MC9S12XS256
Reference Manual

Covers MC9S12XS Family
MC9S12XS256
MC9S12XS128
MC9S12XS64

MC9S12XS256RMV1

Rev. 1.09

09/2009

freescale.com Z fr eescale’

semiconductor



To provide the most up-to-date information, the document revision on the World Wide Web is the most
current. A printed copy may be an earlier revision. To verify you have the latest information available, refer
to: http://freescale.com/

This document contains information for the complete S12XS Family and thus includes a set of separate
flash (FTMR) module sections to cover the whole family. A full list of family members and options is
included in the appendices.

This document contains information for all constituent modules, with the exception of the CPU. For CPU
information please refer to CPU12XV1 in the CPU12/CPU12X Reference Manual.

Revision History

Date Revision Description
Level
March, 2009 1.07 Corrected pin name in 112LQPF pinout

Updated XMMC, MSCAN, PIM sections

Removed all KGD references
May, 2009 1.08 Corrected Detailed Register Map (FERSTAT)
Corrected statement on VDDA/VDDX protection diodes

Updated Chapter 8 S12XE Clocks and Reset Generator (S12XECRGV1)
Updated Chapter 14 Serial Communication Interface (S12SCIV5)
September, 1.09 Updated Chapter 16 Timer Module (TIM16B8CV2) Block Description
2009 ' Updated Chapter 18 256 KByte Flash Module (S12XFTMR256K1V1)
Updated Chapter 19 128 KByte Flash Module (S12XFTMR128K1V1)
Updated Chapter 20 64 KByte Flash Module (S12XFTMR64K1V1)




Chapter 1
Chapter 2
Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9
Chapter 10
Chapter 11
Chapter 12
Chapter 13
Chapter 14
Chapter 15
Chapter 16
Chapter 17
Chapter 18
Chapter 19
Chapter 20
Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F

Device Overview S12XS Family ......... ... . .. . . . i, 19

Port Integration Module (S12XSPIMV1) . . ... ... .. ... ... 57
Memory Mapping Control (S12XMMCV4) . ....... ... ... ... . ..., 125
Interrupt (S12XINTV2) . . .. 149
Background Debug Module (S12XBDMV2) . ......... ... ... 165
S12X Debug (S12XDBGV3)Module ... 191
Security (S12XSOSECV2). . .. 227
S12XE Clocks and Reset Generator (S12XECRGV1) ............... 233
Pierce Oscillator (S12XOSCLCPV2) .. ... e 263
Analog-to-Digital Converter (ADC12B16CV1) . .................... 267
Freescale’s Scalable Controller Area Network (S12MSCANV3) ...... 293
Periodic Interrupt Timer (S12PIT24B4CV1) .. ........ ... ... .. u.. 347
Pulse-Width Modulator (S12PWM8B8CV1) ........... ... 363
Serial Communication Interface (S12SCIV5) . . . ... ... ... .. ... 395
Serial Peripheral Interface (S12SPIV5). .. ... ... ... 433
Timer Module (TIM16B8CV2) Block Description. . ................. 459
Voltage Regulator (S12VREGL3V3V1) . ... ... 487
256 KByte Flash Module (S12XFTMR256K1V1). . .................. 505
128 KByte Flash Module (S12XFTMR128K1V1).................... 555
64 KByte Flash Module (S12XFTMR64K1V1). . ...... ... ... ... 605
Electrical CharacteristiCs .. .......... . i 655
Package Information .......... .. ... 696
PCB Layout Guidelines . ......... .. e 706
Derivative Differences . . ... 710
Detailed Register Address Map ............ . 711
Ordering Information . .. ... ... . . . 733

S12XS Family Reference Manual, Rev. 1.09

Freescale Semiconductor 3



S12XS Family Reference Manual, Rev. 1.09

Freescale Semiconductor



11

1.2

13
14

15
1.6

1.7

1.8

1.9

2.1

2.2
2.3

Chapter 1
Device Overview S12XS Family
INtrOdUCTION . . .
111 FEaIUIES ..t
1.1.2 Modesof Operation . .. ......c.iuii et et
1.1.3 Block Diagram . .. ...
1.1.4 Device Memory Map . . ...t e
115 AddressSMapping . .. .ooitit i e
116 Detailed Register Map . ...t
1.1.7 PartID ASSIQNMENTS . ..ottt e e e e e e
Signal DeSCriPtiON . ...
121 DeviCePINOUL . . . ..o
122 PINASSIGNMENt OVEIVIEW . . ..ottt e e e e e e e
1.2.3 Detailed Signal DesCriptions . . ...t e e
124 Power SUPPIY PiNS .. .o
System Clock DESCIIPLION .. . oottt e et e e e e e e e e
Modes of Operation ... ....... it
1.4.1 Chip Configuration SUMMAIY . ... ...ttt e
142 POWE MOOES .. .ottt ettt
143 Freeze MOde. . ..o
S CUNIY . . ottt e e e e
Resats and INtEITUPLS . . . ..ot e e e e
16, RESEIS ..ot
1.6.2 VECIOIS ..
1.6.3 EffectsSOf RESEl . ... oo e
ATDO Configuration . ... ..ot e e e
1.7.1 Externa Trigger Input CONNECLION .. ... .. .ttt
1.7.2 ATDO Channel[17] CONNECiON . . ... ...ttt e e e
VREG Configuration . .. ....... .. e et
1.8.1 Temperature Sensor Configuration .. ......... ...ty
Oscillator ConfiguIalion . . . .. ...ttt e e e e e e e e e

Chapter 2

Port Integration Module (S12XSPIMV1)

INErOdUCTI ON . .. e
2. 1L OVEIVI BN .ttt
2012 FEAIUIES . . .

