ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



MC9S12G Family
Reference Manual
and Data Sheet

S12
Microcontrollers

MC9S12GRMV1
Rev.1.27

October 23, 2017

nxp.com




To provide the most up-to-date information, the revision of our documents on the World Wide Web will be
the most current. Your printed copy may be an earlier revision. To verify you have the latest information
available, refer to:

nxp.com/

A full list of family members and options is included in the appendices.

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors 2



The following revision history table summarizes changes contained in this document.

Revision History

Date

Revision
Level

Description

Nov, 2012

Added Chapter 12, “Analog-to-Digital Converter (ADC12B8CV2)”
Added Chapter 14, “Analog-to-Digital Converter (ADC12B12CV2)”
Updated Chapter 11, “Analog-to-Digital Converter (ADC10B8CV2)”
(Reason: Spec update)

Updated Chapter 13, “Analog-to-Digital Converter (ADC10B12CV2)”
(Reason: Spec update)

Updated Chapter 15, “Analog-to-Digital Converter (ADC10B16CV2)”
(Reason: Spec update)

Updated Chapter 16, “Analog-to-Digital Converter (ADC12B16CV2)”
(Reason: Spec update)

Nov, 2012

Corrected order of chapters

Jan, 2013

1.20

Updated Appendix A, “Electrical Characteristics”

(Reason: Added AEC Grade 0 spec)

Updated Appendix C, “Ordering and Shipping Information”
(Reason: Added temperature option W)

Jan, 2013

1.21

Separated description of 8-channel timer
Updated Appendix A, “Electrical Characteristics”
(Reason: Updated electricals)

Jan, 2013

1.22

Updated Chapter 1, “Device Overview MC9S12G-Family”

(Reason: added KGD option for the S12GA192 and the S12GA240)
Updated Appendix A, “Electrical Characteristics”

(Reason: Updated electricals)

Up[dated Appendix C, “Ordering and Shipping Information”
(Reason: Added KGD information)

Added Appendix D, “Package and Die Information”

(Reason: Added KGD information)

Feb, 2013

1.23

Updated Appendix C, “Ordering and Shipping Information”
(Reason: Removed KGD information)

Jul, 2014

1.24

Updated Chapter 1, “Device Overview MC9S12G-Family”
(Reason: Spec update)

Fixed wordingFixed typos and formatting, improved wording
Updated Appendix A, “Electrical Characteristics”

(Reason: Updated electricals)

Updated Chapter 17, “Digital Analog Converter (DAC_8B5V)”
(Reason: Spec update)

Aug, 2014

1.25

Fixed issues with hidden text throughout the document

Jun, 2017

1.26

Updated Chapter 1, “Device Overview MC9S12G-Family
(added mask set information to Table 1-5)

Oct, 2017

1.27

Updated Appendix A, “Electrical Characteristics
(updated Table A-44 and Table A-45)

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors




This document contains information for all constituent modules, with the exception of the CPU. For CPU
information please refer to CPU12-1 in the CPU12 & CPU12X Reference Manual

MC9S12G Family Reference Manual Rev.1.27

4 NXP Semiconductors



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
Chapter 26
Chapter 27
Chapter 28
Chapter 29
Chapter 30
Chapter 31

Device Overview MC9S12G-Family ................ .ot 29
Port Integration Module (S12GPIMV1) . . ........ .. it 149
5V Analog Comparator (ACMPV1) . .........cciiiiiiiiinnnnnnnns 249
Reference Voltage Attenuator (RVAV1)........ ...t 255
S$12G Memory Map Controller (S12GMMCV1)........... ..o hs. 259
Interrupt Module (S12SINTV1). . .. ..o i it i i n e ns 273
Background Debug Module (S12SBDMV1) ...........cciiiiiiannn 281
S12S Debug Module (S12SDBGV2) .........cciiiiiiiiinaeennnn 305
Security (S12XS9SECV2). . .. ...ttt ittt e et a e 347
S12 Clock, Reset and Power Management Unit (S12CPMU) ......... 353
Analog-to-Digital Converter (ADC10B8CV2) ............cciiivnnnn. 405
Analog-to-Digital Converter (ADC12B8CV2) ............covvvnnn. 429
Analog-to-Digital Converter (ADC10B12CV2) .............ccvvinnn. 455
Analog-to-Digital Converter (ADC12B12CV2) .............cvvinn.. 481
Analog-to-Digital Converter (ADC10B16CV2) ..................... 507
Analog-to-Digital Converter (ADC12B16CV2) ...............cou... 533
Digital Analog Converter (DAC_8B5V). ........ciiiiiiinennnnnnns 559
Scalable Controller Area Network (S12MSCANV3)................. 569
Pulse-Width Modulator (S12PWM8B8CV2) ............ccoiiiinn 623
Serial Communication Interface (S12SCIV5) . .. ... ... .. i i i it n e 653
Serial Peripheral Interface (S12SPIV5). . ......... .. i n. 691
Timer Module (TIM16B6CV3). . .......cciiiiii e e e rnnaeennns 719
Timer Module (TIM16B8CV3). . ......cci ittt i e s nnna e nnns 737
16 KByte Flash Module (S12FTMRG16K1V1) ............ ... ... 765
32 KByte Flash Module (S12FTMRG32K1V1) ........... ..o us. 813
48 KByte Flash Module (S12FTMRG48K1V1) ..................... 865
64 KByte Flash Module (S12FTMRG64K1V1) ..................... 917
96 KByte Flash Module (S12FTMRG96K1V1) ..................... 969
128 KByte Flash Module (S12FTMRG128K1V1) .................. 1021
192 KByte Flash Module (S12FTMRG192K2V1) .................. 1073
240 KByte Flash Module (S12FTMRG240K2V1) .................. 1125

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors



Appendix A Electrical Characteristics ..............ciiiiiiiiiiiiiiinaanns 1177
Appendix B Detailed Register AddressMap .............. ..., 1233
Appendix C Ordering and Shipping Information............................ 1253
Appendix D Package and Die Information ................ ...t 1255

