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Table 0-1. Revision History

Date

Revision

Description

22 MAY2014

1.4

Updated family derivative table for S12ZVML32, S12ZVM32 and S12ZVM16 devices
Added 64KB, 32KB and 16KB derivative information to flash module chapter

Added pin routing options for S12ZVM32 and S12ZVM16 devices

Added HV Phy information for the S12Z2VM32 and S12ZVM16 derivatives

Updated Part ID assignment table and ordering information for S122VM32 and S12ZVM16
Corrected PLL VCO maximum frequency specification

Changed V| gp maximum from 7V to 6.9V

Added electrical parameter for HD division ratio through the phase multiplexer

Corrected preferred VRL reference from VRL_1 to VRL_0

Included NVM timing parameters for the S12ZVM32 and S12ZVM16 devices

Added GDU S12ZVM32 and S12ZVM16 specific differences and electrical specifications
Added references to fyysaT

Added VDDX short circuit fall back current and temperature/input dependency specs.

22 SEP 2014

1.5

Removed incorrect references to PACLK in TIM chapter
Improved clarity of routing options in PIM chapter.
Updated S12ZVM- Family derivative table.

Added 48LQFP thermal package parameters

Extended LINPHY specification range minimum to 5V
Updated BKGD pin I/O specification

Specified ADC accuracy for a range of VDDA and VREF.

20 MAR 2015

2.0

Added ZVMC256 information

Added mask set 2N95G information

Added more detailed PTU minimum trigger spacing description
Updated CPMU, PIM and GDU chapters for ZVMC256

Improved CPMU specification clarity (see CPMU revision history)
Removed electrical parameter classification

Added reset startup timing parameter

Updated BATS parameters

Extended BKGD V| condition from 3.15V to 3.13V

Extended GDU operating range from 26V to 26.6V

Temperature sensor output at 150C changed from 2.25V to 2.33V.
Added GDU VBS current parameter

Updated package thermal information for ZVM32 and ZVM16 parts
Added VBG temperature and voltage dependency parameters
Added device stop current at 105C.

22 APR 2015

21

Updated Stop and Wait current parameter values (lsyps, Isupw)

Corrected 80LQFP-EP pin name from VSS2 to VSS1

Updated ZVMC256 VDDS regulator parameters.

Changed PL0O ESD specification

Minor corrections to PIM, PMF, SRAM and ADC chapters (see module revision histories)

27 APR 2015

22

Updated Stop current parameter values (lgyps)

Updated LINPHY parameter range limit to 5.5V

Added more information about VDDS1, VDDS2, SNPS1, SNPS2 to CPMU chapter.
Reintroduced EPRES bit for GDU V4

Added 80LQFP-EP mechanical package information
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Table 0-1. Revision History

Date

Revision

Description

20 NOV 2015

2.3

Added devices to Part ID list Table 1-6

Added explanation of GSUF dependency on xN14N mask set Table 1-19

Minor corrections to reset source and interrupt vector tables Table 1-15

Added device level POR information Figure 1-8

Minor correction to PIM chapter

Added constraints to EXTCON, SCS2 and SCS1 bits in CPMU chapter

Added PMF version difference table Table 15-3

Corrected footnotes and parameter spelling in GDU register summary

Noted GDU sense amplifier dependence on GFDE bit

Documented that flash option (FOPT) register can be written in special mode

Added pulsed absolute maximum rating for HSx pins Table A-2

Extended VDDS1 and VDDS2 maximum ratings Table A-2

Added thermal resistance parameter values for 80LQFP-EP package

Added VREG configuration to Run/Wait/Stop current measurement configurationTable A-16
Removed de-saturation thresholds from electrical spec. tables

Added footnote for GDU tdelon/tdeloff electrical parameters

Added max. and min. values for GDU HD signal division through phase mux.
Removed incorrect limit from BATS electrical parameter table headers

Extended CANPHY maximum ratings to 175°C

Updated SRAM_ECC chapter to cover ZVMC256

Minor correction to PMF chapter

Updated typical Stop IDD and Pseudo Stop IDD values for ZVMC256 based on validation data
Added ZVMC256 parameter for Stop IDD with CANPHY and API enabled Table A-19
Renamed bit GSLEWMOD to TDEL (GDU V6). Removed GSLEWMOD bit (GDU V5)
Noted temperature sensor slope is subject to further characterization

14 DEC 2015

24

Added T1ICORR to PIM MODRR?2 register

Updated temperature sensor electrical specification, Table B-1

Added GDU current sense amp unity bandwidth parameter Table E-1, Table E-2
Added GDU current sense input resistance footnote Table E-1, Table E-2

14 JAN 2016

25

Clarified non production mask sets Table 1-4, Table 1-6

Updated ordering information in Appendix L

Changed RESET pin input pulse passed parameter minimum specification value.Table A-13
Replaced Freescale with NXP in logo and page footers

Added maximum value for GDU parameter VBSx current whilst high side inactive Table E-2

07 MAR 2016

2.6

Added 3N95G mask set information Table 1-19, Table 1-4, Table 1-6

Added list of ISO26262 compliant devices

Moved GDU mask set dependent features to device overview section Table 1-19

Added new 64LQFP-EP package diagrams Table K.2

Added minimum value for GDU parameter VBSx current whilst high side inactive Table E-2
Updated Vgaoff parameter limits for GDU V5 and GDU V6 Table E-1, Table E-2

Added ADCCMD1[7:6] device dependencies in register listing Section M.13, Section M.14
Simplified GDU device dependencies in register listing Section M.15

Corrected High Temperature Interrupt spec. (cannot wake up from STOP) Table 1-16
Added footnote to Table A-14

Z\VVMC256: added typical Run/Wait IDD values, updated 85°C Stop IDD Table A-18, Table A-19
Added bootstrap diode resistance parameter Table E-2

Updated GDU boost coil current limit specification Table E-2, Table E-1

Reverted to original current sense amp. offset values Table E-2, Table E-1

Added package to mask set mapping table Table K-1

08 MAR 2016

27

Changed maximum value of Vggropr Table E-2, Table E-1
Updated 48LQFP-EP Mechanical Information Diagram Section K.1
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Table 0-1. Revision History

Date

Revision

Description

19 APR 2016

2.8

Added PAD pin leakage specification at 125°C Table A-12

Updated tycon, tHeorr parameter values Table E-1

Specified VRH drop when using VDDS1 or VDDS2 as VRH on ZVMC256 Section C.1.1.5
Added min. and max. desaturation comparator filter times to electrical spec. Table E-1
Updated 64LQFP-EP thermal parameters Table A-9, Table A-10

06 JUN 2016

2.9

Fixed corrupted symbol fonts Table A-3, Table A-5

Corrected wrong IFR reference Section 20.3.2.10

Clarified PADS8 leakage better Table A-12

Added Igypr and Igypyw Mmaximum values at T; = 175°C for ZVMC256 Table A-18
Added Pseudo STOP maximum current for ZVMC256 Table A-20

Removed bandgap temperature dependency footnote, Table B-1

Changed ZVMC256 SNPS monitor threshold min/max values Table B-2

Changed VLS current limit threshold to 112mA Table E-1, Table E-2

Removed desaturation comparator filter times from GDU chapter.

Added desaturation comparator levels to Table E-1, Table E-2

Added low side desaturation comparator functional range as footnote Table E-1, Table E-2

29 JUN 2016

2.10

Updated GDU VBS filter Figure 18-20
Removed incorrect reference to temperature sensor influencing GDU outputs Section 1.13.3.4
Changed Stop IDD (ISUPS) specifications for ZVMC256 Table A-19

28 OCT 2016

2.1

Added 10CO signal mapping to 48LQFP package Figure 1-6
Fixed corrupted symbol fonts in PIM chapter

Added diode to VDDC pin Figure 1-18

Updated Stop mode current ISUPS maximum values Table A-19
Updated tdelon, tdeloff values Table E-1

