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The MC9S12ZVL family of microcontrollers is targeted at use in safety relevant systems and has
been developed using an 1ISO26262 compliant development system under the NXP Safe Assure
program.

For more details of how to use the device in safety relevant systems refer to the MC9S12ZVL
Safety Manual at :
http://nxp.com/S12ZVL

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:

http://nxp.com

A full list of family members and options is included in the device overview section.

This document contains information for all constituent modules, with the exception of the S12Z CPU. For
S12ZCPU information please refer to the CPU S12Z Reference Manual.

NOTE

This reference manual documents the entire S12ZVL-Family. It
contains a superset of features within the family. Some module versions
differ from one part to another within the family. Section 1.2.1
MC9S12ZVL-Family Member Comparison provides support to access
the correct information for a particular part within the family.

MC9S12ZVL Family Reference Manual, Rev. 2.48

NXP Semiconductors 2



Revision History

Date

Revision
Level

Description

28 September 2013

0.14

Updated Chapter 1, “Device Overview MC9S12ZVL-Family”
Updated Chapter 10, “Analog-to-Digital Converter (ADC12B_LBA)”
Updated Chapter 18, “Serial Communication Interface (S12SCIV6)”
Updated Chapter 19, “Serial Peripheral Interface (S12SPIV5)”
Updated Chapter 21, “LIN Physical Layer (S12LINPHYV2)"”
Updated Appendix A, “MCU Electrical Specifications”

Updated Appendix O, “Detailed Register Address Map”

Updated Appendix N, “Ordering Information”

28 November 2013

0.15

Updated Chapter 1, “Device Overview MC9S12ZVL-Family”
Updated Chapter 8, “ECC Generation Module (SRAM_ECCV2)”
Updated Chapter 10, “Analog-to-Digital Converter (ADC12B_LBA)”
Updated MC9S12ZVL"

Updated Chapter 19, “Serial Peripheral Interface (S12SPIV5)”
Updated Chapter 21, “LIN Physical Layer (S12LINPHYV2)"”
Updated Appendix A, “MCU Electrical Specifications”

17 September 2014

1.00

Updated Chapter 1, “Device Overview MC9S12ZVL-Family”
Updated Chapter 5, “Background Debug Controller (S12ZBDCV2)”
Updated Chapter 7, “S12Z DebugLite (S12ZDBGV3)”

Updated Chapter 22, “Flash Module (S12ZFTMRZ)”

Updated Chapter 21, “LIN Physical Layer (S12LINPHYV2)"”
Updated Appendix A, “MCU Electrical Specifications”

Updated Appendix O, “Detailed Register Address Map

Updated Appendix M, “Package Information

16 October 2014

1.01

Updated Appendix A, “MCU Electrical Specifications”

11 December 2014

2.00

Initial version including ZVL128

Updated Chapter 1, “Device Overview MC9S12ZVL-Family”

Updated Chapter 2, “Port Integration Module (S12ZVLPIMV2)”

Added Chapter 3, “5V Analog Comparator (ACMPV2)”

Updated Chapter 7, “S12Z DebugLite (S12ZDBGV3)”

Updated Chapter 10, “Analog-to-Digital Converter (ADC12B_LBA)”
Added Chapter 11, “Digital Analog Converter (DAC_8B5V_V2)”

Added Chapter 12, “Programmable Gain Amplifier (PGAV1)”

Added Chapter 13, “Scalable Controller Area Network (S12MSCANV2)”
Updated Chapter 22, “Flash Module (S12ZFTMRZ)”

Updated Appendix O, “Detailed Register Address Map”

05 May 2015

2.00 Draft D

Updated Chapter 1, “Device Overview MC9S12ZVL-Family”

Added new version of Chapter 8, “ECC Generation Module
(SRAM_ECCV2)”

Added new version of Chapter 9, “S12 Clock, Reset and Power
Management Unit (S12CPMU_UHV)”

Added new version of Chapter 12, “Programmable Gain Amplifier
(PGAV1)

added VL128 specific parameter (3.3V VDDX mode, Supply Current
Table) to Appendix A, “MCU Electrical Specifications

MC912ZVL Family Reference Manual, Rev. 2.48

NXP Semiconductors




Revision History

Date Revision Description
Level
* Added new version of Chapter 12, “Programmable Gain Amplifier
(PGAV1)
» Added new version of Chapter 11, “Digital Analog Converter
(DAC_8B5V_V2)
13 May 2015 2.00 Draft B + added missing modules DAC, PGA, ACMP, PWM1 to Appendix O,
“Detailed Register Address Map
* update voltage range inside Appendix |, “ACMP Electrical Specifications
and Appendix G, “DAC_8B5V Electrical Specifications
» Added new version of Chapter 1, “Device Overview MC9S12ZVL-Family”
05 June 2015 2.00 Draft F + Added new version of Appendix A, “MCU Electrical Specifications
27 October 2015 2.00 Draft G » Added new version v0:4 of Appendix A, “MCU Electrical Specifications
+ correct Order Information
» change to NXP style
25 February 2016 2.00Draft | * Added new version of Appendix A, “MCU Electrical Specifications
» Added version 0.80 of Appendix A, “MCU Electrical Specifications
10 May 2016 2.00 + changed to Chapter 10, “Analog-to-Digital Converter (ADC12B_LBA)
version V3
» Added version 0.90 of Appendix A, “MCU Electrical Specifications
08 August 2017 210 + Added version 2.00 of Chapter 1, “Device Overview MC9S12ZVL-Family
12 September 2017 2.20 » Added version 1.0 of Appendix A, “MCU Electrical Specifications
10 October 2017 2.30 » Added version 1.1 of Appendix A, “MCU Electrical Specifications
19 October 2017 2.40 » Added version 1.2 of Appendix A, “MCU Electrical Specifications
24 October 2017 2.41 * Added version 1.21 of Appendix A, “MCU Electrical Specifications
» Added version 2.1 of Chapter 1, “Device Overview MC9S12ZVL-Family
28-March 2018 242 « Added version 1.22 of Appendix A, “MCU Electrical Specifications
29-March 2018 2.43 * Added version 1.23 of Appendix A, “MCU Electrical Specifications
» Added version 1.24 of Appendix A, “MCU Electrical Specifications
9-Jul 2018 2.44 » Added version 2.11 of Chapter 2, “Port Integration Module
(S12ZVLPIMV2)
23-Aug 2018 2.45 » Added version 1.25 of Appendix A, “MCU Electrical Specifications
12 Nov 2018 2.46 * Added version 1.26 of Appendix A, “MCU Electrical Specifications
+ Added version 1.27 of Appendix A, “MCU Electrical Specifications
19 Nov 2018 2.47 » Added version 2.12 of Chapter 2, “Port Integration Module
(S12ZVLPIMV2)
» Added version 1.29 of Appendix A, “MCU Electrical Specifications
3 Apr 2019 2.48 + Added version 3.04 of Chapter 16, “Timer Module (TIM16B2CV3)
* Added version 3.04 of Chapter 15, “Timer Module (TIM16B6CV3)

MC912ZVL Family Reference Manual, Rev. 2.48

4 NXP Semiconductors



NXP Semiconductor reserves the right to make changes without further notice to any products herein. NXP Semiconductor
makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does NXP
Semiconductor assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any
and all liability, including without limitation consequential or incidental damages. “Typical” parameters that may be provided in
NXP Semiconductor data sheets and/or specifications can and do vary in different applications and actual performance may vary
over time. All operating parameters, including “Typicals”, must be validated for each customer application by customer’s technical
experts. NXP Semiconductor does not convey any license under its patent rights nor the rights of others. NXP Semiconductor
products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body,
or other applications intended to support or sustain life, or for any other application in which the failure of the NXP Semiconductor
product could create a situation where personal injury or death may occur. Should Buyer purchase or use NXP Semiconductor
products for any such unintended or unauthorized application, Buyer shall indemnify and hold NXP Semiconductor and its
officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and
reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended
or unauthorized use, even if such claim alleges that NXP Semiconductor was negligent regarding the design or manufacture of
the part.