MC9S12G Family Reference Manual Rev.1.27

6 NXP Semiconductors



Chapter 1
Device Overview MC9S12G-Family
L1 INtrodUuCtion . .. ...ttt e e e e e 29
L2 FealUICS . ..ottt et e e e e e 30
1.2.1 MCO9S12G-Family CompariSON . . . .. .ottt et 30
1.2.2 Chip-Level Features . . . ... e e e et 32
1.3 Module Features . ... ... e e 32
1.3.1 S12 16-Bit Central Processor Unit (CPU) . ...... ... ... ... ... 33
1.3.2 On-Chip Flash with ECC . . . ... .. e 33
1.3.3 On-Chip SRAM . .. e 33
1.3.4 Port Integration Module (PIM) .. ... ... . . 33
1.3.5 Main External Oscillator (XOSCLCP) . ... i 34
1.3.6 Internal RC Oscillator IRC) . ... ... . . i 34
1.3.7 Internal Phase-Locked Loop (IPLL) .......... .. ... . . ... 34
1.3.8  System Integrity SUPPOTT . . . ..ottt 35
1.3.9 Timer (TIM) . . ..o e e e e e e e e e 35
1.3.10 Pulse Width Modulation Module (PWM) . ... ... ... . . .. 35
1.3.11 Controller Area Network Module (MSCAN) . ... .. . i 35
1.3.12 Serial Communication Interface Module (SCI) ............. .. ... ... ... ... ..... 36
1.3.13 Serial Peripheral Interface Module (SPI) . ....... ... ... ... ... . . i ... 36
1.3.14 Analog-to-Digital Converter Module (ADC) ........ ... ... ... ... 36
1.3.15 Reference Voltage Attenuator (RVA) .. ... . e 37
1.3.16 Digital-to-Analog Converter Module (DAC) ........ ... ... . . ... 37
1.3.17 Analog Comparator (ACMP) . ... ... . e e 37
1.3.18 On-Chip Voltage Regulator (VREG) .. ..... ... ... . . . .. 37
1.3.19 Background Debug (BDM) . ... .. . 37
1.3.20 Debugger (DBG) . ... 37
1.4 Key Performance Parameters . . ... ... .. e 38
1.5 Block Diagram . .. ... ..o 38
1.6 Family Memory Map . ... ... 39
1.6.1 Part ID ASSIZNMENTS . .. ..ottt e e e e e 44
1.7  Signal Description and Device Pinouts ............. ... . i 45
1.7.1 Pin Assignment OVEIVIEW . ... ..ottt ittt et 45
1.7.2  Detailed Signal DeSCriptions . ... ... ... ...ttt 46
1.7.3 Power Supply Pins ... ... 50
1.8 Device PINOULS . .. ... e 53
1.8.1 SI12GNI16and S12GN32 . ... 53
1.8.2 SI12GNAI6 and S12GN A3 ... e e 60
1.8.3  SI2GNAS . 62
1.8.4 S12G48 and S12G64 . . . . oo 72
1.8.5 SI12GA48 and S12GAG4 . .. .o 82
1.8.6 S12G96 and S12G128 . .. ..o 89
1.8.7 S12GA96 and S12GAI28 . . ..o 101
1.8.8 S12G192 and ST12G240 . ... o e 113
1.8.9 S12GA192 and SI2GA240 . .. .ot 125

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors 9



1.9
1.10

1.11
1.12

1.13
1.14
1.15
1.16
1.17
1.18
1.19

2.1

2.2

2.3

24

System Clock Description . ... ... ... e 140
Modes of OPeration . . . ... ... ...ttt e e e 140
1.10.1 Chip Configuration SUMMATY . ... ...\ttt ettt eeeenn 141
1.10.2 Low Power Operation . ... ... .. ...ttt et 141
SECUTILY . o ottt ettt e e e e e e e e e 141
Resets and INterrupts . ... ...ttt e 141
L1201 RESES . oottt e e 141
1.12.2 Interrupt VECLOTS . ..ottt et e e e e e e e e e et 142
1.12.3 Effects of Reset . ... ... . 144
COP Configuration . . . ... ...ttt et e e e e e 144
Autonomous Clock (ACLK) Configuration . .. ........... .ttt 145
ADC External Trigger Input Connection .. ..............uintuntententeennennans 145
ADC Special Conversion Channels . ........ ... . . . . . . . 145
ADC Result Reference . .. ... e e 146
ADC VRH/VRL Signal Connection . ..............uuunttteeeteteaennennans 146
BDM Clock Source CONNECtIVILY . ... ..ottt et e i 147
Chapter 2
Port Integration Module (S12GPIMV1)

IntroducCtion . .. ... ... e 149
211 GlOSSAIY . .ottt 149
2.1.2 OVEIVIEW . .ottt e e e e e e e 150
2.1.3  Features . .. ..ottt e 150
2.1.4 Block Diagram . . ... ... .. e 151

PIM Routing - External Signal Description .. .............. ..t 151
22.1 Package Code . ... ... 152
2.2.2  Prioritization ... ... ...ttt e 152
2.2.3  Signals and Priorities . ... ....... .. e 152

PIM Routing - Functional description . .............. ... i 154
23.1 Pin BKGD ... 163
2.3.2  Pins PAT-0 .o 163
233 Pins PB7-0 ..o 163
234 Pins PCT-0 ..o 163
235 Pins PD7-0 ..o 165
23.6 Pins PEIL-0 .. ... 165
237 Pins PT7-0 ..o 165
2.3.8 Pins PST-0 ..o 167
2.3.9 Pins PM3-0 ..o 169
2.3.10 Pins PP7-0 ..o 169
2.3.11 Pins PI7-0 o 171
2.3.12 Pins ADIS-0 ..o 172

PIM Ports - Memory Map and Register Definition ................ ... ... ... . ...... 178
241 Memory Map . ..o e 178
242 Register Map ... ..ot e 181
2.4.3  Register DesCIiPtoNnS . . . ..ottt ettt e e e 196

MC9S12G Family Reference Manual Rev.1.27

10

NXP Semiconductors



2.5

2.6

3.1
32
33
34
3.5
3.6

3.7

4.1
4.2
4.3
4.4
4.5
4.6

4.7

5.1

PIM Ports - Functional Description . .. ........ ... .ttt e 241
2.5.1 General . ... 241
2.5.2  REISIETS . . v v ottt e et e e 241
2.5.3 Pin Configuration SUMMATY . ... ... ...ttt ettt 243
2.5.4 INEEITUPLS . .ottt e e e e e e e e e e 244

Initialization/Application Information . ............. ... . . i 246
2.6.1 Initialization . . ... ... ... e 246
2.6.2 Port Data and Data Direction Register writes .................. i, 246
2.6.3 Enabling IRQ edge-sensitive mode . ........... ...ttt 246
2.6.4 ADC External Triggers ETRIG3-0 .. ... .. ... .. i, 246
2.6.5 Emulation of Smaller Packages .......... ... ... ... . . . 247

Chapter 3
5V Analog Comparator (ACMPV1)

Introduction . ... ... .. 249

Features . o 249

Block Diagram . . ... ... 249

External Signals . . ... ... e 250

Modes of OPEration . . .. ... ...ttt e e e 250

Memory Map and Register Definition . ......... ... .. . . 251
3.6.1 Register Map ... ..o e 251
3.6.2  Register DesCIiptions . . ... ..v vttt e e e e 251

Functional DesCription . . .. ... ... e 253

Chapter 4
Reference Voltage Attenuator (RVAV1)

Introduction . ... ... e 255

Features . ... . 255

Block Diagram . .. ... ... 255

External Signals . ... ... 256

Modes of OPeration . . ... ... ...ttt e e e e e 256

Memory Map and Register Definition ........... ... ... ... . . . . i 257
4.6.1 Register Map . ... ..o 257
4.6.2 Register DesCriptions . . ... ... u ittt e 257

Functional DesCription . ... ... ...ttt 258

Chapter 5
S$12G Memory Map Controller (S12GMMCV1)