MC9S127VM Family Reference Manual Rev. 2.11

NXP Semiconductors




MC9S127ZVM Family Reference Manual Rev. 2.11

NXP Semiconductors



11
1.2

1.3
1.4

1.5
1.6

1.7

1.8

Chapter 1
Device Overview MC9S12ZVM-Family
INErOdUCTION .o 25
FatUES . . 26
1.2.1 MC9S12ZVM-Family Member Comparison . ............iuiininnnnnnenenn.. 26
1.2.2 Module Version Differences Within The S12ZVM Family . ...................... 27
1.2.3 Functional Differences Between Masksets . ..., 28
Chip-Level FeatUres . . ... e e 28
MOUIE FRATUIES . . . . ottt e e e e e 29
1.4.1 S12Z Central Processor Unit (CPU) ... ... e 29
1.4.2 Embedded MemoOry ... ... . 30
1.4.3 Clocks, Reset & Power Management Unit (CPMU) .................. .. ... ..... 31
1.4.4 Main External Oscillator (XOSCLCP) ... ... e 32
145 TIMer (TIMO) . ..o e 32
1.4.6 Timer (TIM1) (ZVMC256 0nly) . . ..o 32
1.4.7 Pulse width Modulator with Fault protection (PMF) . ........... ... ... ... ..... 32
1.4.8 Programmable Trigger Unit (PTU) ... ... e 32
1.4.9 LIN physical layer transceiver (ZVML devicesonly) ............. ... ... ...... 33
1.4.10 Serial Communication Interface Module (SCI) . .......... .. ... . .. 33
1.4.11 Multi-Scalable Controller Area Network (MSCAN) . . ... 33
1.4.12 Serial Peripheral Interface Module (SPI) .. ... ... 34
1.4.13 Analog-to-Digital Converter Module (ADC) ... .. i, 34
1.4.14 Supply Voltage Sensor (BATS) . ..o 34
1.4.15 On-Chip Voltage Regulator system (VREG) ........... ... i, 34
1.4.16 Gate Drive Unit (GDU) . ... ... i e e e 35
1427 CUIMTENE SBNSE . ittt e e e e e e 35
1.4.18 High VWoltage Physical Interface (ZVM32,ZVM16) ......... ..., 35
1.4.19 CAN Physical Layer Module (ZVMC256o0nly) .......... .. ..., 35
1.4.20 Pulse Width Modulation Module (PWM) (ZVMC256o0nly) ..................... 36
BIOCK Diagram . ..ot 37
Device Memory Map .. ..ot 38
1.6.1 Flash Module ... ... 39
1.6.2 Part ID ASSIgNMENtS . ..ottt 41
Signal Description and Device PINOULS ... ... ... e 41
1.7.1 Pin AsSignment OVEIVIEW . . ..ottt 42
1.7.2 Detailed External Signal DesCriptions . . ..., 42
1.7.3 Power Supply And Voltage Regulator Related Pins . ........................... 50
1.7.4 Package and PINOULS . . ... ... ot 51
Internal Signal Mapping . . . ..ot e 63
1.8.1 ADC COoNNeCIVITY . ..ottt e 63
1.8.2 Motor Control Loop Signals . ... 64
1.8.3 Device Level PMF ConnectiVity . ... e 65
1.8.4 BDC Clock Source CONNECHIVILY . .. ...ttt 65
1.85 LINPHY CONNECHIVILY . ... vt e 65
1.8.6 HVPHY ConneCtivity . ..... ... e e e 65

MC9S1272VM Family Reference Manual Rev. 2.11

NXP Semiconductors 7



1.8.7 FTMRZ ConneCtiVity . ... ... e e e e e 66
1.8.8 CPMU CoNNeCtIVILY .. ...ttt e e 66
1.9 Modes Of Operation .. ... ...t 66
1.9.1 Chip Configuration Modes .. ..........c. i e 66
1.9.2 Debugging MOdesS . . ... 67
1.9.3 LOWPOWEIr MOOES . . ..ot 67
L L0 SBCUIY . vttt e 68
1101 FRALUIES ..ottt e e e e e 68
1.10.2 Securing the Microcontroller .. ........ ... . 68
1.10.3 Operation of the Secured Microcontroller . ......... ... ... .. .. . ... 69
1.10.4 Unsecuring the Microcontroller . ......... .. 69
1.10.5 Reprogramming the Security BitS .. ....... ... . 70
1.10.6 Complete MemMOry Erase .. ...t e 70
1.11 Resets and INterrUpls . . ..o o 71
110 RESBL . . 71
1.10.2 INterrUpPt VB OIS .o et 71
1.11.3 Effects OF ReSet . ..o o i 74
1.12 Module device level dependencies . . ... ..ot 75
1.12.1 CPMU COP and GDU Configuration ................ .. 75
1.12.2 CPMU High Temperature Trimming . . ...t 76
1.12.3 CPMU VDDC enable ... ... 77
1.12.4 Flash IFR Mapping .. ..ot e e e e e e 77
1.13 Application Information . . ... .. . 77
1.13.1 ADC Calibration .. ... o 77
1.13.2 SCI Baud Rate DeteCtion . .. ...ttt 78
1.13.3 Motor Control Application OVErVIEW .. ... ..t 78
1.13.4 BDCM Complementary Mode Operation . .............ccoiuirirennnnenenan.. 86
1.13.5 BLDC Six-Step Commutation . ... 90
1.13.6 PMSM CoNtrol . . ..o 92
1.13.7 Power Domain Overview (All devices except ZVMC256) ... .................... 96
1.13.8 Power Domain Overview (ZVMC256) .. ...t 98
Chapter 2
Port Integration Module (S12ZVMPIMV3)
2.1 INtrodUCHION .. 104
2.0 OVBIVIBW .t 104
2.0.2  FRAUIES .o 107
2.2 External Signal DesCription .. ....... .. e 108
2.3 Memory Map and Register Definition . ........... i 115
2.3.1 Register Map . ... 116
2.3.2 PIM Registers 0x0200-0X020F . ... ... oo 122
2.3.3 PIM GeneriC RegiSters . . . ... e 133
2.3.4 PIM Generic Register EXCEpPtioNS .. ... ..ottt 140
2.4 Functional DesCription . ... ... 147
241 General . ... 147
MC9S127ZVM Family Reference Manual Rev. 2.11
8 NXP Semiconductors



2.4, REQISIEIS . . o 147
243 Pinl/O Control . . ... 149
2.4.4 Pininterrupts and Key-Wakeup (KWU) . ... ... . i 151
2.4.5 Over-Current INtermuUpt . . ..o 152
2.4.6 High-\Voltage Input . ... ... 152
2.5 Initialization and Application Information . .. .......... .. .. .. . . 154
2.5.1 Port Data and Data Direction Register writes .. ............ .. ..., 154
2.5.2 Openlnput Detection on HVI ... . 154
2.5.3 Over-Current Protection on EVDDL . ... ... e 156
Chapter 3
Memory Mapping Control (S12ZMMCV1)
3.1 INErOTUCTION ..o e e 157
3.1 GlOSSarY ..ot e 158
3 L2 OV eIV BW Lttt 158
3.3 FRAUIES .o 158
3.1.4 Modes of Operation . ...... ... 159
3.15 BIOCK DIagram . . ..o 159
3.2  External Signal DesCription .. ...t 159
3.3 Memory Map and Register Definition .......... ... ... . . 160
331 MEMOIY Map ..o 160
3.3.2 Register DesCriptions . .. ..ottt 160
3.4 Functional DesCription . ... ... . e 165
3.4.1 Global Memory Map . .. ..o 165
3.4.2 llegal ACCESSES . ..ottt e 167
3.4.3 Uncorrectable ECC Faults .. ... .o e 168
Chapter 4
Interrupt (S12ZINTVO)
4.1 INtrodUCTION ..o 169
411 GlOSSaNY . ottt 170
A.0.2 FRAUIES ...t e e e 170
4.1.3 Modes of Operation . .......... . e 171
4.1.4 BIoCK DIagram . ... ..o 171
4.2 External Signal DesCription . . ... ... e 172
4.3 Memory Map and Register Definition . ....... ... ... .. .. . . . 172
4.3.1 Module Memory Map .. ... 172
4.3.2 Register DesCriptions . .. ...ttt 173
4.4 Functional DesCription . ... ... . i e 178
4.4.1 S12Z EXCeption REQUESTES . .. ..ttt 178
4.4.2 Interrupt Prioritization . ......... .. 178
4.4.3 Priority Decoder . . .. ..o 179
4.4.4 Reset EXception REqQUESES . .. .. it 179
4.4.5 EXCepPtion Priority . ... . 180
MC9S12ZVM Family Reference Manual Rev. 2.11
NXP Semiconductors 9



4.5

5.1

5.2
5.3

5.4

5.5

6.1

6.2

6.3

4.4.6 Interrupt Vector Table Layout . ........ ... . i, 180
Initialization/Application Information . ......... ... . 180
451 Initialization . ... ... 180
452 INterrupt NeSHING . ..ot 181
453 Wake Up from StoporWait Mode ............ i 182
Chapter 5
Background Debug Controller (S12ZBDCV2)

INErOTUCTION . .o 183
5,11 GlOSSarY ..ot 183
0.0.2  FRAUIES . 184
5.1.3 Modes of Operation . . ...t 184
5.1.4 BIloCK Diagram . ..ot 186

External Signal Description . ... ... ... e 187

Memory Map and Register Definition . ............ .. 187
5.3.1 Module Memory Map . ...t 187
5.3.2 Register DesCriptions . .. ...t e 188

