MC9S12XEP100
Reference Manual
Covers MC9S12XE Family

MC9S12XEP100RMV1

Rev. 1.14

12/2007

freescale.com Z “freescale’

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 S12XE-Family and thus includes a set of separate
flash (FTM) 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 S12X CPU. For
S12X CPU information please refer to the CPU S12 Reference Manual Version 2 .

Revision History

Date Revision Description
Level
FTM timing parameter section enhanced
Added temperature sensor
Jun, 2007 1.08 CDM ESD specification enhanced

Derivative table corrected (one 1IC in 112 LQFP)
API accuracy updated
Added FTM sections for smaller derivatives

Added XQ512 thermal parameters
Updated NVM parameter section
Jul, 2007 1.09 Corrected derivative table
Corrected illegal access reset text
Updated pin input leakage spec.

Updated NVM P-flash data retention spec.

Corrected IIC register bit names and FCTL reference.
Added further input leakage specification parameters
Corrected VDDA to VDDX diode spec.

Aug, 2007 1.10

Updated FTM sections

Corrected SPI register names in register listing. Corrected typos.
Added PARTIDs

Corrected TIM availability entries in derivative Table D-2

Sep, 2007 1.11

Added alternative 80QFP S12XEA256 option

Oct, 2007 112 Enhanced Termperature Sensor configuration description

Nov, 2007 1.13 XEG128 derivative changed from one 128K array to two 64K arrays

Updated XEG128 D-Flash size.

Clarified unimplemented ranges

Dec, 2007 1.14 Added STOP/WAIT functionality to Vector Tables
Added further 384K derivative

Updated DBG section




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
Chapter 21
Chapter 22
Chapter 23
Chapter 24
Chapter 25

Device Overview MC9S12XE-Family. . ................... 27
Port Integration Module (S12XEPIMV1) .................. 99
Memory Mapping Control (S12XMMCV4) ............... 197
Memory Protection Unit (S12XMPUV1) ................. 239
External Bus Interface (S12XEBIV4).................... 253
Interrupt (S12XINTV2) ....... . e 275
Background Debug Module (S12XBDMV2) . ............. 291
S12X Debug (S12XDBGV3) Module .................... 317
Security (S12XE9SECV2). ........c ittt i i i i e 361
XGATE (S12XGATEV3). . .o oot i i i i i i i iienennnnnnnnnnns 367
S12XE Clocks and Reset Generator (S12XECRGV1) ...... 489
Pierce Oscillator (S12XOSCLCPV2) . ........ccvvvinnnnn. 523
Analog-to-Digital Converter (ADC12B16CV1) ............ 527
Enhanced Capture Timer (ECT16B8CV3)................ 553
Inter-Integrated Circuit (IICV3) ............cciiiinnnn 607
Scalable Controller Area Network (S12MSCANV3)........ 635
Periodic Interrupt Timer (S12PIT24B8CV2) .............. 693
Periodic Interrupt Timer (S12PIT24B4CV2) .............. 713
Pulse-Width Modulator (S12PWM8B8CV1) .............. 729
Serial Communication Interface (S12SCIV5)............. 761
Serial Peripheral Interface (S12SPIV5).................. 799
Timer Module (TIM16B8CV2) .............ciiiiiinnnn. 829
Voltage Regulator (S12VREGL3V3V1) .................. 857
128 KByte Flash Module (S12XFTM128K2V1) ............ 875
256 KByte Flash Module (S12XFTM256K2V1)............ 947

MC9S12XE-Family Reference Manual , Rev. 1.14

Freescale Semiconductor 3



Chapter 26
Chapter 27
Chapter 28
Chapter 29
Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F

384 KByte Flash Module (S12XFTM384K2V1)........... 1019

512 KByte Flash Module (S12XFTM512K3V1)........... 1091
768 KByteFlash Module (S12XFTM768K4V1)............ 1163
1024 KByte Flash Module (S12XFTM1024K5V2)......... 1233
Electrical Characteristics. . . . ..........cciiiinnnnn. 1305
Package Information ................ ..o, 1362
PCB Layout Guidelines ... ........... ..t 1367
Derivative Differences . .............. . oot 1372
Detailed Register AddressMap. ..............cciieuunn 1375
Ordering Information .. ................ ... ..ot 1425

MC9S12XE-Family Reference Manual , Rev. 1.14

Freescale Semiconductor



BLANK PAGE

MC9S12XE-Family Reference Manual Rev. 1.14

Freescale Semiconductor 5



BLANK PAGE

MC9S12XE-Family Reference Manual , Rev. 1.14

6 Freescale Semiconductor



1.1

1.2

1.3
1.4

1.5
1.6

1.7

1.8
1.9
1.10

1.11
1.12

2.1

Chapter 1Device Overview MC9S12XE-Family

Introduction . . .. ... . 27
LT Features . ..ottt e e e e e e e e e e 27
1.1.2  Modes of Operation . . ... ... ...ttt e e e et 31
1.1.3 Block Diagram . .. ........ .. e 32
[.1.4 Device Memory Map . .. ... 33
1.1.5  Address Mapping . . .. ..ottt e 34
1.1.6  Detailed Register Map .. .......o ittt et 40
1.1.7  Part ID ASSIZNMENES . .. ..ottt e e e 40

Signal DesCription . ... ...ttt 41
1.2.1 Device PInout . . .. ... 41
1.2.2  Pin Assignment OVEIVIEW . ... ...ttt 48
1.2.3  Detailed Signal Descriptions . .. .. ... ...ttt 62
1.2.4 Power Supply Pins . ... ... e 72

System Clock DeSCription ... ... ...t 75

Modes of OPeration . . . ... ... ...ttt e e 76
1.4.1 Chip Configuration SUMMAIY . ... ... ..ttt ettt eeee s 76
142 Power MOdes . ... .o 78
1.43 Freeze Mode . . . ... oo 79
L1.4.4  System STates . ... ..ottt e 79

SECUTILY . o o . ettt e e e e e e e e e e 80

Resets and Interrupts . . ... ..ot e 80
L.6.1  RESELS . .ttt e 80
L.0.2  VECLOTS . oottt et e e e e e e e e e e e e e e e e 80
1.6.3 Effects of Reset ... ... ... e 84

ADCO Configuration . . ... ... ...ttt e e 86
1.7.1 External Trigger Input Connection . ............ ...ttt iintnnennennennan. 86
1.7.2 ADCO Channel[17] Connection . . . ............ .. 86

ADCI External Trigger Input Connection . .. ......... ...ttt 86

MPU Configuration . . . ... ... ...t e e e e e 87

VREG Configuration . . ... ...ttt e e e ettt 87
1.10.1 Temperature Sensor Configuration . ................uutintentenennennennen.. 87

SI2XEPIM Configuration . . ... ... ...ttt e e e e 87

Oscillator Configuration . . ... ... ... .ttt 88

Chapter 2
Port Integration Module (S12XEPIMV1)

Introduction . ... ... .. e 99
2,101 OVEIVIEW .ottt e e e 99
2.1.2  Features . ...ttt e 100

MC9S12XE-Family Reference Manual , Rev. 1.14

Freescale Semiconductor 7



2.2 External Signal Description ... ... ... ...ttt e 101

2.3 Memory Map and Register Definition .......... ... .. ... . . i 108
23.1 Memory Map ... .o 109
2.3.2 Register DesCriptions . . ... ... vttt e 116
2.3.3 Port A Data Register (PORTA) . ....... .. i 118
2.3.4 Port B Data Register (PORTB) . ...... ... . i 118
2.3.5 Port A Data Direction Register (DDRA) . ....... .. .. .. . . .. 119
2.3.6 Port B Data Direction Register (DDRB) ........ ... ... .. .. .. .. ... ... .... 119
2.3.7 Port C Data Register (PORTC) . ....... . . i 120
2.3.8 Port D Data Register (PORTD) .. ...... ... . . i 121
2.3.9 Port C Data Direction Register (DDRC) ........ ... ... .. .. . ... 121
2.3.10 Port D Data Direction Register (DDRD) ........ .. .. .. .. .. .. . ... 122
2.3.11 Port E Data Register (PORTE) .. ... ... ... . . i 123
2.3.12 Port E Data Direction Register (DDRE) ........ ... ... ... ... .. .. ... ... .... 123
2.3.13 S12X_EBI ports, BKGD pin Pull-up Control Register (PUCR) .................. 124
2.3.14 S12X_EBI ports Reduced Drive Register (RDRIV) ........ .. .. .. .. ... .... 125
2.3.15 ECLK Control Register (ECLKCTL) ......... ... ... 127
2.3.16 PIM Reserved Register .. ........ ... . e 128
2.3.17 IRQ Control Register IRQCR) . ... ... . e 128
2.3.18 PIM Reserved Register .. ........ ...t 129
2.3.19 Port K Data Register (PORTK) .. ... ... . . 129
2.3.20 Port K Data Direction Register (DDRK) .. ...... ... .. .. .. .. . i ... 130
2.3.21 Port T Data Register (PTT) .. ... e 131
2.3.22 Port T Input Register (PTIT) . ... ... e 131
2.3.23 Port T Data Direction Register (DDRT) . ....... ... ... .. .. . . . ... 132
2.3.24 Port T Reduced Drive Register (RDRT) ........ ... .. .. .. . . i ... 133
2.3.25 Port T Pull Device Enable Register (PERT) . ....... ... .. .. .. .. .. ... .... 133
2.3.26 Port T Polarity Select Register (PPST) .. ...... ... .. . .. 134
2.3.27 PIM Reserved Register .. ........ ... 134
2.3.28 PIM Reserved Register . ... ... ... .o 134
2.3.29 Port S Data Register (PTS) .. ... .. e 135
2.3.30 Port S Input Register (PTIS) . ...... .. e 136
2.3.31 Port S Data Direction Register (DDRS) . ...... ... .. .. .. . . . ... 136
2.3.32 Port S Reduced Drive Register (RDRS) ....... ... .. .. . i . 137
2.3.33 Port S Pull Device Enable Register (PERS) ........ ... ... ... .. ... ... ... .... 138
2.3.34 Port S Polarity Select Register (PPSS) ... ... ... . . 138
2.3.35 Port S Wired-Or Mode Register (WOMS) . . ... ... i 139
2.3.36 PIM Reserved Register . ......... ... .. it 139
2.3.37 Port M Data Register (PTM) . ... ... e 140
2.3.38 Port M Input Register (PTIM) .. ... ... e 141
2.3.39 Port M Data Direction Register (DDRM) ....... ... ... ... ... .. ... 142
2.3.40 Port M Reduced Drive Register (RDRM) ...... ... .. .. .. .. . . ot 144
2.3.41 Port M Pull Device Enable Register (PERM) .......... ... .. .. .. ... ... .... 144
2.3.42 Port M Polarity Select Register (PPSM) . ...... ... .. ... .. .. . i .. 145
2.3.43 Port M Wired-Or Mode Register (WOMM) . ...... ... .. .. . . ... 145