MC912ZVL Family Reference Manual, Rev. 2.48

NXP Semiconductors 5



MC912ZVL Family Reference Manual, Rev. 2.48

NXP Semiconductors



Chapter 1
Device Overview MC9S12ZVL-Family

LT Introduction . .. ... ...ttt et e e 23
Features ... ... 24

1.2.1 MC9S12ZVL-Family Member Comparison . ..............c.cuiuiuninenenan .. 24

1.3 Chip-Level Features . ... ... e e e e 25
1.4 Module FeatUres . . . . ..ottt ettt e e e e e e e e 26
1.4.1 S12Z Central Processor Unit (CPU) . ... ... .. . . .. 26

1.42 Embedded Memory ... ...t 28

1.4.3 Clocks, Reset & Power Management Unit (CPMU) ........... ... ... .......... 28

1.4.4 Main External Oscillator (XOSCLCP) . ... .. i 29

1.4.5 Timer (TIMOand TIMI) .. .. oo e 29

1.4.6 Pulse Width Modulation Module (PWMO and PMW1) ......................... 30

1.4.7 Inter-IC Module (ITC) ... .. . e e 30

1.4.8 LIN physical layer transCeivVer . . ... ...ttt et 30

1.4.9 Serial Communication Interface Module (SCI) . ....... ... ... .. ... ... .. ... ... 30

1.4.10 Serial Peripheral Interface Module (SPI) . ....... ... ... ... . . .. 31

1.4.11 Multi-Scalable Controller Area Network (MSCAN) . ....... ... . .. 31

1.4.12 Analog-to-Digital Converter Module (ADC) ....... ... ... 31

1.4.13 Digital-to-Analog Converter Module (DAC) ....... ... ... ... 31

1.4.14 Analog Comparator Module (ACMP) . ... ... ... . i 31

1.4.15 Programmable Gain Amplifier (PGA) . ... ... . i 32

1.4.16 Supply Voltage Sensor (BATS) .. ... . e 32

1.4.17 On-Chip Voltage Regulator system (VREG) .......... ... ... ... ... ... ...... 32

1.5 Block Diagram . .. .. ... ... 33
1.6 Device Memory Map . ... ..o 34
1.6.1 Part ID ASSIZNMENtS . .. ...ttt e 37

1.7  Signal Description and Device Pinouts . ........... ... ... .. 37
1.7.1  Pin Assignment OVETVIEW . .. ...ttt ettt et e et 37

1.7.2  Detailed External Signal Descriptions . .. .......... ..o, 38

1.7.3 Power Supply Pins . . ... .. e 43

1.8 Device PINOULS . .. ..o 43
1.9 Internal Signal Mapping . . ... ...ttt 49
1.9.1 ADC COoNNECHIVILY ...ttt t ittt e e e e e et e e ettt e 49

1.9.2 BDC Clock Source Connectivity . . ... ..ottt et 50

1.9.3 FTMRZ Connectivity . ... ...ttt e ettt e 50

1.9.4 CPMU CONNECHVILY . ..ottt ittt ettt e e e e ettt 50

1.9.5 LINPHY CONNeCtiVIty . . ...\ttt e e ettt e 50

1.9.6 MC9S12ZVLA analog module Connectivity .................c.coitiriniinnn... 50

1.9.7 PWM channel mapping . ... ...ttt et 52

1.10 Modes of Operation . ... ... ...ttt e 53
1.10.1 3.3V -5V VDDX behavior on MC9S12ZVL(A)128/96/64 devices ................ 53

1.10.2 Chip Configuration Modes . ......... ... 53

1.10.3 Debugg@ing Modes . .. ...ttt e 54

1.10.4 Low Power MOdes . .. ....ooit e e 54

MC912ZVL Family Reference Manual, Rev. 2.48

NXP Semiconductors 7



LI SCCUIILY .« ottt e e 55
LI1.1 Features ... ... e e e 55
1.11.2 Securing the Microcontroller ... ....... ... ... .. . . i 55
1.11.3 Operation of the Secured Microcontroller .. .......... ... ... .. ... ... ... 56
1.11.4 Unsecuring the Microcontroller .. ...... ... ... .. .. . . i, 56
1.11.5 Reprogramming the Security Bits .. ....... .. ... .. .. . . . 57
1.11.6 Complete Memory Erase .. ...... ...t 57
1.12 Resets and INteIruPLS . . . . ..ottt e e 58
L1201 RESES .« oottt 58
1.12.2 Interrupt VECLOTS . . . o oottt e e e e e 58
1.12.3 Effects of Reset .. ... i e 61
1.13 Module device level dependencies . .. ... . 62
1.13.1 COP Configuration . .. ... ... ..t u ettt et 62
1.13.2 BDC Command Restriction .. ........ ...ttt 62
1.13.3 FlashIFR Mapping ... .... ...ttt e ettt e 63
1.14 Application Information . .. ......... ... 63
1.14.1 ADC Calibration .. ... .. ...ttt e e et 63
1.14.2 SCI Baud Rate Detection . ... ...ttt 64
1.14.3 Voltage Domain MONitOring ... ... .. ...ttt ettt e 64
Chapter 2
Port Integration Module (S12ZVLPIMV2)
2.1 Introduction . .. ... 65
2001 OVEIVIEW .ottt et e e e e e e e e e 65
2.1.2 0 Features ... ...t e 66
2.2 External Signal Description . . ... ... ...ttt e 67
2.3 Memory Map and Register Definition .. ....... .. ... i 72
231 Register Map . ..ottt e 73
2.3.2  PIM Registers 0x0200-0X020F . ... ...t e e 79
2.3.3 PIM Generic Re@iSters . . .. ...ttt e 87
2.3.4 PIM Generic Register EXCEptions .. .......... ...ttt 94
2.4 Functional Description . .. ... ...ttt e e e 99
241 General . ..o 99
242 ReZISIOTS . o ottt e 99
243 PinI/O Control . . .. ..o 100
244 INOTTUPLS . . vttt et e e e e e e 102
2.4.5 High-Voltage Input . . . ... o e 103
2.5 Initialization and Application Information . ......... ... ... .. . 106
2.5.1 Port Data and Data Direction Register writes ..................ooiiirenen.... 106
2.5.2 SCIBaud Rate Detection . . .. ..ottt e 106
2.5.3 Over-Current Protection on EVDD1 .. ... ... ... ... . . . . 106
2.5.4 Over-Current Protectionon PP[5,3,1] . ... ... .. . . 106
2.5.5 Openlnput Detectionon HVI ... .. ... .. .. .. .. . . . . . . . . . .. 107

MC912ZVL Family Reference Manual, Rev. 2.48

8 NXP Semiconductors



Chapter 3
5V Analog Comparator (ACMPV2)

3.1 Introduction . ... ... 109
3.2 FeatUres . ...t e 109
3.3 Block Diagram . ... ... 110
3.4 External Signals . ... ... 110
3.4.1 Internal Signals ... ... ... . 110
3.5 Modes of Operation ... ... ...ttt 110
3.6 Memory Map and Register Definition . ........ .. ... .. .. .. .. . . . 111
3.6.1 Register Map . ... 111
3.6.2 Register Descriptions . ... ...ttt 112
3.7  Functional Description . .. ... ... .. 115
3.8 IOTTUPES . .ottt 116
Chapter 4
Memory Mapping Control (S12ZMMCV1)
4.1 IntrodUuCtion . .. ...t e 117
411 GloSSary ..ot 118
412 OVEIVIEW .\ttt ettt e e e e e e e e 118
413 FeatUres ... ...ttt e 118
4.1.4 Modes of Operation . ... ... ...ttt 118
4.1.5 Block Diagram .. ... ... e 119
4.2 External Signal Description . . ... .......i ittt 119
4.3 Memory Map and Register Definition .. ....... ... .. ... ... .. .. . . 119
431 Memory Map .. ..ot e 119
4.3.2  Register DesCriptions . . ... ..ottt e 120
4.4 Functional Description . . ... ...ttt e 125
441 Global Memory Map . ... 125
442 Tllegal ACCESSES . ...ttt 127
4.4.3 Uncorrectable ECCFaults ....... ... . . . . . 128
Chapter 5
Background Debug Controller (S12ZBDCV2)
5.1 IntroducCtion . .. ..o e 129
S5.1.1 GlOSSAIY .o v e 130
S5.1.2  Features . ... ...t e 130
5.1.3° Modes of Operation . ... .. ...ttt e 130
5.1.4  Block Diagram . . . ... 133
5.2 External Signal Description . ... ...ttt e e 133
5.3  Memory Map and Register Definition .. ....... ... ... .. . . . . . i 134
5.3.1 Module Memory Map .. ...t 134
5.3.2 Register Descriptions . . . ... ..ot 134
5.4  Functional Description . ... ... ...t 138
SA1  SeCUIILY ..ot 138
MC912ZVL Family Reference Manual, Rev. 2.48
NXP Semiconductors 9