Functional DesCription . . . ... .. .t 192
5.4 SECUMEY .\ttt 192
5.4.2 Enabling BDC And Entering Active BDM . ......... ... ... . i 192
5.4.3 ClIOCK SOUICE ..ottt e e 193
544 BDC COMMANS . ...\ttt e e e e 193
5.4.5 BDC Access Of Internal RESOUICES . . .. .o vttt 210
54.6 BDC Serial Interface .. ... 213
5.4.7 Serial Interface Hardware Handshake (ACK Pulse) Protocol .................... 216
5.4.8 Hardware Handshake Abort Procedure ........ ... ... .. 218
5.4.9 Hardware Handshake Disabled (ACK Pulse Disabled) . ........................ 219
5.4.10 Single StePPINg ..ottt 220
5.4.11 Serial Communication TIMeOUL . . .. ..ot e 220

Application INnformation . . . ... ... 221
5.5.1 Clock Frequency Considerations ... ...ttt 221

Chapter 6
S127 Debug (S12ZDBG) Module

INErOdUCTION . .o 223
B.1.1  GlOSSary ...t 224
B.1.2  OVBIVIBW .ttt 224
6.1.3 FRAIUIES .. .. 224
6.1.4 Modes of Operation . ...... ... i e 225
6.1.5 BIOCK DIagram . ... ..ot 226

External Signal DesCription .. ... ... .t 226
6.2.1 External Event INnput .. ... ... 226
6.2.2 Profiling OutpuUL . . ... o 227

Memory Map and RegiSterS . . .. ..ot 227

MC9S127ZVM Family Reference Manual Rev. 2.11

10

NXP Semiconductors



6.3.1 Module Memory Map . ...t e 227
6.3.2 Register DesCriptions . . ... ..t 230
6.4 Functional DesCriplion . ... ... . 251
6.4.1 DBG Operation .. ........oiini i e 251
6.4.2 Comparator MOOES . .. ... 251
6.4.3 EVENIS . ..o 255
6.4.4 State Sequence CoNtrol . ....... ... . 257
6.4.5 Trace Buffer Operation . ........... . 258
6.4.6 Code Profiling ......... . . 267
6.4.7 Breakpoints .. ... . e 271
6.5 Application Information . . ... 272
6.5.1 Avoiding Unintended Breakpoint Re-triggering .............. .. ..., 272
6.5.2 Debugging Through Reset . ... ... e 272
6.5.3 Breakpoints from other S12Z SOUICES . .. .....cui it 273
6.5.4 Code Profiling ......... . 273
Chapter 7
ECC Generation Module (SRAM_ECCV1)
7.1 INErOTUCTION ..o e e e e e e 275
701 FRAUIES .t 275
7.2 Memory Map and Register Definition . ............ 276
7.2.1 RegiSter SUMMAIY . ... e e 276
7.2.2 Register DesCriptions . .. ...t e 278
7.3 Functional DesCription . .. ... . oo 282
7.3.1 Non-aligned Memory WIite ACCESS .. ...ttt e 283
7.3.2 Aligned 2 and 4 Byte Memory Write ACCESS . . ... i i 284
7.3.3  Memory Read ACCESS . ...ttt e e e 284
7.3.4 Memory Initialization . ........ ... . 284
7.35 InterruptHandling . ......... . e 285
7.3.6  ECC AlQorithm .. 285
7.3.7 ECCDebug Behavior . ............o e 285
Chapter 8
S12 Clock, Reset and Power Management Unit (V10 and V6)
8.1 INIrOTUCTION ..ot 288
8.1.1 Differences between S12CPMU_UHV_V10 and S12CPMU _UHV V6 ........... 289
8.1 2 FRAUIES ..t 290
8.1.3 Modes of Operation . ... ... e 292
8.1.4 S12CPMU_UHV_V10 V6 Block Diagram ..., 295
8.2 Signal DesCriptioN . . ... . 297
8.2 1 RESET .. 297
8.22 EXTAL and XTAL ... e e e e 297
8.2.3 VSUP — Regulator Power InputPin ... ... . 297
8.2.4 VDDA, VSSA — Regulator Reference Supply Pins .......................... 297

MC9S1272VM Family Reference Manual Rev. 2.11

NXP Semiconductors 1



8.25 VDDX, VSSX—Pad Supply Pins . ... ... 297
8.26 VDDC— CAN Supply Pin ... 298
8.2.7 VDDSI1— Sensor Supplyl Pin .. ... 298
8.2.8 VDDS2— Sensor Supply2 Pin .. ... . 298
8.2.9 pgcrL— Base Control Pin forexternal PNP . ............... ... .. ... .o .t 298
8.2.10 gctLc — Base Control Pin for external PNP for VDDC power domain ........... 299
8.2.11 gctL51 — Base Control Pin for external PNP for VDDS1 power domain .......... 299
8.2.12 gct152 — Base Control Pin for external PNP for VDDS2 power domain .......... 300
8.2.13 g\pgy — Sense Pin for VDDS1 power domain . ... 300
8.2.14 gnpsp — Sense Pin for VDDS2 power domain ... 300
8.2.15 VSS1,2 —Core Ground Pins . ... ... 300
8.2.16 ypp— Core Logic Supply Pin . ... .. 301
8.2.17 yppr— NVM Logic Supply Pin .. ... o 301
8.2.18 ap; exTcLk — APl external clock outputpin .............. .. oo 301
8.2.19 TEMPSENSE — Internal Temperature Sensor Output Voltage .................. 301
8.3 Memory Map and Registers . . ... ... 302
8.3.1 Module MemOry Map .. ...t 302
8.3.2 Register DesCriptioNns . .. ..ot 304
8.4 Functional DesCription . ... ... . e 345
8.4.1 Phase Locked Loop with Internal Filter (PLL) .......... ... .. .. 345
8.4.2 Startup from Reset .. ... .. e 347
8.4.3 Stop Mode using PLLCLK as source of the BusClock ........................ 348
8.4.4 Full Stop Mode using Oscillator Clock as source of the Bus Clock ............... 348
8.4.5 External Oscillator .. ... ... 350
8.4.6 System Clock Configurations .............. ... i, 351
B0 RESBIS . .o 352
B.5. 1 General ..o 352
8.5.2 Description of Reset Operation . ............. e 353
8.5.3 Oscillator Clock Monitor Reset . ... e 353
8.5.4 PLL Clock Monitor ReSet . ... ..o 354
8.5.5 Computer Operating Properly Watchdog (COP) Reset .. ....................... 354
8.5.6 Power-On Reset (POR) . ...t 355
8.5.7 Low-\oltage Reset (LVR) ... ..t i  e 355
8.6 INeITUPIS . o 356
8.6.1 Description of Interrupt Operation . ............. i 356
8.7 Initialization/Application Information . ........... .. .. . . . 358
8.7.1 General Initialization Information .......... ... .. . . 358
8.7.2 Application information for COP and APl usage ........... ..., 358
8.7.3 Application Information for PLL and Oscillator Startup . . . ..................... 359
Chapter 9
Analog-to-Digital Converter (ADC12B_LBA)
9.1 Differences ADC12B LBA VI VSV2VSV3 .. e 361
0.2 INErOTUCTION ..ottt e 362

MC9S127ZVM Family Reference Manual Rev. 2.11

12 NXP Semiconductors



0.3  KBY FatUIES . . ot 363
9.3.1 Modes of Operation . .. ...t 364
0.3.2 BIOCK Diagram . ..ot 367
9.4 Signal DesCription ... .. e 368
9.4.1 Detailed Signal DesCriptions . . ... ...ttt 368
9.5 Memory Map and Register Definition ............ ... . i 369
9.5.1 Module MemMOry Map . ...t 369
9.5.2 Register DeSCIIPLIONS . . . .ottt e e e 372
9.6 Functional DesCriplion . ... ... it 406
0.6.1  OVBIVIBW .ottt e e 406
9.6.2 Analog Sub-Block .. ... ... 406
9.6.3 Digital Sub-Block . ...... ... .. . 407
0.7 RESEES . .ot 420
0.8  IMtITUPES . .o 420
9.8.1 ADC Conversion Interrupt . .. ...t 420
9.8.2 ADC Sequence Abort Done Interrupt . ......... . 420
9.8.3 ADC Error and Conversion Flow Control Issue Interrupt . ... ................... 421
9.9 Use Cases and Application Information . ................ . i 422
9.9.1 List Usage — CSL single buffer mode and RVL single buffermode .............. 422
9.9.2 List Usage — CSL single buffer mode and RVL double buffermode ............. 422
9.9.3 List Usage — CSL double buffer mode and RVL double buffermode . ............ 423
9.9.4 List Usage — CSL double buffer mode and RVL single buffermode ............. 423
9.9.5 List Usage — CSL double buffer mode and RVL double buffermode . ............ 424
9.9.6 RVL swapping in RVL double buffer mode and related registers ADCIMDRI and
ADCEOLRI 424
9.9.7 Conversion flow control application information ................. ... ... ...... 426
9.9.8 ContinUOUS CONVEISION . . .o\ttt et e ettt e 428
9.9.9 Triggered Conversion —Single CSL . ........ ... . i 429
9.9.10 Fully Timing Controlled CONVersion . ... 430
Chapter 10
Supply Voltage Sensor - (BATSV3)
10.1 INtrodUCTION . ..o 431
10.1.1 FRATUIES . ..ottt e e e e 431
10.1.2 Modes of Operation . ...t e 431
10.1.3 BIOCK Diagram . .. ..ot e 432
10.2 External Signal DesCription . . ... ... i e 432
10.2.1 VSUP — \Voltage Supply Pin . ... .. . 432
10.3 Memory Map and Register Definition .. ........... .. 433
10.3.1 RegISter SUMIMAIY . .\ ittt e et e e et e e 433
10.3.2 Register DesCriptions . .. ..ot e 433
10.4 Functional DesCription . . ... ... ..t e 437
10.4.1 General . ..o 437
10.4.2 INteITUPLS . . 437
MC9S1272VM Family Reference Manual Rev. 2.11
NXP Semiconductors 13



