 2 0.0% 5 0.0% 2 8.5% 6 7.0%
57.6K - 1 8.5% 1 -25.0% 3 0.0% 1 8.5% 3 8.5%
76.8K - 1 -18.6% 1 0.0% 2 0.0% 1 -18.6% 2 8.5%
o2 - : 1 0.0% - - 1 8.5%
230.4 ) ) ) ) ) ) ) )
K
fOSC=3.6864MHz fOSC=4.00MHz fOSC=7.3728MHz
Paud U2X=0 u2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 95 0.0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% - -
4800 47 0.0% 95 0.0% 51 0.2% 103 0.2% 95 0.0% 191 0.0%
9600 23 0.0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% 95 0.0%
14.4K 15 0.0% 31 0.0% 16 2.1% 34 -0.8% 31 0.0% 63 0.0%
19.2K 11 0.0% 23 0.0% 12 0.2% 25 0.2% 23 0.0% 47 0.0%
28.8K 7 0.0% 15 0.0% 8 -3.5% 16 2.1% 15 0.0% 31 0.0%
38.4K 5 0.0% 11 0.0% 6 7.0% 12 0.2% 11 0.0% 23 0.0%
57.6K 3 0.0% 7 0.0% 3 8.5% 8 -3.5% 7 0.0% 15 0.0%
76.8K 2 0.0% 5 0.0% 2 8.5% 6 -7.0% 5 0.0% 11 0.0%
115.2K 1 0.0% 3 0.0% 1 8.5% 3 8.5% 3 0.0% 7 0.0%
230.4K 1 0.0% - 1 8.5% 1 0.0% 3 0.0%
250K - 1 7.8% 1 0.0% 1 7.8% 3 7.8%
0.5M - 1 7.8%
fOSC=8.00MHz fOSC=11.0592MHz fOSC=14.7456MHz
Baud U2X=0 U2X=1 U2X=0 U2X=1 U2X=0 U2X=1
UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR | UBAUD | ERROR
2400 | 207 0.2% - - - - - - - - -
4800 103 0.2% 207 0.2% 143 0.0% - - 191 0.0% - -
9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%
14.4K 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%
19.2K 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%
28.8K 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%
38.4K 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%
57.6K 8 -3.5% 16 2.1% 11 0.0% 23 0.0% 15 0.0% 31 0.0%
76.8K 6 7.0% 12 0.2% 8 0.0% 17 0.0% 11 0.0% 23 0.0%
115.2K 3 8.5% 8 3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%
230.4K 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%
250K 1 0.0% 3 0.0% 2 7.8% 5 -7.8% 3 -7.8% 6 5.3%
0.5M 1 0.0% - 2 7.8% 1 7.8% 3 7.8%
1M - - - - 1 7.8%
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11.8 SPI

11.8.1 Overview

There is Serial Peripheral Interface (SPI) one channel in the Z51F6412 MCU. The SPI allows
synchronous serial data transfer between the external serial devices. It can do Full-duplex
communication by 4-wire (MOSI, MISO, SCK, SS), support Master/Slave mode, can select serial
clock (SCK) polarity, phase and whether LSB first data transfer or MSB first data transfer.

11.8.2 Block Diagram
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Figure 11-31 SPI Block Diagram
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11.8.3 Data Transmit / Receive Operation

User can use SPI for serial data communication by following step

1. Select SPI operation mode(master/slave, polarity, phase) by control register SPICR.

2. When the SPl is configured as a Master, it selects a Slave by SS signal (active low).
When the SPI is configured as a Slave, it is selected by SS signal incoming from Master

3. When the user writes a byte to the data register SPIDRx, SPI will start an operation.

4. In this time, if the SPI is configured as a Master, serial clock will come out of SCK pin. And Master
shifts the eight bits into the Slave (transmit), Slave shifts the eight bits into the Master at the same
time (receive). If the SPI is configured as a Slave, serial clock will come into SCK pin. And Slave
shifts the eight bits into the Master (transmit), Master shifts the eight bits into the Slave at the same
time (receive).

5. When transmit/receive is done, TCIR (Transmit Complete or Interrupt Request) bit will be set. If the
SPI interrupt is enabled, an interrupt is requested. And TCIR bit is cleared by hardware when
executing the corresponding interrupt. If SPI interrupt is disable, TCIR bit is cleared when user read
the status register SPISRx, and then access (read/write) the data register SPIDR.

Note) If you want to use both transmit and receive, set the TXENA, RXENA bit of SPISR, and if user
want to use only either transmit or receive, clear the TXENA or RXENA. In this case, user can use
disabled pin by GPIO freely.

11.8.4 SS pin function

1. When the SPI is configured as a Slave, the SS pin is always input. If LOW signal come into SS pin,
the SPI logic is active. And if ‘HIGH’ signal come into SS pin, the SPI logic is stop. In this time, SPI
logic will be reset, and invalidated any received data.

2. When the SPI is configured as a Master, the user can select the direction of the SS pin by port
direction register (PxIO[x]). If the SS pin is configured as an output, user can use general GPIO
output mode. If the SS pin is configured as an input, ‘HIGH’ signal must come into SS pin to
guarantee Master operation. If ‘LOW’ signal come into SS pin, the SPI logic interprets this as
another master selecting the SPI as a slave and starting to send data to it. To avoid bus contention,
MS bit of SPICR will be cleared and the SPI becomes a Slave and then, TCIR bit of SPISR will be
set, and if the SPI interrupt is enabled, an interrupt is requested.

Note)

- When the SS pin is configured as an output at Master mode, SS pin’s output value is defined by
user’s software (PxDA[x]). Before SPICRXx setting, the direction of SS pin must be defined

- If you don’t need to use SS pin, clear the SSENA bit of SPISR. So, you can use disabled pin by
GPIO freely. In this case, SS signal is driven by ‘HIGH’ or ‘LOW’ internally. In other words, master is
‘HIGH’, salve is ‘LOW’

- When SS pin is configured as input(master or slave), if ‘HIGH’ signal come into SS pin, this flag bit
will be set at the SS rising time. And you can clear it by writing ‘0’
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Figure 11-32 SPI Transmit/Receive Timing Diagram at CPHA =0

SCKx
(CPOL=0)

SCKx
(CPOL=1)

MISOx/MOSIx
(Output)

MOSIx/MISOx
(Input)

SSx

TCIR

SS_HIGH

T Lt

X 0 X o) oz X o5 X o0 Y o5 Y o6 Y o )

/
XDOXD1XD2XD3XD4XD5XD6XD7X

]

—

S

%__

Figure 11-33 SPI Transmit/Receive Timing Diagram at CPHA =1

11.8.6 Register Map
Table 11-17 Register Map
Name Address Dir Default Description
SPICRO D2H R/W OH SPI Control Register 0
SPIDRO D3H R/W OH SPI Data Register 0
SPISRO D4H - OH SPI Status Register 0
SPICR1 92H R/W OH SPI Control Register 1
SPIDR1 93H R/W OH SPI Data Register 1
SPISR1 F1H - OH SPI Status Register 1
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11.8.7 SPI Register description

The SPI Register consists of SPI Control Register (SPICRXx), SPI Status Register (SPISRx) and SPI
Data Register (SPIDRx)
11.8.8 Register description for SPI

SPICRx (SPI Control Register) : D2H, 92H

7 6 5 4 3 2 1 0
| seNn | RsB | Ms | cra CPHA DSCR SCRI SCRO
RW RW RW RW RW RW RW RW
Initial value : 00H
SPIEN This bit controls the SPI operation
0 SPI Disable
1 SPI Enable
FLSB This bit selects the data transmission sequence
0 MSB First
1 LSB First
MS This bit selects whether Master or Slave mode
0 Slave mode
1 Master mode
CPOL These two bits control the serial clock (SCK) mode
CPHA Clock Polarity (CPOL) bit determine SCK’s value at idle mode

Clock Phase (CPHA) bit determine if data is sampled on the leading
or trailing edge of SCK. Refer to Figure 11-32, Figure 11-33

CPOL CPHA Leading Edge Trailing Edge
0 0 Sample (Rising) Setup (Falling)
0 1 Setup (Rising) Sample (Falling)
1 0 Sample (Falling) Setup (Rising)
1 1 Setup (Falling) Sample (Rising)
DSCR These three bits select the SCK rate of the device configured as a
SCRJ[2:0] migteer. When DSCR bit is written one, SCK will be doubled in Master

fx— Main system clock oscillation frequency.
DSCR SCR1 SCRO SCK frequency

0 0 fx/4
0 0 1 fx/16
0 1 0 fx/64
0 1 1 fx/128
1 0 0 fx/2
1 0 1 fx/8
1 1 0 fx/32
1 1 1 fx/64
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SPIDRx (SPI Data Register) : D3H, 93H

7

6

5

4 3 2 1 0

| sPor7 | sPDRe | sPDRs | sPpoRe | SPDR3 | sPDRe | SPDR1 | SPDRo

RW

RW

RW

SPIDR [7:0]

RW RW RW RW RW
Initial value : 00OH

SPI data register.

Although you only use reception, user must write any data in here
to start the SPI operation.

SPISRx (SPI Status Register) : D4H, F1H

7 6 5 4 3 2 1 0
| TcR | weoL | ssHeH | - - SSENA TXENA RXENA
R R RW - - RW RW RW
Initial value : 00H
TCIR When a serial data transmission is complete, the TCIR bit is set. If the
SPI interrupt is enabled, an interrupt is requested. And TCIR bit is
cleared by hardware when executing the corresponding interrupt. If SPI
interrupt is disable, TCIR bit is cleared when user read the status
register SPISR, and then access (read/write) the data register SPIDR.
0 Interrupt cleared
1 Transmission Complete and Interrupt Requested
WCOL This bit is set if the data register SPIDR is written during a data transfer.
This bit is cleared when user read the status register SPISR, and then
access (read/write) the data register SPIDR.
0 No collision
1 Write Collision
SS_HIGH When SS pin is configured as input(master or slave), if ‘HIGH’ signal
come into SS pin, this flag bit will be set at the SS rising time. And you
can clear it by writing ‘0’.
You can write only zero.
0 Flag is cleared
1 Flag is set
SSENA This bit controls the SS pin operation
0 Disable
1 Enable
TXENA This bit controls a data transfer operation
0 Disable
1 Enable
RXENA This bit controls a data reception operation
0 Disable
1 Enable
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119 I’C

11.9.1 Overview

The I°C is one of industrial standard serial communication protocols, and which uses 2 bus lines
Serial Data Line (SDA) and Serial Clock Line (SCL) to exchange data. Because both SDA and SCL
lines are open-drain output, each line needs pull-up resistor. The features are as shown below.

- Compatible with I°C bus standard
- Multi-master operation

- Up to 400 KHz data transfer speed
- 7 bit address

- Support 2 slave addresses

- Both master and slave operation

- Bus busy detection

11.9.2 Block Diagram

Slave Addr. Register /1—'\’-\‘
(12CSAR) N——/
Debounce
enable Slave Addr. Register1 [/  — N
(12CSAR1) N——/ |
Noise n
SDA D_‘ Canceller 8-bit Shift Register t
debounce FIF (SHFTR) e
r
n
] A\ a
SDAOUT N SDA _ Data Out Register !
Out Controller | (I2CDR) B
A\ ) u
s
Debounce SCL High Period Register[ L
ScLIN (12CSCLHR) N——— i
Noise SCL SCL Low Period Register /l— 2
ScL D_' Canceller Out Controller [© (12CSCLLR) N————
SDA Hold Time Register k'————
"< (I2CDAHR) N
— scLouT L
v

Figure 11-34 I°C Block Diagram

11.9.3 I°C Bit Transfer

The data on the SDA line must be stable during HIGH period of the clock, SCL. The HIGH or LOW
state of the data line can only change when the clock signal on the SCL line is LOW. The exceptions
are START(S), repeated START(Sr) and STOP(P) condition where data line changes when clock line
is high.
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- E—
SCL — \

Data line Stable:
Data valid
exept S, Sr, P

Change of Data
allowed

Figure 11-35 Bit Transfer on the I’C-Bus

11.9.4 Start / Repeated Start / Stop

One master can issue a START (S) condition to notice other devices connected to the SCL, SDA
lines that it will use the bus. A STOP (P) condition is generated by the master to release the bus lines
so that other devices can use it.

A high to low transition on the SDA line while SCL is high defines a START (S) condition.
A low to high transition on the SDA line while SCL is high defines a STOP (P) condition.

START and STOP conditions are always generated by the master. The bus is considered to be
busy after START condition. The bus is considered to be free again after STOP condition, ie, the bus
is busy between START and STOP condition. If a repeated START condition (Sr) is generated
instead of STOP condition, the bus stays busy. So, the START and repeated START conditions are
functionally identical.