5.4.2 Enabling BDC And Entering Active BDM . ....... ... ... ... .. ... .. ... ... 138
543 Clock SOUICE . ..ottt 139
544 BDC Commands . ..........ininintt 139
5.4.5 BDC Access Of Internal Resources . ............ .. 155
5.4.6 BDC Serial Interface .......... . . . 158
5.4.7 Serial Interface Hardware Handshake (ACK Pulse) Protocol .................... 161
5.4.8 Hardware Handshake Abort Procedure ............ .. ... .. .. .. .. ... ... 163
5.4.9 Hardware Handshake Disabled (ACK Pulse Disabled) ......................... 164
5.4.10 Single StepPIng . ..ottt 165
5.4.11 Serial Communication Timeout . ... ... ... 166
5.5 Application Information . . ........ ... 166
5.5.1 Clock Frequency Considerations . ... ...........o.uuintntnterenenennenanen.. 166
Chapter 6
Interrupt (S12ZINTVO0)
6.1 Introduction . .. ... ... .. 167
0.1.1  GloSSary ..ttt e 167
6.1.2  Features ... .. ...ttt e 168
6.1.3 Modes of OPeration . . ... ...ttt e 168
6.1.4 Block Diagram .. ... ... ... e 169
6.2  External Signal Description . .. ... ... .. ...t 169
6.3 Memory Map and Register Definition . ............ ... .. .. . . i, 169
6.3.1 Module Memory Map . ... 169
6.3.2  Register Descriptions . . ... ..ottt 170
6.4 Functional DesCription . ... ... ...t 175
6.4.1 S12Z Exception Requests .. ...t 175
6.4.2 Interrupt Prioritization ... .. ...ttt e 175
6.4.3 Priority Decoder . . ... ... 176
6.4.4 Reset Exception Requests ......... .. .. i 177
6.4.5 Exception Priority . ... ... .. ... 177
6.4.6 Interrupt Vector Table Layout ............ .. .. ... . . . .. 178
6.5 [Initialization/Application Information ....... ... ... .. .. . .. 178
6.5.1 Initialization . . ... ...t 178
6.5.2 Interrupt Nesting . .. ...ttt 178
6.5.3 Wake Up from Stopor Wait Mode .......... .. ... .. . i 179
Chapter 7
S12Z Debuglite (S12ZDBGV3)
7.1 IntroducCtion . ... ...t 181
T L1 GloSSary .ottt 181
8 N O ) 7 1< P 182
713 Features ... ...t 182
7.1.4 Modes of OPeration . . ... ...ttt e 183
7.1.5 Block Diagram .. ... ... 183

MC912ZVL Family Reference Manual, Rev. 2.48

10 NXP Semiconductors



7.2

7.3

7.4

7.5

8.1

8.2

8.3

9.1

9.2

External Signal Description . ... ......... it e e 183
7.2.1 External EventInput . ........ ... . . . .. 183
Memory Map and Registers . . ......... . i e 184
7.3.1 Module Memory Map . ...ttt e 184
7.3.2  Register Descriptions . . . ... ..ottt 186
Functional Description . .. ........ ... 198
74.1 DBG OPeration . ... ...ttt e 198
7.4.2 Comparator Modes .. ... ... ...t 199
TA3  EVeNts . ..o 202
7.4.4 State Sequence Control .. ... ... 204
7.4.5 Breakpoints ... ... ...t 204
Application Information . . .. ... ... e 206
7.5.1 Avoiding Unintended Breakpoint Re-triggering . ............ ... .. ... ......... 206
7.5.2  Breakpoints from other S12Z sources . .......... ...ttt 206
Chapter 8
ECC Generation Module (SRAM_ECCV2)
Introduction . .. ... . 207
. 1.1 Features .. ... ... e 207
Memory Map and Register Definition . .............. .. it 208
8.2.1 Register SUmMmary . ... ... ... ...t 208
8.2.2 Register DesCriptions . . .. ...ttt 210
Functional Description . .. ....... ..ttt e e e 214
8.3.1 Aligned Memory WIite ACCESS . . ..ottt et e 215
8.3.2 Non-aligned Memory Write ACCESS . . . oo vttt ittt et 215
8.3.3 Memory Read ACCESS . ...ttt 216
8.3.4 Memory Initialization .. ......... ... . 216
8.3.5 Interrupt Handling . ....... ... .. . . . 216
8.3.6 ECCAIlgorithm . ... ... e e 217
8.3.7 ECCDebug Behavior ............. ... i 217
Chapter 9
S12 Clock, Reset and Power Management Unit (S12CPMU_UHV)
Introduction . .. ... . 219
0.1.1  Features .. ... ...t e e 220
0.1.2  Modes of OPeration . .. .........iutir ittt et e 222
9.1.3 S12CPMU_UHV Block Diagram . ......... ..o, 226
Signal DesCription .. ... ...ttt 228
02,1 RESET . 228
922 EXTAL and XTAL . . ...t 228
9.2.3 VSUP— Regulator Power InputPin . ........ ... ... ... ... ... ............. 228
9.2.4 VDDA, VSSA — Regulator Reference Supply Pins . ....................... ... 228
9.2.5 VDDX,VSSX —Pad Supply Pins ........ . .. 228
9.2.6 BCTL — Base Control Pin for external PNP .. ........ .. .. ... .. ... ......... 229

MC912ZVL Family Reference Manual, Rev. 2.48

NXP Semiconductors 1"



92.7 VSS—Core Logic Ground Pin ....... ... .. .. .. . . . . . . . i 229
9.2.8 VDD — Internal Regulator Output Supply (Core Logic) ....................... 229
9.2.9 VDDF — Internal Regulator Output Supply (NVM Logic) ..................... 229
9.2.10 API_EXTCLK — API external clock output pin . .............. ... ... ....... 229
9.2.11 TEMPSENSE — Internal Temperature Sensor Output Voltage .................. 229
9.3 Memory Map and Re@iSters . ... ... 230
90.3.1 Module Memory Map .. ...ttt 230
0.3.2  Register DeSCriptions . . . .. ..ottt e 232
9.4  Functional DesCription . ... ... ...ttt e 271
9.4.1 Phase Locked Loop with Internal Filter (PLL) .......... ... ... ... ... ....... 271
9.42 Startup from Reset .. ... 273
9.4.3 Stop Mode using PLLCLK as source of the Bus Clock ........................ 274
9.4.4 Full Stop Mode using Oscillator Clock as source of the Bus Clock ............... 274
9.4.5 External Oscillator ... ... ... . 276
9.4.6 System Clock Configurations . ...............ouirinimimrerennnnanannn.. 277
0.5 RS . .t 278
0.5.1 General . . ... 278
9.5.2 Description of Reset Operation ... ............uuiriniteren i, 279
9.5.3 Oscillator Clock Monitor Reset . ........ ... . 279
9.54 PLL Clock Monitor Reset . ........ ... e 280
9.5.5 Computer Operating Properly Watchdog (COP)Reset ......................... 280
9.5.6 Power-On Reset (POR) . ... ... . e 281
9.5.7 Low-Voltage Reset (LVR) .. ... . e 281
0.6 INCITUPLS . ..ottt e 282
9.6.1 Description of Interrupt Operation . .............. ...t innnanannn.. 282
9.7 [Initialization/Application Information ......... ... . .. . . 284
9.7.1 General Initialization Information .. ........ .. .. .. .. ... .. .. .. . . . 284
9.7.2 Application information for COP and APTusage ............................. 284
9.7.3 Application Information for PLL and Oscillator Startup .. ...................... 284
Chapter 10
Analog-to-Digital Converter (ADC12B_LBA)
10.1 Differences ADCI2B LBA VI vs V2 vs V3 L. i 287
10.2 IntrodUuCtion . .. ... .ttt e e e 288
10.3 Key Features .. ..ot e 289
10.3.1 Modes of Operation . .. .. .. ...ttt e 290
10.3.2 Block Diagram . ... ... i e 293
10.4 Signal Description . .. ... ...ttt 294
10.4.1 Detailed Signal Descriptions .. ... ...ttt 294
10.5 Memory Map and Register Definition .. ....... ... ... . . . . i, 295
10.5.1 Module Memory Map . ...ttt e e 295
10.5.2 Register Descriptions . . . .. ...ttt e 298
10.6 Functional Description . .. ...ttt e e 332
TO.6.1 OVEIVIEW . .ttt ittt et e e e e e e e e e e e e e e e e e e e 332
MC912ZVL Family Reference Manual, Rev. 2.48
12 NXP Semiconductors