External Signal DesCriplion ... ...t

Memory Map and Register Definition ............. .. .. e
231 MeEMOrY Map ..o

S12XS Family Reference Manual, Rev. 1.09

Freescale Semiconductor



232

233

234

235

236

2.3.7

238

239

2.3.10
2311
2312
2.3.13
2314
2.3.15
2.3.16
2.3.17
2.3.18
2.3.19
2.3.20
2321
2.3.22
2.3.23
2324
2.3.25
2.3.26
2.3.27
2.3.28
2.3.29
2.3.30
2331
2.3.32
2.3.33
2.3.34
2.3.35
2.3.36
2.3.37
2.3.38
2.3.39
2.3.40
2341
2342
2.3.43
2.3.44
2.345
2.3.46

RegiSter DESCIIPIONS . . ..ottt et e e e 71

Port A Data Register (PORTA) ... e e 73
Port B DataRegister (PORTB) ... ...t et e 73
Port A DataDirection Register (DDRA) .. ... oo e 74
Port B Data Direction Register (DDRB) .. ...t 74
PIM Reserved RegiStErS . . . .o e e e 75
Port E DataRegister (PORTE) ... ..o e e e 75
Port E DataDirection Register (DDRE) . ... ... 76
Ports ABEK, BKGD pin Pull-up Control Register (PUCR) ...................... 77
Ports ABEK Reduced Drive Register (RDRIV) . ... i, 78
ECLK Control Register (ECLKCTL) ...t 79
PIM Reserved RegiSter .. ... e e e 80
IRQ Control Register (IRQCR) .. ... .ot e e 81
PIM Reserved Register PIMTEST ... ... e 81
Port K DataRegister (PORTK) ... ..ot et e e e 82
Port K DataDirection Register (DDRK) .. ... ..o e 82
Port T DataRegister (PTT) ... e 83
Port T Input Register (PTIT) . ..ot e et et e 84
Port T DataDirection Register (DDRT) . ...t e 85
Port T Reduced Drive Register (RDRT) .. ..o 85
Port T Pull Device Enable Register (PERT) ... 86
Port T Polarity Select Register (PPST) ... ... e 86
PIM Reserved Register ... ... o e 87
Port T Routing Register (PTTRR) ... ... e 87
Port SDataRegister (PTS) . ... o e e e e 89
Port Sinput Register (PTIS) .. ... o e 90
Port S Data Direction Register (DDRS) . ... ...t 91
Port SReduced Drive Register (RDRS) ... . i e 92
Port SPull Device Enable Register (PERS) . ... i 92
Port S Polarity Select Register (PPSS) ... 93
Port SWired-Or Mode Register (WOMS) . ... ..o e 93
PIM Reserved Register ... ... o 9
Port M DataRegister (PTM) ... ..o et 9
Port M Input Register (PTIM) .. .. . e e 96
Port M DataDirection Register (DDRM) . ... e 96
Port M Reduced Drive Register (RDRM) . ... ... 97
Port M Pull Device Enable Register (PERM) . ... ... it 98
Port M Polarity Select Register (PPSM) .. ..o 98
Port M Wired-Or Mode Register (WOMM) . ... .o 99
Module Routing Register (MODRR) . .. ...t e e 99
Port PDataRegister (PTP) .. ... e e e 100
Port PInput Register (PTIP) ... .o i e 102
Port P Data Direction Register (DDRP) . ... .. e 103
Port P Reduced Drive Register (RDRP) . ... ..o 104
Port P Pull DeviceEnable Register (PERP) ... ... .. .. 104

S12XS Family Reference Manual, Rev. 1.09

Freescale Semiconductor



2.3.47 Port P Polarity Select Register (PPSP) . ... .. e 105
2.3.48 Port P Interrupt Enable Register (PIEP) ... .. ... 105
2.3.49 Port PiInterrupt Flag Register (PIFP) ... ... .o e 106
2.350 Port H DataRegister (PTH) .. ... e 106
2351 PortHInput Register (PTIH) .. ... o e 107
2.3.52 Port H Data Direction Register (DDRH) ......... ...t 107
2.3.53 Port H Reduced Drive Register (RDRH) . ....... ... i 108
2.3.54 Port H Pull DeviceEnable Register (PERH) . ....... ... . 108
2.3.55 Port H Polarity Select Register (PPSH) . ... .o i 109
2.3.56 Port H Interrupt Enable Register (PIEH) . ....... ... ... i 109
2.3.57 Port H Interrupt Flag Register (PIFH) .. ... e 110
2.3.58 Port JDataRegister (PTJ) ..ot e 110
2.359 Port JInput Register (PTIJ) ... ..o et 111
2.3.60 Port JDataDirection Register (DDRJ) . ... ..ot 111
2.3.61 Port JReduced Drive Register (RDRJ) . ... oot 112
2.3.62 Port JPull DeviceEnableRegister (PERJ) ... i 112
2.3.63 Port JPolarity Select Register (PPSJ) . ... 113
2.3.64 Port Jinterrupt EnableRegister (PIEJ) . ...t e 113
2.3.65 Port Jinterrupt Flag Register (PIFJ) . ... e 114
2.3.66 Port ADO DataRegister O (PTOADO) ... .oii i e e 114
2.3.67 Port ADO DataRegister 1 (PT1IADO) . ....ivi e 115
2.3.68 Port ADO Data Direction Register O (DDROADO) ........cvviiiiiiiinann.. 115
2.3.69 Port ADO DataDirection Register 1 (DDRIADO) ....... ..., 116
2.3.70 Port ADO Reduced Drive Register 0 (RDROADQO) .........coviiiiiiiinan.. 116
2.3.71 Port ADO Reduced Drive Register 1 (RDR1IADQO) .........cooiiiiiiinnnann.. 117
2.3.72 Port ADO Pull Up Enable Register 0 (PEROADO) .. ... iiii i 117
2.3.73 Port ADO Pull Up Enable Register 1 (PERLIADO) .. ... 118
2374 PIM Resarved RegiSters . . ..o oot 118
24  Functional DEeSCrIPtiON . . ..ottt 118
240 GENErA ... 118
24,2 REJISEIS . . o 119
243 PInsand Ports. . ... ..o 121
244 PiNINEmUDIS . .o 123
25 Initidization INformation . . ... e 124
25.1 Port Dataand DataDirection Register writesS . ... 124
Chapter 3
Memory Mapping Control (S12XMMCV4)
3.1 INtrOQUCTION . .. e 125
311 TEMINOIOQY ... oottt 126
312 FEAUINES .. 126
313 SI2X MemOory Mapping . . ..o oottt e e e e e e 127
3.1.4 Modesof Operalion ... .......uuuui it 127
315 BlocK Diagram . ..o 127
3.2 External Signal DesCription . ... ...t 128
S12XS Family Reference Manual, Rev. 1.09
Freescale Semiconductor 7