MC9S12XE-Family Reference Manual , Rev. 1.14

Freescale Semiconductor



2.3.44
2.3.45
2.3.46
2.3.47
2.3.48
2.3.49
2.3.50
2.3.51
2.3.52
2.3.53
2.3.54
2.3.55
2.3.56
2.3.57
2.3.58
2.3.59
2.3.60
2.3.61
2.3.62
2.3.63
2.3.64
2.3.65
2.3.66
2.3.67
2.3.68
2.3.69
2.3.70
2.3.71
2.3.72
2.3.73
2.3.74
2.3.75
2.3.76
2.3.77
2.3.78
2.3.79
2.3.80
2.3.81
2.3.82
2.3.83
2.3.84
2.3.85
2.3.86
2.3.87
2.3.88

Module Routing Register (MODRR) .. ... ... .. . 146

Port P Data Register (PTP) . ... ... . e 147
Port P Input Register (PTIP) .. ... ... 148
Port P Data Direction Register (DDRP) ...... ... .. .. .. .. .. .. . . . ... 149
Port P Reduced Drive Register (RDRP) ...... ... ... .. .. .. .. ... ... . ..... 150
Port P Pull Device Enable Register (PERP) ...... ... .. .. .. .. .. .. ... ... 150
Port P Polarity Select Register (PPSP) . ... ... .. .. . . . 151
Port P Interrupt Enable Register (PIEP) .. ....... ... ... .. ... .. ... ... ...... 151
Port P Interrupt Flag Register (PIFP) ... ... ... . . . 152
Port H Data Register (PTH) . ... ... . . 152
Port H Input Register (PTIH) .. ... ... . e 154
Port H Data Direction Register (DDRH) ......... .. .. .. .. .. .. .. .. ... 154
Port H Reduced Drive Register (RDRH) ......... .. .. .. .. .. .. .. ... ... 156
Port H Pull Device Enable Register (PERH) ............ .. .. ... ... ... ...... 157
Port H Polarity Select Register (PPSH) .. ....... ... ... . .. . . ... ... .. ... 157
Port H Interrupt Enable Register (PIEH) ......... ... .. .. .. .. .. .. ... ... 158
Port H Interrupt Flag Register (PIFH) . ....... ... ... .. .. .. . . . ... 158
Port J Data Register (PTJ) ... ... 159
Port J Input Register (PTI)) . ... ... e 160
Port J Data Direction Register (DDRJ) ....... .. ... .. .. . . . i ... 160
Port J Reduced Drive Register (RDRJ) . ... ... .. . . 162
Port J Pull Device Enable Register (PERJ) ....... .. .. .. .. .. .. .. ... ... 163
Port J Polarity Select Register (PPSJ) . ...... ... .. . i 163
Port J Interrupt Enable Register (PIEJ) . ...... .. .. .. . . . 164
Port J Interrupt Flag Register (PIF)) .. ... ... .. . . . . i 164
Port ADO Data Register 0 (PTOADO) . ...... ... ., 165
Port ADO Data Register 1 (PT1IADO) ......... . i 165
Port ADO Data Direction Register 0 (DDROADO) .......... ... ... .. .. .. ... 166
Port ADO Data Direction Register I (DDRIADO) .......... ... ... ... ... ...... 166
Port ADO Reduced Drive Register 0 (RDROADO) .......... .. .. .. .. . ..... 167
Port ADO Reduced Drive Register | (RDRI1IADO) .......... ... .. .. ... . ..... 168
Port ADO Pull Up Enable Register 0 (PEROADO) . .......... ... ..., 168
Port ADO Pull Up Enable Register 1 (PERIADO) ........ ... ... ... ... .. .. ... 169
Port AD1 Data Register 0 (PTOADL) . ...... .. i 169
Port AD1 Data Register 1 (PTIADI) ....... .. i 170
Port AD1 Data Direction Register 0 (DDROADI) ....... .. .. .. .. .. ... ... 170
Port AD1 Data Direction Register I (DDRIADI) ....... ... .. .. .. ... . ..... 171
Port AD1 Reduced Drive Register 0 (RDROAD1) .......... ... ... ... ... ...... 172
Port AD1 Reduced Drive Register 1 (RDRI1IAD1) ....... .. .. .. .. .. ... ... 172
Port AD1 Pull Up Enable Register 0 (PEROADI) . ........... ... .. ... ......... 173
Port AD1 Pull Up Enable Register 1 (PERIADIL) ........ .. ... ... ... ... ...... 173
Port R Data Register (PTR) . ... ... e 174
Port R Input Register (PTIR) .. ... .. . . . 174
Port R Data Direction Register (DDRR) ......... ... .. .. .. ... ... . ... ..... 175
Port R Reduced Drive Register (RDRR) ........ .. .. .. .. . . ... 175

MC9S12XE-Family Reference Manual Rev. 1.14

Freescale Semiconductor 9



24

2.5

3.1

3.2
33

34

2.3.89 Port R Pull Device Enable Register (PERR) . ...... ... .. .. .. .. .. ... .... 176

2.3.90 Port R Polarity Select Register (PPSR) ...... ... ... ... .. ... .. .. ... ... ..., 176
2.3.91 PIM Reserved Register . ... ... ... .t 177
2.3.92 Port R Routing Register (PTRRR) . ... ... .. .. . 177
2.3.93 Port L Data Register (PTL) .. ... e 178
2.3.94 Port L Input Register (PTIL) ....... ... 180
2.3.95 Port L Data Direction Register (DDRL) ........ ... .. .. .. .. .. .. . ..., 180
2.3.96 Port L Reduced Drive Register (RDRL) ........ ... .. .. .. .. .. ... ... 181
2.3.97 Port L Pull Device Enable Register (PERL) . ....... ... ... .. .. .. .. ... .... 181
2.3.98 Port L Polarity Select Register (PPSL) .. ...... ... .. .. . .. 182
2.3.99 Port L Wired-Or Mode Register (WOML) ......... ... ... ... .. i, 182
2.3.100Port L Routing Register (PTLRR) . ... ... .. . 183
2.3.101Port F Data Register (PTF) .. ... .. . . e e 183
2.3.102Port F Input Register (PTIF) . ...... . ... . e 185
2.3.103Port F Data Direction Register (DDRF) . ...... ... .. .. .. .. .. .. .. .... 185
2.3.104Port F Reduced Drive Register (RDRF) . ....... .. .. .. .. .. .. .. .. .... 186
2.3.105Port F Pull Device Enable Register (PERF) ........ ... ... ... ... ... .......... 186
2.3.106Port F Polarity Select Register (PPSF) .. ... ... .. . . . . . . 187
2.3.107PIM Reserved Register .. ... ... ... ... 187
2.3.108Port F Routing Register (PTFRR) ....... ... .. ... .. . . . .. 187

Functional DesCription . . .. ... ... e 188
241 General . ... 188
242 REZISIOTS .« o vt vttt et e 188
243 Pinsand POrts . . ... e 191
244 PININEITUPLS . .o ottt ettt e e e e e e e e e e e e et e e 194

Initialization Information . .. .. ... ... . 196
2.5.1 Port Data and Data Direction Register writes ................ ... .. ... .. ..... 196

Chapter 3
Memory Mapping Control (S12XMMCV4)

Introduction . . ... ... e 197
311 TerminolOZY . ..ot 198
3,12 Features . ..o 198
3.1.3  SI12X Memory Mapping ... ... ..ottt 199
3.1.4 Modes of OPeration . ... ... ...ttt e e 199
3.1.5 Block Diagram ... ... . e 200

External Signal Description . .. ... ... ... e 200

Memory Map and Registers . .. ... ... 202
3.3.1 Module Memory Map . ... 202
3.3.2 Register DesCriptions . . . . ... .v it e 203

Functional Description . .. ... ... .. e 216
34.1 MCUOperating Mode . . ... ... e 216
342 Memory Map Scheme .. ...... ... . e 217
3.4.3 Chip Access ReSIriCtONS . .. .....u i e 229
344 ChipBusControl ... ... ... e 230

MC9S12XE-Family Reference Manual , Rev. 1.14

10

Freescale Semiconductor



3.5

4.1

4.2
43
4.4

4.5

5.1

52
5.3

54

5.5

Initialization/Application Information ... ....... ... . ... .. . 231
3.5.1 CALL and RTC InStructions ... .........o.oniiuint i 231
3.5.2 Port Replacement Registers (PRRs) ....... ... .. .. . . . . . 232
3.5.3 On-Chip ROM Control . ... ... ... e e 234

Chapter 4
Memory Protection Unit (S12XMPUV1)

Introduction . ... ... ... 239
411 Preface . ... .o 239
412 OVEIVIEW . .ottt e e e e e e e e e 240
4.1.3  Features ... ...t e 240
4.1.4 Modes of Operation . . ... .......uuiiit e e e 241

External Signal Description . .. ... ... ... e 241

Memory Map and Register Definition .......... ... .. . . . . . 241
4.3.1 Register DesCriptions . . .. ... u ittt e 242

Functional Description . .. ... ... . e 249
4.4.1 Protection DesCIiPlOrS . . . ..ottt e 249
442 INEEITUPLS . .o vttt et e e e e e e e 251

Initialization/Application Information . ......... ... ... . . . 251
4.5.1 Inmitialization . . ... ... ... 251

Chapter 5
External Bus Interface (S12XEBIV4)

Introduction . ... ... ... 253
5.1 Glossary or TeIMS . . ..ottt e e 254
S.1.2 0 Features . ..o 254
5.1.3 Modes of Operation . ... ... ...ttt e 254
5.1.4 Block Diagram ... ... .. e 256

External Signal Description . .. ... ... ... e 256

Memory Map and Register Definition . ......... ... .. . . . 258
5.3.1 Module Memory Map . ......... e 258
5.3.2 Register DesCriptions . . . ... ..ttt e 258