Introduction . . .. ... . 259
S.IT GloSSary .o v e 259
S.1.2 OVEIVIEW . .ottt e e 259
S.1.3  Features .. ..o 260
5.1.4  Modes of OPeration . . ... ...ttt e 260
5.1.5 Block Diagram . . ... e 260

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors 11



5.2 External Signal Description ... ...... ... . 261
5.3 Memory Map and Re@iSters . . .. ...t e 261
5.3.1 Module Memory Map . ... e 261
5.3.2 Register DeSCIIPUIONS . . . ..ottt e 262
5.4 Functional DesCription . ... ... ... e 266
54.1 MCU Operating Modes . . ...ttt e e et 266
54.2 Memory Map Scheme ....... ... .. .. . . 266
5.4.3 Unimplemented and Reserved Address Ranges ............. ... ... ... ... ..... 270
5.4.4 Prioritization of MemOry ACCESSES . .. v\t vttt ettt i 271
SAS INEITUPLS . .o 271
Chapter 6
Interrupt Module (S12SINTV1)
6.1 Introduction . .. ... .. ... e 273
6.1.1  GlOSSarY . ..ot 273
6.1.2  Features ... ... ...t e 273
6.1.3 Modes of Operation . . ... ...ttt e 274
6.1.4 Block Diagram ... ... ... e 274
6.2 External Signal Description . .. .... ... ..ttt e 275
6.3 Memory Map and Register Definition . ........ ... .. .. . . .. . . 275
6.3.1 Register DesCIiPtions . . ... ..ottt e e e 275
6.4  Functional DesCription . ... ...... ..ttt e e e 276
6.4.1 SI12S Exception Requests ... ........ . 276
6.4.2 Interrupt Prioritization .. ... ... ... .. e 276
6.4.3 Reset Exception Requests ............. . 277
6.4.4 Exception Priority . ... .. ... ... 2717
6.5 Initialization/Application Information . ........ ... .. . .. .. 278
6.5.1 Initialization . . ... ... ... e 278
6.5.2 Interrupt NeSting . ... ...ttt e e e e 278
6.5.3 Wake Up from Stopor WaitMode .......... ... ... .. i, 278
Chapter 7
Background Debug Module (S12SBDMV1)
7.1 INtrodUCtiON . .. .ot e 281
T11 0 Features . ..ottt e 281
7.1.2 Modes of Operation . . ... ... ...t e 282
7.1.3 Block Diagram ... ... 283
7.2 External Signal Description . .. ........ ...t e 283
7.3 Memory Map and Register Definition ............ .. .. ... .. . . 283
7.3.1 Module Memory Map .. ...t e 283
7.3.2 Register DesCriptions . . ... ...ttt e 284
7.3.3 Family ID ASSIZNMENt . . . .. ..o e 287
7.4  Functional Description . . .. ... ... ...t e 287
T4 L SOCUIILY .ottt et e e 288
MC9S12G Family Reference Manual Rev.1.27
12 NXP Semiconductors



7.4.2 Enabling and Activating BDM . ....... . .. . 288
7.4.3 BDM Hardware Commands . ............. ..ttt 289
7.4.4 Standard BDM Firmware Commands . .............. ..o, 290
7.4.5 BDM Command StruCture . ... ...ttt et 291
7.4.6 BDM Serial Interface . . ... ... . e 293
7.4.7 Serial Interface Hardware Handshake Protocol ... ....... ... .. ... ... ... .. ... 296
7.4.8 Hardware Handshake Abort Procedure .......... ... ... ... ... ... ... ...... 298
7.49 SYNC — Request Timed Reference Pulse ............ ... .. .. .. .. ... .... 301
7.4.10 Instruction TraCing . . ... ..ottt e e e e e 301
7.4.11 Serial Communication Time Out . ....... ... ... .. it 302
Chapter 8
S12S Debug Module (S12SDBGV2)
8.1  IntrodUucCtiOn . . ... ... e 305
8.1.1 Glossary Of Terms . . . ... .ot e e 305
B. 1.2 OVEIVIEW . .ottt e e e e e e e e 306
8.1.3  Features ... ... 306
8.1.4 Modes of Operation . ... ... ...ttt e 307
8.1.5 Block Diagram . . ... ... .. 307
8.2  External Signal Description . ... .. ... ... 308
8.3 Memory Map and Re@iSters . .. ... e 308
8.3.1 Module Memory Map .. ... e 308
8.3.2 Register DesCIIPtiONnS . . .. ..ottt 309
8.4 Functional Description . . ... ... ... 324
8.4.1 SI2SDBG Operation . .. ... ...ttt e e et 325
8.4.2 Comparator Modes . ... .. ... ... e 325
8.4.3 Match Modes (Forced or Tagged) ........... ..., 329
8.4.4 State Sequence Control . ... ... ... e 330
8.4.5 Trace Buffer Operation . ......... .. ... it 331
B.4.6  Tagging .. ..ot 338
8.4.7T Breakpoints .. ... ...t 338
8.5 Application Information . .. ... . 340
8.5.1 State Machine SCenarios . . ... .....o vttt e e i 340
8.5.2 Scenario 1 .. ... 340
8.5.3  SCENAIIO 2 . ..t 341
8.5.4  SCenario 3 .. ... 341
8.5.5  Scenario 4 . ... 341
8.5.6  SCeNAIIO 5 ... i 343
8.5.7 SCenario 6 . . ... 343
8.5.8  Scenario 7 .. ... 343
8.5.9  Scenario 8 ... ... e 344
8.5.10 Scenario O .. ... 344
8.5.11 Scenario 10 ... ... 344
MC9S12G Family Reference Manual Rev.1.27
NXP Semiconductors 13