10.6.2 Analog Sub-Block . ....... ... . 332
10.6.3 Digital Sub-Block . ....... ... 333
L0.7 ReSEUS . .ottt 347
T0.8 INterrupls . ..ot e 347
10.8.1 ADC Conversion Interrupt . .. ... .. 347
10.8.2 ADC Sequence Abort Done Interrupt . ............ ..., 347
10.8.3 ADC Error and Conversion Flow Control Issue Interrupt . . ..................... 348
10.9 Use Cases and Application Information . .. ....... ... ... . .. . ... 349
10.9.1 List Usage — CSL single buffer mode and RVL single buffermode .............. 349
10.9.2 List Usage — CSL single buffer mode and RVL double buffermode ............. 349
10.9.3 List Usage — CSL double buffer mode and RVL double buffermode ............. 350
10.9.4 List Usage — CSL double buffer mode and RVL single buffermode ............. 350
10.9.5 List Usage — CSL double buffer mode and RVL double buffermode . ............ 351
10.9.6 RVL swapping in RVL double buffer mode and related registers ADCIMDRI and
ADCEOLRI 351
10.9.7 Conversion flow control application information ............................. 353
10.9.8 Continuous CONVEISION . .. .. v ittt et e ettt e e et e 355
10.9.9 Triggered Conversion— Single CSL . ....... ... ... .. . . . . ... 356
10.9.10Fully Timing Controlled Conversion .. ..............iiturinininennananan.. 357
Chapter 11
Digital Analog Converter (DAC_8B5V_V2)
T1.1 Revision HiStOory . . ..ot e e e e e e e 359
11.2 IntrodUuCtion . .. ... ..ottt e e e e e e e 359
I1.2.1 Features . ... ...ttt e e e e e e 360
11.2.2 Modes of Operation . .. ... ...ttt et et 360
11.2.3 Block Diagram . ... ...t e 361
11.3 External Signal Description . ... ........ .. it e 361
11.3.1 DACUOUtput Pin . . ..o e e e e e e 361
11.3.2 AMPOutput Pin . .. ... o 361
11.3.3 AMPPInput Pin . . ... o 361
11.3.4 AMPMInput Pin .. ... o 362
11.4 Memory Map and Register Definition . .......... ... .. . i, 362
11.4.1 RegiSter SUMMATIY . ... ...ttt ettt e e et e e 362
11.4.2 Register DesCriptions . . ... .ottt e et et ettt e 362
11.5 Functional DesCription . . ... ...ttt ettt 365
11.5.1 Functional OVeIrVIEW . .. ...ttt ettt e e e 365
11.52 Mode “Of T o 366
11.5.3 Mode “Operational Amplifier” ........... . . . . i 366
11.5.4 Mode “Internal DAC only™ .. ... ... .. . . 366
11.5.5 Mode “Unbuffered DAC™ .. ... . e 366
11.5.6 Mode “Unbuffered DAC with Operational Amplifier” ......................... 366
11.5.7 Mode “Buffered DAC” ... .. . 367
11.5.8 Analog output voltage calculation . .......... .. ... ... ... ... ... . .. ... 367

MC912ZVL Family Reference Manual, Rev. 2.48
NXP Semiconductors 13




Chapter 12
Programmable Gain Amplifier (PGAV1)
12.1 Revision HiStory . . ..ot e e e 369
12.2 Introduction . .. ... ..ottt e 369
12.2.1 Features . ... ...ttt e e 369
12.2.2 Modes of Operation . .. ... ...ttt e 369
12.2.3 Block Diagram . ... ...t 370
12.2.4 External Signal Description . ... ...... ...ttt 370
12.2.5 Amplifier Inputs . . . ... oo 370
12.2.6 PGA_OUT Pin . ..o e e e e e e e 371
12.3 Memory Map and Register Definition . ......... ... . ... 371
12.3.1 RegiSter SUMMATIY . . ...ttt e et e e e et e e e e e 371
12.3.2 Register Descriptions . . ... ..ottt e 372
12.4 Functional DesCription . . ... ... ...ttt e e e 376
12.4.1 Functional OVeIrVIEW . .. .. ..ttt ettt e e e e e 376
12.4.2 Offset COMPENSatioN . . . ..o\ttt ettt e et et 376
12.4.3 Application Example for differential voltage measurement ..................... 377
Chapter 13
Scalable Controller Area Network (S12MSCANV2)
13.1 Introduction . .. ... ... e 379
I3.1.1 GlOSSAIY . oo ottt et e e e 380
13.1.2 Block Diagram . . ... i 380
13.1.3 FeatUIES . .ottt ettt et e e e e e e e e e e e 381
13.1.4 Modes of Operation . .. ... .. ...ttt e 381
13.2 External Signal Description . .. ... ...ttt e 382
13.2.1 RXCAN — CAN ReceiverInputPin . ....... .. ... ... .. .. ... ... 382
13.2.2 TXCAN — CAN Transmitter Output Pin . .......... .. ... ... ... ... ....... 382
13.2.3 CAN SYSIEIM . .ottt ettt e e e e e e e e e e 382
13.3 Memory Map and Register Definition .. ........... ... . .. ... 383
13.3.1 Module Memory Map . .......co it 383
13.3.2 Register Descriptions . . ... ...ttt e e 385
13.3.3 Programmer’s Model of Message Storage . . ...ttt 403
13.4 Functional DesCription . . ... ... ...ttt e e 414
13.4.1 General .. ... 414
13.4.2 MESSAZE STOTAZE . . oot v ittt ettt e e e 414
13.4.3 Identifier Acceptance Filter .. .. ... ... .. .. .. . . i 417
13.4.4 Modes of Operation . .. ........c.iuiinti ittt et ettt e 423
13.4.5 Low-Power Options . . .. ..ottt e e e 425
13.4.6 Reset Initialization ... ... ..ot 429
13.4.7 INEEITUPLS . . oottt ettt et e e e e e 429
13.5 Initialization/Application Information . ............. .. .. i 431
13.5.1 MSCAN initialization ... .. ... ... ... 431
MC912ZVL Family Reference Manual, Rev. 2.48
14 NXP Semiconductors



14.1

14.2

14.3

14.4

15.1

15.2

15.3

15.4

15.5
15.6

16.1

16.2

16.3

Chapter 14
Supply Voltage Sensor (BATSV3)

Introduction . .. ... ... . 433
T4.1.1 Features ... ...ttt e e e e e e e 433
14.1.2 Modes of Operation . .. .. ...ttt e 433
14.1.3 Block Diagram ... ... ... 434

External Signal Description . ... .. ...ttt e 434
14.2.1 VSUP— Voltage Supply Pin . ... ... ... . . . .. 434

Memory Map and Register Definition ......... ... .. .. .. 435
14.3.1 RegiSter SUMMATIY . ... ...ttt e ettt e e et et et 435
14.3.2 Register Descriptions . . . ... .vt ittt e e e e 435

Functional Description . . ... ... ... 439
14.4.1 General .. ... 439
T4.4.2 INITUPLS . .ottt et e e e e e e e e 439