Functional Description . ... ... ... . e 262
5.4.1 Operating Modes and External Bus Properties ............................... 262
5.4.2 Internal Visibility . ... ... .. e 263
5.4.3 Accesses to Port Replacement Registers . ............. .. .. . . ... 267
5.4.4 Stretched External Bus AcCeSSes . . ... ..vit i 267
5.4.5 Data Select and Data Direction Signals .. ....... ... .. .. .. .. .. . . ... 268
5.4.6 Low-Power Options . . ... ...t e e 270

Initialization/Application Information ... .. ... ... . ... .. . 270
5.5.1 Normal Expanded Mode .......... .. .. . . e 271
5.5.2 Emulation Modes . . ... .o 272

MC9S12XE-Family Reference Manual Rev. 1.14

Freescale Semiconductor 11



Chapter 6

Interrupt (S12XINTV2)
6.1  INtrodUCHION . . . ...ttt e e e e e 275
6.1.1  GlOSSArY . ..ot e 276
6.1.2  Features ... ... ... 276
6.1.3 Modes of Operation . . ... ... ...ttt e 2717
6.1.4 Block Diagram .. ... ... ... e 278
6.2 External Signal Description .. ... ... ...ttt e 279
6.3 Memory Map and Register Definition ......... ... ... . ... .. . . 279
6.3.1 Module Memory Map ... ..... ... 279
6.3.2 Register DesCriptions . .. ... ..ottt 280
6.4 Functional DesCription . ... ... ... ... e 285
6.4.1 SI2X Exception Requests ... ........ .. 286
6.4.2 Interrupt Prioritization ... ... ... .. ... e 286
6.4.3 XGATE Requests . ... ...t e e 287
6.4.4  Priority Decoders . ... ... 287
6.4.5 Reset Exception Requests ... ......... .. 288
6.4.6 Exception Priority ... ... ... ... 288
6.5 Initialization/Application Information . ......... ... .. .. . . . 289
6.5.1 Initialization . ... ... ... .. 289
6.5.2 Interrupt Nesting . ... ... ...ttt e 289
6.5.3 Wake Up from Stopor Wait Mode ......... ... .. . . . .. 290
Chapter 7
Background Debug Module (S12XBDMV2)
7.1 INtrodUCtiON . . ..ot 291
T1 1 Features .. ..o e 291
7.1.2 Modes of Operation . . ... .. ...ttt 292
7.1.3 Block Diagram . .. ... ... 294
7.2 External Signal Description . .. ........ ..t e 295
7.3 Memory Map and Register Definition ............ .. ... . . . . . i 295
7.3.1 Module Memory Map . ... 295
7.3.2 Register DesCriptions . . . ... ..ttt e 296
7.3.3 Family ID ASSIZNMENt . . . ..ottt e 300
7.4  Functional Description . . .. ... ... ... e 301
TA L SECUIILY .ottt e e e 301
7.4.2 Enabling and Activating BDM ... ... 301
7.4.3 BDM Hardware Commands .............. ..ttt 302
7.4.4 Standard BDM Firmware Commands . .......... .. ... .. ... 303
7.4.5 BDM Command StruCture . . ... ...ttt ettt e 305
7.4.6 BDM Serial Interface ... ... ... 307
7.4.7 Serial Interface Hardware Handshake Protocol ... ........ .. ... ... ... ... .... 309
7.4.8 Hardware Handshake Abort Procedure .......... ... .. ... ... ... ... .. ..... 311
7.49 SYNC — Request Timed Reference Pulse ............. ... . .. .. .. ... .... 314
MC9S12XE-Family Reference Manual , Rev. 1.14
12 Freescale Semiconductor



7.4.10 Instruction TraCing . . ... ...ttt e e 315

7.4.11 Serial Communication Time Out ... ... ... ... . . . . .. 316
Chapter 8512X Debug (S12XDBGV3) Module
8.1  IntroduCtion . . . ... ... e 317
8. 1.1 GloSSary . ..ot 317
B 1.2 OVEIVIEW . .ottt ittt e e e e e e e e 318
.13 Features . ... ...t e 318
8.1.4 Modes of Operation . ... ... ...ttt e 319
8.1.5 Block Diagram . . ... ... ... e 320
8.2 External Signal DesCription . ... ... ...ttt e e 320
8.3 Memory Map and RegISIErS . . . .. ..o e 320
8.3.1 Module Memory Map . ...t 320
8.3.2 Register DesCriPtions . . . . ..ottt e e 322
8.4  Functional DesCription . ... ... ... . . e 340
8.4.1 SI2XDBG Operation . . ... ..ottt ettt et et 340
8.4.2 Comparator MOdes . . . . ..ot e 341
8.4.3 Trigger Modes . . ... .o 344
8.4.4 State Sequence Control . ... ... ... .. 346
8.4.5 Trace Buffer Operation . ........... ...ttt 347
8.4.6  Tag@ing ... ..o 355
8.4.7 Breakpoints . ... ...t e 356
Chapter 9
Security (S12XE9SECV2)
0.1  IntrodUuCtiOn . .. . ...ttt e e e e e 361
0.1.1  Features . ... ...ttt e e e 361
9.1.2  Modes of OPeration . .. ... .....c.uuuiu ittt e 361
9.1.3 Securing the Microcontroller . ... ...... ... .. . . . e 362
9.1.4 Operation of the Secured Microcontroller . ............ ... ... .. ..., 363
9.1.5 Unsecuring the Microcontroller . ............ ... . . .. 365
9.1.6 Reprogramming the Security Bits .......... ... ... .. . . . . . 365
9.1.7 Complete Memory Erase (Special Modes) ............ ..., 366
Chapter 10
XGATE (S12XGATEV3)
10.1 INtrodUCtiOn . .. .ottt e et e e e e e e 367
10.1.1 Glossary of Terms . . ... ... e 367
T0.1.2 Features . .. ...ttt e e e e e 369
10.1.3 Modes of Operation . . . .... ...ttt et et 369
10.1.4 Block Diagram . ... ... ... 369
10.2 External Signal Description . .. ... ... ...ttt e 370
10.3 Memory Map and Register Definition . ......... ... ... ... . .. 370
10.3.1 Register DeSCIIPONS . . . ..ottt e e e e e 370

MC9S12XE-Family Reference Manual Rev. 1.14

Freescale Semiconductor 13



10.4 Functional DesCription . . .. ... ...t e e 391

10.4.1 XGATERISC COre . . ..o e e e e e 391
10.4.2 Programmer’s Model . ..... ... . . 392
10.4.3 Memory Map . . ..ot e 392
10.4.4 Semaphores . ... ...t e 393
10.4.5 Software Error Detection . ... ... ... .. 395
TO.5 INEEITUPLS ..ottt et e e e e e e e e e e e e e e e e 396
10.5.1 Incoming Interrupt Requests ... ......... i 396
10.5.2 Outgoing Interrupt Requests . ........ ... i 396
10.6 Debug Mode . . . ... 396
10.6.1 Debug Features . ........... ..ttt et et 396
10.6.2 Leaving Debug Mode . . . ... ... . 399
TO.7 SECUIILY . . oottt e e e e e e e e e e e e e e 399
10.8 INStruction SEt . ... ...ttt e 400
10.8.1 Addressing Modes ... ... e 400
10.8.2 Instruction Summary and Usage . ............ ... 405
10.8.3 Cycle NOtation . .. ..ottt e e e e e e e 408
10.8.4 Thread EXECULION . . . .. ...ttt e e e e 408
10.8.5 Instruction GlOSSArY . . .. ..ottt e e 408
10.8.6 Instruction Coding . .. ...ttt e et 481
10.9 Initialization and Application Information . . ....... .. ... .. ... ... .. . . . i . 483
10.9.1 Initialization . . ... ... ..o 483
10.9.2 Code Example (Transmit "Hello World!" on SCI) ....... .. ... ... .. ... .. .. ... 483
10.9.3 Stack Support . .. ... 486
Chapter 11
S12XE Clocks and Reset Generator (S12XECRGV1) Block Description
I1.1 IntrodUCtion . ... ... ... . e e e e e e 489
111 Features . ...ttt e e e e e e e e e 489
11.1.2 Modes of Operation . ... ...ttt et ettt 491
11.1.3 Block Diagram . .. ... . e 491
11.2 Signal DeSCription . . ... ...ttt e e e e e e e e e e 492
1 1.2.1 VDDPLL, VSSPLL ...................................................... 492
11,22 RESET . . 492
11.3 Memory Map and RegiSters . . .. ... ...t e 493
11.3.1 Module Memory Map . ...t e 493
11.3.2 Register DeSCriptions . .. ... ..ottt e e 494
11.4 Functional DesCription . . .. ... ...t et 509
11.4.1 Functional Blocks ... ... ... 509
11.4.2 Operation MOdEs . ... .. ..ot e e e e e 514
11.4.3 Low Power Options . . ... ...ttt e et 515
L1, REStS ..ot 517
11.5.1 Description of Reset Operation .. ........... ...ttt 518
1.6 INEITUPLS . . .ottt ettt e e e e e e e e e e e e e e e e e e 520
11.6.1 Description of Interrupt Operation . . . ........ ..ttt 521

MC9S12XE-Family Reference Manual , Rev. 1.14

14 Freescale Semiconductor



12.1

12.2

12.3
12.4

13.1

13.2

13.3

134

13.5
13.6

14.1

14.2

Chapter 12
Pierce Oscillator (S12XOSCLCPV2)

Introduction . .. ... .o 523
I2.1.1 Features . ... ...t e e e 523
12.1.2 Modes of Operation . ... .. ...ttt e ettt e 523
12.1.3 Block Diagram . . ... ... . 524

External Signal Description . .. ... ... ... 524
12.2.1 Vpppry and Vggpr 1, — Operating and Ground Voltage Pins .................... 524
12.2.2 EXTAL and XTAL — Input and Output Pins ............. ... .. ... ... ...... 524

Memory Map and Register Definition ... ......... . . .. . . . i 526

Functional Description . .. ... ... ...t e e 526
12.4.1 Gain Control . . .. ..o 526
12.4.2 Clock MONIIOT .. .ottt e e e e e e e e e 526
12.4.3 Wait Mode Operation . . . .......u ittt e ettt et 526
12.4.4 Stop Mode Operation . . .. ... ...ttt e 526

Chapter 13

Analog-to-Digital Converter (ADC12B16CV1)
Block Description

INtrodUCtion . . ... . e 527
I3.1.1 Features . .. ...ttt e e e e e e 527
13.1.2 Modes of Operation . . ... ... ...ttt ettt 528
13.1.3 Block Diagram ... ... 529