3.3 Memory Map and RegiSters . . ..ot 129
331 Module Memory Map ... ..o 129
3.3.2 Register DeSCriplioNS . . ..ot 129
34 Functional DesCriplion . .. ... 138
341 MCUOperaingMode . . ... 138
34.2 Memory Map Scheme . ... ... e 138
343 ChipBusControl ....... ... e 145
3.5 Initigization/Application Information . ........... .. 146
351 CALLandRTCINSIIUCLIONS .. ...\t 146
Chapter 4
Interrupt (S12XINTV2)
A1 INrOAUCTION ..ttt e e e e e e e e e e e e 149
A1 1 GlOSSaIY ..ottt e 150
412 FEAIUNES . . 150
4.1.3 ModesOf Operation ... ..ottt e 151
4.1.4 BlocKk Diagram .. ... 152
4.2 External Signal DEeSCriPtioN . . ... ...t 152
4.3 Memory Map and Register Definition ............ . 153
431 ModuleMemory Map ... ..ot 153
4.3.2 Register DesCriplions . . . ..ottt e 154
4.4  FuNnctional DeSCIiPtiON . . ..ottt e 159
441 SI2X EXCEPtioN REQUESES . . ..ot e 160
4.4.2 Interrupt Prioritization . ... ... ... e 160
443 XGATE REQUESES . . . oottt it ettt e e e e e e 161
444 Priority DeCOders . . ... 161
445 Reset EXCeption REQUESES . . ..ot 162
446 EXCEPLON Priority . ... 162
45 Initidization/Application INformation . ........... ..t 163
451 INtalizalion .. ... 163
452 INterrUpt NESHING . ..ot 163
453 WakeUpfromStoporWaitMode ........... i 164
Chapter 5
Background Debug Module (S12XBDMV2)
5.1 INtrOQUCTION . ..ot e e e 165
.11 FEAIUNES oottt e e e 165
5.1.2 Modesof Operalion ... .......uuuuiuie et 166
5.1.3 BlocK Diagram .. ..o e 167
52 External Signal DesCription . . ... ...t 167
5.3 Memory Map and Register Definition . .......... .. 168
531 ModuleMemory Map . ... 168
532 RegiSter DESCIPLiONS . . . . oottt et e e e e e e 168
533 Family ID ASSIgNMENt . . ...ttt 173
S12XS Family Reference Manual, Rev. 1.09
8 Freescale Semiconductor



5.4

6.1

6.2
6.3

6.4

7.1

Functional DesCription . ... ... 173

B4 SECUMEY oottt 174
54.2 Enablingand Activating BDM .. ... ... . e 174
5.4.3 BDM Hardware Commands ... ... ...ttt 175
54.4 Standard BDM Firmware Commands .. ...t 176
545 BDM Command SITUCLUIE . . . . ..ot e e 177
546 BDM Seria Interface . . ...t 179
5.4.7 Serid Interface Hardware Handshake Protocol . .............. ... ... .. ... ... 182
5.4.8 Hardware Handshake Abort Procedure . ........... .. 184
549 SYNC—Request Timed ReferencePulse ........... ... ... ... 187
5.4.10 INSrUCHION TraCing . . . oottt et e et e e e e e e e e e e e 188
5.4.11 Serial Communication TIMEOUL . . . . ...ttt e 189
Chapter 6
S12X Debug (S12XDBGV3) Module

INErOTUCTION . . oot e e e 191
B.1.1  GlOSSaY . oottt e 191
B.1.2  OVEIVIBIV .ttt 192
6.1.3 FEaIUIES .. .. . 192
6.1.4 Modesof Operation .. ..... ...t e 193
6.1.5 BIOCK DIiagram . . .. ..o 194

External Signal DesCription . .. ... oot 194

Memory Map and RegiSterS . . .. ..ot e 194
6.3.1 ModuleMemory Map .. ... e 194
6.3.2 Register DeSCriPtioNS . . . ..ottt 195

Functional DesCription . . ...t 211
6.4.1 SI2XDBG OPEraliON . . ..ottt et e e e 212
6.4.2 Comparator MOAES . . . ..ot e 212
6.4.3 Trigger MOOES . . ..ot e e 216
6.4.4 State Sequence CoNtrol . . ... ... ottt e 217
6.4.5 Trace Buffer Operation .. ............ it et 218
B.4.6  Ta00ING .. oottt 224
6.4.7 BreakpointS ... ... 224

Chapter 7
Security (S12XS9SECV2)

INtrOdUCTION . . . 227
711 FEaIUIES ..o 227
7.1.2 Modesof Operation .. ........oiii i e e 228
7.1.3 Securingthe Microcontroller ........... . 228
7.1.4 Operation of the Secured Microcontroller ........... ... ..., 229
7.1.5 Unsecuringthe Microcontroller . ........... e 231
7.1.6 Reprogramming the Security BitS ... ......... . 231
7.1.7 Complete Memory Erase (Special Modes) ..., 232