Chapter 11
Timer Module (TIM16B4CV3) Block Description

1.1 INtrOodUCTION .o e e e e e e e 441
11101 FRALUIES . vttt et e e e e e e e e 441
11.1.2 Modes Of Operation . .. ... ...t e 441
11.1.3 BIOCK Diagrams . .. ..ot 442
11.2 External Signal DesCription . . ... ... e 443
11.2.1 10C3 - I0C0O — Input Capture and Output Compare Channel 3-0 . ............... 443
11.3 Memory Map and Register Definition . .......... ... . 443
11.3.1 Module Memory Map . ......ot i 443
11.3.2 Register DesCriplions . . ... .ottt e 443
11.4 Functional DesCription . . ... ..ot 455
1140 PresCaler . ..t 456
11.4.2 INPUE CapUNE . ..ot e e e e e e e e 457
11.4.3 OUIPUL COMPAIE . . . ot ottt e e e e e 457
115 RESBIS ..t 458
11,6 I TUPES .o 458
11.6.1 Channel [3:0] Interrupt (C[3:0]F) .. ... e 458
11.6.2 Timer Overflow Interrupt (TOF) ... ... e 458
Chapter 12
Timer Module (TIM16B2CV3) Block Description
121 INtrOdUCHION .ot e e e e 459
12,01 FRALUIES . oottt e e e e e 459
12.1.2 Modes Of Operation . ...t 459
12.1.3 BIOCK Diagrams . .. ..ot 460
12.2 External Signal DesCription . ... ... o 460
12.2.1 10C1 - I0CO — Input Capture and Output Compare Channel 1-0 . ............... 461
12.3 Memory Map and Register Definition ........... ... .. . . 461
12.3.1 Module Memory Map . ... ... 461
12.3.2 Register DesCriplioNns . . ... v it 461
12.4 Functional DesCription .. ... ... i e 473
12,40 PresCaler . ... 474
1242 InpUE CapUNe .. ot e 475
12.4.3 OUIPUL COMPAIE . . oot ottt e e e e e e 475
12 D RESBIS . it 476
12,6 I OITUPES .o 476
12.6.1 Channel [1:0] Interrupt (C[L:0]F) .. ... e 476
12.6.2 Timer Overflow Interrupt (TOF) . ... oo e 476
Chapter 13
Scalable Controller Area Network (S12MSCANV3)
131 INtrodUCHION . ..ot 477
13,00 GlOSSaIY . .ottt 478
MC9S127ZVM Family Reference Manual Rev. 2.11
14 NXP Semiconductors



13.1.2 BloCK Diagram . . ...t 478
13.1.3 FRALUIES . .ottt 479
13.1.4 Modes Of Operation . ...t 479
13.2 External Signal DesCription . . ....... ... e 480
13.2.1 RXCAN — CAN Receiver InputPin ........ ... e 480
13.2.2 TXCAN — CAN Transmitter Qutput Pin . ......... ... ... . 480
13.2.3 CAN SYStBM o 480
13.3 Memory Map and Register Definition .. ............ . 481
13.3.1 Module Memory Map .. ...oo i 481
13.3.2 Register DesCriptions . . ...ttt e 483
13.3.3 Programmer’s Model of Message Storage . .. ...t 502
13.4 Functional DesCription . . ... ..ot 513
1341 General . ..o 513
13.4.2 MESSAQE StOTAgE . . .. ittt et e et e 513
13.4.3 Identifier Acceptance Filter . ... ... .. 516
13.4.4 Modes of Operation . ...t 522
13.4.5 LOW-POWEr OptiONS . . . ..ottt e 524
13.4.6 Reset Initialization . . ... 528
134, 7 I B TUP S .o ottt 528
13.5 Initialization/Application Information . ........... .. . . 530
13.5.1 MSCAN initialization ... ........ .. 530
13.5.2 BUS-Off RECOVEIY .. i e 530
Chapter 14
Programmable Trigger Unit (PTUV3)
141 INtrodUCTION . ..ot 531
I T = 1 (1 (=1 531
14.1.2 Modes Of Operation . ... e e 532
14.1.3 BloCK Diagram . ... ..o 533
14.2 External Signal DesCription . ... ... ottt e 533
1421 PTUTO —PTU TrIgger O ...ttt e e e 533
14.2.2 PTUTL — PTU Trigger 1 ...ttt e e et 533
14.2.3 PTURE —PTUE Reload Event . ... i 534
14.3 Memory Map and Register Definition ......... ... ... i 534
14.3.1 RegiSter SUMMAIY . ..o\ttt et e e e et e e e 534
14.3.2 Register DesCriplions . . ... .ottt e 536
14.4 Functional DesCription .. ... ..ot 552
1441 General . ... 552
14.4.2 Memory based trigger event list . ... . 554
14.4.3 Reload Mechanism . . ... .. 555
14.4.4 Asyncreload eVeNnt . . ... . . e 555
14.4.5 Interruptsand errorhandling .. ... .. 556
14.4.6 DebUGUING ..ot 557

MC9S1272VM Family Reference Manual Rev. 2.11

NXP Semiconductors 15



151

15.2

15.3

15.4

155
15.6
15.7
15.8

16.1

Chapter 15
Pulse Width Modulator with Fault Protection (PMF15B6CV4)
INErOdUCTION . .o 560
15.1.1 FRALUIES . ..ottt e e e e e 561
15.1.2 Modes Of Operation . .. ... ... 561
15.1.3 BlOCK Diagram . . ...t 563
Signal DeSCriPlIONS . ..ot e 564
15.2.1 PWMO-PWIMS PiNS ..o e e 564
15.2.2 FAULTO-FAULTS PiNS . ..ottt e e e e e e 564
15.2.3 1S0-1S2 PINS .\t 564
15.2.4 Global Load OK Signal —glb_ldok .. ....... .. ... .. i 564
15.2.5 Commutation Event Signal —async_event ............. ... ... 564
15.2.6 Commutation Event Edge Select Signal — async_event_edge sel[1:0] ........... 565
15.2.7 PWM Reload Event Signals — pmf_reloada,b,c .......... ... .. ... ... ... . ..., 565
15.2.8 PWM Reload-Is-Asynchronous Signal — pmf _reload is async ................. 565
Memory Map and RegiSterS . ... ..ot 566
15.3.1 Module Memory Map . ... ..ot 566
15.3.2 Register DesCriplions . . ... v it 571
Functional DesCription . .. ... . 599
15.4.1 BIOCK Diagram . . . ..ottt e 599
15.4.2 PresCaler . ... 600
15.4.3 PWM GENErator . . ..o e 600
15.4.4 Independent or Complementary Channel Operation ............. ... ... ... ..... 604
15.4.5 Deadtime Generators . . ... ...ttt e e 605
15.4.6 Top/Bottom CorreCtion ... ...t e 607
15.4.7 Asymmetric PWM QUIPUL ... ..o e 613
15.4.8 Variable Edge Placement PWM Qutput . . ......... ... i 614
15.4.9 Double Switching PWM Output . ....... ... e 615
15.4.100utput Polarity . . .. ..o 617
15.4.11Software Output Control .. ... .. 617
15.4.12PWM Generator Loading . .. ...t e 620
15.4.13Fault ProteCtion . ... ...t 625
RS . . oo 627
ClOCKS oo 627
I OITUDES . . o 628
Initialization and Application Information . .......... ... .. .. .. . . . 628
15.8.1 Initialization . ... ..o 628
15.8.2 BLDC 6-Step Commutation . ...ttt 629
Chapter 16
Serial Communication Interface (S12SCIV6)
INErOTUCTION . . o 633
16.1.1 GlOSSarY ..ottt 633
16.1.2 FRALUIES . ..ottt e e e e e 634