Signal DeSCIIPOn . ... ..ot e 530
13.2.1 Detailed Signal Descriptions . ... ... ...ttt 530

Memory Map and Register Definition ......... ... . ... i, 530
13.3.1 Module Memory Map ... ....... . . 530
13.3.2 Register DesCIiptions . . . .. ...ttt e et e 533

Functional Description . .. ... ... ..t e e e 549
13.4.1 Analog Sub-Block .. ....... .. 549
13.4.2 Digital Sub-Block .. ... . 549

RS EtS . . oo 550

InterruptsS . ..o 551

Chapter 14
Enhanced Capture Timer (ECT16B8CV3)

Introduction . .. ... .o 553
T4 1.1 Features . ... ...t e e e e e 553
14.1.2 Modes of Operation . . ... ...ttt ettt 554
14.1.3 Block Diagram . ... ... 554

External Signal Description . .. ... ... ...ttt e e 555
14.2.1 10C7 — Input Capture and Output Compare Channel 7 ........................ 555
14.2.2 10C6 — Input Capture and Output Compare Channel 6 . .. ..................... 555
14.2.3 TI0OCS5 — Input Capture and Output Compare Channel 5. ....................... 555

MC9S12XE-Family Reference Manual Rev. 1.14

Freescale Semiconductor 15



14.2.4 10C4 — Input Capture and Output Compare Channel 4 ... ..................... 555

14.2.5 1I0C3 — Input Capture and Output Compare Channel 3 ........................ 555
14.2.6 10C2 — Input Capture and Output Compare Channel 2 . ....................... 555
14.2.7 10C1 — Input Capture and Output Compare Channel 1 ........................ 555
14.2.8 IOCO — Input Capture and Output Compare Channel O . ....................... 555
14.3 Memory Map and Register Definition . ...... ... .. ... .. . . . . 556
14.3.1 Module Memory Map .. ... e 556
14.3.2 Register Descriptions . . ... ...ttt e e e 556
14.4 Functional DesCription . . ... ... ...ttt e 594
14.4.1 Enhanced Capture Timer Modes of Operation ............. .. ... ... ......... 601
T4.4.2 RESEL . . ottt et e 604
T4.4.3 INEITUPLS . . oottt et e e e e e e e e e e e e e e e 605
Chapter 15
Inter-Integrated Circuit (IICV3) Block Description
I5.1 IntrodUuCtion ... ... ...t e e e e e e e 607
I5.1.1 Features ... ... e e e e 607
15.1.2 Modes of Operation . ... .........uut ettt ettt 609
15.1.3 Block Diagram ... ...... ... 609
15.2 External Signal Description .. ... ... ... ... e 610
15.2.1 IIC_SCL — Serial Clock Line Pin .. ... ... e 610
15.2.2 IIC_SDA — Serial Data Line Pin . .. ... .. .. e, 610
15.3 Memory Map and Register Definition . .......... . .. ... . . . 610
15.3.1 Register Descriptions . . ... ...ttt e e 610
15.4 Functional DesCription . . .. ... ... e e e 622
15.4.1 I-Bus Protocol . . . ... ... 622
15.4.2 OperationinRunMode . ......... .. .. . e 627
15.4.3 Operationin Wait Mode . . . ... .. e 627
15.4.4 Operationin StOop Mode . . . ... 627
15,5 REStS ..ot t 627
I5.6 INEITUPLS . . .ottt et et e e e e e e e e e e 627
15.7 Application Information . .. ........ ... e 628
15.7.1 TIC Programming Examples . ........... ... i, 628
Chapter 16
Freescale’s Scalable Controller Area Network (S12MSCANV3)
16.1 IntroduCtion . .. ... ...t e e e 635
T6.1.1 GlOSSAIY . . .ottt e 635
16.1.2 Block Diagram . .. ... ... ... 636
16.1.3 Features . ... ... ...t e e e 636
16.1.4 Modes Oof Operation . . ... ... ...ttt e e 637
16.2 External Signal Description .. ... ....... ... e 637
16.2.1 RXCAN — CAN Receiver InputPin ...... ... .. ... .. ... ... . . . . .. 637
16.2.2 TXCAN — CAN Transmitter Output Pin . ...... ... .. .. .. .. .. ... .... 637
MC9S12XE-Family Reference Manual , Rev. 1.14
16 Freescale Semiconductor



16.2.3 CAN System . ..ottt e e e 637
16.3 Memory Map and Register Definition ............ ... .. .. . i, 638
16.3.1 Module Memory Map .. ...... .. 638
16.3.2 Register DesCriptions . . . .. ..ottt e e e e 640
16.3.3 Programmer’s Model of Message Storage . .. .........vtitinnnnennn. 663
16.4 Functional DesCription . . ... ... ... e e 672
16.4.1 General . ... ... 672
16.4.2 MeESSAZE STOTAZE . . oot vttt et e e e e e e e e e e 673
16.4.3 Identifier Acceptance Filter ... ... ... .. .. . . 676
16.4.4 Modes of Operation . . ... ... ...ttt et 682
16.4.5 Low-Power OptionsS . . . ..ottt e e e e et 683
16.4.6 Reset Initialization . ... ... ... . e 688
T6.4.7 INEITUPLS . . oottt et e e e e e e e e e e e e e e e e e e e 688
16.5 Initialization/Application Information . ......... ... .. ... . . . 690
16.5.1 MSCAN initialization ... ... ... ... et 690
16.5.2 Bus-Off Recovery ... ... e e 691
Chapter 17
Periodic Interrupt Timer (S12PIT24B8CV2)
I7.1 INtrodUCtiON . .. . ..ottt e e e e e e e e e e 693
I7.1.1 GIOSSATY . . v vttt et e e e e e e 693
I7.1.2 FeatUICS . . . oottt et e e e e e e e e e e e e e e e 693
17.1.3 Modes of Operation . . ... ... ...ttt e et 693
17.1.4 Block Diagram . .. ....... ..t e 694
17.2 External Signal Description .. ... ....... ... . e 694
17.3 Register Definition . ... ... .. ...t e 695
17.4 Functional Description . ... ... ...ttt e e e 707
I7.4.1 TIMET . . oot e e e e e e e e 708
17.4.2 Interrupt Interface . ... ... ... 709
17.4.3 Hardware Trig@er . . . ..ottt ettt e e e e e e 710
17.5 ImtlaliZation . . ... ..o e 710
I7.5.1 SEATtUD . oo et e e 710
17.5.2 Shutdown . ... ... 710
17.5.3 Flag Clearing . .. ... ...ttt e 710
17.6 Application Information . . ... ... .. e 711
Chapter 18
Periodic Interrupt Timer (S12PIT24B4CV2)
I8.1 INtrodUCtION . ... ...ttt et e e e e e e e e 713
I8.1.1 GlOSSATY . . o vttt et e e e e e 713
I8.1.2 Features . . ...ttt et e e e e e e 713
18.1.3 Modes Oof Operation . . ... ... ...ttt et e 713
18.1.4 Block Diagram . . ... ... .. e 714
18.2 External Signal DesCription . .. ... ... ...t 714
MC9S12XE-Family Reference Manual Rev. 1.14
Freescale Semiconductor 17



18.3 Register Definition . ... ... .. ... e 715
18.4 Functional DesCription . ... ....... ..ttt e e 724
I8.4.1 TIMET . ...ttt e e e e 724
18.4.2 Interrupt Interface . ... ... ... ... 725
18.4.3 Hardware Trig@er . . . ..ottt ettt e e e e e 726
18.5 InItialiZatiONn . . . . ..ottt 726
I8.5.1 Startup . ..ottt e 726
18.5.2 Shutdown . ... ... 726
18.5.3 Flag Clearing . .. ... ...ttt e e e e e e e e 726
18.6 Application Information . .. ........ ... e 727
Chapter 19
Pulse-Width Modulator (S12PWM8B8CV1)
19.1 INtrodUCtiON . ... ..ottt et e e e e e 729
19.1.1 Features . . ... ... e e 729
19.1.2 Modes of Operation . ... ... ...ttt e 730
19.1.3 Block Diagram . .. ... . e 730
19.2 External Signal DesCription . . ... ... ..ttt e e e 730
19.2.1 PWM7 —PWM Channel 7 . ... ... . e 731
1922 PWM6 — PWM Channel 6 . . ... ... e 731
19.2.3 PWMS —PWM Channel 5 ... ... . 731
19.2.4 PWM4 —PWM Channel 4 . ... ... e 731
1925 PWM3 —PWM Channel 3 . ... ... 731
19.2.6 PWM3 —PWM Channel 2 . ... ... .. 731
19277 PWM3 —PWM Channel 1 . ... ... . e 731
19.2.8 PWM3 —PWM Channel O . . ... ... e 731
19.3 Memory Map and Register Definition ......... ... ... .. .. . i, 731
19.3.1 Module Memory Map . ......... . . 731
19.3.2 Register DesCriptions . . . .. ..ottt e e e e 732
19.4 Functional DesCription . .. ... .. ... .ttt e e e 747
19.4.1 PWM Clock Select . . . ..ot e e e e e e 747
19.42 PWM Channel TImers .. ... ... e 750
10,5 ReSS . .ottt 758
19.6 INTEITUPLS . . ..ot e et e e e e 759
Chapter 20
Serial Communication Interface (S12SCIV5)
20.1 Revision HIStOry . . ..ot e 761
20.2 INrodUCION . . ...ttt et et e e e e e e e 761
20.2.1 GlOSSATY . vt ittt e e 761
20.2.2 FeatUIS . .ot i ettt ettt e e 762
20.2.3 Modes Of OPeration . . ... ... .u .ttt e e e 763
20.2.4 Block Diagram .. ... ... ... e 763
20.3 External Signal Description . .. ... ... ...t 764
MC9S12XE-Family Reference Manual , Rev. 1.14
18 Freescale Semiconductor