Chapter 9
Security (S12XS9SECV?2)
9.1 INtrodUCtion . .. ... . e 347
.11 Features . .. ...t e e e 347
9.1.2 Modes of Operation . . ... ... ...ttt e 347
9.1.3 Securing the Microcontroller ... ...... ... ... .. . . 348
9.1.4 Operation of the Secured Microcontroller .......... ... ... ... . ... ... ..... 349
9.1.5 Unsecuring the Microcontroller ... ......... . ... .. . .. 350
9.1.6 Reprogramming the Security Bits ........ ... ... .. . . 350
9.1.7 Complete Memory Erase (Special Modes) ........... .. ... ... . ... ... ..... 351
Chapter 10
S12 Clock, Reset and Power Management Unit (S12CPMU)
10.1 IntrodUuCtion . .. ... ...t e e e e e e 353
TO.1.1 Features . ... ...ttt e e e e e e e 354
10.1.2 Modes of Operation . . ... ...ttt et ettt 355
10.1.3 S12CPMU Block Diagram . ........... ... . i 358
10.2 Signal DeSCription . ... ..ottt e e e e e e 359
10.2.1 RESET . . 359
10.2.2 EXTAL and XTAL . . . ..o e e e 359
10.2.3 VDDR — Regulator Power InputPin . ......... ... ... ... ... ... ... ... ... .... 360
10.2.4 VSS —Ground Pin ... ... .. 360
10.2.5 VDDA, VSSA — Regulator Reference Supply Pins ............ ... ... ... ... 360
10.2.6 VDDX, VSSX— Pad Supply Pins . ...... ... ... .. . . 360
10.2.7 VDD — Internal Regulator Output Supply (Core Logic) ....................... 361
10.2.8 VDDF — Internal Regulator Output Supply (NVM Logic) ..................... 361
10.2.9 API_EXTCLK — API external clock outputpin ............................. 361
10.3 Memory Map and RegiSters . .. ... ..ot e e 361
10.3.1 Module Memory Map . ...... ... 361
10.3.2 Register DEesCIiptions . . ... ..o vttt e e e et 363
10.4 Functional DesCription . ... ... ...t 389
10.4.1 Phase Locked Loop with Internal Filter (PLL) ........... ... ... ... .. ... ..... 389
10.4.2 Startup from Reset .. ... ... e 390
10.4.3 Stop Mode using PLLCLK as Bus Clock .......... ... ... ... . . . ... 391
10.4.4 Full Stop Mode using Oscillator Clock as Bus Clock ................... ... ... 391
10.4.5 External Oscillator . ... ... ... 392
10.4.6 System Clock Configurations . ...............iuinininenuanennanenen.. 393
LO.5 ReSEtS . .ottt e 395
10.5.1 General . . ..o 395
10.5.2 Description of Reset Operation ... ........ ...ttt 395
10.5.3 Power-On Reset (POR) .. ... ... . . e 397
10.5.4 Low-Voltage Reset (LVR) . ... ... e 397
T0.6 INTEITUPLS . o oottt ettt e e e e e e e e e 398
10.6.1 Description of Interrupt Operation . ........... ...ttt 398

MC9S12G Family Reference Manual Rev.1.27

14

NXP Semiconductors



10.7 Initialization/Application Information . ........ ... .. ... ... . 400
10.7.1 General Initialization information ........... ... ... .. .. i, 400
10.7.2 Application information for COP and APTusage ................ ... ... .. ..... 400
Chapter 11
Analog-to-Digital Converter (ADC10B8CV2)
T1.1 INtrodUCtiOn . .. ..ottt e e e e e e e e e e 405
T1.1.T Features . . ...ttt e e e e e e e 406
11.1.2 Modes of Operation . ... ... ...ttt ettt ens 407
11.1.3 Block Diagram . ... ... . 408
11.2° Signal DesCription .. ... ... ..ttt e 409
11.2.1 Detailed Signal DeSCriptions . ... ... ...ttt 409
11.3 Memory Map and Register Definition . .......... ... .. . . . . . 409
11.3.1 Module Memory Map . ...... ... . 409
11.3.2 Register DesCriptions . . ... ..ottt e e ettt 411
11.4 Functional DesCription . . . ... ...ttt e e et 426
11.4.1 Analog Sub-Block ... ... ... e 426
11.4.2 Digital Sub-Block ... ... ... 426
LIS RESEUS . .ottt e 428
T1.6 INEITUPLS . . .ottt e e e e e e e e 428
Chapter 12
Analog-to-Digital Converter (ADC12B8CV2)
12.1 IntrodUCtiOn .. ... ..ot e e e e e 429
12.1.1 Features . ... ...ttt e e e e e 430
12.1.2 Modes of OPeration . . ... ......uuut ittt ettt e 431
12.1.3 Block Diagram . . ... ... e 432
12.2 Signal DeSCription . ... ...ttt e e e e 433
12.2.1 Detailed Signal DeSCriptions . . ... ......uututtirt ittt 433
12.3 Memory Map and Register Definition . .......... .. . . . . . 433
12.3.1 Module Memory Map .. ...t e 433
12.3.2 Register DesCriptions . . . ... u vttt et e e e e 435
12.4 Functional DesCription . ... ... ... e e e e 451
12.4.1 Analog Sub-Block ... ... .. .. 451
12.4.2 Digital Sub-Block . ... ... .. 451
L2.5 RESUS . ..ttt 453
12.6 INEEITUPLS . . .ottt ettt e e e e e e e e e e e e e e 453
Chapter 13
Analog-to-Digital Converter (ADC10B12CV2)
I3.1 INtrodUCtION . ... oottt e e e e e e e e e e e 456
I3.1.1 Features . ... ...t e e 456
13.1.2 Modes 0f Operation . ... ... ... ..ot ittt 457
13.1.3 Block Diagram . .. ... ... e 458
MC9S12G Family Reference Manual Rev.1.27
NXP Semiconductors 15



13.2

13.3

13.4

13.5
13.6

14.1

14.2

14.3

14.4

14.5
14.6

15.1

15.2

15.3

15.4

15.5
15.6

Signal DesCription . ... ...t 459
13.2.1 Detailed Signal DeSCriptions . ... ... ...ttt 459
Memory Map and Register Definition . .......... ... . i 459
13.3.1 Module Memory Map ....... ... 459
13.3.2 Register DEeSCIIPONS . . . ..ottt et e e e e ettt 462
Functional DesCription . .. ...ttt e e e e 477
13.4.1 Analog Sub-Block ... ... . . 477
13.4.2 Digital Sub-Block .. ...... ... 477
RSt .t 479
Interrupts . .. 479
Chapter 14
Analog-to-Digital Converter (ADC12B12CV2)

Introduction . . .. ... e 482
T4 1.1 Features . ... ...ttt e e e e e e 482
14.1.2 Modes of Operation . . ... ......uuutit ittt e e ettt 483
14.1.3 Block Diagram . .. ... ... . 484

Signal DesCription ... ... ...t 485
14.2.1 Detailed Signal DeSCriptions . ... .......uututtit it 485

Memory Map and Register Definition ......... ... ... . . . . . 485
14.3.1 Module Memory Map .. ...t e 485
14.3.2 Register DesCIiPtions . . .. ..o vttt e e e ettt 488

Functional Description . .. ... ... 504
14.4.1 Analog Sub-Block ... ... .. .. 504
14.4.2 Digital Sub-Block ... ... .. . e 504

RESEtS . .o 506

I OTTUPLS . .ot 506

Chapter 15
Analog-to-Digital Converter (ADC10B16CV2)

Introduction . ... ... .. 508
I5.1.1 Features . ... ...t e e e e 508
15.1.2 Modes of Operation ... ... .. ...ttt e 509
15.1.3 Block Diagram . . . ... ... e 510

Signal DesCription ... ... ...t 511
15.2.1 Detailed Signal DesCriptions .. ... ... ...ttt 511

Memory Map and Register Definition . .......... ... . .. . . . 511
15.3.1 Module Memory Map . ...t e 511
15.3.2 Register Descriptions . ... ... .ottt e e 514

Functional Description . .. ... .. . e e 529
15.4.1 Analog Sub-Block . ....... ... 529
15.4.2 Digital Sub-Block ... ... ... 529

RESEtS . .t 531

I OTTUDPLS . .ottt 531

MC9S12G Family Reference Manual Rev.1.27

16

NXP Semiconductors



Chapter 16
Analog-to-Digital Converter (ADC12B16CV2)