S12XS Family Reference Manual, Rev. 1.09

Freescale Semiconductor 9



8.1

8.2

8.3

8.4

8.5

8.6

9.1

9.2

9.3
94

Chapter 8
S12XE Clocks and Reset Generator (S12XECRGV1)
INErOTUCTION . . oo e e e e e
.11 FEAUINES ...ttt
8.1.2 ModesSof OPEralion . . ... ...ttt e e e
8.1.3 BIlOCK Diagram . ...t
Signal DeSCriPliON . .o e
821 VDDPLL, VSSPLL ......................................................
8.2 2 RESET ...
Memory Map and RegiSterS . . .. ..ot
8.3.1 Module Memory Map ... ..o
8.3.2 Register DeSCriplioNS . . .. oot
Functional DesCription . . ...t
8.4.1 Functiona BIOCKS . ... ...
8.4.2 OperatioN MOUES . . ... oo e
8.4.3 LOW POWEr OptioNS ... ittt e
RESELS . . o
8.5.1 Description of Reset Operation . .........cc.uuiritie it
O U S .o et e
8.6.1 Description of Interrupt Operation . . ... ...ttt

Chapter 9
Pierce Oscillator (S12XOSCLCPV2)

INtrOdUCTION . . .
0.1 1 FEAUIES .. .ottt e e
0.1.2 Modesof Operalion .. ...t
9.1.3 BlOCK DIagram . . ..ot

External Signal DesCription . ... ..ottt
9.2.1 Vppp | ad Vggp | — Operating and Ground VoltagePins ....................
9.22 EXTAL and XTAL — Inputand Output Pins . . .. ...t

Memory Map and Register Definition ............ ... e

Functional DesCription . . ... .o
941 GanNCoNMrol .. ...
0.4.2 ClOCK MONIOr ...ttt e e e e e
0.4.3 Wat Mode Operalion . . . ...ou it e e
944 StOpMOdE OPEration . . .. oottt e e e

Chapter 10
Analog-to-Digital Converter (ADC12B16CV1)

10.1 INtrOdUCLION . . . . e e e e e e e e e e e e e e e e e e e

1O0.1.1 FEAIUIES . . . oottt e e e e e e e e
10.1.2 Modesof Operation . ...t e
10.1.3 Block Diagram . .. ...

10.2 Signal DesCriptioN . ...ttt e e e

S12XS Family Reference Manual, Rev. 1.09

10

Freescale Semiconductor



10.3

104

10.5
10.6

111

11.2

11.3

114

115

121

10.2.1 Detailed Signal DesCriptions . .. ... oottt e e e e 271

Memory Map and Register Definition . .......... . 271
10.3.1 Module Memory Map .. ...oni et e e e 271
10.3.2 Register DeSCIiPtiONS . . .. oot it e 274

Functional DESCIIPION . . . . ...t e e e 290
10.4.1 Analog SUB-BIOCK .. ... o 290
10.4.2 Digital SUD-BIOCK .. ... 290

RESELS . . 291

I TUPES . . .o 292

Chapter 11
Freescale’s Scalable Controller Area Network (S12MSCANV3)

INErOTUCTION . . o ot e e e e 293
O 0 1 294
11.1.2 BIOCK Diagram . . . ..o e 294
O R = 295
11.1.4 Modesof Operation . ...t e e 295

External Signal DesCription . .. ... 296
11.2.1 RXCAN —CANReceiver Input Pin . ......... .. it 296
11.2.2 TXCAN — CAN Transmitter Output Pin . ......... ... . i 296
11.2.3 CAN SYStOmM ..ot 296

Memory Map and Register Definition ............ ... i e 297
11.3.1 Module Memory Map .. ..ot e 297
11.3.2 RegiSter DESCIIPLIONS . . . .. ottt et e e e e e e 299
11.3.3 Progranmer'sModel of MessageStorage . .. .. ..o 318

Functional DesCription . . ...t 329
1140 General ...t 329
11.4.2 MESSAgE SHOTA0E . . vt ittt et e et et e e 329
11.4.3 ldentifier Acceptance Filter . ... ... 332
11.4.4 ModesOf OPEration . .. ...ttt e e e 338
11.4.5 Low-Power Options . ... oottt e et 340
11.4.6 Reset INitialization . . ... ..o 344
10 A 7 IO TUPES . . oo e 344

Initialization/Application Infformation . ............. .. . 346
11.5.1 MSCAN INItIalization . ... .. ... e 346
11.5.2 BUS-Off RECOVEIY . .ot 346

Chapter 12
Periodic Interrupt Timer (S12PIT24B4CV1)

INtrOdUCTION . . . 347
12,00 GlOSSAIY v v v ittt e e e 347
12.0.2 FEAIUIES . . . ottt e e e e e 347
12.1.3 M0odes Of OpPEeration . .. ... ..ottt e 347
12.1.4 BlOCK Diagram . . ... e 348