A . X/

ALY

oo\ [\,

START Condition STOP Condition

Figure 11-36 START and STOP Condition

11.9.5 Data Transfer

Every byte put on the SDA line must be 8-bits long. The number of bytes that can be transmitted
per transfer is unlimited. Each byte has to be followed by an acknowledge bit. Data is transferred with
the most significant bit (MSB) first. If a slave can’t receive or transmit another complete byte of data
until it has performed some other function, it can hold the clock line SCL LOW to force the master into
a wait state. Data transfer then continues when the slave is ready for another byte of data and
releases clock line SCL.
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P
s T\ XX/ X G OXX X
MSB Acknowledgement Acknowledgement Sr
Signal form Slave Signal form Slave
Byte Complete, Clock line held low while
Interrupt within Device interrupts are served.
1 9 1 9
ScL S —/ —R— 1—L’ ‘—a—/_\—/ Sr
or ACK ACK or
Sr P
START or Repeated STOP or Repeated
START Condition START Condition

Figure 11-37 Data Transfer on the I’C-Bus

11.9.6 Acknowledge

The acknowledge related clock pulse is generated by the master. The transmitter releases the SDA
line (HIGH) during the acknowledge clock pulse. The receiver must pull down the SDA line during the
acknowledge clock pulse so that it remains stable LOW during the HIGH period of this clock pulse.
When a slave is addressed by a master (Address Packet), and if it is unable to receive or transmit
because it's performing some real time function, the data line must be left HIGH by the slave. And
also, when a slave addressed by a master is unable to receive more data bits, the slave receiver must
release the SDA line (Data Packet). The master can then generate either a STOP condition to abort
the transfer, or a repeated START condition to start a new transfer.

If a master receiver is involved in a transfer, it must signal the end of data to the slave transmitter by
not generating an acknowledge on the last byte that was clocked out of the slave. The slave
transmitter must release the data line to allow the master to generate a STOP or repeated START
condition.

h>Y
By Transmitior X X N XX

ASY

Data Output ¢
By Receiver \_/

SCL From MASTER _/1\_/2\ /8N\_/9oN\___
T— Clock pulse for ACK

Figure 11-38 Acknowledge on the I’C-Bus

11.9.7 Synchronization / Arbitration

Clock synchronization is performed using the wired-AND connection of I°C interfaces to the SCL
line. This means that a HIGH to LOW transition on the SCL line will cause the devices concerned to
start counting off their LOW period and it will hold the SCL line in that state until the clock HIGH state
is reached. However the LOW to HIGH transition of this clock may not change the state of the SCL
line if another clock is still within its LOW period. In this way, a synchronized SCL clock is generated
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with its LOW period determined by the device with the longest clock LOW period, and its HIGH period
determined by the one with the shortest clock HIGH period.

A master may start a transfer only if the bus is free. Two or more masters may generate a START
condition. Arbitration takes place on the SDA line, while the SCL line is at the HIGH level, in such a
way that the master which transmits a HIGH level, while another master is transmitting a LOW level
will switch off its DATA output state because the level on the bus doesn’t correspond to its own level.
Arbitration continues for many bits until a winning master gets the ownership of I°C bus. lIts first stage
is comparison of the address bits.

Wait High Start High
Counting Counting

Fast Device
SCLOUT

High Counter
—Reset

Slow Device Y
SCLOUT \4—\—,
\

SCL \

Figure 11-39 Clock Synchronization during Arbitration Procedure

idi

Arbitration Process Device 1 loses Device1 outputs
not adaped Arbitration High
Device1
DataOut \ / \ /
Device2

DataOut \_ J \ /_ _\—/_
SDA on BUS ——\— _/—\ /——\—/—

SCL on BUS \ /_\ /_\ _\ '—\ /—\

Figure 11-40 Arbitration Procedure of Two Masters

11.9.8 Operation

The I°C is byte-oriented and interrupt based. Interrupts are issued after all bus events except for a
transmission of a START condition. Because the I°C is interrupt based, the application software is
free to carry on other operations during a I°C byte transfer.

Note that when a I°C interrupt is generated, IIF flag in I2CMR register is set, it is cleared by writing
an arbitrary value to I2CSR. When I°C interrupt occurs, the SCL line is hold LOW until writing any
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value to I2CSR. When the IIF flag is set, the I2CSR contains a value indicating the current state of the
I12C bus. According to the value in I2CSR, software can decide what to do next.

I°C can operate in 4 modes by configuring master/slave, transmitter/receiver. The operating mode
is configured by a winning master. A more detailed explanation follows below.

11.9.8.1 Master Transmitter

To operate I°C in master transmitter, follow the recommended steps below.

1.
2.

Enable I°C by setting IICEN bit in I2CMR. This provides main clock to the peripheral.

Load SLA+W into the I2CDR where SLA is address of slave device and W is transfer
direction from the viewpoint of the master. For master transmitter, W is ‘0’. Note that I2CDR is
used for both address and data.

Configure baud rate by writing desired value to both I2CSCLLR and I2CSCLHR for the Low
and High period of SCL line.

Configure the I2CSDAHR to decide when SDA changes value from falling edge of SCL. If
SDA should change in the middle of SCL LOW period, load half the value of I2CSCLLR to the
[2CSDAHR.

Set the START bit in 2CMR. This transmits a START condition. And also configure how to
handle interrupt and ACK signal. When the START bit is set, 8-bit data in I2CDR is
transmitted out according to the baud-rate.

This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmitted to target slave device, the master can know
whether the slave acknowledged or not in the 9™ high period of SCL. If the master gains bus
mastership, 12C generates GCALL interrupt regardless of the reception of ACK from the slave
device. When I°C loses bus mastership during arbitration process, the MLOST bit in I2CSR is
set, and I°C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLSOT bit in I2CSR is set, the ACKEN bit in 2CMR must be set and the
received 7-bit address must equal to the SLA bits in I2CSAR. In this case I°C operates as a
slave transmitter or a slave receiver (go to appropriate section). In this stage, I°C holds the
SCL LOW. This is because to decide whether I°C continues serial transfer or stops
communication. The following steps continue assuming that I°C does not lose mastership
during first data transfer.

I°C (Master) can choose one of the following cases regardless of the reception of ACK signal
from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can
receive more data from master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the
STOP bit in I2CMR.

3) Master transmits repeated START condition with not checking ACK signal. In this case,
load SLA+R/W into the I2CDR and set START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of
3), move to step 6 after transmitting the data in I2CDR and if transfer direction bit is ‘1’ go to
master receiver section.

1-Byte of data is being transmitted. During data transfer, bus arbitration continues.
This is ACK signal processing stage for data packet transmitted by master. I°C holds the SCL
LOW. When I°C loses bus mastership while transmitting data arbitrating other masters, the

MLOST bit in I2CSR is set. If then, I°C waits in idle state. When the data in I2CDR is
transmitted completely, I’C generates TEND interrupt.

I°C can choose one of the following cases regardless of the reception of ACK signal from
slave.

PS030302-0212 PRELIMINARY 121



Z51F6412
Product Specification

1) Master receives ACK signal from slave, so continues data transfer because slave can
receive more data from master. In this case, load data to transmit to I2CDR.

2) Master stops data transfer even if it receives ACK signal from slave. In this case, set the
STOP bit in I2CMR.

3) Master transmits repeated START condition with not checking ACK signal. In this case,
load SLA+R/W into the I2CDR and set the START bit in 2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of
3), move to step 6 after transmitting the data in I2CDR, and if transfer direction bit is ‘1’ go to
master receiver section.

9. This is the final step for master transmitter function of I°C, handling STOP interrupt. The
STOP bit indicates that data transfer between master and slave is over. To clear I2CSR, write
arbitrary value to I2CSR. After this, I°C enters idle state.
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The next figure depicts above process for master transmitter operation of 1°C.

Masf[er <4— SLA+R |« S or Sr [«
Receiver
v
SLA+W
AcK>N »| stop » P
»
LOST
\ 4 A 4 v A
» paTA || Rs || stop || LosT || LosTa |
A
Slave Receiver (0x1D)
or Transmitter (0x1F)
AR sToP | P ]
» ot | |
L — 5| LOST Other master continues

A

Cont? >« Lost? Y

J ]
STOP I:I From slave to master

(&)
P ‘ Interrupt, SCL line is held low

III Interrupt after stop command

Arbitration lost as master and
addressed as slave

From master to slave /
Master command or Data Write

Value of Status Register

¥

Figure 11-41 Formats and States in the Master Transmitter Mode
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11.9.8.2 Master Receiver

To operate I°C in master receiver, follow the recommended steps below.

1.
2.

Enable 12C by setting IICEN bit in I2CMR. This provides main clock to the peripheral.

Load SLA+R into the I2CDR where SLA is address of slave device and R is transfer direction
from the viewpoint of the master. For master receiver, R is ‘1’. Note that I2CDR is used for
both address and data.

Configure baud rate by writing desired value to both 2CSCLLR and I2CSCLHR for the Low
and High period of SCL line.

Configure the I2CSDAHR to decide when SDA changes value from falling edge of SCL. If
SDA should change in the middle of SCL LOW period, load half the value of I2CSCLLR to the
[2CSDAHR.

Set the START bit in 2CMR. This transmits a START condition. And also configure how to
handle interrupt and ACK signal. When the START bit is set, 8-bit data in I2CDR is
transmitted out according to the baud-rate.

This is ACK signal processing stage for address packet transmitted by master. When 7-bit
address and 1-bit transfer direction is transmltted to target slave device, the master can know
whether the sIave acknowledged or not in the 9" high period of SCL. If the master gains bus
mastership, I1°C generates GCALL interrupt regardless of the reception of ACK from the slave
device. When I°C loses bus mastership during arbitration process, the MLOST bit in I2CSR is
set, and 12C waits in idle state or can be operate as an addressed slave. To operate as a
slave when the MLSOT bit in I12CSR is set, the ACKEN bit in 2CMR must be set and the
received 7-bit address must equal to the SLA bits in I2CSAR. In this case I°C operates asa
slave transmitter or a slave receiver (go to approprlate section). In this stage, I°C holds the
SCL LOW. This is because to decide whether I°C continues serlal transfer or stops
communication. The following steps continue assuming that I°C does not lose mastership
during first data transfer.

I2C (Master) can choose one of the following cases according to the reception of ACK signal
from slave.

1) Master receives ACK signal from slave, so continues data transfer because slave can
prepare and transmit more data to master. Configure ACKEN bit in I2CMR to decide whether
I°C ACKnowledges the next data to be received or not.

2) Master stops data transfer because it receives no ACK signal from slave. In this case, set
the STOP bit in I2CMR.

3) Master transmits repeated START condition due to no ACK signal from slave. In this case,
load SLA+R/W into the I12CDR and set START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1), move to step 7. In case of 2), move to step 9 to handle STOP interrupt. In case of
3), move to step 6 after transmitting the data in I2CDR and if transfer direction bit is ‘0’ go to
master transmitter section.

1-Byte of data is being received.

This is ACK signal processing stage for data packet transmitted by slave. I°C holds the SCL
LOW. When 1-Byte of data is received completely, I°C generates TEND interrupt.

I°C can choose one of the following cases according to the RXACK flag in I2CSR.

1) Master continues receiving data from slave. To do this, set ACKEN bit in I2CMR to
ACKnowledge the next data to be received.

2) Master wants to terminate data transfer when it receives next data by not generating ACK
signal. This can be done by clearing ACKEN bit in I2CMR.

3) Because no ACK signal is detected, master terminates data transfer. In this case, set the
STOP bit in I2CMR.

4) No ACK signal is detected, and master transmits repeated START condition. In this case,
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load SLA+R/W into the I2CDR and set the START bit in I2CMR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1) and 2), move to step 7. In case of 3), move to step 9 to handle STOP interrupt. In
case of 4), move to step 6 after transmitting the data in I2CDR, and if transfer direction bit is
‘0’ go to master transmitter section.

9. This is the final step for master receiver function of I°C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear I2CSR, write
arbitrary value to I2CSR. After this, I°C enters idle state.

The processes described above for master receiver operation of 12C can be depicted as the following
figure.

Master o ['g) a+w |«—] Sorsr
Transmitter

A

SLA+R

N

STOP » P
@ Y

A 4 A 4 A 4 A 4

—>| DATA || Rs | | LOST || LOST&|

>
0
P
A 4

Slave Receiver (0x1D)
or Transmitter (Ox1F)
—
> Sr
x
N
ACK » STOP — P
v
——>»| LOST Other master continues

From slave to master

Value of Status Register P Interrupt after stop command

Arbitration lost as master and
addressed as slave

From master to slave /
Master command or Data Write o
Interrupt, SCL line is held low

LOSTS

Figure 11-42 Formats and States in the Master Receiver Mode
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11.9.8.3 Slave Transmitter

To operate I°C in slave transmitter, follow the recommended steps below.

1.

If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00
into I2CSDAHR to make SDA change within one system clock period from the falling edge of
SCL. Note that the hold time of SDA is calculated by SDAH x period of SCLK where SDAH is
multiple of number of SCLK coming from I2CSDAHR. When the hold time of SDA is longer
than the period of SCLK, I°C (slave) cannot transmit serial data properly.