16.1 INtrodUCtiON . .. ..ttt e e e e e e e e e e 534
T6.1.1 Features . . ... ...ttt e e e e 534
16.1.2 Modes of Operation . .. .. ... ...ttt e 535
16.1.3 Block Diagram . .. ... .. .. e 536
16.2 Signal DeSCription . ... ...ttt e e e e e e 537
16.2.1 Detailed Signal DesSCriptions . ... ... ......iittitun et 537
16.3 Memory Map and Register Definition . ......... ... ... ... . . . . 537
16.3.1 Module Memory Map .. ...... .. e 537
16.3.2 Register DEesCriptions . . ... ..ottt et e et 540
16.4 Functional DesCription . .. ... ... ...ttt e e e e e 556
16.4.1 Analog Sub-Block ... ... ... 556
16.4.2 Digital Sub-Block . ....... ... 556
L60.5 RESEUS . .ottt 558
16.6 INTEITUPLS . . . oottt e e e e e e e 558
Chapter 17
Digital Analog Converter (DAC_8B5V)
17.1 Revision HISIOTY . . . ..o e 559
17.2 INtrodUCtION . .. .ottt et et e e e e e e e e e 559
17.2.1 Features . .. ...ttt e e e e e e e 560
17.2.2 Modes of Operation . . ... ... ...ttt e et 560
17.2.3 Block Diagram . .. ... . e 561
17.3 External Signal Description . ... ... ...ttt e et et 561
17.3.1 DACUOutput Pin . . ... e 561
1732 AMPOutput Pin .. ... 561
1733 AMPP Input Pin . .. ..o 561
17.3.4 AMPM Input Pin . . ... e 562
17.4 Memory Map and Register Definition . .......... ... ... .. . . . . 562
17.4.1 RegiSter SUMIMATY . . ..ottt ettt et e et e et ettt eea 562
17.4.2 Register DEesCIIPONS . . . ..ottt e e e e e et et 563
17.5 Functional DesCription . ... ... ...t e e e 564
17.5.1 Functional OVerVIEW . ... ... ...ttt e e e 564
17.5.2 Mode “Off .. 565
17.5.3 Mode “Operational Amplifier” ....... ... .. . . i 565
17.5.4 Mode “Unbuffered DAC” .. ... . 566
17.5.5 Mode “Unbuffered DAC with Operational Amplifier” ......................... 566
17.5.6 Mode “Buffered DAC” .. ... . 566
17.5.7 Analog output voltage calculation . ............ ... ... .. it 566
Chapter 18
Scalable Controller Area Network (S12MSCANV3)
I8.1 INtrodUCtiON . .. ...ttt e e e e e e e e e 569

MC9S12G Family Reference Manual Rev.1.27
NXP Semiconductors 17




18.2

18.3

18.4

18.5

19.1

19.2

19.3

19.4

19.5
19.6

20.1

I8.1.1 GlOSSATY . .. oottt 570
18.1.2 Block Diagram . .. ... ... e 570
I8.1.3 Features . ... ...ttt e 571
18.1.4 Modes of Operation ... ... .. ...ttt e 571

External Signal DescCription . .. ... ... ...t e 571
18.2.1 RXCAN — CAN ReceiverInputPin .......... ... ... ... ... . .. 571
18.2.2 TXCAN — CAN Transmitter Output Pin . ........ ... ... ... ... ... ... ... 572
18.2.3 CAN System .. ..ot e e e e 572

Memory Map and Register Definition ........... ... ... ... . . i 572
18.3.1 Module Memory Map ....... ... . 572
18.3.2 Register DEeSCIiPtONS . . . ..ottt e e e et 574
18.3.3 Programmer’s Model of Message Storage . . ........ ..., 593

Functional Description . .. ... ... 603
I18.4.1 General . . ... 603
18.4.2 MeESSAZE STOTAZE . . oot ottt et et et et e e 604
18.4.3 Identifier Acceptance Filter .. ......... . . . .. . . 607
18.4.4 Modes of OPeration . . ... ...ttt e ettt 613
18.4.5 Low-POWer Options . . . ...ttt e e ettt e 615
18.4.6 Reset Initialization ... ... ... .. . e 619
I8.4.7 INLEITUPLS . . ottt ettt et e e e e e e e e e e e 619

Initialization/Application Information . ............. ... ... i e 621
18.5.1 MSCAN initialization ... .. .. ... .ttt e e 621
18.5.2 Bus-Off ReCOVery .. ... i e 621

Chapter 19
Pulse-Width Modulator (S12PWM8B8CV?2)

Introduction . ... ... .. 623
T9.1.1 Features . . ... ...t e e e e 623
19.1.2 Modes of Operation .. ... ... ...ttt e 623
19.1.3 Block Diagram . .. ... ... e 624

External Signal Description . .. ....... ..ttt e 624
19.2.1 PWM7-PWMO —PWM Channel 7-0 ...... ... . .. 624

Memory Map and Register Definition . .......... ... ... . . . . 625
19.3.1 Module Memory Map .. ... . e 625
19.3.2 Register DesCriptions . . ... ..ottt e 625

Functional DescCription . . . ... .. . e e 640
19.4.1 PWM Clock Select . .. ... e 640
19.4.2 PWM Channel TIMETs . ... ...ttt e 643

RESEtS .ot 650

I OTTUDLS . . et 651

Chapter 20
Serial Communication Interface (S12SCIV5)
Introduction . . .. ... . 653

MC9S12G Family Reference Manual Rev.1.27

18

NXP Semiconductors



20.2

20.3

20.4

20.5

21.1

21.2

21.3

214

20.1.1 GlOSSATY . oottt 653
20.1.2 FeatUIES . . .ottt et e e e e e 654
20.1.3 Modes of Operation . . ... ...ttt et et 654
20.1.4 Block Diagram . ... ... ... . 655

External Signal DescCription . .. ... ... ...t e 655
20.2.1 TXD —Transmit Pin . .. ... o 655
20.2.2 RXD —Receive Pin ... ... 655

Memory Map and Register Definition . .......... ... ... . . . 655
20.3.1 Module Memory Map and Register Definition ............................... 656
20.3.2 Register DeSCIIPLIONS . . . ..ottt e e 656

Functional DescCription . ... ... .. . e e 667
20.4.1 Infrared Interface Submodule .......... ... .. .. . . . .. . 668
20.4.2 LIN SUPPOTT . . .ottt e 669
20.4.3 Data Format . ... .. ... 669
20.4.4 Baud Rate Generation . ... ...........ouintniumt ettt 671
20.4.5 TranSmItIer . . . . oottt et e et e e 672
20.4.6 RECEIVET . . .ottt 677
20.4.7 Single-Wire Operation . . . ... ....c.uiu ittt e 685
20.4.8 LoOp OPEratiOn . . ... ...ttt ittt e e e e e 686

Initialization/Application Information .......... .. ... . . . . 686
20.5.1 Reset Initialization . ... .. ... ... 686
20.5.2 Modes Of OPeration . . ... ... ...ttt e e e 686
20.5.3 Interrupt OPeration . .. ... ...\ttt ettt e e e 687
20.5.4 Recovery from Wait Mode . . . ... .. 689
20.5.5 Recovery from StopMode . . ... ... 689