S12XS Family Reference Manual, Rev. 1.09

Freescale Semiconductor 11



12.2 External Signal DesCription . .. ... ...t e 348
12.3 Register DEfiNItiON . . ... e 349
12.4 Functional DesCriptioNn . .. ..o u e e 358
1022 I I 3= 358
12.4.2 Interrupt INterface ... ... e 359
12.4.3 HardWare Trigger . . oo it ettt e e e e e e e ettt 360
125 INItaliZation .. ... e 360
1251 SHaATUD .« oottt e 360
12.5.2 ShULAOWN . ..o 360
1253 Flag Clearning .. ....o i e e e 360
12.6 Application INformation . . . . ... .. . e 361
Chapter 13
Pulse-Width Modulator (S12PWM8B8CV1)
10 50 R 1 1o [ o 1 363
1311 FBIUMES . ottt e e e e e 363
13.1.2 Modesof Operation . ...t e 364
13.1.3 Block Diagram . .. ... 364
13.2 External Signal DesCription . .. ..... ot e 364
1321 PWM7 —PWM Channel 7 . . ... o e 365
1322 PWME6—PWMChannel 6 . ... ... e 365
1323 PWMS5—PWM Channel 5 ... ... e 365
1324 PWM4—PWM Channel 4 . . ... o e 365
1325 PWM3—PWM Channel 3 .. ... . e 365
1326 PWM3—PWM Channel 2 ... ... e 365
1327 PWM3—PWM Channel 1 .. ... . e 365
1328 PWM3—PWMChannel O . ... oo e e 365
13.3 Memory Map and Register Definition ............. .. i 365
13.3.1 Module Memory Map . ...t e 365
13.3.2 Register DESCIIPLIONS . . . ..ottt et e e e e e e 366
13.4 Functional DesCription . . ... oot e 381
13.4.1 PWM CloCK SEIECE . . ..ot e e 381
13.4.2 PWM Channel TImerS . ...ttt e ettt ettt 384
13D RESELS . .ottt 392
13,8 I TUPES . .ot 393
Chapter 14
Serial Communication Interface (S12SCIV5)
4.1 INtrodUCION . ..o e 395
1401 GlOSSAY . oottt et e e 395
O = 396
14.1.3 Modesof Operation . ...t e e e 396
14.2.4 BIOCK Diagram . ... ..ot 397
14.2 External Signal DesCription . .. ..... ot e 398
S12XS Family Reference Manual, Rev. 1.09
12 Freescale Semiconductor



14.3

14.4

14.5

151

152

153

154

1421 TXD —Transmit Pin . . ... e 398

1422 RXD — ReCEVE PIN ... 398
Memory Map and Register Definition ............ ... e 398
14.3.1 Module Memory Map and Register Definition ............ ... .. .. .. .. 398
14.3.2 Register DESCIIPLIONS . . . ..ottt et e e e e e e 399
Functional DeSCIIPLiON . ... ..ot e e 411
14.4.1 Infrared Interface Submodule . ... ... . 412
14.4.2 LIN SUPPOIT . .ot e e e e e e 412
14.4.3 DataFormat . .. .. ... 413
14.4.4 Baud Rate GEneration . ... ...ttt e 414
1445 TranSmMIt e .. .o e 415
L4486 RECEIVEN ..ottt e 420
14.4.7 SINgle-Wire Operalion . . . ...ttt e e 428
14.4.8 LOOP OPEratioN .. ...ttt e et e e e e e 429
Initialization/Application Infformation . .............. . . 429
1451 Reset Initialization . .. ... ..o e 429
14.5.2 MOdes Of OPEration . .. ...ttt e e 429
14.5.3 Interrupt Operation . . . ..ottt e e e 430
14.5.4 Recovery fromWait Mode . . ... ... 432
14.5.5 Recovery fromStopMode . . . ... .o 432
Chapter 15
Serial Peripheral Interface (S12SPIV5)

INtrOdUCHI ON . . 433
15.1.1 GlOSSary Of TEIMS . ..ottt e et e ettt 433
15.1.2 FEAIUNES . oottt e e e e e 433
15.1.3 MOdes Of OpEration . ... ..ottt e e e 433
15.2.4 BlOCK Diagram . .. ..o 434

External Signal DesCription . .. ...t 435
15.2.1 MOSI — Master Out/Slave InPin . ... ... e 435
15.2.2 MISO — Master InfSlave OUt Pin ... ... 435
15.2.3 SS— Slave SEIECt PiN . ..\t 436
1524 SCK — Serial Clock Pin . ... . 436

Memory Map and Register Definition ............... e 436
15.3.1 Module Memory Map .. ...vt i e e 436
15.3.2 Register DESCIIPLiONS . . . ..ottt et e e e e e 437

Functional DeSCIIPtiON . ... ..ot e e e 445
15.4.1 Master MOOE .. ...ttt e e e e e e 446
15.4.2 SlaveMOOe . ... e 447
15.4.3 TransmisSiON FOIMAaLS . ... .ottt e e e e 448
15.4.4 SPl Baud Rate Generation . ... ...ttt 453
15.4.5 Special FEAUIES . . . . ..o e 454
15.4.6 Error ConditionS . . .. ..ottt 455
15.4.7 Low Power Mode Options . .. ..ottt e e e e 456

S12XS Family Reference Manual, Rev. 1.09

Freescale Semiconductor 13



16.1

16.2

16.3

16.4

16.5
16.6

171

17.2

Chapter 16
Timer Module (TIM16B8CV?2) Block Description

INErOTUCTION . . o ot e e e e 459
16.1.1 FEAIUNES . oottt e e e e e e e e 460
16.1.2 Modes Of OPEration . .. ... ...t e e e e 460
16.1.3 BIOCK Diagrams . . .. ...ttt 461

External Signal DesCription ... ...t 463
16.2.1 10C7 — Input Capture and Output Compare Channel 7Pin .................... 463
16.2.2 10C6 — Input Capture and Output Compare Channel 6 Pin . ................... 463
16.2.3 10C5 — Input Capture and Output Compare Channel 5Pin .................... 463
16.2.4 10C4 — Input Capture and Output Compare Channel 4Pin .. .................. 463
16.2.5 10C3 — Input Capture and Output Compare Channel 3Pin .................... 463
16.2.6 10C2 — Input Capture and Output Compare Channel 2Pin .................... 463
16.2.7 10C1 — Input Capture and Output Compare Channel L Pin .................... 464
16.2.8 10C0O — Input Capture and Output Compare Channel OPin . ................... 464

Memory Map and Register Definition . ........... .. e 464
16.3.1 Module Memory Map . .. ...t e e e 464
16.3.2 Register DeSCriptioNS . .. oottt et e 464