MC9S127ZVM Family Reference Manual Rev. 2.11

16

NXP Semiconductors



16.2

16.3

16.4

16.5

17.1

17.2

17.3

17.4

16.1.3 Modes of Operation . ... e 635
16.1.4 BIOCK DIagram . . ..ot 635
External Signal DesCription . ... ... ... 636
16.2.1 TXD — Transmit Pin . . ..o 636
16.2.2 RXD — ReCeIVE PN ..o 636
Memory Map and Register Definition . .......... ... .. . i 636
16.3.1 Module Memory Map and Register Definition ............................... 636
16.3.2 Register DesCriplions . . ... .ottt 637
Functional DesCription . .. ... . 650
16.4.1 Infrared Interface Submodule . ...... ... ... . . . 651
16.4.2 LIN SUPPOIT . .o 651
16.4.3 Data FOrmat . .. .. .. .. . 652
16.4.4 Baud Rate Generation . ....... ..ottt 653
16.4.5 TranSmMitter . ..o 654
16.4.6 RECEIVEI ..o\ 659
16.4.7 Single-Wire Operation . .......... . 667
16.4.8 LOOP OPEration ... ...ttt e e e 668
Initialization/Application Information . ........... ... . 668
16.5.1 Reset Initialization .. ... 668
16.5.2 Modes Of Operation . . ...ttt 669
16.5.3 Interrupt Operation . ....... ...t 669
16.5.4 Recovery fromWait Mode . ....... ... .. e 672
16.5.5 Recovery from Stop Mode . .. ... .. 672
Chapter 17
Serial Peripheral Interface (S12SPIV5)

INErOTUCTION . .o 673
17.1.1 Glossary Of TermS . ... 673
17.0.2 FRALUIES . ..ottt e e e e e e e 673
17.1.3 Modes Of OPeration . . ...t e 673
17.0.4 BlOCK Diagram . . ..ottt 674

External Signal DesCription .. ... ... 675
17.2.1 MOSI — Master Out/Slave INPin . . ... ... e 675
17.2.2 MISO — Master In/Slave QUL Pin . ... ... e 676
17.2.3 SS—SIave SEIECt PiN . . ..o\ttt 676
17.2.4 SCK —Serial Clock Pin .. ... . 676

Memory Map and Register Definition . .......... ... .. . i 676
17.3.1 Module Memory Map .. ... 676
17.3.2 Register DesCriplions . . ... .ottt 677

Functional DesCription . .. ... .. i 685
1741 Master MOOE .. ... 686
17.4.2 Slave MOOE . ..ot 687
17.4.3 Transmission FOrmMats . ... ...t e 688
17.4.4 SPI Baud Rate GENeration . ...ttt 693
17.4.5 Special Features . . . ... .. 694

MC9S1272VM Family Reference Manual Rev. 2.11

NXP Semiconductors 17



17.4.6 Error Conditions ... .. ittt 695
17.4.7 Low Power Mode Options . . .. ..ot 696
Chapter 18
Gate Drive Unit (GDU)
18.1 Differences GDUV4Avs GDUV5VSGDUVG . ... ..ot 699
18.1.1 FRALUIES . ..ottt e 700
18.1.2 Modes of Operation . ...t e e 701
18.1.3 BIOCK Diagram . . . ...ttt 702
18.2 External Signal DesCription . . ....... . i e 703
18.2.1 HD — High-Side Drain Connection ................iuiririiiiiiennnn. 703
18.2.2 VBS[2:0] — Bootstrap Capacitor Connection Pins . ............. .. ... ..., 703
18.2.3 HG[2:0] — High-Side Gate PiNS . .. ...t e 703
18.2.4 HS[2:0] — High-Side Source PinS . ... ... e 703
18.2.5 VLS[2:0] — Voltage Supply for Low-Side Pre-Drivers ............. ... ........ 703
18.2.6 LG[2:0] — Low-Side Gate PiNS . ... ...t 703
18.2.7 LDJ[2:0] — Low-Side Gate Pins (onlyon GDUV6) ....................covu... 703
18.3 Memory Map and Register Definition .. ........... . . 705
18.3.1 RegISter SUMMAIY . ..o\ttt ettt e e e ettt 705
18.3.2 Register DesCriptioNns . .. ..ottt e 706
18.4 Functional DesCription . . .. ... ...t 726
18.4.1 General . ... 726
18.4.2 Low-Side FET Pre-DrivVers ... ... e 726
18.4.3 High-Side FET Pre-DriVer . ... ..o 726
18.4.4 Charge PUMD ..ot e e 729
18.4.5 Desaturation EFTOr . ... ... ot 731
18.4.6 Phase COMParators . . ... . ...ttt e 733
18.4.7 Fault Protection FEAtUIeS . . ... ..ot 734
18.4.8 Current Sense Amplifier and Overcurrent Comparator ......................... 738
18.4.9 GDU DC Link Voltage MONItOr . ... ... e 738
18.4.10B00St CONVEITET . . ..o\ttt e e e 739
18 4, LI I U S .o ottt e 740
18.5 Application INnformation . . . ... . e 741
18.5.1 FET Pre-Driver Details ... ... e 741
18.5.2 GDU Intrinsic Dead Time . ... ...t 742
18.5.3 Calculation of Bootstrap Capacitor . .............iiiii e 744
18.5.4 On Chip GDU tdelon and tdeloff Measurement .............................. 744
Chapter 19
LIN/HV Physical Layer (S12LINPHYV3)
19.1 INtrOdUCTION ..t 747
10,00 FRAtUIES .ottt 748
19.1.2 Modes Of OPeration . . ...ttt e 748
19.1.3 BloCK Diagram . . ...t 749

MC9S127ZVM Family Reference Manual Rev. 2.11
18 NXP Semiconductors




19.2 External Signal DesCription . . ... ... . e 751
19.2.1 LIN— LIN BUS PIN . ... e e e e 751
19.2.2 LGND — LIN Ground Pin ... .o e 751
19.2.3 VLINSUP — Positive Power Supply . ... e 751
19.2.4 LPTXD — LIN Transmit Pin .. ... ... e 751
19.25 LPRXD — LIN ReCeiVe Pin . ... o e 751
19.3 Memory Map and Register Definition ........... ... .. . . 751
19.3.1 Module MemOory Map . ...t 751
19.3.2 Register DesCriplioNns . . ...ttt 753
19.4 Functional DesCription .. ... ... i e 760
19.4.1 General . ... 760
19.4.2 Slew Rate and LIN Mode Selection . ......... . ... i, 760
19.4.3 MOUBS . . oottt 761
1044 INeITUPES .o 764
19.5 Application Information . ... . 767
19.5.1 Module Initialization . ........ .. . 767
19.5.2 Interrupt handling in Interrupt Service Routine (ISR) .. .......... ... ... ... .. ... 767
Chapter 20
Flash Module (S12ZFTMRZ)
20.1 INtrodUCTION . . .o 769
20.1.1 GlOSSarY . .ottt 770
20.1.2 FRAUIES ..ttt 770
20.1.3 BIOCK DIagram . . .. ..ot 771
20.2 External Signal DesCription .. ...t e 773
20.3 Memory Map and Registers . .. ... ... 774
20.3.1 Module MemOry Map ... ... 774
20.3.2 Register DesCriptions . .. ..ottt 778
20.4 Functional DesCription . ... ... 798
20.4.1 Modes Of Operation . .. ...t 798
20.4.2 TFRVersion IDWOId . . ..o e 798
20.4.3 Flash BIOCK Read ACCESS . . . . vttt ettt e 798
20.4.4 Internal NVIM r8SOUICE . ..ot i vttt et e e e e e et 799
20.4.5 Flash Command Operations . . . ...ttt e e 800
20.4.6 Allowed Simultaneous P-Flash and EEPROM Operations . ..................... 804
20.4.7 Flash Command DesCription . ... ... ..o e 805
20.4.8 TN eITUPES .ot 821
20.4.9 Wait MOOe . ... o 822
20.4.10St0P MOOE . . ..ot 822
20,0 SBCUIY . vttt 822
20.5.1 Unsecuring the MCU using Backdoor Key AcCesS .. ..., 823
20.5.2 Unsecuring the MCU in Special Single Chip Mode usingBDM ................. 823
20.5.3 Mode and Security Effects on Flash Command Availability .. ................... 823
20.6 INItIAliZation . .. ... . 824