Chapter 21
Serial Peripheral Interface (S12SPIV5)

Introduction . . ... ... e 691
21.1.1 Glossary of TermS . ... ..ottt e e e 691
21.1.2 Features . .. ...ttt e e e e 691
21.1.3 Modes of Operation . . ... ......c.uuut ittt et 692
21.1.4 Block Diagram . .. ... .. . e 692

External Signal Description . .. ... .. .. ... . e 693
21.2.1 MOSI—Master Out/Slave InPin .. ... ... ... . . . . . . 693
21.2.2 MISO — Master In/Slave Out Pin . . .. ... ... . 694
21.2.3 SS—Slave Select Pin ... ..ottt 694
21.24 SCK —Serial Clock Pin ... ... .. e 694

Memory Map and Register Definition . .......... ... . .. . . . . 694
21.3.1 Module Memory Map . ....... ... 694
21.3.2 Register DeSCIIPLIONS . . . ..ottt e 695

Functional DesCription . . .. ... .. . e 703
21.4.1 Master Mode .. ... e 704
21.4.2 Slave Mode . ... 705
21.4.3 Transmission Formats ... ....... ... . 706

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors 19



21.4.4 SPI Baud Rate Generation . ... ..........uuuttintmi ittt 712
21.4.5 Special Features . . . ...t e 713
21.4.6 Error Conditions ... ... ...ttt e 714
21.4.77 Low Power Mode Options . . ......... . .t 715
Chapter 22
Timer Module (TIM16B6CV3)
22.1 INtrodUCHION . . ..ottt et e e e e e 719
22.1.1 Features . ... ...ttt e e e 719
22.1.2 Modes of Operation . .. ... ... ..ottt ettt 720
22.1.3 Block Diagrams . ... ... . 720
22.2 External Signal Description . . ... .. ...ttt e 721
22.2.1 10CS - I0CO — Input Capture and Output Compare Channel 5-0 ................ 721
22.3 Memory Map and Register Definition . ........ ... .. ... . .. . . . 721
22.3.1 Module Memory Map . ....... .. e 721
22.3.2 Register DesCIiPtONS . . ..o vttt ettt e e e e 721
22.4 Functional DesCriPtion . ... ... ..ot 733
2241 Prescaler . ... ..o 734
2242 INPUE CAPLUTE . . o ottt ettt ettt e e e e e e e e e 735
22.4.3 Output COMPATE . . . . oottt ettt e e e e e e 735
2.5 RS .ot e 736
22.6 INOITUPLS . .ottt ettt e e 736
22.6.1 Channel [5:0] Interrupt (C[S:0]F) ... .. e 736
22.6.2 Timer Overflow Interrupt (TOF) .. ... ... . e 736
Chapter 23
Timer Module (TIM16B8CV3)
23.1 INtrodUCtION . .. ...ttt et e e e e e e 737
23.1.1 Features . .. ... e 737
23.1.2 Modes of Operation . . ... ......c.uutt ittt e 738
23.1.3 Block Diagrams . . ... ... e 738
23.2 External Signal Description . . ... .. ...ttt e 741
23.2.1 I0C7 — Input Capture and Output Compare Channel 7 ................... .. ... 741
23.2.2 10C6 - IOCO — Input Capture and Output Compare Channel 6-0 . ............... 741
23.3 Memory Map and Register Definition . ......... ... ... ... . i 741
23.3.1 Module Memory Map ....... ... 741
23.3.2 Register DeSCIIPtONS . . . .o vttt ettt e e e e e 742
23.4 Functional DesCription . ... ...ttt e e 758
2341 Prescaler . ...t e 760
2342 Input CaPLUTe . . . .ottt ettt e e e e e e e e e 760
23.4.3 OUtput COMPATE . . . o vttt ettt et et et e et et e e et 760
23.4.4 Pulse Accumulator . . ... ... 761
23.4.5 EventCounter Mode . ....... ... 762
23.4.6 Gated Time Accumulation Mode . . ....... .. .. . . . i 762
MC9S12G Family Reference Manual Rev.1.27
20 NXP Semiconductors



23.5
23.6

24.1

24.2

24.3

244

24.5

24.6

25.1

25.2
25.3

254

RESEtS . .ot e 762
IeTTUPLS . . oo e 762
23.6.1 Channel [7:0] Interrupt (C[7:0]F) ... .. e 763
23.6.2 Pulse Accumulator Input Interrupt (PAOVI) . ... .. . . o i 763
23.6.3 Pulse Accumulator Overflow Interrupt (PAOVF) . ... ... .. .. . o .. 763
23.6.4 Timer Overflow Interrupt (TOF) .. ... ... . . e 763
Chapter 24
16 KByte Flash Module (S12FTMRG16K1V1)

Introduction . . .. ... . 765
24.1.1 GlOSSATY . o oottt 766
24.1.2 FEAUIES . . . oottt ettt e e e e e e 766
24.1.3 Block Diagram . .. ... ... e 767

External Signal Description . .. ... ... ...t 768

Memory Map and RegiSters . .. ...t e 769
24.3.1 Module Memory Map . ... . . 769
24.3.2 Register DESCIIPUIONS . . . ..ottt e 772

Functional DesCription . . . ... .. . e e 789
24.4.1 Modes of OPeration . . ... ... ...ttt e e 789
2442 TFR Version ID Word . . . ... 789
24.4.3 Internal NVM resource NVMRES) .. ... ... ... . 789
24.4.4 Flash Command Operations . . .. ... ...ttt ettt 789
24.4.5 Allowed Simultaneous P-Flash and EEPROM Operations . ..................... 794
24.4.6 Flash Command Description . ... ........... .ttt 795
24477 INEEITUPES . . oottt e e e e e e e e e e 809
2448 Walt MOde . .. ..ot 810
2449 SOp MO . . ..ot 810

SO CUTILY .« v vt ettt e e e e e 810
24.5.1 Unsecuring the MCU using Backdoor Key Access .. .......... ... . ... .. ..... 810
24.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................. 811
24.5.3 Mode and Security Effects on Flash Command Availability . .................... 812

Initialization . . ... ... . . e 812

Chapter 25
32 KByte Flash Module (S12FTMRG32K1V1)

Introduction . . .. ... e 813
25. 1.1 GlOSSATY . . vttt e 814
25.1.2 FeatUIES . .. oottt ettt e e e 814
25.1.3 Block Diagram . .. ... ... ... 815

External Signal Description . . ... ... ...ttt e 816

Memory Map and RegiSters . .. ... ...t e 817
25.3.1 Module Memory Map .. ...t 817
25.3.2 Register DesCIIPtONS . . . .o vttt ettt et e e e e 820