20.3.1 TXD — Transmit Pin . . .. ..o 764

2032 RXD —Receive Pin . ... ... 764
20.4 Memory Map and Register Definition . ............ .. . . . 764
20.4.1 Module Memory Map and Register Definition ............ ... ... ... ... ... .... 764
20.4.2 Register DesCIiptions . . . ... ut ittt e et 765
20.5 Functional DesCription . ... ... ... . 777
20.5.1 Infrared Interface Submodule .......... .. .. .. ... . . . . 778
20.5.2 LIN SUPPOIt . .ottt e e 778
20.5.3 Data Format . . ... ... .. e 779
20.5.4 Baud Rate Generation ... ............ouuutntmten e, 780
20.5.5 TranSMItter . . .. ..ottt et e e e e e 781
20.5.6 RECEIVET . .ottt e 786
20.5.7 Single-Wire Operation . .. ... .. ...ttt et 794
20.5.8 LoOp OPEration . .. ... ...ttt et e e e e e e 795
20.6 Initialization/Application Information . ........ ... ... . .. . L 795
20.6.1 Reset Initialization . ... ... ...t 795
20.6.2 Modes of OPeration . . ... ... ...ttt e e e 795
20.6.3 Interrupt Operation . . .. ... ...ttt e 796
20.6.4 Recovery from Wait Mode .. ... .. .. 798
20.6.5 Recovery from StopMode .. ... ... . e 798
Chapter 21
Serial Peripheral Interface (S12SPIV5)
21.1 IntrodUCtiON ... ...t et e e e e e 799
21.1.1 Glossary of Terms ... ... .. . 799
21.1.2 FEatUIES . . . oottt e e e e e e 799
21.1.3 Modes of Operation . . ... .......uutut ittt et 800
21.1.4 Block Diagram . . ... ... . e 800
21.2 External Signal Description . .. ... ... ...ttt 801
21.2.1 MOSI—Master Out/Slave InPin .. ... .. ... . 801
21.2.2 MISO — Master In/Slave Out Pin . .. ... ... ... . . . 801
21.2.3 SS—Slave Select Pin . ... ... . 802
21.2.4 SCK —Serial Clock Pin . .. ... 802
21.3 Memory Map and Register Definition . ............ . . . . . 802
21.3.1 Module Memory Map . ......... . 802
21.3.2 Register DesCriptions . . .. ... vttt e e e e 803
21.4 Functional DesCription . . ... ... ... e 814
21.4.1 Master Mode .. ... ... 815
21.4.2 Slave Mode . . ..o 816
21.4.3 Transmission Formats ... ......... ... . i e e 817
21.4.4 SPI Baud Rate Generation .. ......... ...ttt 823
21.4.5 Special Features . ... ...t e 823
21.4.6 Error Conditions . . .. ...ttt e et e 825
21.4.77 Low Power Mode Options . .. .......uuii it 825

MC9S12XE-Family Reference Manual Rev. 1.14

Freescale Semiconductor 19



Chapter 22
Timer Module (TIM16B8CV2) Block Description

22.1 IntrodUCtion . . . ...t e 829
22.1.1 FeatUIes . .. ...ttt e e e 829
22.1.2 Modes of OPeration . . ... ......uutu ettt et 830
22.1.3 Block Diagrams . . ... ... ... 830
22.2 External Signal Description ... ... ... ...ttt 832
22.2.1 10C7 — Input Capture and Output Compare Channel 7Pin .................... 832
22.2.2 10C6 — Input Capture and Output Compare Channel 6 Pin . ................... 832
22.2.3 10CS5 — Input Capture and Output Compare Channel 5Pin ................. ... 832
22.2.4 10C4 — Input Capture and Output Compare Channel 4 Pin .................... 832
22.2.5 10C3 — Input Capture and Output Compare Channel 3Pin ................. ... 832
22.2.6 10C2 — Input Capture and Output Compare Channel 2Pin .................... 832
22.2.7 10C1 — Input Capture and Output Compare Channel 1 Pin ................. ... 833
22.2.8 10CO — Input Capture and Output Compare Channel OPin ... .............. ... 833
22.3 Memory Map and Register Definition . ......... ... .. .. . . 833
22.3.1 Module Memory Map .. ...t e 833
22.3.2 Register DesCriptions . . ... ...ttt e e 833
22.4 Functional DesCription . ... ... ...t e 850
2241 Prescaler . . ... 851
2242 Input CapltUure . ... ..ottt e e e e e e e 852
2243 Output COMPATE . . . oottt ettt e e e e e e et e e et e e e 852
22.4.4 Pulse Accumulator . ... ... ... 853
2245 EventCounter Mode . ... ... 853
22.4.6 Gated Time Accumulation Mode . ......... .. ... .. . . i 853
22,5 RESES . .ttt 854
22.6 INEEITUPLS . ..ottt e e 854
22.6.1 Channel [7:0] Interrupt (C[7:0]F) .. ... e 854
22.6.2 Pulse Accumulator Input Interrupt (PAOVI) . ... .. .. .. ... . i .. 854
22.6.3 Pulse Accumulator Overflow Interrupt (PAOVF) . ... ... .. .. .. .. .. . ... 854
22.6.4 Timer Overflow Interrupt (TOF) . ... ... . 855
Chapter 23
Voltage Regulator (S12VREGL3V3V1)
23.1 INtrodUCtiON . .. . ..ottt et e e e e e 857
23.1.1 Features . ... ...ttt 857
23.1.2 Modes Of Operation . . ... ... ...ttt e e 857
23.1.3 Block Diagram . . ... ... ... 858
23.2 External Signal Description ... ... ... ...ttt e 860
23.2.1 VDDR — Regulator Power Input Pins ......... ... ... .. .. .. .. .. . . . ... 860
23.2.2 VDDA, VSSA — Regulator Reference Supply Pins .. ......... .. .. ... ... .... 860
23.2.3 VDD, VSS — Regulator Outputl (Core Logic) Pins .......................... 860
23.2.4 VDDF — Regulator Output2 (NVM Logic) Pins ....... ... .. .. .. .. ... .... 861
23.2.5 VDDPLL, VSSPLL — Regulator Output3 (PLL)Pins ......... ... ... ... ... .... 861
MC9S12XE-Family Reference Manual , Rev. 1.14
20 Freescale Semiconductor



23.2.6 VDDX —Power Input Pin . ....... .. .. . . . 861
23.2.7 VRggen — Optional Regulator Enable Pin . ........ ... .. ... ... ... .. ... 861
23.2.8 VRgg apr— Optional Autonomous Periodical Interrupt Output Pin . ............. 861
23.3 Memory Map and Register Definition . ..................iuuiiiiiieiinan.. 861
23.3.1 Module Memory Map .. ...... ... e 862
23.3.2 Register DesCriptions . . ... ...ttt e e 863
2333 General . ... 870
23.3.4 Regulator Core (REG) .. ... ... e 870
23.3.5 Low-Voltage Detect (LVD) . ... .. . e 870
23.3.6 Power-On Reset (POR) .. ... . e e 870
23.3.7 Low-Voltage Reset (LVR) .. ... .. e e 870
23.3.8 HTD - High Temperature Detect . .............. . .. 871
23.3.9 Regulator Control (CTRL) ... ... .. e 871
23.3.10Autonomous Periodical Interrupt (API) ... ... .. .. . . 871
23 3 T IRESES . . oottt e 872
23.3.12Description of Reset Operation .. ... ...ttt 872
23 3. 03INEEITUPLS .« o oottt e e e e e e e e e 872
Chapter 24
128 KByte Flash Module (S12XFTM128K2V1)
24.1 INtrodUCHION . . ...ttt e e e 876
24. 1.1 GlOSSAIY . . oottt e 876
24.1.2 FeatUreS . ..ottt et e e 877
24.1.3 Block Diagram . .. ... ... e 878
24.2 External Signal Description . ... ... .t 879
24.3 Memory Map and RegiSters . . ... ... ..ot e 880
24.3.1 Module Memory Map . ....... ... 880
24.3.2 Register DesCIIPionS . . . ...ttt e e 886
24.4 Functional DesCription . ... ... ...t e e 907
24.4.1 Flash Command Operations . . ... ...ttt 907
24.4.2 Flash Command Description . ............ ... .. 913
2443 INEEITUPLS . . v vttt e et e e e e e e e e e e e e e e e 942
2444 Walt Mode ... ..o 943
2445 StopMode . ... 943
245 SECUIILY .« . oottt e et e e e e e e e 943
24.5.1 Unsecuring the MCU using Backdoor Key Access ............. ... ..., 944
24.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................. 945
24.5.3 Mode and Security Effects on Flash Command Availability .................. ... 945
24.6 Initialization . .. .. ... .. e 945
Chapter 25
256 KByte Flash Module (S12XFTM256K2V1)
25.1 INtrodUCtiON . .. . ..ottt e e e e e e e e 948
25.1.1 GlOSSarY . ..ottt 948
MC9S12XE-Family Reference Manual Rev. 1.14
Freescale Semiconductor 21



25.1.2 Features . ... .ottt e 949

25.1.3 Block Diagram . .. ... . 950
25.2 External Signal Description ... ..... ... . . 951
25.3 Memory Map and RegiSters . ... ... ...t e 952
25.3.1 Module Memory Map .. ... e 952
25.3.2 Register DesCIIPtiONS . .. ..ottt e 958
25.4 Functional DesCription . ... ... ...t e 979
25.4.1 Flash Command Operations . . ... .......uut ittt 979
25.4.2 Flash Command Description . ............. ... 985
2543 INEEITUPLS . .o ottt e et e e e e e e e e e e e e e 1013
2544 Walt Mode ... ..o 1014
2545 Stop Mode . ... 1014
25.5 SECUIILY . . vttt ettt e e e e e 1014
25.5.1 Unsecuring the MCU using Backdoor Key Access ................ ... ... ... 1015
25.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1016
25.5.3 Mode and Security Effects on Flash Command Availability .. .................. 1016
25.6 Initialization . .. ... .. ... .t e 1016
Chapter 26
384 KByte Flash Module (S12XFTM384K2V1)
260.1 INtrodUCtION . ... ..ottt e e e e e 1020
20.1.1 GlOSSArY . . .ot 1020
260.1.2 Features . .. ... ...ttt e 1021
26.1.3 Block Diagram . .. ... ... e 1022
26.2 External Signal Description . ... ... ...t 1023
26.3 Memory Map and RegiSters . . ... ... ...t e 1024
26.3.1 Module Memory Map .. ...... ..o 1024
26.3.2 Register DesCIIPiONS . . . ..ottt e 1030
26.4 Functional DesCription . ... ... ... ..t 1051
26.4.1 Flash Command Operations . . . .........uuttte ettt 1051
26.4.2 Flash Command Description .. .......... ... ... 1057
260.4.3 INEEITUPLS . . oottt et e e et e e e e e e e e e 1086
2044 Walt Mode . .. ..o 1087
20.4.5 Stop Mode .. ..o 1087
20.5 SECUIILY . o .ottt ettt e e e e e 1087
26.5.1 Unsecuring the MCU using Backdoor Key Access ............ ... ... ... ... 1088
26.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1089
26.5.3 Mode and Security Effects on Flash Command Availability .. .................. 1089
26.6 Initialization . .. .. ... ... .t e 1089
Chapter 27
512 KByte Flash Module (S12XFTM512K3V1)
27.1 INtrodUCtION . .. .ottt e et e e e e e e e e 1092
27.1.1 GlOSSArY . ..ot e 1092
MC9S12XE-Family Reference Manual , Rev. 1.14
22 Freescale Semiconductor