Chapter 15
Timer Module (TIM16B6CV3)

Introduction . .. ... . 443
I5.1.1 Features . ... ...t e e 443
15.1.2 Modes of Operation . .. ... ...ttt et et 444
15.1.3 Block Diagrams . .. ...ttt e 444

External Signal Description . .. ... ....... ..t 445
15.2.1 10CS5 - IOCO — Input Capture and Output Compare Channel 5-0 . ............... 445

Memory Map and Register Definition .. ... ... .. .. .. . 445
15.3.1 Module Memory Map . ...ttt e 445
15.3.2 Register Descriptions . . . .. ..ottt e e e e 445

Functional Description . .. ...... ... 457
15.4.1 Prescaler . .. ... 458
1542 Input Capture . ... ...ttt e e 459
15.4.3 Output COMPATIE . . . oottt ettt e e ettt et ettt 459

RESetS .ot 460

I eTTUPES . . oo 460
15.6.1 Channel [5:0] Interrupt (C[S:0]F) .. ..ot e 460
15.6.2 Timer Overflow Interrupt (TOF) .. ... ... . . . 460

Chapter 16
Timer Module (TIM16B2CV3)

Introduction . ... ... .. 461
16.1.1 Features ... .. ...t e e e e 461
16.1.2 Modes of Operation . .. .. .. ...ttt et et 462
16.1.3 Block Diagrams . .. ...t 462

External Signal Description . .. ... ... .. ... 463
16.2.1 10C1 - IOCO — Input Capture and Output Compare Channel 1-0 ... ............. 463

Memory Map and Register Definition . .............. ..., 463

MC912ZVL Family Reference Manual, Rev. 2.48

NXP Semiconductors 15



16.4

16.5
16.6

17.1

17.2

17.3

17.4

17.5
17.6

18.1

18.2

18.3

18.4

16.3.1 Module Memory Map . ... ..ottt 463
16.3.2 Register Descriptions . . . .. ...ttt e 463
Functional Description . .. ........ ... 475
16.4.1 Prescaler . .. ...t 476
16.4.2 Input Capture . ... .. ...ttt e e e 477
16.4.3 Output COMPATE . . . . oottt et e e e e e e e et e e 477
RESEtS . it 478
IO TUPLS . . oot e 478
16.6.1 Channel [1:0] Interrupt (C[1:0]F) .. ... o e 478
16.6.2 Timer Overflow Interrupt (TOF) .. ... ... e 478
Chapter 17
Pulse-Width Modulator (S12PWM8B8CV2)

INtrodUCtion . ... ... 479
I7.1.1 Features . .. ...ttt e e e e e e e 479
17.1.2 Modes of Operation . ... ...ttt e e 479
17.1.3 Block Diagram . .. ...t e 480

External Signal Description . .. ......... ... 480
17.2.1 PWM7-PWMO —PWM Channel 7-0 . ...... ... .. ... 481

Memory Map and Register Definition . .......... ... it 481
17.3.1 Module Memory Map . ...t 481
17.3.2 Register Descriptions . . ... ...ttt e 481

Functional Description . .. ... ... e 496
17.4.1 PWM Clock Select . .. ..o e 496
17.42 PWM Channel TIMETS . . ... ...ttt e e 499

RESEtS . oo 506

I OTTUPES . .ottt 507

Chapter 18
Serial Communication Interface (S12SCIV6)

Introduction . .. ... . 509
I8.1.1 GlOSSAIY . .t o ettt e e e e 509
18.1.2 Features . ... ...ttt e e e 510
18.1.3 Modes of Operation . .. ... ...ttt et e 510
18.1.4 Block Diagram . ... ... i 511

External Signal Description . ... .. ...ttt e e 511
182.1 TXD —Transmit Pin . ... ... e 511
1822 RXD—Receive Pin . ... .. 511

Memory Map and Register Definition . .......... ... ..., 511
18.3.1 Module Memory Map and Register Definition ............................... 512
18.3.2 Register Descriptions . . ... ...ttt e 512

Functional Description . .. ... .. 523
18.4.1 Infrared Interface Submodule ......... ... .. .. ... . . . . . . . . 524
18.4.2 LIN SUpport . ..o e 525

MC912ZVL Family Reference Manual, Rev. 2.48

16

NXP Semiconductors



18.4.3 Data Format . ... ... ... e 525
18.4.4 Baud Rate Generation . ............. ...ttt 527
18.4.5 TranSMmItter . . .. ..ottt e e 528
18.4.6 ReCOIVEr ...\ttt e e e 533
18.4.7 Single-Wire Operation . .. ... ... ...ttt e 541
18.4.8 Loop Operation ... ... ...ttt e e 542
18.5 [Initialization/Application Information . ............. .. ... 542
18.5.1 Reset Initialization . ... ... ...t e 542
18.5.2 Modes of Operation ... ... ...ttt e 543
18.5.3 Interrupt Operation . .. ... .. ...t it ettt e e 543
18.5.4 Recovery from Wait Mode . .. ... 545
18.5.5 Recovery from Stop Mode . .. ... .. 545
Chapter 19
Serial Peripheral Interface (S12SPIV5)
19.1 IntrodUCtion . ... ... ..t e e e 547
19.1.1 Glossary of Terms . ... ...t e e e e 547
19.1.2 FeatUres . .. ...ttt e e e e e e 547
19.1.3 Modes of Operation . .. ... ...ttt e 547
19.1.4 Block Diagram . ... ...ttt 548
19.2 External Signal Description . ... ... ... ... e 549
19.2.1 MOSI— Master Out/Slave InPin . . ....... ... ... ... .. ... . . . ... 549
19.2.2 MISO — Master In/Slave Out Pin . . .. ... . ... 550
19.2.3 SS— Slave Select Pin . . ..o\ v ittt 550
19.2.4 SCK —Serial Clock Pin . ... ... . . . e 550
19.3 Memory Map and Register Definition .. ......... ... ... . . . . ... 550
19.3.1 Module Memory Map . ...t e 550
19.3.2 Register Descriptions . . ... ...ttt e e 551
19.4 Functional DesCription . . ... ...ttt e e e 559
19.4.1 Master Mode . ... ... 560
19.42 Slave Mode . ... 561
19.4.3 Transmission Formats . ......... .. . 562
19.4.4 SPI Baud Rate Generation ... ..........ouuutntironenenee e innnanenenns 567
19.4.5 Special Features . . ... ... 568
19.4.6 Error Conditions .. ... ...ttt e 569
19.4.7 Low Power Mode Options . .. ...t vt vttt et et ees 570
Chapter 20
Inter-Integrated Circuit (IICV3)
20.1 IntrodUCtion . .. ...ttt e e 573
20.1.1 Features .. ..ottt et e e 573
20.1.2 Modes of Operation . . ... ... ...ttt 574
20.1.3 Block Diagram . ... ... i 574
20.2 External Signal Description . .. .. ...ttt 574

MC912ZVL Family Reference Manual, Rev. 2.48
NXP Semiconductors 17




20.3

204

20.5
20.6
20.7

21.1

21.2

21.3

21.4

21.5

22.1

20.2.1 IIC_SCL — Serial Clock Line Pin . ...... ... . ... .. . .. 574
20.2.2 TIC SDA —Serial DataLLine Pin ......... .. ... ... . ... .. . . . ... 575
Memory Map and Register Definition . ............. . ..t 575
20.3.1 Register Descriptions . . ... ..ottt e 575
Functional Description . .. ... ... 587
20.4.1 I-Bus Protocol ... ... ... 587
20.4.2 Operationin RunMode . ... ... . i e 592
20.4.3 Operationin Wait Mode . ... ... oo 592
20.4.4 Operationin StopMode . ... ... 592
RESOTS . o\ttt 592
InterTUPtS . .o e 592
Application Information . . ... .. 593
20.7.1 TIC Programming Examples . ........ ... ... 593
Chapter 21
LIN Physical Layer (S12LINPHYV2)

INtrodUuction . .. ... o 599
2111 Features ... ...ttt 599
21.1.2 Modes of Operation . ... ... ...ttt e e 600
21.1.3 Block Diagram .. ... ...t 600