Functional Description . . . ... ... e 839

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors 21



25.4.1 Modes of Operation . . ... ......c.uutt ittt e 839
25.42 TFR Version ID Word . . . ... . 839
25.4.3 Internal NVM resource NVMRES) .. ... ... .. . . 840
25.4.4 Flash Command Operations . . .. .........outnuiuin et 840
25.4.5 Allowed Simultaneous P-Flash and EEPROM Operations . ..................... 845
25.4.6 Flash Command Description . ... ........ ...ttt 846
2547 INEEITUPES . o oottt e e e e e e e e e 860
25.4.8 Wait Mode ... ... i 861
2549 Stop Mode . . ... 861
25.5 SECUIILY . . oot ettt et e e e e e e 861
25.5.1 Unsecuring the MCU using Backdoor Key Access .. .......... ..., 861
25.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................. 862
25.5.3 Mode and Security Effects on Flash Command Availability . .................... 863
25.6 Initialization . .. ... .. ... .t e 863
Chapter 26
48 KByte Flash Module (S12FTMRG48K1V1)
260.1 IntrodUCtiON . ... ..ottt e e e e e e 865
260.1.1 GlOSSAIY . .ottt e 866
260.1.2 Features . ... ...ttt e e 866
26.1.3 Block Diagram . .. ... .. .. e 868
26.2 External Signal Description . .. ... ... ..ttt e 868
26.3 Memory Map and ReZISIETS . . . ... .ot 869
26.3.1 Module Memory Map . ......... .. e 869
26.3.2 Register DesCIiPtONS . . ..o vttt ettt e e e e e 873
26.4 Functional DesCription . ... ... ...ttt 892
26.4.1 Modes of OPeration . . ... ...ttt et 892
26.4.2 TFR Version ID Word . . . ... . 892
26.4.3 Internal NVM resource NVMRES) .. ... ... .. .. . . . . . . 893
26.4.4 Flash Command Operations . . ... ... ...u.utit ittt 893
26.4.5 Allowed Simultaneous P-Flash and EEPROM Operations . ..................... 898
26.4.6 Flash Command Description . ............ ... .. 899
20.4.7 INEEITUPLS . . oottt et e e e e e e e e e e e e 913
20.4.8 Walt Mode . ... ..o 914
26.4.9 Stop Mode ... ... 914
20.5 SECUIILY . . oottt et e e e e 914
26.5.1 Unsecuring the MCU using Backdoor Key Access .. .......... ... ... ... ..... 914
26.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................. 915
26.5.3 Mode and Security Effects on Flash Command Availability .. ................ ... 916
26.6 Initialization . .. ... .. ... . e 916
Chapter 27
64 KByte Flash Module (S12FTMRG64K1V1)
27.1 INtrodUCtION . .. ..ttt et e e e e e e e e 917
MC9S12G Family Reference Manual Rev.1.27
22 NXP Semiconductors



27.1.1 GlOSSATY . o oottt 918
27.1.2 FEATUIES . . oottt et e e et e e e e e 918
27.1.3 Block Diagram . . ... ... 919
27.2 External Signal Description ... ........ . . 920
27.3 Memory Map and RegISIErs . . ... ..ot e 921
27.3.1 Module Memory Map . ....... ... 921
27.3.2 Register DeSCIIPLIONS . . . ..ottt e e 924
27.4 Functional DesCription . ... ... ...ttt e e e 943
27.4.1 Modes of OPeration . .. ... . ...ttt e e e e 943
27.4.2 TFR Version ID Word . . . ... 943
27.4.3 Internal NVM resource NVMRES) .. ... ... .. . . . 944
27.4.4 Flash Command Operations . . .. ...ttt e 944
27.4.5 Allowed Simultaneous P-Flash and EEPROM Operations . ..................... 949
27.4.6 Flash Command Description . ... ........ ... .ttt 950
2747 INEEITUPES . . ottt e e e e e e e e e e e e 964
27.4.8 Walt MOde . .. ..o 965
27.4.9 Sop MOde . . ..ot 965
275 SECUIILY . . . oottt e e e e e e 965
27.5.1 Unsecuring the MCU using Backdoor Key Access .. .......... ... . ... .. .. ... 965
27.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................. 966
27.5.3 Mode and Security Effects on Flash Command Availability .. ................ ... 967
27.6 Initlalization . . . ... .. e 967
Chapter 28
96 KByte Flash Module (S12FTMRG96K1V1)
28.1 INtrodUCtiOn . . .. ...t e e 969
28. 1.1 GlOSSATY . . oottt e 970
28.1.2 Features . .. ...ttt e 970
28.1.3 Block Diagram ... ... ... ... . 971
28.2 External Signal Description . .. ... ... ...ttt e 972
28.3 Memory Map and ReZISters . . . .. ...t e 973
28.3.1 Module Memory Map .. ... ... 973
28.3.2 Register DeSCIIPONS . . . . oottt et e et e e e 976
28.4 Functional DesCription . . . ... ... ..ttt e 995
28.4.1 Modes of Operation . . ... ...ttt e 995
28.4.2 TFR Version ID Word . . . ... . 995
28.4.3 Internal NVM resource NVMRES) .. ... ... . .. .. . . . . 996
28.4.4 Flash Command Operations . . .. .........outnuit it 996
28.4.5 Allowed Simultaneous P-Flash and EEPROM Operations . .................... 1001
28.4.6 Flash Command Description . ...............iitintii .. 1002
2847 INEEITUPLS . o ottt et e e e e e e e e 1016
28.4.8 Walt Mode ... ..o 1017
28.4.9 Stop Mode .. ... 1017
28.5 SECUIILY . . o vttt et e e e e e e 1017
28.5.1 Unsecuring the MCU using Backdoor Key Access .. .......... ... ... .o oo, 1017

MC9S12G Family Reference Manual Rev.1.27
NXP Semiconductors 23




28.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1018
28.5.3 Mode and Security Effects on Flash Command Availability . ................... 1019
28.6 Initialization . .. ... ... ... e 1019
Chapter 29
128 KByte Flash Module (S12FTMRG128K1V1)
29.1 INtrodUCtiON . .. ...ttt e e e e e e e 1021
29.1.1 GlOSSATY . o .ottt 1022
29.1.2 Features . ... ...ttt e 1023
29.1.3 Block Diagram . . ... ... 1023
29.2 External Signal Description ... ... ... ...t e 1024
29.3 Memory Map and RegiSters . .. ...t e 1025
29.3.1 Module Memory Map . ....... .. 1025
29.3.2 Register DESCIIPUONS . . . ..o ottt e 1029
29.4 Functional DesCription . ... ... ...ttt e e e 1047
29.4.1 Modes of OPeration . . ... ... ...ttt e e 1047
29.4.2 TFR Version ID Word . . . ... o 1047
29.4.3 Internal NVM resource NVMRES) .. ... . ... . 1048
29.4.4 Flash Command Operations . . .. .. ...ttt ittt 1048
29.4.5 Allowed Simultaneous P-Flash and EEPROM Operations . .................... 1053
29.4.6 Flash Command Description . .............. .ttt 1054
2047 INEEITUPES . .ottt et e e e e e e 1068
20.4.8 Walt MOde . ... ..ot 1069
20.4.9 SOp MOde .. ..ot e 1069
20.5 SECUIILY . . . oottt e e e e e e 1069
29.5.1 Unsecuring the MCU using Backdoor Key Access .. ............ ... ... ...... 1069
29.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1070
29.5.3 Mode and Security Effects on Flash Command Availability . ................... 1071
29.6 Initialization . .. ... ... 1071
Chapter 30
192 KByte Flash Module (S12FTMRG192K2V1)
30.1 IntrodUuCtion .. ... ..ot e e 1073
B0.1.1 GlOSSATY . .o oottt e 1074
30.1.2 Features . .. ...ttt e 1074
30.1.3 Block Diagram . . ... ... 1075
30.2 External Signal Description . . ... ..... ..ttt 1076
30.3 Memory Map and RegiSters . .. ......... it e 1077
30.3.1 Module Memory Map ....... ... 1077
30.3.2 Register DeSCIIPtONS . . ..o vttt ettt e e e e e 1081
30.4 Functional DesCription . ... .. .. ...t e 1099
30.4.1 Modes of OPeration . . ... ... ...ttt e e et 1099
30.4.2 TFR Version ID Word . . ... ... 1099
30.4.3 Internal NVM resource NVMRES) . ... ... . . . . . . 1100