27.1.2 FEATUTES . . oottt et e e e e e e e e e 1093
27.1.3 Block Diagram . .. ... ... 1094
27.2 External Signal Description ... ........ ... 1095
27.3 Memory Map and RegiSters . . ... ... ... 1096
27.3.1 Module Memory Map .. ... e 1096
27.3.2 Register DesCIIPoONnS . . ... ...ttt 1102
27.4 Functional DesCription . ... ... ...t e e 1123
27.4.1 Flash Command Operations . . . ... ......uutttmnt e, 1123
27.4.2 Flash Command Description . .............. .. .. 1129
2743 INEITUPLS . . oottt e e e e e e e e e e e e e e e e e 1157
2744 Walt Mode . .. ..o 1158
2745 Stop Mode . ... 1158
275 SECUIILY . o oottt et e e e e e e 1158
27.5.1 Unsecuring the MCU using Backdoor Key Access ................ ... .. ...... 1159
27.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1160
27.5.3 Mode and Security Effects on Flash Command Availability .. .................. 1160
27.6 Initialization . .. ... ... e 1160
Chapter 28
768 KByteFlash Module (S12XFTM768K4V1)
28.1 INtrodUCtION . ... ..ottt e e e e 1163
28. 1.1 GlOSSAIY . ..ottt 1164
28.1.2 Features . .. ... ...ttt e e 1164
28.1.3 Block Diagram . .. ... ... e 1165
28.2 External Signal Description ... ... ... ...t e 1166
28.3 Memory Map and RegiSters . . ... ... ...t e 1167
28.3.1 Module Memory Map .. ...... .. i 1167
28.3.2 Register DesCIIPONS . . . ..ottt 1173
28.4 Functional DesCription . ... ... ...t e 1194
28.4.1 Flash Command Operations . . . .........uututun ettt 1194
28.4.2 Flash Command Description ... ......... .. ... 1200
28.4.3 INEEITUPLS . .o ottt ettt e e e e e e e e e e e e 1228
28.4.4 Walt Mode ... ..o e 1229
28.4.5 StopMode . ... 1229
28.4.6 Background Debug Mode .. ...... ... .. .. 1229
28.5 SECUIILY . . . oottt e e e e e e 1230
28.5.1 Unsecuring the MCU using Backdoor Key Access ............ .. .. .. ...... 1230
28.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1231
28.5.3 Mode and Security Effects on Flash Command Availability .................... 1231
28.6 Initialization . .. ... ... 1231
Chapter 29
1024 KByte Flash Module (S12XFTM1024K5V2)
29.1 INtrodUuCtiOn . . . ... .ot e e 1234
MC9S12XE-Family Reference Manual Rev. 1.14
Freescale Semiconductor 23



20.1.1 GlOSSATY . . vttt et 1234

20.1.2 FeatUIEs . . ..ottt e e e e e e 1235
29.1.3 Block Diagram . ... ... ... e 1236
29.2 External Signal Description . .. ... ... ...ttt 1237
29.3 Memory Map and RegiSters . . ... ... ...t e 1238
29.3.1 Module Memory Map ....... ... e 1238
29.3.2 Register DesCriptions . . ... ...ttt e 1244
29.4 Functional DesCription . .. ... ... ..t 1265
29.4.1 Flash Command Operations . . ........ ...ttt 1265
29.4.2 Flash Command Description . ... ........ ...t 1271
20.4.3 INEEITUPLS .« o v vttt et e e e e e e e e e e e e 1299
2044 Walt Mode . .. ..o 1300
2045 Stop Mode . ..o 1300
20.5 SECUIILY . o .ottt ettt e e e 1300
29.5.1 Unsecuring the MCU using Backdoor Key Access .......... ... ... ... ...... 1301
29.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1302
29.5.3 Mode and Security Effects on Flash Command Availability .................... 1302
29.6 Initialization . .. . ... ... 1302
Appendix A
Electrical Characteristics
ALl General . ... e 1305
A.1.1 Parameter Classification . ........... ... ...ttt 1305
ALL2 PoWer SUPPLY . ..o 1305
AL 3 PINS .o 1306
A.1.4 Current Injection . ... ... ...t 1307
A.1.5 Absolute Maximum Ratings .......... ... . . 1307
A.1.6 ESD Protection and Latch-up Immunity ............ ... . .. .. .. .. ...... 1308
A. 1.7 Operating Conditions . . ... ...ttt e 1310
A.1.8 Power Dissipation and Thermal Characteristics ............ ... ... ... ...... 1311
A.1.9 T/O CharaCteriStiCs . . . ..ottt et e e e e e e e e e 1314
A LTO Supply CUITENLS . . .ottt e e e e e e e e e 1318
A2 ATD CharaCteriStiCs . . . ..ottt et e e e e e e e e e e e 1324
A.2.1 ATD Operating CharacteristiCS . ... ... ..ottt 1324
A.2.2 Factors Influencing ACCuracy .............iuiiniiii .. 1324
A2.3 ATD ACCUTACY . o vttt et e e e e e e e e e e 1326
A.3 NVM, Flash and Emulated EEPROM. . . . .. ... .. . . . . . . i 1329
A3.1 Timing Parameters . ... ... ... e 1329
A.3.2 NVM Reliability Parameters . .............. ... i, 1335
A4 Voltage Regulator . . . ... ... e 1337
AS Output Loads. . . ..o 1337
AS5.1 Resistive Loads . ... 1337
A.5.2 Capacitive Loads . ... . 1337
A.5.3 Chip Power-up and Voltage Drops ........ ... . i 1338
A.6 Reset, Oscillator and PLL . . . . ... 1340
MC9S12XE-Family Reference Manual , Rev. 1.14
24 Freescale Semiconductor



A7

B.1
B.2
B.3
B.4

D.1
D.2

AD.] SEartup . ..o e 1340

A6.2 Oscillator ... ... . 1342
A.6.3 Phase Locked Loop . ...... ... 1343
External Interface Timing . . .. .. ... 1345
AT 1 MSCAN . 1345
AT2 SPITIMING . . oottt e e e e e e e e 1345
A.7.3 External Bus Timing .. ... ... ... . 1351
Appendix B
Package Information
208 MAPBGA. . . 1363
144-Pin LQEP . . .o 1363
112-Pin LQFP Package . . . . . ... e 1365
80-Pin QFP Package . . ... ... . 1366
Appendix C

PCB Layout Guidelines

Appendix D

Derivative Differences

Memory Sizes and Package Options S12XE -Family .. ...... .. .. .. .. .. .. ... ... 1372
Pinout eXplanations: . .. ... ... .ttt 1374

Appendix E
Detailed Register Address Map

Appendix F
Ordering Information

MC9S12XE-Family Reference Manual Rev. 1.14

Freescale Semiconductor 25



MC9S12XE-Family Reference Manual , Rev. 1.14

26

Freescale Semiconductor



Chapter 1 Device Overview MC9S12XE-Family

1.1 Introduction

The MC9S12XE-Family of micro controllers is a further development of the S12XD-Family including
new features for enhanced system integrity and greater functionality. These new features include a
Memory Protection Unit (MPU) and Error Correction Code (ECC) on the Flash memory together with
enhanced EEPROM functionality (EEE), an enhanced XGATE, an Internally filtered, frequency
modulated Phase Locked Loop (IPLL) and an enhanced ATD. The E-Family extends the S12X product
range up to IMB of Flash memory with increased 1/O capability in the 208-pin version of the flagship
MCI9S12XE100.

The MC9S12XE-Family delivers 32-bit performance with all the advantages and efficiencies of a 16 bit
MCU. It retains the low cost, power consumption, EMC and code-size efficiency advantages currently
enjoyed by users of Freescale’s existing 16-Bit MC9S12 and S12X MCU families. There is a high level of
compatibility between the SI2XE and S12XD families.

The MC9S12XE-Family features an enhanced version of the performance-boosting XGATE co-processor
which is programmable in “C” language and runs at twice the bus frequency of the S12X with an
instruction set optimized for data movement, logic and bit manipulation instructions and which can service
any peripheral module on the device. The new enhanced version has improved interrupt handling
capability and is fully compatible with the existing XGATE module.

The MC9S12XE-Family is composed of standard on-chip peripherals including up to 64Kbytes of RAM,
eight asynchronous serial communications interfaces (SCI), three serial peripheral interfaces (SPI), an
8-channel IC/OC enhanced capture timer (ECT), two 16-channel, 12-bit analog-to-digital converters, an
8-channel pulse-width modulator (PWM), five CAN 2.0 A, B software compatible modules (MSCAN12),
two inter-IC bus blocks (IIC), an 8-channel 24-bit periodic interrupt timer (PIT) and an 8-channel 16-bit
standard timer module (TIM).

The MC9S12XE-Family uses 16-bit wide accesses without wait states for all peripherals and memories.
The non-multiplexed expanded bus interface available on the 144/208-Pin versions allows an easy
interface to external memories.

In addition to the I/O ports available in each module, up to 26 further I/O ports are available with interrupt
capability allowing Wake-Up from STOP or WAIT modes. The MC9S12XE-Family is available in
208-Pin MAPBGA, 144-Pin LQFP, 112-Pin LQFP or 80-Pin QFP options.

111 Features

Features of the MC9S12XE-Family are listed here. Please see Table D-2.for memory options and
Table D-2. for the peripheral features that are available on the different family members.

+ 16-Bit CPU12X
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— Upward compatible with MC9S12 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

INT (interrupt module)

— Eight levels of nested interrupts

— Flexible assignment of interrupt sources to each interrupt level.