External Signal Description . .. ......... ... 601
2121 LIN—LINBus Pin . . . ... e 601
2122 LGND —LIN Ground Pin . ... .. e 602
21.2.3 VLINSUP — Positive Power Supply . ...... ... 602
21.2.4 LPTXD — LIN Transmit Pin ... ... ... i 602
21.2.5 LPRxD—LIN Receive Pin . ... ... .. i 602

Memory Map and Register Definition . ............. ..t 602
21.3.1 Module Memory Map . .......it ittt 602
21.3.2 Register Descriptions . . ... ...ttt 603

Functional Description . .. ...... ... 609
21.4.1 General .. ..o 609
21.4.2 Slew Rate and LIN Mode Selection ......... ... ... . ... ... 609
2143 MOA@S . oottt 610
21.4.4 INEITUPLS . . oottt e e e e e e e e e 613

Application Information . .. ... ... 616
21.5.1 Module Initialization ... .. .. ... .. ...ttt e 616
21.5.2 Interrupt handling in Interrupt Service Routine (ISR) ............ ... ... ....... 616

Chapter 22
Flash Module (S12ZFTMRZ)

Introduction . .. ... ... . 619
22. 1.1 GlOSSary . .ot 620
22.1.2 FeaUIES ..ottt et e e e e e e 620
22.1.3 Block Diagram ... ... ... 621

MC912ZVL Family Reference Manual, Rev. 2.48

18

NXP Semiconductors



22.2 External Signal Description . .. .. ... ...ttt e 622

22.3 Memory Map and ReISIErs . . ... ..ottt 622
22.3.1 Module Memory Map .. ...t 623
22.3.2 Register Descriptions . . ... .ottt e 627
22.4 Functional Description . . ... ...ttt e 647
22.4.1 Modes of Operation . ... ... ...ttt e 647
2242 TFR Version ID Word . . . ..o o 647
22.4.3 Flash Block Read Access . ... ..o e 647
22.4.4 Internal NVM resource . ... ... .. ...ttt 648
22.4.5 Flash Command Operations . . . .. ....ott ittt et 648
22.4.6 Allowed Simultaneous P-Flash and EEPROM Operations .. .................... 653
22.4.7 Flash Command Description . ............ .. 654
22.4.8 INEEITUPLS . . oottt e e e e e e e e e e e 670
2249 Wait Mode . . ..o e 670
22.4.00Stop Mode ..o 671
B T 1T 01 O 671
22.5.1 Unsecuring the MCU using Backdoor Key Access ............ .. ... oL, 671
22.5.2 Unsecuring the MCU in Special Single Chip Mode using BDM ................. 672
22.5.3 Mode and Security Effects on Flash Command Availability ..................... 672
22.6 Initialization . . ... ... o 672
Appendix A
MCU Electrical Specifications
Al General ... 674
ALl PInS .o 675
A 1.2 Current Injection. .. ... . . i e 675
A.1.3 Absolute Maximum Ratings. .. ......... ... .. 676
A.1.4 ESD Protection and Latch-up Immunity ............. ... ... ... ... ......... 677
A.1.5 Operating Conditions . ... ......tui ittt et 678
A.1.6 Power Dissipation and Thermal Characteristics. ... ........ .. ... .. ... .. ... 680
AL17 T/O CharacteriStiCs . . ..ottt e e e e 685
AL8 Supply CUITENtS . . ..ottt e e e e e 688
A.1.9 ADC Calibration Configuration . . .. ...ttt 692
Appendix B
CPMU Electrical Specifications (VREG, OSC, IRC, PLL)
B.1  VREG Electrical Specifications . . ... ...... ...ttt 694
B.2 IRC and OSC Electrical Specifications. . .. .......... .ottt 697
B.3 Phase Locked Loop. .. ..o 697
B.3.1 Jitter Information .. ... . 697
Appendix C
ADC Specifications
C.1  ADC Operating CharacteriStiCs. . . . ..ot vttt ettt et et et et e 700

MC912ZVL Family Reference Manual, Rev. 2.48

NXP Semiconductors 19



C.1.1 Factors Influencing ACCUTaCY . . . .. oottt et e e e e e eeas 700
C.1.2 ADC ACCUIACY . .t vttt et e e e e e e e e e e e 703

Appendix D
LINPHY Electrical Specifications

D.1 Maximum Ratings. . . ... ... 708
D.2 Static Electrical CharacteristiCs. . . . . . oottt e e e 708
D.3 Dynamic Electrical Characteristics. . .. ...ttt e 709
Appendix E
NVM Electrical Parameters
E.1 NVM Timing Parameters . . . .. ... ..ot e e e e 712
E.2  NVM Reliability Parameters. . . . .. ...t e 714
Appendix F
BATS Electrical Specifications
F.1 Dynamic Electrical Characteristics. . .. ... ... ..ttt 719
Appendix G
DAC_8B5V Electrical Specifications
G.1 Static Electrical CharacteriStiCs. . . . . v v v vt ettt e e e e e e e e e 721
Appendix H
PGA Electrical Specifications
H.1 Static Electrical CharacterisStiCs. . . . . .o v vttt e e e e e e e e e e e s e 724
Appendix |
ACMP Electrical Specifications
L1 Maximum Ratings. . .. ... ..o e e e 726
1.2 Static Electrical CharacteristiCs. . . . . . oottt e e e 726
[.3  Dynamic Electrical CharacteriStics. . . ...... ottt e e et 728
Appendix J
PIM Electrical Specifications
J.1  High-Voltage Inputs (HVI) Electrical Characteristics . ............. ... ..., 730
Appendix K
SPI Electrical Specifications
K1 Master MOdE . . .. oo e 733
K2 Slave Mode . . ... 734
MC912ZVL Family Reference Manual, Rev. 2.48
20 NXP Semiconductors



Appendix L
MSCAN Electrical Specifications

L.1 MSCAN Wake-up Pulse Timing. . . .......... . e 737

Appendix M

Package Information

M1 A8 LQEP ..o 739
M.2 32 LQFP . 741
M.3 32 QFN, MC9S12ZVLS deVice ONLY . . ..ttt et et et e e e e 743

Appendix N

Ordering Information
Appendix O
Detailed Register Address Map

0.1 0x0000—-0xX0003 Part ID . . .. ..ottt e et 751
0.2 0x0010-0x001F ST12ZINT . ... e e e e e 751
0.3 0x0070-0X00FF SI2ZMMUC . . ...\ttt 753
0.4 0x0100-0X017F S12ZDBG . . .. oottt e e e e e e e e e 753
0.5 0x0200-0x037F PIM . . .o e 756
0.6 0x0380-0X039F FTMRZ . . . . ..ottt e e e e e e e e 761
0.7 0x03C0-0x03CF SRAM _ECC 32D7P. . ...ttt e e 763
0.8 0x0400-0x042F TIMI . . ..o e e e e e e e e 764
0.9 0x0480-X04AF PWMO . . . ..ottt e e e 765
0.10 0x0500-X052F PWMLL. . . ..ot e e e 767
0.11 0X05C0-0X0SFF TIMO . . ..ttt e e e e e e e e e e e 769
0.12 0x0600-0X063F ADCO . . . .\ttt e e e e e 771
0.13 0x0680-0X0687 DAC . .. ..\ttt e e e e 773
0.14 0x0690-0X0697 ACMP . . . ...\ttt e e e e e 774
0.15 0X06C0-0X06DF CPMU . . ...\ttt et e e e e e 774
0.16 0X06F0-0X06F7 BATS . . ..ottt et e e e 777
0.17 0x0700-0X0707 SCIO . . ..ottt et e e e e e e e e e 777
0.18 0x0710-0X0717 SCIT . ..\ttt e e e e e e e e e 778
0.19 0x0780-0X0787 SPI0. . . . ..\ttt 779
0.20 0x07C0-0x07CTIICO . . .ottt e e e e e e e 780
0.21 0x0800-0X083F CANO . . ..\ttt e e e e e e e e 781
0.22 0x0980-0x0987 LINPHYO . . . ..o\ttt et e e e e e e e 782
0.23 0x0B40-0x0B47 PGA . . ..o e e e 782