MC9S1272VM Family Reference Manual Rev. 2.11

NXP Semiconductors 19



21.1

21.2

21.3

21.4

21.5

21.6

22.1

22.2

22.3

22.4

22.5

Chapter 21
CAN Physical Layer (S12CANPHYV3)

INErOdUCTION . .o 825
21,00 FRAUIES ..ttt 825
21.1.2 Modes Of Operation . . ... ...t 826
21.1.3 BIOCK Diagram . . ..ot 826

External Signal Description .. ... ... 827
21.2.1 CANH—CANBUSHIgh PIN . ... . e 828
21.22 CANL — CAN BUS LOW Pin ... o e 828
21.2.3 SPLIT — CAN Bus Termination Pin ........... ... i, 828
21.2.4 VDDC — Supply Pin for CAN Physical Layer ............... ... i, 828
21.2.5 VSSC — Ground Pin for CAN Physical Layer . .............. ... ..., 828

Internal Signal DesCription . ... ... 828
21.3.1 CPTXD — TXD Input to CAN Physical Layer ............. .. ..o, 828
21.3.2 CPRXD — RXD Output of CAN Physical Layer ............. .. ... 828

Memory Map and Register Definition . .......... ... .. . . . ., 829
21.4.1 Module MemOry Map .. ...t 829
21.4.2 Register DesCriptioNns . .. ..ot e 830

Functional DesCription . . ... ... 837
21.5.1 General .. ... 837
21.5.2 MOOBS . . oot 837
21.5.3 Configurable Wake-Up . ... ... 839
20 5.4 INeITUPES . .ot 840

Initialization/Application Information . ........... . ... . . 841
21.6.1 Initialization SEQUENCE . . . . .. oot 841
21.6.2 Wake-up Mechanism . ... 842
21.6.3 BusError Handling . ........... o 842
21.6.4 CPTXD-Dominant Timeout ReCOVEry . ............ . 843

Chapter 22
Pulse-Width Modulator (S12PWM8B8CV2)

INErOdUCTION .o 845
22,00 FRAUIES .ttt e 845
22.1.2 Modes of Operation .. ...t 845
22.1.3 BloCK Diagram . .. ..ot 846

External Signal DesCription . . ... ... o e 846
22.2.1 PWM7 -PWMO —PWM Channel 7-0 .. ... 847

Memory Map and Register Definition . .......... ... ... . . . . 847
22.3.1 Module MemoOry Map ... ... 847
22.3.2 Register DesCriptions . .. ..o vt 847

Functional DesCription . .. ... .. 862
2241 PWM CloCK SeleCt . . ..o 862
22.4.2 PWM Channel TIMerS . ...t e e 865

RESBES . o 872

MC9S127ZVM Family Reference Manual Rev. 2.11

20

NXP Semiconductors



22,6 INeITUPES . e 873

Al
A2
A3
A4

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

Cl

D.1
D.2

E.l
E.2

F.1
F.2
F.3

G.1
G.2

Appendix A
MCU Electrical Specifications

GENEral . . 875
General Purpose 1/0 CharaCteristiCs. . .. .. .ottt 888
SUPPIY CUITENES. . .o e 890
ADC Calibration Configuration . ............. . e e 893
Appendix B
CPMU Electrical Specifications (VREG, OSC, IRC, PLL)
VREG Electrical Specifications . ............ .. i 895
Reset and Stop Timing CharacteristiCs . . .. ... ..ot 897
IRC and OSC Electrical Specifications. . .. ... 898
Phase LoCKed LOOp . . ..o 898
Appendix C
ADC Electrical Specifications
ADC Operating CharaCteristiCs. . . .. .. ..ot e e e 901
Appendix D
LIN/HV PHY Electrical Specifications
Static Electrical CharaCteristiCs. . . .. ..ottt 907
Dynamic Electrical CharacteristiCs. . .. ... 908
Appendix E
GDU Electrical Specifications
GDU specifications for devices featuring GDU V4 orV6 .. ..., 911
Preliminary GDU specifications for devices featuringGDU V5 . ........................ 914
Appendix F
NVM Electrical Parameters
NVM Timing Parameters . ... ..ottt et e 919
NVM Reliability Parameters. . .. ... e 926
NVM Factory Shipping Condition . . ... ... 926
Appendix G
BATS Electrical Specifications
Static Electrical CharaCteristiCs. . . ... ..ot 927
Dynamic Electrical CharacteristiCs. . . ... e 928

MC9S127VM Family Reference Manual Rev. 2.11

NXP Semiconductors 21



Appendix H
S12CANPHY Electrical Specifications

H.1  Maximum RatingS. . . ..ottt e e e e 929
H.2 Static Electrical CharaCteristiCs. . ... ... ..ot e 929
H.3 Dynamic Electrical CharacCteristiCs. . .. ... e 932

Appendix |

SPI Electrical Specifications

L1 MaSter MOOE . . ..o e 935

Appendix J

MSCAN Electrical Specifications

J.1  MSCAN Wake-up Pulse TIMING. . . . ..ottt e e 939

Appendix K

Package Information

K.1 48LQFP-EP Mechanical Information. . ............ .. e, 942
K.2 64LQFP-EP Mechanical Info (all mask sets except IN95G, 2N95G) . .................... 945
K.3 64LQFP-EP Mechanical Information (mask sets IN95G, 2N95G) . ...................... 949
K.4 80LQFP-EP Mechanical Information. . ............. . e, 952

Appendix L

Ordering Information
Appendix M
Detailed Register Address Map
M.1 0x0000-0X0003 Part ID . . ...ttt 957
M.2 0X0010-0X00LF SL12ZINT ...t e e e e e e 957
M.3 0x0070-0X00FF SI2ZMMC . . . .o e e e 959
M.4 0X0100-0X0L17F S12ZDBG . . . oottt t et e ettt e e e 959
M.5 0x0200-0x02FF PIM (See footnotes for part specific information) .. ..................... 963
M.6 0x0380-0X039F FTMRZ128K512 . ... .t 969
M.7 0X03C0-0X03CF SRAM_ECC _32D7P. . ..ottt e e e e 971
M.8 0X0400-0X042F TIM L. . ..o e e e e e 972
M.9 0X0480-0X04AF PWMO . . ..ot e e e 973
M.10 0X0500-X053F PMFLS5BBC . . . ..ottt e et e e e e e e 975
M.11 OX0580-0X050F PTU. ... e e e 979
M.12 OX05C0-0X05FF TIMO . . ..ot 981
M.13 0X0600-0X063F ADCO . . . .\ v ettt et e e e e e 983
M.14 0X0640-0X067F ADC L . . ...t 985
M.15 OX06A0-0X06BF GDU . .. ..ottt e e e 987
M.16 OX06CO0-0X0BDF CPMU . . ..ot e e e 988
M.17 OX06F0-0X06F 7 BATS . ..ot e e 990
MC9S127VM Family Reference Manual Rev. 2.11

22 NXP Semiconductors



M.18 OX0700-0X0707 SCIO . . ..ot e 990
M.19 OX0710-0X0717 SCIL . . .o 991
M.20 OX0780-0X0787 SPI0. . . . .ot 992
M.21 0X0800-0X083F CANOD . . . ..o e 992
M.22 0X0980-0x0987 LINPHY O . . . ..o 994
M.23 0X0990-0X0997 CANPHY . .. . 994

MC9S1272VM Family Reference Manual Rev. 2.11

NXP Semiconductors 23



MC9S127ZVM Family Reference Manual Rev. 2.11

24

NXP Semiconductors



Chapter 1
Device Overview MC9S12ZVM-Family

Table 1-1. Revision History

Version Revision Sections Descrition of Changes
Number Date Affected P 9

1.8 04.Sep.2014 Section 1.2.1 » Added S12ZVML31 information to derivative table

2.0 10.0ct.2014 General * Added ZVMC256 information

2.01 06.Feb.2015 General » Added 2N95G maskset information.

» Added TIM1 for ZVMC256
2.02 25.Aug.2016 Figure 1-6, + Clarified I0CO device pin mapping dependencies
Table 1-8 + Clarified I0CO device pin mapping dependencies
Section 1.13.3.6 | * Removed Temperature Sensor from list of Dynamic motor control fault inputs

1.1 Introduction

The MC9S12ZVM-Family is an automotive 16-bit microcontroller family using the NVM + UHV
technology that offers the capability to integrate 40 V analog components. This family reuses many
features from the existing S12/S12X portfolio. The particular differentiating features of this family are the
enhanced S12Z core, the combination of dual-ADC synchronized with PWM generation and the
integration of “high-voltage” analog modules, including the voltage regulator (VREG), Gate Drive Unit
(GDU), and either Local Interconnect Network (LIN) physical layer or CAN Physical layer. These features
enable a fully integrated single chip solution to drive up to 6 external power MOSFETSs for BLDC or
PMSM motor drive applications.