Enable I°C by setting IICEN bit and INTEN bit in I2CMR. This provides main clock to the
peripheral.

When a START condition is detected, I°C receives one byte of data and compares it with SLA
bits in I2CSAR. If the GCALLEN bit in I2CSAR is enabled, I°C compares the received data
with value 0x00, the general call address.

If the received address does not equal to SLA bits in I2CSAR, I°C enters idle state ie, waits
for another START condition. Else if the address equals to SLA bits and the ACKEN bit is
enabled, I°C generates SSEL interrupt and the SCL line is held LOW. Note that even if the
address equals to SLA bits, when the ACKEN bit is disabled, 12C enters idle state. When
SSEL interrupt occurs, load transmit data to I2CDR and write arbitrary value to I2CSR to
release SCL line.

1-Byte of data is being transmitted.

In this step, 12C generates TEND interrupt and holds the SCL line LOW regardless of the
reception of ACK signal from master. Slave can select one of the following cases.

1) No ACK signal is detected and I°C waits STOP or repeated START condition.
2) ACK signal from master is detected. Load data to transmit into I2CDR.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1) move to step 7 to terminate communication. In case of 2) move to step 5. In either
case, a repeated START condition can be detected. For that case, move step 4.

This is the final step for slave transmitter function of I°’C, handling STOP interrupt. The STOP
bit indicates that data transfer between master and slave is over. To clear I2CSR, write
arbitrary value to I2CSR. After this, 12C enters idle state.

PS030302-0212 PRELIMINARY 126



Z51F6412
Product Specification

Y Y
|

The next figure shows flow chart for handling slave transmitter function of I°C.
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» STOP
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Master command or Data Write Interrupt, SCL line is held low

From slave to master

Interrupt after stop command

Arbitration lost as master and
Value of Status Register LOST& _idressed as slave

CALL| General Call Address

HIERE

Figure 11-43 Formats and States in the Slave Transmitter Mode
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11.9.8.4 Slave Receiver

To operate I°C in slave receiver, follow the recommended steps below.

1.

If the main operating clock (SCLK) of the system is slower than that of SCL, load value 0x00
into I2CSDAHR to make SDA change within one system clock period from the falling edge of
SCL. Note that the hold time of SDA is calculated by SDAH x period of SCLK where SDAH is
multiple of number of SCLK coming from I2CSDAHR. When the hold time of SDA is longer
than the period of SCLK, I°C (slave) cannot transmit serial data properly.

Enable I°C by setting IICEN bit and INTEN bit in I2CMR. This provides main clock to the
peripheral.

When a START condition is detected, I°C receives one byte of data and compares it with SLA
bits in I2CSAR. If the GCALLEN bit in I2CSAR is enabled, I°C compares the received data
with value 0x00, the general call address.

If the received address does not equal to SLA bits in I2CSAR, I°C enters idle state ie, waits
for another START condition. Else if the address equals to SLA bits and the ACKEN bit is
enabled, I°C generates SSEL interrupt and the SCL line is heId LOW. Note that even if the
address equals to SLA bits, when the ACKEN bit is disabled, I°C enters idle state. When
SSEL interrupt occurs and I°C is ready to receive data, write arbitrary value to I2CSR to
release SCL line.

1-Byte of data is being received.

In this step, I°C generates TEND interrupt and holds the SCL line LOW regardless of the
reception of ACK signal from master. Slave can select one of the following cases.

1) No ACK signal is detected (ACKEN=0) and I°C waits STOP or repeated START condition.
2) ACK signal is detected (ACKEN=1) and I°C can continue to receive data from master.

After doing one of the actions above, write arbitrary value to I2CSR to release SCL line. In
case of 1) move to step 7 to terminate communication. In case of 2) move to step 5. In either
case, a repeated START condition can be detected. For that case, move step 4.

This is the final step for slave receiver function of I°C, handling STOP interrupt. The STOP bit
indicates that data transfer between master and slave is over. To clear I2CSR, write arbitrary
value to I2CSR. After this, I°C enters idle state.

The process can be depicted as following figure when I°C operates in slave receiver mode.
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Figure 11-44 Formats and States in the Slave Receiver Mode

11.9.9 Register Map

Name Address Dir Default Description
I2CMR DAH R/W 00H [°C Mode Control Register
I2CSR DBH R 00H [°C Status Register
I2CSCLLR DCH R/W 3FH SCL Low Period Register
I2CSCLHR DDH R/W 3FH SCL High Period Register
I2CSDAHR DEH R/W 01H SDA Hold Time Register
I2CDR DFH R/W FFH [°C Data Register
I2CSAR D7H R/W 00H I°C Slave Address Register
12CSAR1 D6H R/W 00H I°C Slave Address Register 1

PS030302-0212 PRELIMINARY 129



Z51F6412
Product Specification

0

11.9.10 I°C Register description

I°C Registers are composed of I°C Mode Control Register (I2CMR), I°C Status Register (I2CSR),
SCL Low Period Register (I2CSCLLR), SCL High Period Register (I2CSCLHR), SDA Hold Time
Register (I2CSDAHR), I°C Data Register (I2CDR), and I°C Slave Address Register (I2CSAR).
11.9.11 Register description for I°C

I2CMR (I°C Mode Control Register) : DAH

7 6 5 4 3 2 1 0
[ wF | wen | Reser [ NEN [ AckeN | WMaSTER | stop | smRT
RW RW RW RW RW R RW RW
Initial value : 00H
lIF This is interrupt flag bit.

0 No interrupt is generated or interrupt is cleared
1 An interrupt is generated

lICEN Enable I°’C Function Block (by providing clock)
0 IC is inactive
1 I°C is active

RESET Initialize internal registers of I°C.
0 No operation
1 Initialize 1°C, auto cleared

INTEN Enable interrupt generation of I2C.
0 Disable interrupt, operates in polling mode
1 Enable interrupt

ACKEN Controls ACK signal generation at ninth SCL period.
Note) ACK signal is output (SDA=0) for the following 3 cases.
When received address packet equals to SLA bits in 2CSAR
When received address packet equals to value 0x00 with GCALL

enabled
When I°C operates as a receiver (master or slave)
0 No ACK signal is generated (SDA=1)
1 ACK signal is generated (SDA=0)
MASTER Represent operating mode of 1’c
0 IC is in slave mode
1 IC is in master mode
STOP When I°C is master, generates STOP condition.
0 No operation
1 STOP condition is to be generated
START When I?C is master, generates START condition.
0 No operation
1 START or repeated START condition is to be generated
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I2CSR (I°C Status Register) : DBH

7 6 5 4 3 2 1 0
| acaL | m™w | sop | s | most | BusYy | TMODE | Rxack
R R R R R R R R

Initial value : 00OH

GCALL This bit has different meaning depending on whether I°C is master or
slave. Note 1)

When IC is a master, this bit represents whether it received AACK
(Address ACK) from slave.

When I12C is a slave, this bit is used to indicate general call.

0 No AACK is received (Master mode)
1 AACK is received (Master mode)
0 Received address is not general call address (Slave mode)
1 General call address is detected (Slave mode)
TEND This bit is set when 1-Byte of data is transferred completely. Note 1)
0 1 byte of data is not completely transferred
1 1 byte of data is completely transferred
STOP This bit is set when STOP condition is detected. Note 1)
0 No STOP condition is detected
1 STOP condition is detected
SSEL This bit is set when I°C is addressed by other master. Note 1)
0 IC is not selected as slave
1 IC is addressed by other master and acts as a slave
MLOST This bit represents the result of bus arbitration in master mode. Note 1)
0 I2C maintains bus mastership
1 I°C has lost bus mastership during arbitration process
BUSY This bit reflects bus status.
0 IC bus is idle, so any master can issue a START condition
1 I°C bus is busy
TMODE This bit is used to indicate whether 12C is transmitter or receiver.
0 IC is a receiver
1 C is a transmitter
RXACK This bit shows the state of ACK signal.
0 No ACK is received
1 ACK is generated at ninth SCL period

Note 1) These bits can be source of interrupt.

When an I°C interrupt occurs except for STOP interrupt, the SCL line is hold LOW. To release SCL,
write arbitrary value to I2CSR. When I12CSR is written, the TEND, STOP, SSEL, LOST, RXACK bits
are cleared.
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I12CSCLLR (SCL Low Period Register) : DCH

7 6 5 4 3 2 1 0
scuy | scus | scus | scus | scus | sou2 | sowt | sowo
RW RW RW RW RW RW RW RW

Initial value : 3FH

SCLL[7:0] This register defines the LOW period of SCL when I°C operates in
master mode. The base clock is SCLK, the system clock, and the
period is calculated by the formula : tscik x (4 x SCLL + 1) where
tscik is the period of SCLK.

I12CSCLHR (SCL High Period Register) : DDH

7 6 5 4 3 2 1 0
soH7 | sce | sans | sc4 | sous SCLH2 SCLH SCLHO
RW RW RW RW RW RW RW RW

Initial value : 3FH

SCLH[7:0] This register defines the HIGH period of SCL when 1’c operates in
master mode. The base clock is SCLK, the system clock, and the
period is calculated by the formula : tscik X (4 x SCLH + 3) where
tscik is the period of SCLK.

So, the operating frequency of I°C in master mode (fl2C) is calculated by the following equation.
1

~ tSCLK x (4 (SCLL + SCLH) + 4)

fi2zc

I12CSDAHR (SDA Hold Time Register) : DEH

7 6 5 4 3 2 1 0
SDAH7 | SDAHE SDAH5 | SDAH4 SDAH3 SDAH2 SDAH1 SDAHO
RW RW RW RW RW RW RW RW

Initial value : 01H

SDAH[7:0] This register is used to control SDA output timing from the falling
edge of SCL. Note that SDA is changed after tscik X SDAH. In
master mode, load half the value of SCLL to this register to make
SDA change in the middle of SCL. In slave mode, configure this
register regarding the frequency of SCL from master. The SDA is
changed after tscik X (SDAH + 1). So, to insure normal operation
in slave mode, the value tscik X (SDAH + 1) must be smaller than
the period of SCL.

I2CDR (I°C Data Register) : DFH

7 6 5 4 3 2 1 0
| oz | e | ;s | e icD3 icD2 D1 ICDO
RW RW RW RW RW RW RW RW

Initial value : FFH

ICD[7:0] When I°C is configured as a transmitter, load this register with data
to be transmitted. When I°C is a receiver, the received data is
stored into this register.
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0

when I°C operates in slave mode.

0 Ignore general call address
1 Allow general call address

I12CSAR1 (12C Slave Address Register 1) : D6H

7 6 5 4 3 2 1 0
| saz | s | s | sm [ s [ s | sal | GeAalEN
RW RW RW RW RW RW RW RW
Initial value : 00H
SLA[7:1] These bits configure the slave address of this I’C module when
12C operates in slave mode.
GCALLEN This bit decides whether 1°C allows general call address or not

7 6 5 4 3 2 1 0
ssa7 | s | s | sm [ s SLA2 SLA1 GCALLEN
RW RW RW RW RW RW RW RW
Initial value : 00H
SLA[7:1] These bits configure the slave address of this 12C module when
12C operates in slave mode.
GCALLEN This bit decides whether 12C allows general call address or not

PS030302-0212

when 12C operates in slave mode.
0 Ignore general call address
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PRELIMINARY

133



Z51F6412
Product Specification

11.10 12-Bit A/D Converter

11.10.1 Overview

The analog-to-digital converter (A/D) allows conversion of an analog input signal to a corresponding
12-bit digital value. The A/D module has tenth analog inputs. The output of the multiplex is the input
into the converter, which generates the result via successive approximation. The A/D module has four
registers which are the control register ADCM (A/D Converter Mode Register), ADCM2 (A/D
Converter Mode Register 2) and A/D result register ADCHR (A/D Converter Result High Register) and
ADCLR (A/D Converter Result Low Register). It is selected for the corresponding channel to be
converted by setting ADSEL[3:0]. To executing A/D conversion, ADST bit sets to ‘1’. The register
ADCHR and ADCLR contains the results of the A/D conversion. When the conversion is completed,
the result is loaded into the ADCHR and ADCLR, the A/D conversion status bit AFLAG is set to ‘1°,
and the A/D interrupt is set. For processing A/D conversion, AFLAG bit is read as ‘0’. If using STBY
(power down) bit, the ADC is disabled. Also internal timer, external generating event, comparator, the
trigger of timer1pwm and etc. can start ADC regardless of interrupt occurrence.

ADC Conversion Time = ADCLK * 60 cycles

After STBY bit is reset (ADC power enable) and it is restarted, during some cycle, ADC conversion
value may have an inaccurate value.