MC912ZVL Family Reference Manual, Rev. 2.48
NXP Semiconductors 21




MC912ZVL Family Reference Manual, Rev. 2.48

22

NXP Semiconductors



Chapter 1
Device Overview MC9S12ZVL-Family

Table 1-1. Revision History

xz:::;)enr Re;:;on Description of Changes
1.0 28. May 2013 added feedback from shared review
changed IFR mapping table conditional text to make the ADC reference conversion
visible for the customer
1.1 26. Aug.2013 added feedback from shared review
1.2 29. Aug.2013 update table 1-12, replaced for SCI0/1 EX with RX
1.3 19.Sep. 2013 added chapter 1.13.2, “BDC Command Restriction”
1.4 2 April 2014 fix findings from the shared review
1.5 5 Aug. 2014 fix typo PMW -> PWM
1.6 24 Sep. 2014 added the VL128 device
1.7 21 Oct. 2014 added PWM channel muxing
+ added PGA - DAC - ACMP - ADC analog connections
1.8 03 Jun. 2015 * correct alignment in table 1-15
1.9 27 Oct. 2015 + correct table 1-3
2.0 08 Aug. 2017 + correct CTRL register name for PAD6-PAD9, table 1-6
+ correct 32-pin QFN-EP availability, table 1-2
2.1 08 Mar 2018 + Added Ambient Temperature to Table 1-2

1.1 Introduction

The MC9S12ZVL-Family is an automotive 16-bit microcontroller family using the 180nm NVM + UHV
technology that offers the capability to integrate 40V analog components. This family reuses many
features from the existing S12 portfolio. The particular differentiating features of this family are the
enhanced S127 core and the integration of “high-voltage™ analog modules, including the voltage regulator
(VREG) and a Local Interconnect Network (LIN) physical layer.

The MC9S12ZVL-Family includes error correction code (ECC) on RAM, FLASH and 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 MC9S12ZVL-Family delivers an optimized
solution with the integration of several key system components into a single device, optimizing system
architecture and achieving significant space savings. The MC9S12ZVL-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 families. The MC9S12ZVL-Family is
available in 48-pin, 32-pin LQFP and 32-pin QFN-EP. In addition to the I/O ports available in each
module, further I/O ports are available with interrupt capability allowing wake-up from stop or wait
modes.
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The MC9S12ZVL-Family is a general-purpose family of devices suitable for a wide range of applications.
The MC9S12ZVL-Family is targeted at generic automotive applications requiring LIN connectivity.
Typical examples of these applications include switch panels and body endpoints for sensors.

1.2 Features

This section describes the key features of the MC9S12ZVL-Family.

1.2.1

MC9S12ZVL-Family Member Comparison

Table 1-2 provides a summary of main features within the MC9S12ZVL-Family.
Table 1-2. MC9S12ZVL-Family Comparison

o X © @ <+ 3 o~ © N ©
ST 22|82 | 9 < o » n
RS |NRQ |NQ | N N N 2 2
Feature NN N N o o s N N
22 (32 128218 | 8|3 | 8 | 2
08 | €0 | g9 g g s 0 0
== = = = =
Flash memory (ECC) [KB] 128 96 64 32 16 8 32 16
EEPROM (ECC) [Byte] 2048 1024 128 128
RAM (ECC) [Byte] 8192 4096 | 1024 | 1024 512 1024
max bus clock 32 MHz 32 MHz 32 MHz
HVI 1 1 1
LIN Physical layer 1 1 1
Vrreg current capability(")
- 70 mA (VDDX) yes yes yes
- 170 mA ballast option (BCTL) yes yes yes
- tolerance 3% /2% 3% 3%
- 3.3V VDDX support, see also: yes no no
9.3.2.27, “Voltage Regulator Control Register
(CPMUVREGCTL)
ASIL SEooC target A A A
Package 48-pin / 32-pin LQFP / 48-pin / 32-pin LQFP 32-pin QFN-EP
32-pin QFN-EP
Operating Ambient Temperature (T,) C=-40°C to 85°C C=-40°C to 85°C C=-40°C to 85°C
V=-40°C to 105°C V=-40°C to 105°C V=-40°C to 105°C
M=-40°C to 125°C M=-40°C to 125°C M=-40°C to 125°C
W=-40 °C to 150°C® W=-40 °C to 150°C
ADC channels
-10-bit 10 /6 10® /6 6
-12-bit 10 / 6(2) - -
PWM 8 16 bit Channels 8 Channel 8 Channel
(up to 4 16 bit) (up to 4 16 bit)
DAC 14)Q) - -

MC912ZVL Family Reference Manual, Rev. 2.48

24

NXP Semiconductors




Device Overview MC9S12ZVL-Family

Table 1-2. MC9S12ZVL-Family Comparison

o X © @ . ~ © I ©
N [<}] © - © © -
S35 |33 (232 |2 |3 2 2
RS | N ] | NR N N ~ R R
Feature o N 4N 4N a o - ~ N
SN sS e |l e | 2 | @ = S
Ra |22 |22 | @ b & 2 A
03 | o | Q0 e e s o o
=2 |25 |22 | = = = =
PGAS 1@ - -
ACMP 1) - -
Timer 6 + 2 channel 6 + 2 channel 6 + 2 channel
scié 2 2 2
SPI 1 1 1
|[e3 1 1 1
MSCAN 1 - -
max SRAM_ECC access width 4 Byte 2 Byte 2 Byte
Supported ADC option bits yes no no
General purpose /0 343719 344) /19 18
- pin to support 25 mA driver strength to VSSX 38 /1 30 /1 3
- pin to support 20 mA driver strength from VDDX 1 1 1
(EVDD)
Interrupt capable pins’ 5V / 12V 2207161/ 1 22716/ 1 14 /1
' total current capability for MCU and MCU - external loads (on same PCB - board)
2 MC9S12ZVLA device only
3 available in 48-pin packages only
4 to internally feed the ACMP or bonded out in 48-LQFP
5 only 5V operation mode supported
6 one SClI routed to the LINPHY
7 IRQ / XIRQ and KWx pins
After power up, the MC9S12ZVL(A)128/96/64 devices starts in 3.3V VDDX
mode. Then is possible to switch to the 5.0V VDDX behavior. For more details
see the “Clock, Reset and Power Management Unit” section, 9.3.2.27, “Voltage
Regulator Control Register (CPMUVREGCTL)
1.3  Chip-Level Features
On-chip modules available within the family include the following features:
e« S127 CPU core
* 128,96, 64, 32, 16 or 8 KB on-chip flash with ECC
o 2048, 1024, 128 byte EEPROM with ECC
o 8192, 4096, 1024 or 512 byte on-chip SRAM with ECC
MC912ZVL Family Reference Manual, Rev. 2.48
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* Phase locked loop (IPLL) frequency multiplier with internal filter

* 1 MHz internal RC oscillator with +/-1.3% accuracy over rated temperature range
*  4-20 MHz amplitude controlled pierce oscillator

* Internal COP (watchdog) module

» analog-to-digital converter (ADC) with 10 -bit or 12 -bit resolution and up to 10 channels available
on external pins and Vy,, (bandgap) result reference

*  PGA module with two input channels

* One 8-bit 5V digital-to-analog converter (DAC)

*  One analog comparators (ACMP) with rail-to-rail inputs

+  MSCAN (1 Mbit/s, CAN 2.0 A, B software compatible) module
*  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)

» Up to one additional SCI (not connected to LIN physical layer)

*  One on-chip LIN physical layer transceiver fully compliant with the LIN 2.2 standard
* 6-channel timer module (TIMO) with input capture/output compare

* 2-channel timer module (TIM1) with input capture/output compare

e Inter-IC (IIC) module

» 8-channel Pulse Width Modulation module (PWM)

*  On-chip voltage regulator (VREG) for regulation of input supply and all internal voltages
* Autonomous periodic interrupt (API), supports cyclic wakeup from Stop mode

* Pins to support 25 mA drive strength to VSSX

» Pin to support 20 mA drive strength from VDDX (EVDD)

* High Voltage Input (HVI)

* Supply voltage sense with low battery warning

*  On-chip temperature sensor, temperature value can be measured with ADC or can generate a high
temperature warning

» Up to 23 pins can be used as keyboard wake-up interrupt (KWI)

14 Module Features

The following sections provide more details of the integrated modules.