The MC9S12ZVM-Family includes error correction code (ECC) on RAM and flash memory, EEPROM
for diagnostic or data storage, a fast analog-to-digital converter (ADC) and a frequency modulated phase
locked loop (IPLL) that improves the EMC performance. The MC9S12ZVM-Family allows the
integration of several key system components into a single device, optimizing system architecture and
achieving significant space savings. The MC9S12ZVM-Family delivers all the advantages and
efficiencies of a 16-bit MCU while retaining the low cost, power consumption, EMC, and code-size
efficiency advantages currently enjoyed by users of existing S12(X) families. The MC9S12ZVM-Family
is available in different pin-out options, using 80-pin, 64-pin and 48-pin LQFP-EP packages to
accommodate LIN, CAN and external PWM based application interfaces. In addition to the 1/0 ports
available in each module, further 1/O ports are available with interrupt capability allowing wake-up from
stop or wait modes.

The MC9S12ZVM-Family is a general-purpose family of devices suitable for a range of applications,
including:

» 3-phase sensorless BLDC motor control for
— Fuel pump
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— Water pump

— Oil pump

— A/C compressor

— HVAC blower

— Engine cooling fan

— Electric vehicle battery cooling fan

» Brush DC motor control requiring driving in 2 directions, along with PWM control for

— Reversible wiper
— Trunk opener

1.2 Features

This section describes the key features of the MC9S12ZVM-Family. It documents the superset of features
within the family. Some module versions differ from one part to another within the family. Section 1.2.1
MC9S12ZVM-Family Member Comparison provides information to help access the correct information

for a particular part within the family.

1.2.1 MC9S12ZVM-Family Member Comparison
Table 1-2 provides a summary of feature set differences within the MC9S12ZVM-Family.

Table 1-2. S12ZVM Family Feature Set Differences

ZVMC25 | ZVML12 | ZVMC12 | ZVML6 | ZVMC6 | ZVML3 | ZVML3 | ZVML3

Feature 6 8 8 4 4 2 1 1 ZVM32 | ZVM32 | ZVM16 | ZVM16
Flash 256 KB | 128 KB | 128 KB | 64KB | 64 KB | 32KB | 32KB | 32KB | 32KB | 32KB | 16 KB | 16 KB
EEPROM | 1KB 512 512 512 512 512 128 128 128 128 128 128

Bytes Bytes Bytes | Bytes | Bytes | Bytes | Bytes | Bytes | Bytes | Bytes | Bytes
RAM 32 KB 8 KB 8 KB 4 KB 4 KB 4 KB 4 KB 4KB | 4KB | 4KB | 2KB | 2KB
Package 80 pin 64 pin 64 pin 64 pin | 64 pin | 64 pin | 64 pin | 48 pin | 64 pin | 48 pin | 64 pin | 48 pin
LINPHY - 1 - 1 - 1 1 1 - - - -
HVPHY - - - - - - - - 1 1 1 1
SCI 2 2 2 2 2 2 2 2 2 2 2 2
SPI 1 1 1 1 1 1 1 0 1 0 1 0
ADC 8+8 4+5 4+5 4+5 4+5 4+5 4+5 1+3 4+5 143 4+5 143
channels
PMF 6 6 6 6 6 6 6 6 6 6 6 6
channels
TIM 4 TIMO + 4 4 4 4 4 4 3 4 3 4 3

channels 2 TIM1
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Table 1-2. S12ZVM Family Feature Set Differences

Feature

ZVMC25
6

ZVML12
8

ZVMC12
8

ZVVML6
4

ZVMC6
4

ZVML3
2

ZVML3
1

ZVML3
1

ZVM32

ZVM32

ZVM16

ZVM16

PWM
channels

8

MSCAN

CAN
VREG

CANPHY

External
FET gate
charge(n
C)

Standard + 50%

Standard

GDU
external
bootstrap
diode

Needed

Needed

Needed

Needed

Needed

Needed

Not
Needed

Not
Needed

Not
Neede

Not
Neede

Not
Neede

Not
Neede

Current
sense
op-amps

Auxiliary
tracker
VREGs

1.2.2

Module Version Differences Within The S12ZVM Family

Table 1-3 provides a summary of module version differences within the MC9S12ZVM-Family. The
differences between the module versions are summarized in the individual module chapters. Modules that
are not listed in this table have identical versions across all MC9S12ZVM-Family members.

Table 1-3. S12ZVM Module Version Table

Feature ZV'V('SC% zvv\ngz ZV'VE';CQ ZVML64 | ZVMC64 | ZVML32 | ZVML31 | ZVM32 | ZVM16
PIM V3 V2 V2 V2 V2 V2 V2 V2 V2
CPMU_UH | V10 V6 V6 V6 V6 V6 V6 V6 V6
v

PMF V4 V3 V3 V3 V3 V3 V4 V4 V4
GDU V6 v4(h va (M va (M va (™ va (M V5 V5 V5
DBG V4 V2 V2 V2 V2 V2 | V3 (Lite) | V3 (Lite) | V3 (Lite)
ADC V3 V1 V1 V1 V1 V1 V1 V1 V1

1. Mask set differences listed in Section 1.2.3
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1.2.3 Functional Differences Between Masksets
The parts ZVML128, ZVMC128, ZVML64, ZVMC64 and ZVML32 have the following mask set options.

CAUTION
The maskset 2N95G uses the VSUP pin as the LINPHY supply. Thus the BST function must
not be used on this maskset because enabling it could cause a LINPHY supply voltage
offset with respect to other devices on the LIN bus.
Further GDU configuration mask set dependencies are specified in Table 1-19.
Table 1-4. N95G Option Table

Feature ON95GW 1N95G 2N95G 3N95G
LINPHY supply pin HD HD VSUP HD
BST pin function available Yes Yes No Yes
GDU low side driver state in HD over-voltage case on GOCA1 GOCA1 GOCA1

1. ON95G is not a production mask set

1.3  Chip-Level Features

On-chip modules available within the family include the following features:
e S127 CPU core
» 256, 128, 64, 32 or 16KB on-chip flash with ECC
» 1K, 512 or 128 byte EEPROM with ECC
e 32,8, 40r2KB on-chip SRAM with ECC
» Phase locked loop (IPLL) frequency multiplier with internal filter
* 1 MHz internal RC oscillator with +/-1.3% accuracy over rated temperature range
* 4-20MHz amplitude controlled pierce oscillator
* Internal COP (watchdog) module
* 6-channel, 15-bit pulse width modulator with fault protection (PMF)
* Low side and high side FET pre-drivers for each phase
— Gate drive pre-regulator
— LDO (Low Dropout Voltage Regulator) (typically 11V)
— High side gate supply generated using bootstrap circuit with external diode and capacitor
— Sustaining charge pump with two external capacitors and diodes
— High side drain (HD) monitoring on internal ADC channel using HD/5 voltage

» Two parallel analog-to-digital converters (ADC) with 12-bit resolution and up to 16 channels
available on external pins

* Programmable Trigger Unit (PTU) for synchronization of PMF and ADC
* One serial peripheral interface (SPI) module

» One serial communication interface (SCI) module with interface to internal LIN physical layer
transceiver (with RX connected to a timer channel for frequency calibration purposes, if desired)
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Up to one additional SCI (not connected to LIN physical layer)

On-chip LIN physical layer transceiver fully compliant with the LIN 2.2 standard
(S12ZVML versions)

One High \Woltage physical interface. (ZVM32, ZVM16 versions only)

4-channel timer module (TIMO) with input capture/output compare

2-channel timer module (TIMZ1) with input capture/output compare (ZVMC256 version only)
One 8-bit, 8-channel pulse width modulator (PWM) module. (ZVMC256 version only)
MSCAN (1 Mbit/s, CAN 2.0 A, B software compatible) module

On-chip voltage regulator (VREG) for regulation of input supply and all internal voltages
— Optional VREG ballast control output to supply an external CAN physical layer

CAN Physical Layer, ISO 11898-2 and ISO 11898-5 compliant. (ZVMC256 version only)
Two voltage regulator outputs to supply external loads. (ZVMC256 version only)

Two current sense circuits for overcurrent detection or torque measurement

Autonomous periodic interrupt (API)

20mA high-current output for use as Hall sensor supply

Supply voltage sense with low battery warning

Chip temperature sensor

One High \Voltage Input (ZVMC256 version only)

Module Features

The following sections provide more details of the integrated modules.

141

S12Z Central Processor Unit (CPU)

The S12Z CPU is arevolutionary high-speed core, with code size and execution efficiencies over the S12X
CPU. The S12Z CPU also provides a linear memory map eliminating the inconvenience and performance
impact of page swapping.