11.10.2 Block Diagram

2
=4
Pre >
SCLK scaler |-=8__,] MUX
432
¢ 12bit A/D Converter Data Register
2
ADCRH[7:0 ADCRL[7:4
~—_ CKSEL[1:0]  ADCLK (8,,“[) ! (4,,“[) ! ADST
VDD18 - - lmear
[9By] é [9Cx]

AN14
AN13
AN12

%12 AFLAG
A
_ Successive
MUX id
A’D—> Approximation »>| ADIF =|‘:,?:"upt
Circuit

Comparator

AN1
ANO

T

e
14
ADS[3:0]

REFSEL

v
o/o .| Resistor Ladder

Circuit

T

A

ANO

Figure 11-45 ADC Block Diagram
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Analog ANO ~ AN14 Analog , AVDD
Input Power
Input
0~1000pF 22uF
Figure 11-46 A/D Analog Input Pin Figure 11-47 A/D Power(AVDD) Pin
Connecting Capacitor Connecting Capacitor

11.10.3 ADC Operation

Align bit set “0”

|ADCO11 |ADCO10| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

V} Yy Y V} Y A\ Y Y V} Yy Y A 4
| ADCRH7 | ADCRH6 | ADCRH5 | ADCRH4 | ADCRH3 | ADCRH2 | ADCRH1 | ADCRHO | ADCRL7 | ADCRL6 | ADCRLS5 | ADCRL4 |

. A ~/
—~ g
. ADCRL[7:4]
ADCRHI[7:0] ADCRL[3:0] bits are “0”

Align bit set “1”

|ADCO11 |ADCO10| ADCO9 | ADCO8 | ADCO7 | ADCO6 | ADCO5 | ADCO4 | ADCO3 | ADCO2 | ADCO1 | ADCO0 |

y Y A Y Y A Y A 4 y Y

|ADCRH3 | ADCRH2 | ADCRH1 |ADCRHO | ADCRL7 | ADCRL6 | ADCRL5 | ADCRL4 | ADCRL3 | ADCRL2 | ADCRL1 | ADCRLO |

- I _
~ —~

ADCRH[4:0] .
ADCRH[7:4] bits are “0” ADCRL[7:0]

Figure 11-48 ADC Operation for Align bit
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SET ADCM2

READ ADCRHI/L

a2 O O O 1

Y

ADC END ]

Select ADC Clock & Data Align Bit.

ADC enable & Select AN Input Channel.

Start ADC Conversion.

If Conversion is completed, AFLG is set “1” and ADC
interrupt is occurred.

After Conversion is completed, read ADCRH and ADCRL.

11.10.4 Register Map

Figure 11-49 Converter Operation Flow

Name Address Dir Default Description
ADCM 9AH R/W 8FH A/D Converter Mode Register
ADCRH 9BH R A/D Converter Result High Register
ADCRL 9CH R A/D Converter Result Low Register
ADCM2 9BH R/W 01H A/D Converter Mode 2 Register

11.10.5 ADC Register description

The ADC Register consists of A/D Converter Mode Register (ADCM), A/D Converter Result High
Register (ADCRH), A/D Converter Result Low Register (ADCRL), A/D Converter Mode 2 Register

(ADCM2).

Note) when STBY bit is set to ‘1°, ADCM2 can be read. If ADC enables, it is possible only to write
ADCM2.When reading, ADCRH is read.
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11.10.6 Register description for ADC

ADCM (A/D Converter Mode Register) : 9AH

7 6 5 4 3 2 1 0
| smy | osT REFSEL | AFAG | ADSEL3 | ADSEL2 | ADSEL1 | ADSELO
RW RW RW R RW RW RW RW
Initial value : 8FH
STBY Control operation of A/D standby (power down)
0 ADC module enable
1 ADC module disable (power down)
ADST Control A/D Conversion stop/start.
0 ADC Conversion Stop
1 ADC Conversion Start
REFSEL A/D Converter reference selection
0 Internal Reference (VDD)
1 External Reference(AVREF, ANO disable)
AFLAG A/D Converter operation state
0 During A/D Conversion
1 A/D Conversion finished

ADSEL[3:0] A/D Converter input selection
ADSEL3 ADSEL ADSEL ADSEL Description

2 1 0

0 0 0 0 Channel0(ANO)

0 0 0 1 Channel1(ANT1)

0 0 1 0 Channel2(AN2)

0 0 1 1 Channel3(AN3)

0 1 0 0 Channel4(AN4)

0 1 0 1 Channel5(ANS5)

0 1 1 0 Channel6(ANG)

0 1 1 1 Channel7(AN7)

1 0 0 0 Channel8(AN8)

1 0 0 1 Channel9(AN9)

1 0 1 0 Channel10(AN10)
1 0 1 1 Channel11(AN11)
1 1 0 0 Channel12(AN12)
1 1 0 1 Channel13(AN13)
1 1 1 0 Channel14(AN14)
1 1 1 1 Channel15(VDD18)
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ADCRH (A/D Converter Result High Register) : 9BH
7 6 5 4 3 2 1 0
ADDM11 ADDM10 ADDM9 ADDM8 ADDM7 ADDM6 ADDM5 ADD\VM4
ADDL11 ADDL10 ADDL9 ADDL8
R R R R R R R R
Initial value : xxH
ADDM[11:4] MSB align, A/D Converter High result (8-bit)
ADDL[11:8] LSB align, A/D Converter High result (4-bit)

ADCRL (A/D Converter Result Low Register) : 9CH

7 6 5 4 3 2 1 0
ADDM3 ADDM2 ADDM1 ADDMO
ADDL7 ADDL6 ADDL5 ADDL4 ADDL3 ADDL2 ADDL1 ADDLO
R R R R R R R R
Initial value : xxH
ADDM[3:0] MSB align, A/D Converter Low result (4-bit)
ADDL[7:0] LSB align, A/D Converter Low result (8-bit)
ADCM2 (A/D Converter Mode Register) : 9BH
7 6 5 4 3 2 1 0
| exre | TsE2 TSE | TSELO | Abccke | ALGN CKSEL1 | CKSEWD
RW RW RW RW RW RW RW RW
Initial value : 01H
EXTRG A/D external Trigger
0 External Trigger disable
1 External Trigger enable
TSEL[2:0] A/D Trigger Source selection
TSEL2 TSEL1  TSELO Description
0 0 0 Ext. Interrupt O
0 0 1 Ext. Interrupt 1
0 1 0 Pin Change Interrupt 7
0 1 1 TimerOQ interrupt event
1 0 0 Timer1 interrupt event
1 0 1 Timer2 interrupt event
1 1 0 Timer3 interrupt event
1 1 1 Timer4 interrupt event
ADCCK2 A/D Converter Clock selection 2
0 use SCLK(fx) as source of ADC clock selection
1 use (1/2 fx) as source of ADC clock selection with CKSEL
This bit would be needed for higher SCLK frequency than
10MHz
ALIGN A/D Converter data align selection.
0 MSB align (ADCRH][7:0], ADCRL[7:4])
1 LSB align (ADCRHI[3:0], ADCRL[7:0])
CKSEL[1:0] A/D Converter Clock selection
CKSEL1  CKSELO  ADC Clock ADC VDD
0 0 fx/2 Test Only
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ilog
0 1 fx/4 3V~5V
0 x/8 2.7V~3V
1 1 fx/32 2.4V~2.7V

Note) 1. fx : system clock
2. ADC clock have to be used 3MHz under
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11.11 CALCULATOR_AI

11.11.1 Introduction

The CALCULATOR_AI block is an integrated version of multiplier and divider data path block. All
operation is performed with signed extension (signed multiplication, signed division). The
multiplication needs only one clock cycle, but the division is performed during 32 clock cycles. You
can use the EOD (End of Division) flag bit to control the division calculation flow. If divisor equals to 0,
the DIV_BY_0 flag is 1 and the division result is filled with maximum value and the remainder is
replaced with the dividend value.

The registers for CALCULATOR_AI can be indirectly accessed via CAL_CNTR, CAL_ADDR,
CAL_DATA to save the SFR area and to increase the code performance. The access address will be
automatically incremented when you access to CAL_DATA (Read/Write).

OxF7 | cAL ONTR User SFR
OXEE (1)
CAL_ADDR |g—— Index Address Indexed SFR
(ex, 0)
OEC L CAL DATA le—p Write/Read
(3) Data
(2)
—3 0 MA[15:08] <€—
(4 1| waor00 s DA[31:0]  DB[15:0] MA[15:0]  MB[15:0]
Auto Increfienteg 5 MEL15:08] i
3 MB{07:00] t t t i
4| morst:24) \/ v
5 MO[23:16] : SOD
6 MO[ 15:08] H EOD ><
7| mojo7:00] i DIV_BY_0 1clock
8 DA[31:24]
9 DA[23:16] :
10|  DA[15:08] i DQ[31:0], DR[15:0] MO[31:0]
11 DA[07:00]

12 DB{15:08]

13 DB[07:00]

14 MQ[31:24]

15 MQ[23:16]

16 MQ[15:08]

17 MQ[07:00]

18 MR[15:08]

Sennnnd] »19 MR[07:00] wnndan

Figure 11-50 Calculator Block Diagram
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11.11.2 Calculator Registers map

Name Address Dir Default Description
CAL_CNTR F7H R/W 02H Calculator Control Register
CAL_ADDR EEH R/W 00H Calculator Address Register
CAL_DATA EFH R/W 00H Calculator Data Register

11.11.3 Calculator Registers description

The Calculator Register consists of Calculator Control Register (CAL_CNTR), Calculator Address
Register (CAL_ADDR), Calculator Data Register (CAL_DATA).
11.11.4 Calculator Registers

CAL_CNTR (Calculator Control Register) : F7H

7 6 5 4 3 2 1 0
| ] - | : | ] DV BY 0 EOD SOD
- - - - R R RW

Initial value : 02H

DIV_BY_0 Indicate if Divisor equals 0

0 Divisor is not 0
1 Divisor is 0
EOD End of Division

Note) Multiplication needs only one clock cycle.
Note) Division needs 32 clock cycles

0 During Calculation
1 Idle or End of Calculation
SoD Start of Division
Note) SOD bit will be automatically cleared after one clock cycle.
0 Idle
1 Start of Division (auto cleared)

CAL_ADDR (Calculator Control Register) : EEH

7 6 5 4 3 2 1 0
CAL ADDR? | CAL ADDR6 | CAL ADDRS5 | CAL ADDR4 | CAL ADDR3 | CAL ADDR2 | CAL ADDR1 | CAL ADDRO
RW RW RW RW RW RW RW RW

Initial value : O0OH

CAL_ADDR([7:0] Calculator Internal Register Current Address Index Value for
Indirect Auto-Incremented Addressing Mode

CAL_DATA (Calculator Control Register) : EFH

7 6 5 4 3 2 1 0
CAL DATA7 | CAL DATA6 | CAL DATAS | CAL DATA4 | CAL DATA3 | CAL DATA2 | CAL DATA1 | CAL DATAO
RW RW RW RW RW RW RW RW

Initial value : 00OH
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CAL_DATA[7:0] Calculator Internal Register Current Value indexed by CAL_ADDR
address index value
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11.11.5 Calculator Library

11.11.5.1 Signed Multiplication

__sfr __at (0xF7) CAL_CNTR;
__sfr _ _at (OxEE) CAL_ADDR;
__sfr _ _at (OxEF) CAL_DATA;

#define CAL_DIV_START 0x01
#define CAL_DIV_DONE 0x02
#define CAL_DIV_BY 0 0x04

long L_mul ( short a, short b ) {

long mul_o;

mul_o = 0;

CAL_ADDR = 0; // currently point to MA[15:8]
CAL_DATA = a >> 8; // MA[15:08]<-a[15:08], ADDR<-ADDR+1
CAL_DATA = a; // MA[07:00]<-a[07:00], ADDR<-ADDR+1
CAL_DATA = b >> 8; // MB[15:08]<-b[15:08], ADDR<-ADDR+1
CAL_DATA = b; // MB[07:00]<-b[07:00], ADDR<-ADDR+1

// now ADDR points to MO[31:24],
// so just read it

mul_o = (unsigned long)CAL_DATA<<24; // MO[31:24], ADDR<-ADDR+1
mul_o |= (unsigned long)CAL_DATA<<16; // MO[23:16], ADDR<-ADDR+1
mul_o |= (unsigned long)CAL_DATA<<8; // MO[15:08], ADDR<-ADDR+1
mul_o |= (unsigned long)CAL_DATA; // MO[07:00], ADDR<-ADDR+1

return mul_o;

11.11.5.2 Signed Division

__sfr __at (0xF7) CAL_CNTR;
__sfr _ _at (OxEE) CAL_ADDR;
__sfr _ _at (OxEF) CAL_DATA;

#define CAL_DIV_START 0x01
#define CAL_DIV_DONE 0x02
#define CAL_DIV_BY 0 0x04
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void L_div( long a, short b, long* g, short* r) {
long div_g;

short div_r;

div_g = 0;

div_r = 0;

CAL_ADDR = 8; // currently point to DA[31:24]
CAL_DATA = a >> 24; // DA[31:24]<-a[31:24], ADDR<-ADDR+1
CAL_DATA = a >> 16; // DA[23:16]<-a[23:16], ADDR<-ADDR+1
CAL_DATA = a >> 8; // DA[15:08]<-a[l15:08], ADDR<-ADDR+1
CAL_DATA = a; // DA[07:00]<-a[07:00], ADDR<-ADDR+1
CAL_DATA = b >> 8; // DB[15:08]<-b[15:08], ADDR<-ADDR+1
CAL_DATA = b; // DB[07:00]<-b[07:00], ADDR<-ADDR+1
while ( (CAL_CNTR & CAL_DIV_DONE) == 0);

// wait until division is done (need 32clock cycles)

// now ADDR points to DQ[31:24],

// so just read it

div_gq = (unsigned long)CAL_DATA<<24; // DQ[31:24], ADDR<-ADDR+1
div_g |= (unsigned long)CAL_DATA<<16; // DQ[23:16], ADDR<-ADDR+1
div_g |= (unsigned long)CAL_DATA<<8; // DQ[15:08], ADDR<-ADDR+1
div_g |= (unsigned long)CAL_DATA; // DQ[07:00], ADDR<-ADDR+1
div_r = (unsigned long)CAL_DATA<<8; // DR[15:08], ADDR<-ADDR+1
div_r |= (unsigned long)CAIL_DATA; // DR[07:00], ADDR<-ADDR+1
*q = div_g;

*r = div_r;
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The Z51F6412 MCU features three power-down modes to minimize the power consumption of the
device. In power down mode, power consumption is reduced considerably. The device provides three
kinds of power saving functions, IDLE, STOP1 and STOP2 mode. In three modes, program is stopped.