Functional DesCription . . ...t e 4381
16.4.0 PresCaler . ... e 482
16.4.2 INPUE Capture . . ..o e 483
16.4.3 OUIPUL COMPaIE . . o ottt e et et e e e e e e e 483
16.4.4 Pulse ACCUMUIALON . . . ..ot e e e e e 484
16.4.5 Event Counter MOOE . . ... .t 484
16.4.6 Gated Time Accumulation Mode . . ... ... e 484

RESEES . o e 485

O UL . et 485
16.6.1 Channdl [7:0] Interrupt (C[7:0]F) . ... oo e e e 485
16.6.2 Pulse Accumulator Input Interrupt (PAOVI) ... oo 485
16.6.3 Pulse Accumulator Overflow Interrupt (PAOVF) ... ..o 485
16.6.4 Timer Overflow Interrupt (TOF) . ... . e 486

Chapter 17
Voltage Regulator (S12VREGL3V3V1)

100 [T { o 487
I R = = 487
17.1.2 Modes Of OpEration . . .....o. ittt e et 487
17.1.3 BloCK Diagram . .. ..o e 488

External Signal DesCription . . ... ... 490
17.2.1 VDDR — Regulator Power INpUt Pins ........... ... 490
17.2.2 VDDA, VSSA — Regulator Reference Supply Pins . .. .. ... ...t 490
17.2.3 VDD, VSS — Regulator Outputl (CoreLogic) Pins ............ ... ... ... ... 490
17.2.4 VDDF — Regulator Output2 (NVM LogiC) Pins . .......... ..., 491
17.2.5 VDDPLL, VSSPLL — Regulator Output3 (PLL) Pins . ..., 491

S12XS Family Reference Manual, Rev. 1.09

14

Freescale Semiconductor



17.3

17.4

18.1

18.2

18.3

184

18.5

18.6

191

17.2.6 VDDX — Power Input Pin . ... 491

17.2.7 Vrecen — Optional Regulator EnablePin ............ ... ......at. 491
17.2.8 VRreg ap — Optional Autonomous Periodical Interrupt Output Pin . ............. 491
Memory Map and Register DEfinition . .......... ... 491
17.3.1 Module Memory Map .. ...ttt 492
17.3.2 Register DesCriptioNS . . ..ottt et e 493
Functional DesCription . . ... 500
1740 General ... e 500
17.4.2 Regulator Core (REG) .. ...oi i e e e e 500
17.4.3 Low-Voltage DeteCt (LVD) ... ..ottt 500
17.4.4 Power-OnReset (POR) ... ..ot e e 500
17.45 Low-Voltage Reset (LVR) .. ..o e 500
17.4.6 HTD - High Temperature Detect . ... 501
17.4.7 Regulator Control (CTRL) . .. ..ot e e e 501
17.4.8 Autonomous Periodical Interrupt (API) .. ... 501
1749 RESES . .ottt 502
17.4.10Description of Reset Operation .. ... ...ttt 502
It I 1 = 0 502
Chapter 18
256 KByte Flash Module (S12XFTMR256K1V1)

INErOTUCTION . . o e e e e e 505
1811 GlOSSAIY . o vttt ettt e e e 506
18.1.2 FEAIUIES . . .ottt e e e e 507
18.1.3 BloCK Diagram . ... ..ot e 507

External Signal DesCription . .. ...t 508

Memory Map and RegISIENS . . . ... oo 508
18.3.1 Module Memory Map .. ..ottt e 509
18.3.2 Register DesCriptioNS . . . ..ottt 512

Functional DESCIIPION . . . . ..ot e e e e 533
18.4.1 Flash Command OperationS . . . .. ..o vttt et ettt et 533
18.4.2 Flash Command DesCription . ... et 538
18.4.3 INtEITUPLS . ..ottt 551
18.4.4 Walt MOUE . ... e 552
1845 StOPMOAE . ..ot e 552

SECUNIEY .« o vttt et e 552
18.5.1 Unsecuring the MCU using Backdoor Key ACCESS ... ..o oo i i 552
18.5.2 Unsecuring the MCU in Specia Single Chip ModeusingBDM ................. 553
18.5.3 Mode and Security Effects on Flash Command Availability ... .................. 554

INITAlIZAtiON . . .. 554

Chapter 19
128 KByte Flash Module (S12XFTMR128K1V1)
INErOTUCTION . . o ot e e e e 555

S12XS Family Reference Manual, Rev. 1.09

Freescale Semiconductor 15



19.2
19.3

194

19.5

19.6

20.1

20.2

20.3

204

20.5

20.6

19,01 GlOSSaIY .ottt e 556

19.1.2 FEAIUNES . oottt e e e e e 557
19.1.3 BloCK Diagram . ... ..o 557
External Signal DesCription . .. ... 558
Memory Map and RegISIErS . . . ..o 558
19.3.1 Module Memory Map .. ..ottt e e 559
19.3.2 Register DeSCriptioNS . . . ..ottt 562
Functional DESCIIPION . . . . ..ot e e 583
19.4.1 Flash Command OperationS . . . .. .. vv ittt et ettt et ee e 583
19.4.2 Flash Command DesCription . ......... it e 588
19.4.3 INtEITUPLS . ..ot e 601
19.4.4 Walt MOOE . ... e e e e 602
1945 StOP MO . ..ot e e 602
SECUNIEY .« o ettt 602
19.5.1 Unsecuring the MCU using Backdoor Key ACCESS .. .. ..o ii i 602
19.5.2 Unsecuring the MCU in Specia Single Chip ModeusingBDM ................. 603
19.5.3 Mode and Security Effects on Flash Command Availability ..................... 604
INIAlIZAtiON . . .. 604
Chapter 20
64 KByte Flash Module (S12XFTMR64K1V1)

INErOTUCTION . . o e e e e e 605
20.1.0 GlOSSAY . vttt 606
20.1.2 FEAIUNES . .ttt e e e 607
20.1.3 BIOCK Diagram . ...t 608