— External non-maskable high priority interrupt (XIRQ)

— Internal non-maskable high priority Memory Protection Unit interrupt

— Up to 24 pins on ports J, H and P configurable as rising or falling edge sensitive interrupts
EBI (external bus interface)(available in 208-Pin and 144-Pin packages only)

— Up to four chip select outputs to select 16K, 1M, 2M and up to 4MByte address spaces

— Each chip select output can be configured to complete transaction on either the time-out of one
of the two wait state generators or the deassertion of EWAIT signal

MMC (module mapping control)

DBG (debug module)

— Monitoring of CPU and/or XGATE busses 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)

MPU (memory protection unit)

— 8 address regions definable per active program task

— Address range granularity as low as 8-bytes

— No write / No execute Protection Attributes

— Non-maskable interrupt on access violation

XGATE

— Programmable, high performance 1/O coprocessor module

— Transfers data to or from all peripherals and RAM without CPU intervention or CPU wait states
— Performs logical, shifts, arithmetic, and bit operations on data

— Can interrupt the HCS12X CPU signalling transfer completion

— Triggers from any hardware module as well as from the CPU possible

— Two interrupt levels to service high priority tasks

— Hardware support for stack pointer initialisation

OSC_LCEP (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

MC9S12XE-Family Reference Manual , Rev. 1.14
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— 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
— 128K, 256k, 384K, 512K, 768K and 1M byte Flash
— 2K, 4K byte emulated EEPROM
— 12K, 16K, 24K, 32K, 48K and 64K Byte RAM
» 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
* D-Flash Features
— Up to 32 Kbytes of D-Flash memory with 256 byte sectors for user access.
— Dedicated commands to control access to the D-Flash memory over EEE operation.
— Single bit fault correction and double bit fault detection within a word during read operations.
— Automated program and erase algorithm with verify and generation of ECC parity bits.
— Fast sector erase and word program operation.
— Ability to program up to four words in a burst sequence
* Emulated EEPROM Features
— Automatic EEE file handling using an internal Memory Controller.
— Automatic transfer of valid EEE data from D-Flash memory to buffer RAM on reset.

— Ability to monitor the number of outstanding EEE related buffer RAM words left to be
programmed into D-Flash memory.

— Ability to disable EEE operation and allow priority access to the D-Flash memory.

— Ability to cancel all pending EEE operations and allow priority access to the D-Flash memory.
* Two 16-channel, 12-bit Analog-to-Digital Converters

— 8/10/12 Bit resolution

— 3us, 10-bit single conversion time

— Left/right, signed/unsigned 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
* Five MSCAN (1 M bit per second, CAN 2.0 A, B software compatible modules)

— Five receive and three transmit buffers

— Flexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit, or 8 x 8 bit

MC9S12XE-Family Reference Manual , Rev. 1.14
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— Four separate interrupt channels for Rx, Tx, error, and wake-up
— Low-pass filter wake-up function

— Loop-back for self-test operation

ECT (enhanced capture timer)

— 8 x 16-bit channels for input capture or output compare

— 16-bit free-running counter with 8-bit precision prescaler

— 16-bit modulus down counter with 8-bit precision prescaler

— Four 8-bit or two 16-bit pulse accumulators

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 eight timers with independent time-out periods

— Time-out periods selectable between 1 and 224
— Time-out interrupt and peripheral triggers

8 PWM (pulse-width modulator) channels

— 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

bus clock cycles

— Programmable clock select logic with a wide range of frequencies

— Fast emergency shutdown input

Three Serial Peripheral Interface Modules (SPI)

— Configurable for 8 or 16-bit data size

Eight Serial Communication Interfaces (SCI)

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

— Selectable IrDA 1.4 return-to-zero-inverted (RZI) format with programmable pulse widths
Two Inter-IC bus (IIC) Modules

— Multi-master operation

— Software programmable for one of 256 different serial clock frequencies
— Broadcast mode support

— 10-bit address support

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

— 3.3V and 5V range operation

— Low-voltage reset (LVR)

Low-power wake-up timer (API)
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— Available in all modes including Full Stop Mode
— Trimmable to +-5% accuracy
— Time-out periods range from 0.2ms to ~13s with a 0.2ms resolution
* Input/Output
— Up to 152 general-purpose input/output (I/O) pins plus 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
— 208-pin MAPBGA
— 144-pin low-profile quad flat-pack (LQFP)
— 112-pin low-profile quad flat-pack (LQFP)
— 80-pin quad flat-pack (QFP)
*  50MHz maximum CPU bus frequency, 100MHz maximum XGATE bus frequency

1.1.2 Modes of Operation

Memory map and bus interface modes:

» Normal and emulation operating modes
— Normal single-chip mode
— Normal expanded mode
— Emulation of single-chip mode
— Emulation of expanded mode

» Special Operating Modes
— Special single-chip mode with active background debug mode
— Special test mode (Freescale use only)

Low-power modes:

» System stop modes

— Pseudo stop mode

— Full stop mode with fast wake-up option
* System wait mode

Operating system states
» Supervisor state
» User state
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1.1.3

Block Diagram

Figure 1-1 shows a block diagram of the MC9S12XE-Family devices
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Figure 1-1. MC9S12XE-Family Block Diagram
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114 Device Memory Map

Table 1-1 shows the device register memory map.

Table 1-1. Device Register Memory Map

Address Module (BSyi tz:s)
0x0000—-0x0009 PIM (port integration module) 10
0x000A—-0x000B | MMC (memory map control) 2
0x000C—-0x000D | PIM (port integration module) 2
0xO000E—-0x000F | EBI (external bus interface) 2
0x0010-0x0017 | MMC (memory map control) 8
0x0018-0x0019 | Reserved 2
0x001A-0x001B | Device ID register 2
0x001C—-0x001F | PIM (port integration module) 4
0x0020-0x002F DBG (debug module) 16
0x0030-0x0031 Reserved 2
0x0032—-0x0033 PIM (port integration module) 2
0x0034-0x003F | ECRG (clock and reset generator) 12
0x0040-0x007F | ECT (enhanced capture timer 16-bit 8-channel)s 64
0x0080-0x00AF | ATD1 (analog-to-digital converter 12-bit 16-channel) 48
0x00B0-0x00B7 | IIC1 (inter IC bus) 8
0x00B8-0x00BF | SCI2 (serial communications interface) 8
0x00C0-0x00C7 | SCI3 (serial communications interface) 8
0x00C8-0x00CF | SCIO (serial communications interface) 8
0x00D0-0x00D7 | SCI1 (serial communications interface) 8
0x00D8—-0x00DF | SPIO (serial peripheral interface) 8
0x00EQ-Ox00E7 | IICO (inter IC bus) 8
0xO0E8-0x00EF | Reserved 8
0x00F0—0x00F7 | SPI1 (serial peripheral interface) 8
0xO0F8—-0x00FF | SPI2 (serial peripheral interface) 8
0x0100-0x0113 FTM control registers 20
0x0114-0x011F | MPU (memory protection unit) 12
0x0120-0x012F INT (interrupt module) 16
0x0130-0x0137 SCI4 (serial communications interface) 8
0x0138-0x013F | SCI5 (serial communications interface) 8
0x0140-0x017F | CANO 64
0x0180-0x01BF | CANT 64
0x01C0-0x01FF | CAN2 64
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1.1.5

Table 1-1. Device Register Memory Map (continued)

Address Module (Bij::s)
0x0200-0x023F | CAN3 64
0x0240-0x027F PIM (port integration module) 64
0x0280-0x02BF CAN4 64
0x02C0—-0x02EF | ATDO (analog-to-digital converter 12 bit 16-channel) 48
0x02F0-0x02F7 | Voltage regulator 8
0x02F8-0x02FF | Reserved 8
0x0300-0x0327 PWM (pulse-width modulator 8 channels) 40
0x0328-0x032F | Reserved 8
0x0330-0x0337 SCI6 (serial communications interface) 8
0x0338-0x033F | SCI7 (serial communications interface) 8
0x0340-0x0367 | PIT (periodic interrupt timer) 40
0x0368-0x037F | PIM (port integration module) 24
0x0380-0x03BF | XGATE 64
0x03C0-0x03CF | Reserved 16
0x03D0—-0x03FF | TIM (timer module) 48
0x0400-0x07FF | Reserved 1024

NOTE

Address Mapping

Reserved register space shown in Table 1-1 is not allocated to any module.
This register space is reserved for future use. Writing to these locations have
no effect. Read access to these locations returns zero.

Figure 1-2 shows S12XE CPU & BDM local address translation to the global memory map. It indicates
also the location of the internal resources in the memory map.

EEEPROM size is presented like a fixed 256 KByte in the memory map.
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Local Memory Map
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Global Memory Map

the dashed lines. For more information ~____ ——%
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Figure 1-2. MC9S12XE100 Global Memory Map
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Unimplemented RAM pages are mapped externally in expanded modes. Accessing unimplemented RAM
pages in single chip modes causes an illegal address reset if the MPU is not configured to flag an MPU
protection error in that range.

Accessing unimplemented FLASH pages in single chip modes causes an illegal address reset if the MPU
is not configured to flag an MPU protection error in that range.

The PARTID value should be referenced regarding the specific memory map for any given device. For
devices sharing the same part ID, the memory regions which are implemented on the larger device but not
supported on the smaller device are implemented but untested on that smaller device. These regions do not
appear as unimplemented in the memory map and do not result in an illegal address reset if erroneously
accessed.

Table 1-2. Unimplemented Range Mapping to Part ID

Mask Set Number Part ID RAM_LOW EE_LOW DF_HIGH Flash Blocks Registers
xM22E $CC8x 0x0F_0000 0x13_F000 0x10_7FFF B3, B2, B1S, B1N, BO 2K
xM48H $CCx 0x0F_0000 0x13_F000 0x10_7FFF B3, B2, B1S, B1N, BO 2K
xM25J $C48x 0x0F_8000 0x13_F000 0x10_7FFF B1N, B1S, BO 2K
xM53J $C08x 0x0F_C000 0x13_F000 0x10_7FFF B1S, BO(128K) 2K

From the above the following examples can be derived.

The 9S12XEP768 is currently only available as a 9S12XEP100 die, thus the unimplemented FLASH pages
are those of the 9S12XEP100 device map.

The 9S12XEQ384 is currently only available as a 9S12XEQ512 die, thus the unimplemented FLASH
pages are those of the 9S12XEQ512 device map.

The 9S12XEG128 is currently only available as a 9S12XET256 die, thus the unimplemented FLASH
pages are those of the 9S12XET256 device map.