12.2 Peripheral Operation in IDLE/STOP Mode

Table 12-1 Peripheral Operation during Power Down Mode.

Peripheral IDLE Mode STOP1 Mode STOP2 Mode
CPU ALL QPU Operation ALL CPU Operation are Disable ALL CPU Operation are Disable
are Disable
RAM Retain Retain Retain
Basic Interval | Operates .
Timer Continuously Operates Continuously Stop
Watch Dog Operates ’
Timer Continuously Operates Continuously Stop
Watch Timer Operates Stop (Only operate in sub clock mode) Stop (Only operate in sub clock mode)
Continuously
Oberates Halted (Only when the Event Counter Halted (Only when the Event Counter
Timer antinuousl Mode is Enable, Timer operates Mode is Enable, Timer operates
y Normally) Normally)
Operates
ADC Continuously Stop Stop
Operates
BUZ Continuously Stop Stop
Operates ) .
SPI/SCI Continuously Only operate with external clock Only operate with external clock
Operates
12C Continuously Stop Stop
Internal OSC _—
(16MHz) Oscillation Stop Stop
Main OSC _—
(1~10MHz) Oscillation Stop Stop
Sub OSC —— _— I
(32.768KHz) Oscillation Oscillation Oscillation
Internal
RCOSC Oscillation Oscillation Stop
(125kHz)
1/0 Port Retain Retain Retain
Coqtrol Retain Retain Retain
Register
Address Data Retain Retain Retain
Bus
By RESET,Timer Interrupt (EC0,2,3,4,5), | By RESET,Timer Interrupt (ECO,2,3,4,5),
Release By RESET, all SIO (External clock), External Interrupt, SIO (External clock), External Interrupt,
Method Interrupts UART by ACK PClI, 12C (slave mode), UART by ACK PClI, 12C (slave mode),
WT (sub clock), WDT, BIT WT (sub clock)
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12.3 IDLE mode

The power control register is set to ‘01h’ to enter the IDLE Mode. In this mode, the internal oscillation
circuits remain active. Oscillation continues and peripherals are operated normally but CPU stops. It is
released by reset or interrupt. To be released by interrupt, interrupt should be enabled before IDLE
mode. If using reset, because the device becomes initialized state, the registers have reset value.

e JUUUUUVULULULL - SUUIVUVLUULIL

N
W
CPU Clock ||||||||||||||||||||

N
ALY

External
Interrupt

N R
Normal Operation /< Stand-by Mode < Normal Operation
R

Figure 12-1 IDLE Mode Release Timing by External Interrupt

o JUUVLVL - SUVUVULUVUUL - JUULULVLUL

b)Y

N

¢
IRESET
Set PCON Release
to 01
N /
srcomn (=2)od(0) -~ (D0 -~ EEEEC
Clear & Start
R TST = 16ms
Normal Operation Stand-by Mode <t »4 Normal Operation

h)

ALY

Figure 12-2 IDLE Mode Release Timing by /RESET

(Ex) MOV PCON, #0000_0001b ; setting of IDLE mode : set the bit of STOP and IDLE Control register
(PCON)
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12.4 STOP mode

The power control register is set to ‘03h’ to enter the STOP Mode. In the stop mode, the main
oscillator, system clock and peripheral clock is stopped, but watch timer continue to operate. With the
clock frozen, all functions are stooped, but the on-chip RAM and control registers are held.

The source for exit from STOP mode is hardware reset and interrupts. The reset re-defines all the
control registers.

When exit from STOP mode, enough oscillation stabilization time is required to normal operation.
Figure 12-3 shows the timing diagram. When released from STOP mode, the Basic interval timer is
activated on wake-up. Therefore, before STOP instruction, user must be set its relevant prescaler
divide ratio to have long enough time (more than 20msec). this guarantees that oscillator has started
and stabilized.

oo INANL -~ - I

External
Interrupt
STOP Instruction Rel
Execute elease
N
ALY b
N
ALY
Clear & Start
»
¢ TST > 20ms by Software
Normal Operation ( STOP Operation j= »1 Normal Operation
N

AL)

Before executed STOP instruction, BIT must be set properly by
software to get stabilization is to be longer than 20ms.

Figure 12-3 STOP Mode Release Timing by External Interrupt

111111 P M T

=§=

CPU Clock |||||||||||||||

IRESET
Stop Instruction

Execute\ Release
h>Y
A3 y
o counter(mz i X o X o T R ) -
N

Clear & Start

b)Y
AL) AL

-
m

Y o X 1
R TST = 16ms

Normal Operation STOP Operation »1 Normal Operation
b)Y

ALY

Figure 12-4 Mode Release Timing by /RESET
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12.5 Release Operation of STOP1, 2 Mode

After STOP1, 2 mode is released, the operation begins according to content of related interrupt
register just before STOP1, 2 mode start (Figure 12-5). Interrupt Enable Flag of All (EA) of IE should
be set to "1°. Released by only interrupt which each interrupt enable flag = "1°, and jump to the
relevant interrupt service routine.

SET SCCR.7
SET PCON[1:0]
SET IEx.b
STOP1, 2 Mode <
4
Interrupt Request
Corresponding Interrupt N

Enable Bit(IEX)

STOP1, 2 Mode
Release

A

Interrupt Service
Routine

Nest Instruction

Figure 12-5 STOP1, 2 Mode Release Flow
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12.5.1 Register Map
Table 12-2 Register Map
Name Address Dir Default Description
PCON 87H R/W 00H Power Control Register
12.5.2 Power Down Operation Register description
The Power Down Operation Register consists of the Power Control Register (PCON).
12.5.3 Register description for Power Down Operation
PCON (Power Control Register) : 87H
7 6 5 4 3 2 0
| v | 8w | B | B4 | B | B | BM | BmW
RW RW RW RW RW RW RW RW
Initial value : 00H
IDLE Mode
01H IDLE mode enable
STOP1, 2 Mode
03H STOP1, 2 mode enable
Note)

1. To enter IDLE mode, PCON must be set to ‘01H".
2. To STOP1,2 mode, PCON must be set to ‘03H’.

(In STOP1,2 mode, PCON register is cleared automatically by interrupt or reset)

3. When PCON is set to ‘03H’, if SCCR[7] is set to ‘1’, it enters the STOP1 mode. if SCCR[7] is cleared to

‘0’, it enters the STOP2 mode

4. The different thing in STOP 1,2 is only clock operation of internal 125kHz-OSC during STOP mode

operating.

PS030302-0212
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13. RESET

13.1 Overview

The Z51F6412 MCU features reset by external RESETB pin. The following is the hardware setting

value.

13.2 Reset source

Table 13-1 Reset state

On Chip Hardware Initial Value
Program Counter (PC) 0000h
Accumulator 00h
Stack Pointer (SP) 07h
Peripheral Clock On
Control Register Peripheral Registers refer
Brown-Out Detector Enable

Z51F6412

Product Specification

The Z51F6412 MCU has five types of reset generation procedures. The following is the reset sources.

- External RESETB

- Power ON RESET (POR)
- WDT Overflow Reset (In the case of WDTEN = "17)
- BOD Reset (In the case of BODEN =1 ")

- OCD Reset

13.3 Block Diagram

Ext RESET
Disable by FUSE

BOD_OUT
BOD Enable

RESET Noise
Canceller

RESET Noise
Canceller

POR RST

WDT RST
WDT RSTEN

OCD RST
OCD RSTEN

*

IFBIT

(BIT Overflow)

Internal
Reset

PS030302-0212

Figure 13-1 RESET Block Diagram
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13.4 RESET Noise Canceller

The Figure 13-2 is the Noise canceller diagram for Noise cancel of RESET. It has the Noise cancel
value of about 7us (@Vpp=5V) to the low input of System Reset.

t<Trne t < Tene

t> T;Nc | t> Trnc Tt Trae

Figure 13-2 Reset noise canceller time diagram

13.5 Power ON RESET

When rising device power, the POR (Power ON Reset) have a function to reset the device. If using
POR, it executes the device RESET function instead of the RESET IC or the RESET circuits. And
External RESET PIN is able to use as Normal I/O pin.

Fast VDD Rise Time

VvDD

nPOR

(Internal Signal) BIT Overflows

1

1

1

:

1

i BIT Starts !
R R :

v
Oscillation ’ ’ ’ ’

Figure 13-3 Fast VDD rising time

|

Internal RESETb
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Rt s 1A

X

nPOR
(Internal Signal)

Internal RESETb

Oscillation

Slow VDD Rise Time, max 0.02v/ms

1
1
1
VDD M Veor=1.4V (Typ)
1
1

! BIT Starts

BIT Overflows
1

\/

/

1

1

1

1

1

i

| —
| |
1

1

1

1

1

1

Figure 13-4 Internal RESET Release Timing On Power-Up

vDD

Internal nPOR

PAD RESETB (R20)

BOD_RESETB

BIT_C (for Config)

BIT (for Reset)

Config Read

RESET_SYSB

INT-OSC (128KHz)

INT-OSC 128KHz/32

Counting for config read start after POR is released

\l_\

L

“yr

Ext_reset have not an effect on counter value for config read

31

)

LR, 2. 500 ()

(00)ohoo3K oo JorkoaX-X:-

250us X 31h = about 12ms

1
-]

4

250us X 40h = about 16ms

LT T T T T

INT-OSC 128KHz / 32 = 4KHz (250us)

PS030302-0212

Figure 13-5 Configuration timing when Power-on
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e

TR e
= VDD Input
A = :Internal OSC
®
@7 )
ResetRelease |- = = = = = m m c m c c e e m m rr rrr e e e e e e e e e e - - =
1
ConfigRead === =-=-======-=-==-—===-====—= :
| |
1 1
1 1
1 1
1 1
1 1
@ j : :
= ==z
1
! 1 1
! 1 1
! 1 1
! 1 1
! 1 1
! 1 1 >
\ . ~" N ~— N ~— 7 \_ ~ J
® ® ® @
Figure 13-6 Boot Process Waveform
Table 13-2 Boot Process Description
Process Description Remarks
@ -No Operation
-1st POR level Detection
@ -about 1.4V ~ 1.5V
-Internal OSC (125KHz) ON
- (INT-OSC125KHz/32)x30h Delay section (=12ms)
® -VDD input voltage must rise over than Flash operating | -Slew Rate >= 0.025V/ms
voltage for Config read
-about 1.5V ~ 1.6V
® - Config read point -Config Value is determined by

Writing Option

-16ms point after POR or Ext_reset

® - Rising section to Reset Release Level release

- Reset Release section (BIT overflow)
® i) after16ms, after External Reset Release (External reset) | - BIT is used for Peripheral stability
i) 16ms point after POR (POR only)

@ -Normal operation
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13.6 External RESETB Input

The External RESETB is the input to a Schmitt trigger. A reset in accomplished by holding the reset
pin low for at least 7us over, within the operating voltage range and oscillation stable, it is applied, and
the internal state is initialized. After reset state becomes ‘1’, it needs the stabilization time with 16ms
and after the stable state, the internal RESET becomes ‘1’. The Reset process step needs 5 oscillator
clocks. And the program execution starts at the vector address stored at address 0000H.