External Signal DesCription . .. ...t 608

Memory Map and RegISIENS . . . ... oo 609
20.3.1 Module Memory Map ... ...t e 609
20.3.2 Register DesCriptions . . . ..ot e 613

Functional DESCIIPION . . . . ..ot e e e e 633
20.4.1 Fash Command OperationS . . .. ..o vttt e e ettt et 633
20.4.2 Flash Command DesCription .. ...ttt ettt 638
20.4.3 INEEITUPES . . ottt e e e e 651
2044 Walt MOOE . . ..o 652
2045 SIOPMOOE ... 652

SECUNIEY .« o vttt et e 652
20.5.1 Unsecuring the MCU using Backdoor Key ACCESS . .. .. oo oo 653
20.5.2 Unsecuring the MCU in Special Single Chip ModeusingBDM ................. 653
20.5.3 Mode and Security Effects on Flash Command Availability .. ................... 654

INITAlIZAtiON . . .. 654

Appendix A
Electrical Characteristics
GENE Al . . 655

S12XS Family Reference Manual, Rev. 1.09

16

Freescale Semiconductor



A. 11 Parameter ClassifiCation. .. ... ... 655
AL2 POWEr SUPPLY .o 655
AL S PINS . o e 656
AL4 CUrrent INJECHION. . ..ot e 657
A.15 Absolute Maximum REtiNGS. . . .. ..ot 657
A.1.6 ESD Protection and Latch-up Immunity. .. ............ ... .. . ... 658
A.L7 Operating ConditioNs . . ... ..ot e 659
A.1.8 Power Dissipation and Thermal Characteristics. . ... ... 660
A.L9 /O CharaCteristiCs . . . oot ittt e e e e e e 664
AL L0 SUPPlY CUIMTENtS .. e e 667
A2 ATD CharatteristiCS . . . oottt e e e 671
A.2.1 ATD Operating CharaCteristiCs. . . .. .o oo et e 671
A.2.2 Factors INflueNCINg ACCUIaCY . . . o . vttt et et et 671
A.2.3 ATD ACCUIBEY . . oot ittt e e e e e e e e e 673
A3 NVM, H SN . 677
A31 TimMiNg Paramelers . . ... e 677
A.3.2 NVM Reliability Parameters. . . ... 681
A4 Voltage ReguUIaor . . . .. ..o 683
AL OUIPUL LOAOS. . ..o 684
AB51 ReSISHVELOAAS. . .. ..o 684
A52 CapaCitiVeLoads. . .. ....o it 684
A.5.3 ChipPower-upandVoltage Drops. .. ... e 684
A.6 Reset, Oscillator and PLL . .. ... o 686
A L SaUD. ..o 686
AB.2 OSCIHIEIOr. . . o e 688
A.6.3 PhaseLocked LOOP. . . ..o v 689
A7 M S AN, o 691
A8 SPlTIMING .ottt 692
AB.L Master MOGE. . . ..ot e 692
AB2 SaVeMOOe. . ... 694
Appendix B
Package Information
B.1 112-pin LQFP Mechanical DIMeNSIONS . . . .. ..o v ittt e ettt e e e 697
B.2 80-PinQFP Mechanical DIMENSIONS .. ...ttt e e e e e 700
B.3 64-Pin LQFP Mechanical DImMeNSIONS . . . . .. oottt e et 703
Appendix C
PCB Layout Guidelines
Gl GENEra ..ot e 706
C.1.1 112-PinLQFPRecommended PCB Layout. ........... ..., 707
C.1.2 80-PinQFPRecommended PCB Layout ... ..., 708
C.1.3 64-Pin LQFP Recommended PCB Layout. .. ......... ..ot 709
S12XS Family Reference Manual, Rev. 1.09
Freescale Semiconductor 17



Appendix D
Derivative Differences

D.1 Memory Sizes and Package Options S12XSfamily . ......... ... i 710
Appendix E
Detailed Register Address Map
E.l Detaled REGISIEr Map. . . .ottt ettt e e e e e e 711
Appendix F
Ordering Information
F.1 Ordering Information . . ... ... o e 733

S12XS Family Reference Manual, Rev. 1.09

18 Freescale Semiconductor



Chapter 1
Device Overview S12XS Family

1.1 Introduction

The new S12XS family of 16-bit micro controllers is a compatible, reduced version of the S12XE family.
These families provide an easy approach to develop common platforms from low-end to high-end
applications, minimizing the redesign of software and hardware.

Targeted at generic automotive applications and CAN nodes, some typical examples of these applications
are: Body Controllers, Occupant Detection, Door Modules, RKE Receivers, Smart Actuators, Lighting
Modules and Smart Junction Boxes amongst many others.

The S12XS family retains many of the features of the S12XE family including Error Correction Code
(ECC) on Flash memory, a separate Data-Flash Module for code or data storage, a Frequency Modulated
Locked Loop (IPLL) that improves the EMC performance and a fast ATD converter.

S12XS family delivers 32-bit performance with all the advantages and efficiencies of a 16-bit MCU while
retaining the low cost, power consumption, EMC and code-size efficiency advantages currently enjoyed
by users of Freescale’s existing 16-bit S12 and S12X MCU families. Like members of other S12X

families, the S12XS family runs 16-bit wide accesses without wait states for all peripherals and memories.

The S12XS family is available in 112-pin LQFP, 80-pin QFP, 64-pin LQFP package options and maintains
a high level of pin compatibility with the S12XE family. In addition to the I/O ports available in each
module, up to 18 further I/O ports are available with interrupt capability allowing Wake-Up from stop or
wait modes.

The peripheral set includes MSCAN, SPI, two SCIs, an 8-channel 24-bit periodic interrupt timer, 8-
channel 16-bit Timer, 8-channel PWM and up to 16- channel 12-bit ATD converter.