Harvard Architecture - parallel data and code access
3 stage pipeline

32-Bit wide instruction and databus

32-Bit ALU

24-bit addressing, of 16MB linear address space
Instructions and Addressing modes optimized for C-Programming & Compiler
— MAC unit 32bit += 32bit*32bit

— Hardware divider

— Single cycle multi-bit shifts (Barrel shifter)

— Special instructions for fixed point math
Unimplemented opcode traps
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* Unprogrammed byte value (OxFF) defaults to SWI instruction

1.4.1.1 Background Debug Controller (BDC)

» Background debug controller (BDC) with single-wire interface
— Non-intrusive memory access commands
— Supports in-circuit programming of on-chip nonvolatile memory

1.4.1.2 Debugger (DBG)
ZVML31, ZVM32, ZVM16 feature subset listed in S12ZDBG chapter
* Enhanced DBG module including:

— Four comparators (A, B, C and D) each configurable to monitor PC addresses or addresses of
data accesses

— A and C compare full address bus and full 32-bit data bus with data bus mask register
— B and D compare full address bus only
— Three modes: simple address/data match, inside address range, or outside address range
— Tag-type or force-type hardware breakpoint requests

» State sequencer control

* 64 x 64-bit circular trace buffer to capture change-of-flow addresses or address and data of every
access

— Begin, End and Mid alignment of tracing to trigger
» Profiling mode for external visibility of internal program flow

1.4.2 Embedded Memory

1421 Memory Access Integrity

* Illegal address detection
» ECC support on embedded NVM and system RAM

1.4.2.2 Flash

On-chip flash memory on the MC9S12ZVM-family on the features the following:
» Up to 256KB of program flash memory

— 32 data bits plus 7 syndrome ECC (error correction code) bits allow single bit fault correction
and double fault detection

— Erase sector size 512 bytes

— Automated program and erase algorithm

— User margin level setting for reads

— Protection scheme to prevent accidental program or erase
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1.4.2.3 EEPROM

* Upto 1K byte EEPROM

— 16 data bits plus 6 syndrome ECC (error correction code) bits allow single bit error correction
and double fault detection

— Erase sector size 4 bytes
— Automated program and erase algorithm
— User margin level setting for reads

1424 SRAM

* Up to 32 KB of general-purpose RAM with ECC
— Single bit error correction and double bit error detection

1.4.3 Clocks, Reset & Power Management Unit (CPMU)

* Real time interrupt (RTI)
» Clock monitor, supervising the correct function of the oscillator (CM)
e Computer operating properly (COP) watchdog
— Configurable as window COP for enhanced failure detection
— Can be initialized out of reset using option bits located in flash memory
¢ System reset generation
» Autonomous periodic interrupt (API) (combination with cyclic, watchdog)
* Low Power Operation
— RUN mode is the main full performance operating mode with the entire device clocked.

— WAIT mode when the internal CPU clock is switched off, so the CPU does not execute
instructions.

— Pseudo STOP - system clocks are stopped but the oscillator the RT1, the COP, and API modules
can be enabled

— STORP - the oscillator is stopped in this mode, all clocks are switched off and all counters and
dividers remain frozen, with the exception of the COP and API which can optionally run from
ACLK.

1.4.3.1 Internal Phase-Locked Loop (IPLL)

» Phase-locked-loop clock frequency multiplier
— No external components required
— Reference divider and multiplier allow large variety of clock rates
— Automatic bandwidth control mode for low-jitter operation
— Automatic frequency lock detector
— Configurable option to spread spectrum for reduced EMC radiation (frequency modulation)
— Reference clock sources:
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— Internal 1 MHz RC oscillator (IRC)
— External 4-20 MHz crystal oscillator/resonator

1.4.3.2 Internal RC Oscillator (IRC)

* Trimmable internal 1LMHz reference clock.
— Trimmed accuracy over -40°C to 150°C junction temperature range: +1.3%max.

1.4.4 Main External Oscillator (XOSCLCP)

»  Amplitude controlled Pierce oscillator using 4 MHz to 20 MHz crystal
— Current gain control on amplitude output
— Signal with low harmonic distortion
— Low power
— Good noise immunity
— Eliminates need for external current limiting resistor
— Trans conductance sized for optimum start-up margin for typical crystals
— Oscillator pins shared with GP10 functionality

1.45 Timer (TIMO)

* 4 x 16-bit channels Timer module for input capture or output compare
» 16-bit free-running counter with 8-bit precision prescaler

1.4.6  Timer (TIM1) (ZVMC256 only)

e 2 x 16-bit channels Timer module for input capture or output compare
» 16-bit free-running counter with 8-bit precision prescaler

1.4.7 Pulse width Modulator with Fault protection (PMF)

e 6 x 15-hit channel PWM resolution

» Each pair of channels can be combined to generate a PWM signal (with independent control of
edges of PWM signal)

» Dead time insertion available for each complementary pair

» Center-aligned or edge-aligned outputs

» Programmable clock select logic with a wide range of frequencies
* Programmable fault detection

1.4.8 Programmable Trigger Unit (PTU)
* Enables synchronization between PMF and ADC
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2 trigger input sources and software trigger source
2 trigger outputs

One 16-bit delay register pre-trigger output
Operation in One-Shot or Continuous modes

LIN physical layer transceiver (ZVML devices only)

Compliant with LIN Physical Layer 2.2 specification.
Compliant with the SAE J2602-2 LIN standard.
Standby mode with glitch-filtered wake-up.

Slew rate selection optimized for the baud rates: 10.4kBit/s, 20kBit/s and Fast Mode (up to
250kBit/s).

Switchable 34kQ/330kQ pull-ups (in shutdown mode, 330kQ only)

Current limitation for LIN Bus pin falling edge.

Over-current protection.

LIN TxD-dominant timeout feature monitoring the LPTXD signal.

Automatic transmitter shutdown in case of an over-current or TxD-dominant timeout.

Fulfills the OEM “Hardware Requirements for LIN (CAN and FlexRay) Interfaces in Automotive
Applications” v1.3.

1.4.10 Serial Communication Interface Module (SCI)

Full-duplex or single-wire operation

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

Selectable IrDA 1.4 return-to-zero-inverted (RZI) format with programmable pulse widths
16-bit baud rate selection

Programmable character length

Programmable polarity for transmitter and receiver

Active edge receive wakeup

Break detect and transmit collision detect supporting LIN

1.4.11 Multi-Scalable Controller Area Network (MSCAN)

Implementation of the CAN protocol — Version 2.0A/B
Five receive buffers with FIFO storage scheme
Three transmit buffers with internal prioritization using a “local priority” concept

Flexible maskable identifier filter supports two full-size (32-bit) extended identifier filters, or four
16-bit filters, or either 8-bit filters

Programmable wake-up functionality with integrated low-pass filter
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1.4.12 Serial Peripheral Interface Module (SPI)

» Configurable 8- or 16-bit data size

» Full-duplex or single-wire bidirectional
» Double-buffered transmit and receive

» Master or slave mode

» MSB-first or LSB-first shifting

» Serial clock phase and polarity options

1.4.13 Analog-to-Digital Converter Module (ADC)

e Dual ADC
— 12-bit resolution
— Up to 16 external channels & 8 internal channels
— 2.5us for single 12-bit resolution conversion
— Left or right aligned result data
— Continuous conversion mode

» Programmers model with list based command and result storage architecture
ADC directly writes results to RAM, preventing stall of further conversions

* Internal signals monitored with the ADC module
— VRH, VRL, (VRL+VRH)/2, Vsup monitor, Vbg, TempSense, GDU phase, GDU DC-link
» External pins can also be used as digital 1/0

1.4.14 Supply Voltage Sensor (BATS)

* Monitoring of supply (VSUP) voltage
* Internal ADC interface from an internal resistive divider
» Generation of low or high voltage interrupts

1.4.15 On-Chip Voltage Regulator system (VREG)

* \oltage regulator
— Linear voltage regulator directly supplied by VSUP
— Low-voltage detect on VSUP
— Power-on reset (POR)
— Low-voltage reset (LVR) for VDDX domain
— External ballast device support to reduce internal power dissipation
— Capable of supplying both the MCU internally plus external components
— Over-temperature interrupt
* Internal voltage regulator
— Linear voltage regulator with bandgap reference
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— Low-voltage detect on VDDA

— Power-on reset (POR) circuit

— Low-voltage reset for VDD domain

Package option for VREG ballast control output to supply external CANPHY

Option for 2 further VREG ballast control outputs to supply external components (ZVMC256)

1.4.16 Gate Drive Unit (GDU)

Low side and high side FET pre-drivers for each phase

Gate drive pre-regulator LDO (Low Dropout Voltage Regulat