NERER
e UL AN AL

R
RESETB :Z;;
Release
Internal R
RESETB Release
ADDRESS
LXK fole)
CORE
X X R

RESET Process
Step

0
O

Main Program

Stabilization Time
TST =16ms

\

X 256

1
TST = fosc= 2048

Figure 13-7 Timing Diagram after RESET

PRESCALER COUNT START

(T

OSC START TIMING

Figure 13-8 Oscillator generating waveform example

Note) as shown Figure 13-8, the stable generating time is not included in the start-up time.
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13.7 Brown Out Detector Processor

The Z51F6412 MCU features an On-chip Brown-out detection circuit for monitoring the VDD level
during operation by comparing it to a fixed trigger level. The trigger level for the BOD can be selected
by BODLS[1:0] bit to be 1.6V, 2.5V, 3.6V or 4.2V. In the STOP mode, this will contribute significantly
to the total current consumption. So to minimize the current consumption, the BODEN bit is set to off
by software.

External VDD —» STOP_MODE
Brown Out
BODLS[1:0] —»| Detector 1
(BOD) MUX RESET_BODB
BODEN > {>o_. D Q 0
cpP
DEBOUNCE —>
CLK r
* v\c,:?tu —D Q> BODRF
e (BOD Reset Flag)
SCLK cP
D

(System CLK)

nPOR
Figure 13-9 Block Diagram of BOD
vDD \\ // VsopMAX
\ / VgopMIN
Internal 16ms
RESETB
vDD \\ /|/ \\ /|/ VsopMAX
" \ 7 VgopMIN
i t<16ms | | 16ms
Internal ' ' :‘
RESETB '

Figure 13-10 Internal Reset at the power fail situation
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X

VDD

Internal nPOR

PAD RESETB

BOD_RESETB

BIT (for Config)

BIT (for Reset)

Config Read

RESET_SYSB

INT-OSC (128KHz)

INT-OSC 128KHz/32

«pr

I
1
I
I
“y” |
I
|
I

“Hy»

:
F1 09tk X M?@ F1 )

{ w0

250us X 30h = about 12ms‘|'|
ot |

1

)

1

1

| 250us X 40h = about 16ms A
1

1

1

1

Main OSC Off

INT-OSC 128KHz / 32 =

4KHz (250us)

Figure 13-11 Configuration timing when BOD RESET

13.7.1 Register Map

Table 13-3 Register Map

Name

Address Dir Default Description

BODR

86H

R/W 81H BOD Control Register

13.7.2 Reset Operation Register description

Reset control Register consists of the BOD Control Register (BODR).

PS030302-0212
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13.7.3 Register description for Reset Operation

BODR (BOD Control Register) : 86H

7

6 5

4 3 2 1 0

| PoRF |

EXRF | WDTRF | OCDRF | BODRF | BODLS{1] | BODLS[] | BODEN

RW

PS030302-0212

RW RW

PORF

EXTRF

WDTRF

OCDRF

BODRF

BODLS[1:0]

BODEN

RW RW RW RW RW
Initial value : 81H
Power-On Reset flag bit. The bit is reset by writing ‘0’ to this bit.
0 No detection
1 Detection

External Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.

0 No detection
1 Detection

Watch Dog Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.

0 No detection
1 Detection

On-Chip Debug Reset flag bit. The bit is reset by writing ‘0’ to this bit or
by Power ON reset.

0 No detection
1 Detection

Brown-Out Reset flag bit. The bit is reset by writing ‘0’ to this bit or by
Power ON reset.

0 No detection

1 Detection
BOD level Voltage
BODLS1 BODLSO Description
0 0 1.6V
0 1 2.5V
1 0 3.6V
1 1 4.2V

BOD operation

0 BOD disable

1 BOD enable
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14. On-chip Debug System
14.1 Overview

14.1.1 Description

On-chip debug System (OCD) of the Z51F6412 MCU can be used for programming the non-volatile
memories and on-chip debugging. Detailed descriptions for programming via the OCD interface can
be found in the following chapter.

Figure 14-1 shows a block diagram of the OCD interface and the On-chip Debug system.

14.1.2 Feature

* Two-wire external interface: 1-wire serial clock input, 1-wire bi-directional serial data bus
* Debugger Access to:
— All Internal Peripheral Units
— Internal data RAM
Program Counter
Flash and Data EEPROM Memories
+ Extensive On-chip Debug Support for Break Conditions, Including

— Break Instruction
— Single Step Break
— Program Memory Break Points on Single Address
— Programming of Flash, EEPROM, Fuses, and Lock Bits through the two-wire Interface
— On-chip Debugging Supported by Dr.Choice®
+ Operating frequency
Supports the maximum frequency of the target MCU
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Target MCU internal circuit

Format
converter

DSCL
USB = k
- DBG
< > _\g DSDA BDC Control

CPU DBG Register

Address

-_ Internal data bus

User /10 +—H

Code memory
-SRAM
-Flash

-EEPROM

Data memory Peripheral

Figure 14-1 Block Diagram of On-chip Debug System

14.2 Two-pin external interface

14.2.1 Basic transmission packet

 10-bit packet transmission using two-pin interface.
* 1-packet consists of 8-bit data, 1-bit parity and 1-bit acknowledge.
* Parity is even of ‘1’ for 8-bit data in transmitter.

» Receiver generates acknowledge bit as ‘0’ when transmission for 8-bit data and its parity has no
error.

* When transmitter has no acknowledge (Acknowledge bit is ‘1’ at tenth clock), error process is
executed in transmitter.

* When acknowledge error is generated, host PC makes stop condition and transmits command
which has error again.

* Background debugger command is composed of a bundle of packet.

« Star condition and stop condition notify the start and the stop of background debugger command
respectively.
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Figure 14-2 10-bit transmission packet

14.2.2 Packet transmission timing

14.2.2.1 Data transfer

DSDA

\X_)C](/XXX:X/

acknowledgement acknowledgement
signal from receiver signal from receiver

DSCL
S N £ W £ W 0 W
ACK ACK

STOP

START

Figure 14-3 Data transfer on the twin bus

PS030302-0212 PRELIMINARY 160



Z51F6412
Product Specification

W &

‘m” A"."",!

14.2.2.2 Bit transfer

o X X
DSCL T \

data line
stable: change
data valid of data
allowed

except Start and Stop

Figure 14-4 Bit transfer on the serial bus

14.2.2.3 Start and stop condition

DSDA
N . DSDA
DSCL - DSCL
st \—/— \—/ sp
START condition STOP condition

Figure 14-5 Start and stop condition

14.2.2.4 Acknowledge bit

Data output \ X X
by transmitter  \_/N\_____ N\ ...

no acknowledge
Data output
By receiver

acknowledge

DSCL from
master ! S VO 9 10

clock pulse for acknowledgement

Figure 14-6 Acknowledge on the serial bus
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Acknowledge bit Acknowledge bit
transmission transmission
inimum 500n$
% <— ¢ wait HIGH start HIGH v/
— e ranaaa . —
Host PC ; \ / \ /
DSCLOUT ~ I L VR
=\ Start wait
Target Device
DSCL OUT
minimum 1 T g«
< Maximum 5 T gg >i< for next byte >
— transmission SE—
DSCL \ / /

< Internal Operation >

Figure 14-7 Clock synchronization during wait procedure

14.2.3 Connection of transmission

Two-pin interface connection uses open-drain (wire-AND bidirectional I/0O).

T ? VDD

pull-up Rp Rp
resistors
DSDA(Debugger Serial Data Line)
© ©
DSCL(Debugger Serial Clock Line) l
O O

Host Machine(Master) Target Device(Slave)

I:I Current source for DSCL to fast 0 to 1 transition in high speed mode

Figure 14-8 Connection of transmission
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15. Memory Programming
15.1 Overview

15.1.1 Description

The Z51F6412 MCU features Flash memory to which a program can be written, erased, and
overwritten while mounted on the board.

Serial ISP modes and byte-parallel ROM writer mode are supported.

15.1.2 Features

*  Flash Size : 64Kbytes

+  Single power supply program and erase

* Command interface for fast program and erase operation

+ Upto 10,000 program/erase cycles at typical voltage and temperature for Flash memory
*  Security feature

15.2 Flash Control and status register

Registers to control Flash and Data EEPROM are Mode Register (FEMR), Control Register (FECR),
Status Register (FESR), Time Control Register (FETCR), Address Low Register (FEARL), Address
Middle Register (FEARM), address High Register (FEARH) and Data Register (FEDR). They are
mapped to SFR area and can be accessed only in programming mode.

15.2.1 Register Map

Table 15-1 Register Map

Name Address Dir Default Description
FEMR EAH R/W 00H Flash Mode Register
FESR EBH R/W 80H Flash Status Register
FETCR ECH R/W 00H Flash Time Control Register
FEARH F2H R/W 00H Flash Address High Register
FEARM F3H R/W 00H Flash Address Middle Register
FEARL F4H R/W 00H Flash Address Low Register
FEDR F5H R/W 00H Flash Data Register
FECR F6H R/W 03H Flash Control Register
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15.2.2 Register description for Flash

FEMR (Flash Mode Register) : EAH

7 6 5 4 3 2 1 0
| e | - | Pam | ErasE | PRUFF | omE | wy | mEEN
RW - RW RW RW RW RW RW
Initial value : 00H
FSEL Select Flash memory.
0 Deselect Flash memory
1 Select Flash memory
PGM Enable program or program verify mode with VFY
0 Disable program or program verify mode
1 Enable program or program verify mode
ERASE Enable erase or erase verify mode with VFY
0 Disable erase or erase verify mode
1 Enable erase or erase verify mode
PBUFF Select page buffer
0 Deselect page buffer
1 Select page buffer
OTPE Select OTP area instead of program memory
0 Deselect OTP area
1 Select OTP area
VFY Set program or erase verify mode with PGM or ERASE

Program Verify: PGM=1, VFY=1
Erase Verify: ERASE=1, VFY=1

FEEN Enable program and erase of Flash. When inactive, it is possible to read
as normal mode

0 Disable program and erase
1 Enable program and erase

FESR (Flash Status Register) : EBH

7 6 5 4 3 2 1 0
| Pevesy | vrvgoop | PCRCRD | - ROMNT | WVODE | EMODE | WMODE
R RW R R RW R R R
Initial value : 80H
PEVBSY Operation status flag. It is cleared automatically when operation starts.
Operations are program, erase or verification
0 Busy (Operation processing)
1 Complete Operation
VFYGOOD Auto-verification result flag.
0 Auto-verification fails
1 Auto-verification successes
PCRCRD CRC read Enable
0 CRC read disable(Checksum read for verify operation)
1 16-bit CRC read enable (from FEARM, FEARL)
ROMINT Flash interrupt request flag. Auto-cleared when program/erase/verify

starts. Active in program/erase/verify completion
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EMODE
VMODE

0 No interrupt request.
1 Interrupt request.
Write mode flag

Erase mode flag

Verify mode flag

FETCR (Flash Time control Register) : ECH
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7 6 5 4 3 2 1 0
| tor | ToRe | TR | TCm4 TCR3 TCR2 TCRI TCRO
RW RW RW RW RW RW RW RW
Initial value : 00H
TCRJ[7:0] Flash Time control

Program and erase time is controlled by setting FETCR register. Program and erase timer uses 10-
bit counter. It increases by one at each divided system clock frequency(=SCLK/128). It is cleared
when program or erase starts. Timer stops when 10-bit counter is same to FETCR. PEVBSY s
cleared when program, erase or verify starts and set when program, erase or verify stops.

Max program/erase time at 14.7456Mhz system clock : (255+1) * 2 * ((1/fx) * 128) = 4.44ms

In the case of 10% of error rate of counter source clock, program or erase time is 2.67~3.264ms

* Program/erase time calculation
for page write or erase, Tpe = (TCON+1) * 2 * (SCLK * 128)
for bulk erase, Tbe = (TCON+1) * 4 * (SCLK * 128)

Table 15-2 Program/erase Time

3 Recommended program/erase time at 14.75Mhz (FETCR = 8Fh)

Min Typ Max Unit
program/erase Time 2.4 25 2.6 ms
FEARH (Flash address high Register) : F2H
7 6 5 4 3 2 1 0
| a7 | 6 | mR5 | A4 [ M8 ARH? ARHI ARHO
W W w W w w w w
Initial value : 00H
ARH[7:0] Flash address high
FEARM (Flash address middle Register) : F3H
7 6 5 4 3 2 1 0
| saw | Aave | ARws | ARw | ARWB ARV2 ARMI ARMO
W W w W w w w w
Initial value : 00H
ARM[7:0] Flash address middle
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7 6 5 4 3 2 1 0
| a7 | as | AR5 | a4 | a3 | a2 | a1 | AR
W W w W w w w w
Initial value : 00H
ARL[7:0] Flash address low

FEAR registers are used for program, erase and auto-verify. In program and erase mode, it is page
address and ignored the same least significant bits as the number of bits of page address. In auto-

verify mode, address increases automatically by one.

FEARs are write-only register. Reading these registers returns 24-bit checksum results(FEARH,
FEARM, FEARL) or 16-bit CRC results(FEARM, FEARL) when PCRCRD bit of FESR is set.

FEDR (Flash control Register) : F5H

7 6 5 4 3 2 1 0
| FOR7 | FEDRe | FEDRS | FEDR¢ | FEDR3 | FEDRR | FEDRI | FEDRO
w w w w w w w w
Initial value : 00H
FEDR[7:0]  Flash data

Data register. In no program/erase/verify mode, READ/WRITE of FECR read or write data from
Flash to this register or from this register to Flash.