MC9S12G Family Reference Manual Rev.1.27
24 NXP Semiconductors




30.4.4 Flash Command Operations . . .. ...ttt 1100
30.4.5 Allowed Simultaneous P-Flash and EEPROM Operations . .................... 1105
30.4.6 Flash Command Description . ............... ittt 1106
30.4.7 INTEITUPLS . . oottt e e 1119
30.4.8 Walt Mode . ... ..o 1120
30.4.9 Stop Mode .. ... 1120
30.5 SECUTILY . . .ottt 1121
30.5.1 Unsecuring the MCU using Backdoor Key Access .. ............. ... .o oo, 1121
30.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1122
30.5.3 Mode and Security Effects on Flash Command Availability .. .................. 1122
30.6 Initialization . .. ... .. ... e 1122
Chapter 31
240 KByte Flash Module (S12FTMRG240K2V1)
31.1 IntroduCtion . ... ...t 1125
3101 GlOSSAIY . .o vttt e e 1126
3112 Features . . ...ttt e e e e 1126
31.1.3 Block Diagram . .. ... ... e 1127
31.2 External Signal Description . .. .......... .ttt 1128
31.3 Memory Map and ReISIETS . . . .. ..o e 1129
31.3.1 Module Memory Map . ....... ... 1129
31.3.2 Register DesCIiPtions . . . ...ttt ettt e e et e 1133
31.4 Functional DesCription . ... ... ... .t e e 1151
31.4.1 Modes of OPeration . .. ... ..ottt et 1151
31.4.2 TFR Version ID Word . . . ... . 1151
31.4.3 Internal NVM resource NVMRES) .. ... .. ... . . . . . 1152
31.4.4 Flash Command Operations . . . ... .......uunttit ettt 1152
31.4.5 Allowed Simultaneous P-Flash and EEPROM Operations . .................... 1157
31.4.6 Flash Command Description . ............ ... ... 1158
B1AT INEITUPLS . . oottt et e e e e e e e 1171
31.4.8 Walt Mode . ... .o 1172
31.4.9 Stop Mode .. ... 1172
3.5 SO CUIILY . . oottt e 1173
31.5.1 Unsecuring the MCU using Backdoor Key Access .. .......... ... ... ..., 1173
31.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................ 1174
31.5.3 Mode and Security Effects on Flash Command Availability .. .................. 1174
31.6 Initialization . ... ... ... e 1174
Appendix A
Electrical Characteristics
AT General .. .. 1178
A.1.1 Parameter Classification. .. ........ ... it 1178
ALL2 Power SUppLy . ..o 1178
AL 3 PINS .o e 1179

MC9S12G Family Reference Manual Rev.1.27
NXP Semiconductors 25




A.1.4 CurrentInjection. . ... ... e 1179

A.1.5 Absolute Maximum Ratings. .. ... . i 1179
A.1.6 ESD Protection and Latch-up Immunity ............... ... ... ... ... ........ 1180
A. 1.7 Operating Conditions . . . ... ..ottt e 1181
A.1.8 Power Dissipation and Thermal Characteristics. .. ......... ... ... oo, 1183
A2 T/O CharaCteriStiCS. . . . v vttt et e e e e e e e e e 1187
A3 Supply CUrrents. . . .. ..o e 1191
A.3.1 Measurement Conditions . ... ....... ..ttt 1191
A4 ADC CharaCteriStCs . . . ..ttt ettt e e e e e e e e e 1196
A.4.1 ADC Operating CharacteristiCs . ... .. .......uuintitmt i 1196
A.4.2 Factors Influencing ACCUraCy. . . .....co vttt 1197
A43 ADC ACCUTACY . . .ttt ettt e e e e e e e e e 1198
A4.4 ADC Temperature SENSOT. . . . ..ottt e e e e 1208
A5 ACMP CharacteriStiCs. « . . o .ttt t et et e e e e e e e e 1208
A6 DAC CharaCteriStiCs . . . ..ottt ettt e e e e e e e e e e e 1210
AT NV M L 1211
A7.1 Timing Parameters . . ... ...t 1211
A.7.2 NVM Reliability Parameters ................. ... i, 1216
A.8 Phase Locked Loop. . . ..o 1217
A8.1 Jitter Definitions . . . .. ... o 1217
A.8.2 Electrical Characteristics forthe PLL. .. ...... ... ... ... . . . . .. . ... 1219
A.9 Electrical Characteristics forthe IRCIM ........ ... ... .. . . . . .. 1219
A.10 Electrical Characteristics for the Oscillator (XOSCLCP). . . ....... ... ... 1221
ALT1 Reset CharaCteristiCs . . . ..o vttt et e e e e e e e e e e e 1222
A.12 Electrical Specification for Voltage Regulator. . ....... ... ... ... . .. ... ... ... ... 1223
A.13 Chip Power-up and Voltage Drops . . . ... ..ot e 1225
ALTA M S C AN, 1226
ALLS SPITIMING . ..o e e e e e e e e e e 1227
AIS. I Master Mode. . . ..ot 1227
AIS5.2Slave Mode. . . .o 1229
A.16 ADC Conversion Result Reference. . ........ ... ... . . . . .. 1231

Appendix B
Detailed Register Address Map
B.1 Detailed Register Map. . . ... ... e 1233

Appendix C
Ordering and Shipping Information
C.1 Ordering Information . . . ... ... . 1253

Appendix D
Package and Die Information

D.1 100 LQFP Mechanical DImensions .. ...........c.uutiiiit e 1256
D.2 64 LQFP Mechanical DImensions . ... ...........i ittt 1259

MC9S12G Family Reference Manual Rev.1.27
26 NXP Semiconductors




D.3
D4
D.5
D.6
D.7

48 LQFP Mechanical DImensions . ... .........iiutittt ettt 1262
48 QFN Mechanical DIimensions . ... ....... ..ttt e e e 1264
32 LQFP Mechanical DImensions . ... ........... .ttt 1267
20 TSSOP Mechanical Dimensions . .......... ... ..ttt 1270
KGD Information . .. ..... ... . e e e 1273

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors 27



	Contact us