Software controlled peripheral-to-port routing enables access to a flexible mix of the peripheral modules
in the lower pin count package options.

1.1.1 Features

Features of the S12XS Family are listed here. Please see Table D-1 for memory options and Table D-2 for
the peripheral features that are available on the different family members.
+ 16-bit CPUI12X

— Upward compatible with S12 instruction set with the exception of five Fuzzy instructions
(MEM, WAV, WAVR, REV, REVW) which have been removed

— Enhanced indexed addressing
— Access to large data segments independent of PPAGE
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INT (interrupt module)
— Seven levels of nested interrupts
— Flexible assignment of interrupt sources to each interrupt level.
— External non-maskable high priority interrupt (XIRQ)
— The following inputs can act as Wake-up Interrupts
— IRQ and non-maskable XIRQ
— CAN receive pins
— SClI receive pins
— Depending on the package option up to 20 pins on ports J, H and P configurable as rising or
falling edge sensitive
MMC (module mapping control)
DBG (debug module)
— Monitoring of CPU bus with tag-type or force-type breakpoint requests
— 64 x 64-bit circular trace buffer captures change-of-flow or memory access information
BDM (background debug mode)
OSC_LCP (oscillator)
— Low power loop control Pierce oscillator utilizing a 4MHz to 16MHz crystal
— Good noise immunity
— Full-swing Pierce option utilizing a 2MHz to 40MHz crystal
— Transconductance sized for optimum start-up margin for typical crystals
IPLL (Internally filtered, frequency modulated phase-locked-loop clock generation)
— No external components required
— Configurable option to spread spectrum for reduced EMC radiation (frequency modulation)
CRG (clock and reset generation)
— COP watchdog
— Real time interrupt
— Clock monitor
— Fast wake up from STOP in self clock mode
Memory Options
— 64K, 128K and 256K byte Flash
— Flash General Features
— 64 data bits plus 8 syndrome ECC (Error Correction Code) bits allow single bit failure
correction and double fault detection
— Erase sector size 1024 bytes
— Automated program and erase algorithm
— Protection scheme to prevent accidental program or erase
— Security option to prevent unauthorized access
— Sense-amp margin level setting for reads
— 4K and 8K byte Data Flash space
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— 16 data bits plus 6 syndrome ECC (Error Correction Code) bits allow single bit failure

correction and double fault detection
— Erase sector size 256 bytes
— Automated program and erase algorithm
4K, 8K and 12K byte RAM

* 16-channel, 12-bit Analog-to-Digital converter

8/10/12 Bit resolution

3us, 10-bit single conversion time

Left or right justified result data

External and internal conversion trigger capability
Internal oscillator for conversion in Stop modes

Wake from low power modes on analog comparison > or <= match

Continuous conversion mode
Multiplexer for 16 analog input channels
Multiple channel scans

Pins can also be used as digital I/O

*+  MSCAN (1 M bit per second, CAN 2.0 A, B software compatible module)

1 Mbit per second, CAN 2.0 A, B software compatible module
— Standard and extended data frames

— 0 - 8 bytes data length

— Programmable bit rate up to 1 Mbps

Five receive buffers with FIFO storage scheme

Three transmit buffers with internal prioritization

Flexible identifier acceptance filter programmable as:

— 2 x 32-bit

— 4 x 16-bit

— 8 x 8-bit

Wake-up with integrated low pass filter option

Loop back for self test

Listen-only mode to monitor CAN bus

Bus-off recovery by software intervention or automatically
16-bit time stamp of transmitted/received messages

« TIM (standard timer module)

8 x 16-bit channels for input capture or output compare
16-bit free-running counter with 8-bit precision prescaler
1 x 16-bit pulse accumulator

» PIT (periodic interrupt timer)

Up to four timers with independent time-out periods
Time-out periods selectable between 1 and 224 bus clock cycles
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— Time-out interrupt and peripheral triggers

— Start of timers can be aligned

Up to 8 channel x 8-bit or 4 channel x 16-bit Pulse Width Modulator

— Programmable period and duty cycle per channel

— Center- or left-aligned outputs

— Programmable clock select logic with a wide range of frequencies

Serial Peripheral Interface Module (SPI)

— Configurable for 8 or 16-bit data size

— Full-duplex or single-wire bidirectional

— Double-buffered transmit and receive

— Master or Slave mode

— MSB-first or LSB-first shifting

— Serial clock phase and polarity options

Two Serial Communication Interfaces (SCI)

— Full-duplex or single wire operation

— Standard mark/space non-return-to-zero (NRZ) format

— Selectable IrDA 1.4 return-to-zero-inverted (RZI) format with programmable pulse widths

— 13-bit baud rate selection

— Programmable character length

— Programmable polarity for transmitter and receiver

— Receive wakeup on active edge

— Break detect and transmit collision detect supporting LIN

On-Chip Voltage Regulator

— Two parallel, linear voltage regulators with bandgap reference

— Low-voltage detect (LVD) with low-voltage interrupt (LVI)

— Power-on reset (POR) circuit

— Low-voltage reset (LVR)

Low-power wake-up timer (API)

— Internal oscillator driving a down counter

— Trimmable to +/-10% accuracy

— Time-out periods range from 0.2ms to ~13s with a 0.2ms resolution

Input/Output

— Up to 91 general-purpose input/output (I/O) pins depending on the package option and 2 input-
only pins

— Hysteresis and configurable pull up/pull down device on all input pins

— Configurable drive strength on all output pins

Package Options

— 112-pin low-profile quad flat-pack (LQFP)

— 80-pin quad flat-pack (QFP)
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— 64-pin low-profile quad flat-pack (LQFP)
* Operating Conditions
— Wide single Supply Voltage range 3.135 V to 5.5 V at full performance
— Separate supply for internal voltage regulator and I/O allow optimized EMC filterin