The sequence of writing data to this register is used for EEPROM program entry. The mode entrance
sequence is to write 0xA5 and Ox5A to it in order.

FECR (Flash Control Register) : F6H

7 6 5 4 3 2 1 0
| Ar | - | Bxm | e | wWRE | ReAD | nFERST | rPBRST
RW - RW RW RW RW RW RW
Initial value : 03H
AEF Enable Flash bulk erase mode
0 Disable bulk erase mode of Flash memory
1 Enable bulk erase mode of Flash memory
EXIT[1:0] Exit from program mode. It is cleared automatically after 1 clock
EXIT1 EXITO Description
0 0 Don'’t exit from program mode
0 1 Don'’t exit from program mode
1 0 Don'’t exit from program mode
1 1 Exit from program mode
WRITE Start to program or erase of Flash. It is cleared automatically after 1
clock
0 No operation
1 Start to program or erase of Flash
READ Start auto-verify of Flash. It is cleared automatically after 1 clock
0 No operation
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-
1 Start auto-verify of Flash
nFERST Reset Flash control logic. It is cleared automatically after 1 clock
0 No operation
1 Reset Flash control logic.

nPBRST Reset page buffer with PBUFF. It is cleared automatically after 1 clock
PBUFF nPBRST Description
0 0 Page buffer reset
1 0 Write checksum reset

WRITE and READ bits can be used in program, erase and verify mode with FEAR registers. Read or
writes for memory cell or page buffer uses read and write enable signals from memory controller.
Indirect address mode with FEAR is only allowed to program, erase and verify

15.3 Memory map

15.3.1 Flash Memory Map

Program memory uses 64K byte of Flash memory. It is read by byte and written by byte or page.

One page is 64-byte

T >mm

FFFFh
P
R
(0]
G
R pgm/ers/vfy
A
M Flash
—>]
MUX [——> (64KBytes)
L1 C [
(0]
U
N
T
E
R OFFFh
0000h

PS030302-0212

Figure 15-1 Flash Memory Map
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iIog
= ——
15 14 13 12 11 10 6 5 4 3 2 1 0
PAGE ADDRESS WORD ADDRESS
Program Memory -
OSFFI page 1023 0x3F
Page 1022
0x00
Page 1
Page 0 * Page buffer size: 64Bytes
0x000
Figure 15-2 Address configuration of Flash memory
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15.4 Serial In-System Program Mode

Serial in-system program uses the interface of debugger which uses two wires. Refer to chapter 14
in details about debugger

15.4.1 Flash operation

Configuration(This Configuration is just used for follow description)

7 6 5 4 3 2 1 0
- | FEMRMI&[1] | FEMREI&(] | - - | FEMRZ | FECRE] | FECR7 |
- ERASESVFY  PGMRVFY - - OTPE AEE AEF

| Master Reset |

—>| Page Buffer Reset |

| Page Buffer Load(0X00H) | > Page Buffer Reset |

Page Buffer Load |

' |
A 4

In the case of OTP
OTPEflagSt | | [ TTTTTTTTTT H
T \ 4
1
. In the case of OTP
OTPE flag Set

<&
<

| Erase Latency(500us)

i | Program |

| Page Buffer Reset | l
i | Pgm Latency(500us) |

| Configuration Reg. setting |
i | Page Buffer Reset |

| Cell Read | l

| Configuration Reg. setting |

'

| Cell Read |

| Configuration Reg. Clear |

Figure 15-3 The sequence of page program and erase of Flash memory
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| Master Reset

v

| Page Buffer Reset

v

| Page Buffer Load

!

Configuration Reg.<0> Set

!

| Erase

!

| Erase Latency(500us)

v

Page Buffer Reset

!

Configuration Reg.<0> clear
Reg.<6:5> setting

A

| Cell Read

Figure 15-4 The sequence of bulk erase of Flash memory

15.4.1.1 Flash Read

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Read data from Flash.

15.4.1.2 Enable program mode

Step 1. Enter OCD(=ISP) mode."
Step 2. Set ENBDM bit of BCR.
Step 3. Enable debug and Request debug mode.
Step 4. Enter program/erase mode sequence.?
(1) Write OxAA to OxF555.
(2) Write 0x55 to OXFAAA.
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(3) Write OxA5 to OxF555.

' Refer to how to enter ISP mode..

2 Command sequence to activate Flash write/erase mode. It is composed of sequentially writing data
of Flash memory.

15.4.1.3 Flash write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode. FEMR:1010_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20"hx_xxxx
Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step?2 to step 8 until all pages are written.

15.4.1.4 Flash page erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:1001_0001

Step 6. Set page address. FEARH:FEARM:FEARL=20’hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

Step 11. Repeat step2 to step 8 until all pages are erased.

15.4.1.5 Flash bulk erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode. FEMR:1001_0001.

(Only main cell area is erased. For bulk erase including OTP area, select OTP area.(set FEMR
to 1000_1101.)

Step 6. Set FETCR
Step 7. Start bulk erase. FECR:1000_1011
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Step 8. Insert one NOP operation
Step 9. Read FESR until PEVBSY is 1.

15.4.1.6 Flash OTP area read mode

Step 1. Enter OCD(=ISP) mode.

Step 2. Set ENBDM bit of BCR.

Step 3. Enable debug and Request debug mode.
Step 4. Select OTP area. FEMR:1000_0101
Step 5. Read data from Flash.

15.4.1.7 Flash OTP area write mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010

Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write data to page buffer.(Address automatically increases by twin.)
Step 5. Set write mode and select OTP area. FEMR:1010_0101

Step 6. Set page address. FEARH:FEARM:FEARL=20"hx_xxxx

Step 7. Set FETCR.

Step 8. Start program. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

15.4.1.8 Flash OTP area erase mode

Step 1. Enable program mode.

Step 2. Reset page buffer. FEMR: 1000_0001 FECR:0000_0010
Step 3. Select page buffer. FEMR:1000_1001

Step 4. Write ‘h00 to page buffer. (Data value is not important.)
Step 5. Set erase mode and select OTP area. FEMR:1001_0101
Step 6. Set page address. FEARH:FEARM:FEARL=20"hx_xxxx
Step 7. Set FETCR.

Step 8. Start erase. FECR:0000_1011

Step 9. Insert one NOP operation

Step 10. Read FESR until PEVBSY is 1.

15.4.1.9 Flash program verify mode
Step 1. Enable program mode.

Step 2. Set program verify mode. FEMR:1010_0011
Step 3. Read data from Flash.
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15.4.1.10 OTP program verify mode

Step 1. Enable program mode.
Step 2. Set program verify mode. FEMR:1010_0111
Step 3. Read data from Flash.

15.4.1.11 Flash erase verify mode

Step 1. Enable program mode.
Step 2. Set erase verify mode. FEMR:1001_0011
Step 3. Read data from Flash.

15.4.1.12 Flash page buffer read

Step 1. Enable program mode.
Step 2. Select page buffer. FEMR:1000_1001
Step 3. Read data from Flash.

15.4.2 Summary of Flash Program/Erase Mode

Z51F6412
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Table 15-3 Operation Mode

Operation mode

Description

Flash read

Read cell by byte.

Flash write

Write cell by bytes or page.

Flash page erase

Erase cell by page.

Flash bulk erase

Erase the whole cells.

Flash program verify

Read cell in verify mode after programming.

T »w > r M

Flash erase verify

Read cell in verify mode after erase.

Flash page buffer load

Load data to page buffer.
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15.5 Parallel Mode

15.5.1 Overview

Parallel program mode transfers address and data by byte. 3-byte address can be entered by one
from the lease significant byte of address. If only LSB is changed, only one byte can be transferred.
And if the second byte is changed, the first and second byte can be transferred. Upper 4-bit of the
most significant byte selects memory to be accessed. Table 15-3 shows memory type. Address auto-
increment is supported when read or write data without address

nTEST

1

DSDA

<—>  P0[7:0] (PDATA[7:0])

Pi[2] (nNRD) —>|

PI[1] ("WR) —>)

P1[0] (NALE) —>)

Figure 15-5 Pin diagram for parallel programming

Table 15-4 The selection of memory type by ADDRH[7:4]

ADDRHI[7:4] Memory Type

0 0 0 0 Program Memory
0 0 0 1 External Memory
0 0 1 0 SFR

15.5.2 Parallel Mode instruction format

Instruction Signal Instruction Sequence
nALE L L L H H H H
n.byte data read nWR L H L H L H H H H H H H H H
with 3-byte
address nRD H H H H H H L H L H L |H|L H
PDATA ADDRL ADDRM ADDRH DATAO DATA1 DATANn
nALE L L L H H H H
n-byte data write
with 3-byte nWR L H L H L H L H L H L H L H
address
nRD H H H H H H H H H H H H H H
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PDATA ADDRL ADDRM ADDRH DATAO DATAT1 DATAN
nALE L L H H H H H
n-byte data read nWR L H L H H H H H H H H H H H
with 2-byte
address nRD H H H H L H L H L H L |H|L H
PDATA ADDRL ADDRM DATAO DATAI1 DATA2 DATAN
nALE L L H H H H H
n-byte data write nWR L H L H L H L H L H L H L H
with 2-byte
address nRD H [H |H H H | H H|H [H|H |H]|H|[H[H
PDATA ADDRL ADDRM DATAO DATA1 DATA2 DATAN
nALE L H H H H H H
n-byte data read nWR L H H H L H L H L H L H L H
with 1-byte
address nRD H H L H H H H H H H H|H]|H H
PDATA ADDRL DATAO DATA1 DATA2 DATA3 DATAN
nALE L H H H H H H
n-byte data write nWR L H L H L H L H L H L H L H
with 1-byte
address nRD H [H |H H H H H|H([H]|H|H|[H]|H]|H
PDATA ADDRL DATAO DATAT1 DATA2 DATA3 DATAN
15.5.3 Parallel Mode timing diagram
1-byte read with 3-byte address ____1-byte read with 2-byte address 2-byte read with 1-byte address
Write Write Write Read Write Write Read Write Read Read
AL < AM < AH > é)ala Out < AL >i¢ AM ><Data Out < AL > :Data Out > Bata Out >
—> prde—>T hri<— —7 awde AWE—
nALE
nWR | | —»i idon
address auto-increment
nRD . T <l _;! T i
PDATA AL(OOH) A AM(FOH) A AH(00H) — AL(OOH) X AM(AQH) AL(01H) Do) @—
Read @OF000H < Read @QAQQQH < Read @0A001H » j@ad @DADOZQ
Figure 15-6 Parallel Byte Read Timing of Program Memory
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> 1-byte write with 3 -byte address % 1-byte write with 2 -byte address i 2-byte write with 1 -byte address
Write Write Write Write Write Write Write Write Read Write
AL AM AH Dat: AL AM Dat: AL Data Out Dat:
< < < i < >ic i it i8]

"wWR | ME ,_ N ,_ ,_J J J j

nRD

T S ‘T, > qu :TBB
PDATA AL(00H) AAM(FOH) AAH(00H) X DI(00H) AAL(00H) AAM(AOH X DI(O1H) AAL(O1H) /A DI(02H) A DI(03H)
Writé 0x00 @0x0F000 _ Write 0x01 @O0x0A000H ___ Write 0x02 @0x0A001 _ Write 0x03 @0x0A802

Figure 15-7 Parallel Byte Write Timing of Program Memory
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15.6 Mode entrance method of ISP and byte-parallel mode
15.6.1 Mode entrance method for ISP
TARGET MODE DSDA DSCL DSDA
OCD(ISP) ‘hC ‘hC ‘hC
Release from worst 1.7V
Power on reset J Low period required during more 10us
nTEST —>|_|¢— \
= 0N
mon— o
RESET_SYSB
Figure 15-8 ISP mode

15.6.2 Mode entrance of Byte-parallel
TARGET MODE PO[3:0] PO[3:0] PO[3:0]
Byte-Parallel Mode 4'h5 4'hA 4'h5

Release from worst 1.7V

e

Power on reset J

Low period required during more 10us

nTEST R ¢

oson 1 1]

< - - -

Sample P0O[3:0] at the falling edge of DSDA

RO[3:0] 5 >< hA >< h5

RESET_SYSB

Figure 15-9 Byte-parallel mode
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15.7 Security

The Z51F6412 MCU provides Lock bits which can be left un-programmed (“0”) or can be
programmed (“1”) to obtain the additional features listed in Table 15-5. The Lock bit can only be
erased to “0” with the bulk erase command and a value of more than 0x80 at FETCR.

Table 15-5 Security policy using lock-bits

USER MODE ISP/PMODE
LOCK
MODE
Flash OTP Flash OTP
LOCKF R W PE BE R W PE BE R W PE | BE R W PE | BE
0 (6] (0] (0] X X X X X O O O 0} 0} O O 0o
1 o} O O X X X X X X X X o O X X O

* LOCKF: Lock bit of Flash memory
* R:Read

«  W: Write

* PE: Page erase

* BE:Bulk Erase

+ O: Operation is possible.