The range between 0x10_0000 and 0x13_FFFF is mapped to EEPROM resources. The actual EEPROM
and dataflash block sizes are listed in Table 1-4. Within EEPROM resource range an address range exists
which is neither used by EEPROM resources nor remapped to external resources via chip selects (see the
FTM/MMC descriptions for details). These ranges do not constitute unimplemented areas.

Accessing reserved registers within the 2K register space does not generate an illegal address reset.

The fixed 8K RAM default location in the global map is 0x0F_E000- 0xOF_FFFF. This is subject to
remapping when configuring the local address map for a larger RAM access range.
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Figure 1-3 shows XGATE local address translation to the global memory map. It indicates also the location
of used internal resources in the memory map.

Table 1-3. XGATE Resources

Internal Resource Size /KByte $Address
XGATE RAM 32K XGRAM_LOW = 0x0OF_8000
FLASH 30K’ XGFLASH_HIGH = 0x78_8000

1 This value is calculated by the following formula: (64K -2K- XGRAMSIZE)

Table 1-4. Derivative Dependent Memory Parameters

Device FLASH Low | PPAGE | pam Low | RPAGE | EE Low | DF HIGH | EPAGE
9S12XEP100 0x70_0000 64 OxOF_0000 16 0x13_F000 | Ox10_7FFF | 43 +32%
9S12XEP768 0x74_0000 48 0XxOF_4000 12 0x13_F000 | 0x10_7FFF 4432
9S12XEQ512 0x78_0000 32 0xOF_8000 8 0x13_F000 | Ox10_7FFF 4+ 32
9S12XEx384 | 0x78_0000° 24 OXOF_A000 6 0x13_F000 | 0x10_7FFF 4432
;;122;5225556 0x78_00007 16 OxOF _C000 4 0x13_F000 | 0x10_7FFF 4432
35’115;(511228% 0x78_00008 8 OxOF_D000 3 0x13_F800 | 0x10_7FFF 2432

1Number of 16K pages addressable via PPAGE register
osNumber of 4K pages addressing the RAM. RAM can also be mapped to 0x4000 - 0x7FFF
3Number of 1K pages addressing the Cache RAM via the EPAGE register counting downwards from OxFF
4Number of 1K pages addressing the Data flash via the EPAGE register starting upwards from 0x00

5The 384K memory map is split into a 128K block from 0x78_0000 to 0x79_FFFF and a 256K block from 0x7C_0000 to

Ox7F_FFFF

gThe 9S12XEA devices are a special bondout for access to extra ADC channels in 80QFP.
Available in 80QFP only. WARNING: NOT PIN-COMPATIBLE WITH REST OF FAMILY.
<-The 256K memory map is split into a 128K block from 0x78_0000 to 0x79_FFFF and a 128K block from 0x7E_0000 to

0x7F_FFFF
gThe 128K memory map is split into a 64K block from 0x78_0000 to 0x78_FFFF and a 64K block from 0x7F_0000 to
Ox7F_FFFF
Table 1-5. Derivative Dependent Flash Block Mapping
Device 0x70_0000 | Ox74_0000 | 0x78_0000 | 0x7A_0000 | 0x7C_0000 | Ox7E_0000

9S12XEP100 B3 B2 B1S B1N BO
9S12XEP768 — B2 B1S B1N BO
9S12XEQ512 — — B1S B1N BO
9S12XEx384 — — B1S — BO
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Device 0x70_0000 | 0x74_0000 | 0x78_0000 | Ox7A_0000 | 0x7C_0000 | OX7E_0000
9S12XET256 — — — —
9S12XEA256' B1S BO(128K)
9S12XEG128 — — B1S (64K) — —
9S12XEA128! BO (64K)

1The 9S12XEA devices are special bondouts for access to extra ADC channels in 80QFP.
Available in 80QFP only. WARNING: NOT PIN-COMPATIBLE WITH REST OF FAMILY.
Block B1 is divided into two 128K blocks. The XGATE is always mapped to block B1S.

On the 9S12XEG128 the flash is divided into two 64K blocks B0 and B1S, the B1S range extending from
0x78_0000 to 0x78_FFFF, the BO range extending from 0x7F_0000 to 0x7F_FFFF.

The block B0 is a reduced size 128K block on the 256K derivative. On the larger derivatives B0 is a 256K
block. The block B0 is a reduced size 64K block on the 128K derivative.
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Figure 1-3. XGATE Global Address Mapping
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1.1.6 Detailed Register Map
The detailed register map is listed in Appendix A.

1.1.7 Part ID Assignments

The part ID is located in two 8-bit registers PARTIDH and PARTIDL (addresses 0x001A and 0x001B).
The read-only value is a unique part ID for each revision of the chip. Table 1-6 shows the assigned part ID
number and Mask Set number.
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The Version ID is a word located in a flash information row at 0x40_00ES. The version ID number
indicates a specific version of internal NVM variables used to patch NVM errata.
The default is no patch (OxFFFF).

Table 1-6. Assigned Part ID Numbers

Device Mask Set Number Part ID' Version ID
MC9S12XEP100 OM22E $CC80 OXFFFF
MC9S12XEP100 1M22E $CC80 OXFFFF
MC9S12XEP100 2M22E $cca2 OxFFFF
MC9S12XEP100 OM48H $CC90 OXFFFF
MC9S12XEP100 1M48H $CCo1 OXFFFF
MC9S12XEP100 2M48H $CC92 OXFFFF
MC9S12XEP100 3M48H $CC93 OXFFFF
MC9S12XEP100 4MA48H $CC94 OXFFFF
MC9S12XEP7682 4M48H $CC94 OXFFFF
MC9S12XEQ512 0M25J $C480 OXFFFF
MC9S12XEQ512 1M25J $C481 OXFFFF
MC9S12XEQ512 2M25J $C482 OXFFFF
MC9S12XEQ3843 2M25J $C482 OXFFFF
MC9S12XEG3843 2M25J $C482 OXFFFF
MC9S12XET256 0OM53J $C080 OXFFFF
MC9S12XET256 1M53J $C081 OXFFFF
MC9S12XEA256 1M53J $C081 OXFFFF
MC9S12XEG128* 1M53J $C081 OXFFFF
MC9S12XEA128% 1M53J $C081 OXFFFF

1 The coding is as follows:
Bit 15-12: Major family identifier
Bit 11-6: Minor family identifier
Bit 5-4: Major mask set revision number including FAB transfers
Bit 3-0: Minor — non full — mask set revision
5> Currently available as MC9S12XEP100 die only
3 Currently available as MC9S12XEQ512 die only
4 Currently available as MC9S12XET256 die only

1.2  Signal Description

This section describes signals that connect off-chip. It includes a pinout diagram, a table of signal
properties, and detailed discussion of signals. It is built from the signal description sections of the Block
User Guides of the individual IP blocks on the device.

1.2.1 Device Pinout

The MC9S12XE-Family offers pin-compatible packaged devices to assist with system development and
accommodate expansion of the application.
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NOTE
Smaller derivatives within the MC9S12XE-Family feature a subset of the
listed modules. Refer to Appendix D Derivative Differences for more
information about derivative device module subset and to Table 1-7. Port
Availability by Package Option and Table 1-9. Pin-Out Summary for
details of pins available in different package options.
The MC9S12XE-Family devices are offered in the following package options:

* 208-pin MAPBGA package with an external bus interface (address/data bus)

* 144-pin LQFP package with an external bus interface (address/data bus)

* 112-pin LQFP without external bus interface

+ 80-pin QFP without external bus interface
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

A| NC. | NC. | PP7 | PMO | PM1 | PF5 | PF3 | PF1 | PJ6 | PS6 | PS5 | PS3 | PM6 |PAD19| N.C. | N.C.

B| NC. | PP2 | PP6 | PF7 | PF6 | PF4 | PF2 | PFO |TEST| PS4 | PS1 |PAD23|PAD21|PAD18|PAD31| N.C.

C| PJ2 | PP1 | PP4 | PP5 | PK7 | PM2 | PM4 | PJ5 | PS7 | PS2 | PM7 |PAD20| VRL |PAD16|PADO7|PAD14

D|PK1 | PJ3 | PPO | PP3 [VDDX| PM3 | PM5 | PJ4 | PJ7 [VDDX| PSO [PAD22| VRH [PAD17|PAD30[PAD29

E | PKO | PK3 | PK2 | PK6 VSSA [PAD15(PADO6|PAD28
F | PR1 | PRO | PTO |VDDX VDDA |PADO5|PAD13|PAD27
G| PT2 | PT3 | PR2 | PTH VSSX | VSSX | VSSX | VSSX VDDA [PAD12[PAD04{PAD11
H| PR3 | PR4 | PT4 |VDDF VSSX | VSSX | VSSX | VSSX VSSA [PAD26[PADO3|PAD10
J | PT5 | PR5 | PT6 | VSSt VSSX | VSSX | VSSX | VSSX VSS2 |PAD09|PAD25|PADO2
K| PR6 | PT7 | PK4 | PR7 VSSX | VSSX | VSSX | VSSX VDD | PD7 |PAD24({PADO1
L | PK5 | PJ1 |BKGD|VDDX VDDX | PD4 [PADOO|PADO8
M| PJO | PCO | PB1 | PC1 PA6 | PA2 | PD5 | PD6

N|PC2|PC3|PB2|PC7 | PL1 | PE6 |[VDDX|VDDR |VSS3 | PH3 | PH1 [VDDX| PE1 | PA1 | PA5 | PA7

P| PBO | PB3 | PB4 | PC4 | PL2 | PLO | PE4 |RESET| PL7 | PL6 | PHO | PE2 | PEO | PAO | PA3 | PA4

R|{ NC. | PB5 | PB6 | PB7 | PC6 | PH6 | PH4 | PE5 \;EE Y’EE PH2 | PL4 | PD1 | PD3 | PE3 | N.C.
VSS VDD
T|{NC. [ NC. | PC5 | PL3 | PH7 | PH5 | PE7 PLL EXTAL| XTAL PLL PL5 | PDO | PD2 | N.C. | N.C.

Figure 1-4. - Pin Assignments, 208 MAPBGA Package
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Figure 1-5. MC9S12XE-Family Pin Assignments 144-pin LQFP Package
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Figure 1-6. MC9S12XE-Family Pin Assignments 112-pin LQFP Package
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Figure 1-7. MC9S12XE-Family Pin Assignments 80-pin QFP Package
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