+  X: Operation is impossible.

PS030302-0212 PRELIMINARY 178




16. Configure option

16.1 Configure option Control Register

FUSE_CONF (Pseudo-Configure Data) : 2F5DH

Z51F6412
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7 6 5 4 3 2 1 0
BSZE! | BSZEO | SXNEN | XnEna | OCDSEL | LOCKB LOCKF
R R R R R R R R
Initial value : 00H
BSIZE Boot Code size option

00

10

768B (1KB —2568B :
01 1792B (2KB — 2568 :
3840B (4KB — 2568 :
11 7936B (8KB — 2568 :

OXOFF ~ Ox3FF) (default)
OXOFF ~ Ox7FF)
OXOFF ~ OXFFF)
OXOFF ~ Ox1FFF)

SXINEN External Sub Oscillator Enable Bit
0 Sub OSC disable (default)
1 Sub OSC enable
XINENA External Main Oscillator Enable Bit
0 Main OSC disable (default)
1 Main OSC Enable
OCDSEL Selects noise cancelling scheme of OCD pins.
0 OCD lines are outputs of 10ns noise canceller
1 OCD lines synchronized by INTRC clock
LOCKE Boot Code LOCK bit
0 Boot LOCK Disable
1 Boot LOCK Enable (protect boot code from byte/page erase)
LOCKF CODE memory LOCK bit
0 LOCK Disable
1 LOCK Enable

In OCD debug mode, user can change FUSE_CONF bits value temporarily except LOCKF for

debugging job.
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17. APPENDIX

A. Instruction Table

Instructions are either 1, 2 or 3 bytes long as listed in the ‘Bytes’ column below.

Z51F6412

Product Specification

™ (:
' |

Each instruction takes either 1, 2 or 4 machine cycles to execute as listed in the following table. 1
machine cycle comprises 2 system clock cycles.

ARITHMETIC
Mnemonic Description Bytes Cycles Hex code
ADD A,Rn Add register to A 1 1 28-2F
ADD Adir Add direct byte to A 2 1 25
ADD A,@Ri Add indirect memory to A 1 1 26-27
ADD A #data Add immediate to A 2 1 24
ADDC A,Rn Add register to A with carry 1 1 38-3F
ADDC A,dir Add direct byte to A with carry 2 1 35
ADDC A,@Ri Add indirect memory to A with carry 1 1 36-37
ADDC A #data Add immediate to A with carry 2 1 34
SUBB A,Rn Subtract register from A with borrow 1 1 98-9F
SUBB A,dir Subtract direct byte from A with borrow 2 1 95
SUBB A,@Ri Subtract indirect memory from A with borrow 1 1 96-97
SUBB A #data Subtract immediate from A with borrow 2 1 94
INC A Increment A 1 1 04
INC Rn Increment register 1 1 08-0F
INC dir Increment direct byte 2 1 05
INC @Ri Increment indirect memory 1 1 06-07
DEC A Decrement A 1 1 14
DEC Rn Decrement register 1 1 18-1F
DEC dir Decrement direct byte 2 1 15
DEC @Ri Decrement indirect memory 1 1 16-17
INC DPTR Increment data pointer 1 2 A3
MUL AB Multiply A by B 1 4 A4
DIV AB Divide A by B 1 4 84
DA A Decimal Adjust A 1 1 D4
LOGICAL
Mnemonic Description Bytes Cycles Hex code
ANL A,Rn AND register to A 1 1 58-5F
ANL A,dir AND direct byte to A 2 1 55
ANL A @Ri AND indirect memory to A 1 1 56-57
ANL A #data AND immediate to A 2 1 54
ANL dir,A AND A to direct byte 2 1 52
ANL dir,#data AND immediate to direct byte 3 2 53
ORL A,Rn OR register to A 1 1 48-4F
ORL A.dir OR direct byte to A 2 1 45
ORL A,@Ri OR indirect memory to A 1 1 46-47
ORL A, #data OR immediate to A 2 1 44
ORL dir,A OR A to direct byte 2 1 42
ORL dir,#data OR immediate to direct byte 3 2 43
XRL A,Rn Exclusive-OR register to A 1 1 68-6F
XRL A,dir Exclusive-OR direct byte to A 2 1 65
XRL A, @Ri Exclusive-OR indirect memory to A 1 1 66-67
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XRL A, #data Exclusive-OR immediate to A 2 1 64
XRL dir,A Exclusive-OR A to direct byte 2 1 62
XRL dir,#data Exclusive-OR immediate to direct byte 3 2 63
CLR A Clear A 1 1 E4
CPLA Complement A 1 1 F4
SWAP A Swap Nibbles of A 1 1 C4
RL A Rotate A left 1 1 23
RLC A Rotate A left through carry 1 1 33
RR A Rotate A right 1 1 03
RRC A Rotate A right through carry 1 1 13
DATA TRANSFER
Mnemonic Description Bytes Cycles Hex code
MOV A,Rn Move register to A 1 1 E8-EF
MOV A, dir Move direct byte to A 2 1 E5
MOV A,@Ri Move indirect memory to A 1 1 E6-E7
MOV A i#data Move immediate to A 2 1 F8-FF
MOV Rn,A Move A to register 1 1 A8-AF
MOV Rn,dir Move direct byte to register 2 2 78-7F
MOV Rn,#data Move immediate to register 2 1 F5
MOV dir,A Move A to direct byte 2 1 88-8F
MOV dir,Rn Move register to direct byte 2 2 85
MOV dir,dir Move direct byte to direct byte 3 2 86-87
MOV dir,@Ri Move indirect memory to direct byte 2 2 75
MOV dir,#data Move immediate to direct byte 3 2 F6-F7
MOV @Ri,A Move A to indirect memory 1 1 AB-A7
MOV @Ri,dir Move direct byte to indirect memory 2 2 76-77
MOV @Ri,#data Move immediate to indirect memory 2 1 90
MOV DPTR,#data Move immediate to data pointer 3 2 93
MOVC A,@A+DPTR Move code byte relative DPTR to A 1 2 83
MOVC A,@A+PC Move code byte relative PC to A 1 2 E2-E3
MOVX A,@Ri Move external data(A8) to A 1 2 F2-F3
MOVX A, @DPTR Move external data(A16) to A 1 2 FO
MOVX @Ri,A Move A to external data(A8) 1 2 Cco
MOVX @DPTR,A Move A to external data(A16) 1 2 23
PUSH dir Push direct byte onto stack 2 2 Co
POP dir Pop direct byte from stack 2 2 DO
XCH ARn Exchange A and register 1 1 C8-CF
XCH A, dir Exchange A and direct byte 2 1 C5
XCH A,@Ri Exchange A and indirect memory 1 1 C6-C7
XCHD A,@Ri Exchange A and indirect memory nibble 1 1 D6-D7
BOOLEAN
Mnemonic Description Bytes Cycles Hex code
CLRC Clear carry 1 1 C3
CLR bit Clear direct bit 2 1 Cc2
SETB C Set carry 1 1 D3
SETB bit Set direct bit 2 1 D2
CPLC Complement carry 1 1 B3
CPL bit Complement direct bit 2 1 B2
ANL C,bit AND direct bit to carry 2 2 82
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ANL C,/bit AND direct bit inverse to carry 2 2 BO
ORL C,bit OR direct bit to carry 2 2 72
ORL C,/bit OR direct bit inverse to carry 2 2 A0
MOV C,bit Move direct bit to carry 2 1 A2
MOV bit,C Move carry to direct bit 2 2 92
BRANCHING
Mnemonic Description Bytes Cycles Hex code
ACALL addr 11 Absolute jump to subroutine 2 2 11-F1
LCALL addr 16 Long jump to subroutine 3 2 12
RET Return from subroutine 1 2 22
RETI Return from interrupt 1 2 32
AJMP addr 11 Absolute jump unconditional 2 2 01—E1
LJMP addr 16 Long jump unconditional 3 2 02
SJMP rel Short jump (relative address) 2 2 80
JC rel Jump on carry = 1 2 2 40
JNC rel Jump on carry =0 2 2 50
JB bit,rel Jump on direct bit = 1 3 2 20
JNB bit,rel Jump on direct bit = 0 3 2 30
JBC bit,rel Jump on direct bit = 1 and clear 3 2 10
JMP @A+DPTR Jump indirect relative DPTR 1 2 73
JZ rel Jump on accumulator = 0 2 2 60
JNZ rel Jump on accumulator # 0 2 2 70
CJNE A, dir,rel Compare A,direct jne relative 3 2 B5
CJINE A#d,rel Compare A,immediate jne relative 3 2 B4
CJNE Rn #d,rel Compare register, immediate jne relative 3 2 B8-BF
CJUNE @Ri,#d,rel | Compare indirect, immediate jne relative 3 2 B6-B7
DJNZ Rn,rel Decrement register, jnz relative 3 2 D8-DF
DJNZ dir,rel Decrement direct byte, jnz relative 3 2 D5
MISCELLANEOUS
Mnemonic Description Bytes Cycles Hex code
NOP No operation 1 1 00
ADDITIONAL INSTRUCTIONS (selected through EO[7:4])
Mnemonic Description Bytes | Cycles | Hex code

MOVC @DRTR-1A_| e e oo ™0 | 1 | 2 |
TRAP Software break command 1 1 A5

In the above table, an entry such as E8-EF indicates a continuous block of hex opcodes used for 8
different registers, the register numbers of which are defined by the lowest three bits of the
corresponding code. Non-continuous blocks of codes, shown as 11—F1 (for example), are used for
absolute jumps and calls, with the top 3 bits of the code being used to store the top three bits of the
destination address.

The CJNE instructions use the abbreviation #d for immediate data; other instructions use #data.

B. Package relation

Z51F6412AT

Z51F6412AR
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Pin count 80 64
Max 1/0 66 52
Difference - P6[4:7] (EC4,5)*
(removed functions - P7[0:7] (PCI7)
on standard Z51F6412) - P8[0:1]

Notice *) Timer4,5 can not only use External clock input source mode.

C. LFP example circuit

Layout circuit near to MCU

180k

IW\/T -

1000pF 250pF

D. Instructions on how to use the input port.

= Error occur status

= Using compare jump instructions with input port, it could cause error due to the timing conflict
inside the MCU.

= Compare jump Instructions which cause potential error used with input port condition:

JB  bit, rel ;jump on direct bit=1

JNB  bit, rel ;jump on direct bit=0

JBC hit, rel ;jump on direct bit=1 and clear

CJINE A, dir, rel ; compare A, direct jne relative
DJNZ dir, rel ; decrement direct byte, jnz relative

= ltis only related with Input port. Internal parameters, SFRs and output bit ports don’t cause an
y error by using compare jump instructions.
= If input signal is fixed, there is no error in using compare jump instructions.

= Error status example

while(1){ zzz: JNB 080.0, xxx ; it possible to be error
if (P00==1){ P10=1;} SETB  088.0
else { P10=0; } SIMP  yyy
P117=1; xxx: CLR 088.0
} yyy: MOV C,088.1
CPL C
MOV  088.1,C
PS030302-0212 PR SIMP  zzz




unsigned char ret_bit_err(void)

{

return 'P00;

Preventative measures (2 cases)
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MOV
JB
MOV
xxx: RET

R7, #000
080.0, xxx ; it possible to be error
R7, #001

= Do not use input bit port for bit operation but for byte operation. Using byte operation instead
of bit operation will not cause any error in using compare jump instructions for input port.

while(1){

if (P0&0x01)==0x01){ P10=1;}
else { P10=0;}
P117=1;

MOV
JNB
SETB

SJMP

CLR

MOV

CPL

MOV

SJMP

ZZZ:

XXX:
yyy:

A, 080
0EO0.0, xxx
088.0

yyy

088.0
C,088.1

C

088.1,C
777

; read as byte
; compare

= [If you use input bit port for compare jump instruction, you have to copy the input port as intern
al parameter or carry bit and then use compare jump instruction.

bit tt;

while(1){
tt=P00;
if (tt==0){ P10=1;}
else { P10=0;}
P117=1;

PS030302-0212

zzz: MOV  C,080.0 ; input port use internal parameter
MOV  020.0,C ; move
JB 020.0, xxx ; compare
SETB 088.0
SIMP  yyy

xxx: CLR 088.0

yyy: MOV  (C,088.1
CPL C
MOV  088.1,C
SIMP  zzz
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Customer Support

To share comments, get your technical questions answered, or report issues you may be
experiencing with our products, please visit Zilog’s Technical Support page at
http://support.zilog.com.

To learn more about this product, find additional documentation, or to discover other fac-
ets about Zilog product offerings, please visit the Zilog Knowledge Base or consider par-
ticipating in the Zilog Forum.

This publication is subject to replacement by a later edition. To determine whether a later
edition exists, please visit the Zilog website at http://www.zilog.com.
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