1.4.1 S$12Z Central Processor Unit (CPU)

The S127 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

MC912ZVL Family Reference Manual, Rev. 2.48
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32-Bit wide instruction and databus

32-Bit ALU

24-bit addressing (16 MByte 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

Unprogrammed byte value (0xFF) defaults to SWI instruction

1411 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)

Three comparators (A, B and D)

— Comparator A compares the full address bus and full 32-bit data bus

— Comparators B and D compare the full address bus only

— Each comparator can be configured to monitor PC addresses or addresses of data accesses
— Each comparator can select either read or write access cycles

— Comparator matches can force state sequencer state transitions

Three comparator modes

— Simple address/data comparator match mode

— Inside address range mode, Addmin < Address < Addmax

— Outside address range match mode, Address < Addmin or Address > Addmax
State sequencer control

— State transitions forced by comparator matches

— State transitions forced by software write to TRIG

— State transitions forced by an external event

The following types of breakpoints

— CPU breakpoint entering active BDM on breakpoint (BDM)

— CPU breakpoint executing SWI on breakpoint (SWI)

MC912ZVL Family Reference Manual, Rev. 2.48
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1.4.2

Embedded Memory

1.4.21 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 MC9S12ZVL-Family

Up to 128 KB of program flash memory
— Automated program and erase algorithm
— Protection scheme to prevent accidental program or erase

1.4.2.3 EEPROM

Up to 2048 bytes 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

1.4.2.4 SRAM

1.4.3

Up to 8 KB of general-purpose RAM with ECC
— Single bit error correction and double bit error detection code based on 16-bit data words

Clocks, Reset & Power Management Unit (CPMU)

Real time interrupt (RTTI)

Clock monitor, supervising the correct function of the oscillator (CM)

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.
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— Pseudo STOP - system clocks are stopped but the oscillator the RTI, the COP, and API modules

can be enabled

— STOP - the oscillator is stopped in this mode, all clocks are switched off and all counters and

1.4.3.1

dividers remain frozen, with the exception of the COP and API which can optionally run from
ACLK.

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:

— Internal 1 MHz RC oscillator (IRC)
— External 4-16MHz crystal oscillator/resonator

1.4.3.2 Internal RC Oscillator (IRC)

1.4.4

1 MHz internal RC oscillator with +/-1.3% accuracy over rated temperature range

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

— Transconductance sized for optimum start-up margin for typical crystals

— Oscillator pins shared with GPIO functionality

1.4.5

Timer (TIMO and TIM1)

* two independent timer modules with own 16-bit free-running counter and with 8-bit precision
prescaler

— 6 x 16-bit channels Timer module (TIMO) for input capture or output compare
— 2 x 16-bit channels Timer module (TIM1) for input capture or output compare
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1.4.6 Pulse Width Modulation Module (PWMO0 and PMW1)

» Up to eight channel x 8-bit or up to four channel x 16-bit pulse width modulator
— Programmable period and duty cycle per channel
— Center-aligned or left-aligned outputs
— Programmable clock select logic with a wide range of frequencies

1.4.7 Inter-IC Module (lIC)

*  Multi-master operation

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

* 10-bit address support

1.4.8 LIN physical layer transceiver

* 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 34k€Q/330kQ pull-ups

»  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

1.4.9 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
* Baud rate generator by a 16-bit divider from the bus clock

* Programmable character length

* Programmable polarity for transmitter and receiver

* Active edge receive wakeup

* Break detect and transmit collision detect supporting LIN

MC912ZVL Family Reference Manual, Rev. 2.48

30 NXP Semiconductors



Device Overview MC9S12ZVL-Family

1.4.10 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

1.4.11 Multi-Scalable Controller Area Network (MSCAN)

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

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

» Programmable wake-up functionality with integrated low-pass filter

1.4.12 Analog-to-Digital Converter Module (ADC)

» 10-bit or 12-bit resolution

» Up to 10 external channels & 8 internal channels

* 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

External pins can also be used as digital I/O

1.4.13 Digital-to-Analog Converter Module (DAC)

» 8-bit resolution
» Buffered analog output voltage usable
» Operational amplifier stand alone usable

1.4.14 Analog Comparator Module (ACMP)

* 0V to VDDA supply rail-to-rail inputs
* Low offset
» Up to 4 inputs selectable as inverting and non-inverting comparator inputs:
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— 2 low-impedance inputs with selectable low pass filter for external pins

— 2 high-impedance inputs with fixed filter for SoC-internal signals

Selectable hysteresis

Selectable interrupt on rising edge, falling edge, or rising and falling edges of comparator output
Option to output comparator signal on an external pin with selectable polarity

Support for triggering timer input capture events

Operational over supply range from 3.3V-5% to 5V+10%

1.4.15 Programmable Gain Amplifier (PGA)

Amplification of analog input signal with selectable gain of 10x, 20x, 40x, 80x and offset
compensation

Amplifier output connected to ADC
Amplifier signal reference voltage selectable from DAC, VDDA/2 or input pin

1.4.16 Supply Voltage Sensor (BATS)

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

1.4.17 On-Chip Voltage Regulator system (VREG)

Voltage regulator

— Linear voltage regulator directly supplied by VSUP
— Supports 3.3V or 5V VDDX

— Low-voltage detect on VSUP

— Power-on reset (POR)

— Low-voltage reset (LVR) for VDDX domain

— External ballast device support to extend current capability and 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

— Low-voltage detect on VDDA

— Power-on reset (POR) circuit

— Low-voltage reset for VDD domain
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1.5 Block Diagram
ADC VRH j€¢———
VRL |——
Flash with ECC 10-bit / 12-bit VDDA |[«—
up o 128K bytes Analog-Digital Converter VSSA |[«—
AN[9:0] |
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DAC Ul e
AMPP (1= | < paD[9:0y
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PGA PGA_INO ||~
INT Programmable ~ PGA_IN1 |I
Interrupt Module Gain Amplifier PGA_REF1 ||
BDC DBG [ ]
BKGD = Bagkgr%und " Debug Module PWMO / PWM1 N
ebug Controller PWM[7:0] |—> E |« > PP[7:0]/
8-bit 8-Channel KWP[7:0]
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PEQ <> XTAL —
o [ oo [LOETENEE 1 1o
scillator >
PET =~ XTAL Auton. Periodic Int. B Pt
PLL with Frequency Inter IC IF SCL [=>
Modulation option Internal RC Oscillator i
1 —
RESET <>| Reset Generation —
TEST — and Test Entry SPI0 MISOO0 f :
MOSIO =12 ps3.ay
VSUP —» SCKO |=> T
SRQ == KWS[3:0]
VSS — Synchronous Serial IF SS0 [
VDDX ] Voltage Regulator ||
VSSX[2:1] < (Nominal 12V) —
BCTL < TIMO
BATS 10CO0[5:0] |=>
Volt Supply Monit 16-bit 6-Channel
oltage Supply Monitor Timer
High Voltage Input | |TIM1
PL[O)/ P HVIO 10C1[1:0] > E [<>PTr7:0)
0] [ :
KWLIO] 0 16-bit 2-Channel
Timer
CANO SCH
— »| RXCANO RXD1 <>
<—{ TXCANO TXD1 | ¢ »
Asynchronous Serial IF
SCI0 LINPHYO
RXDO j=—] LIN [«—>LIN
TXDO |—> LGND |«——LGND
Asynchronous Serial IF

Block Diagram shows the maximum configuration
Not all pins or all peripherals are available on all devices and packages.
Rerouting options are not shown.

Figure 1-1. MC9S12ZVL-Family Block Diagram
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1.6

Device Memory Map

Table 1-3 shows the device register memory map. All modules that can be instantiated more than once on
S12 devices are listed with an index number, even if they are only instantiated once on this device family.

Table 1-3. Module Register Address Ranges

Address Module (BsyitZ:s)

0x0000-0x0003 | PartID Register Section 1.6.1, “Part ID Assignments 4
0x0004—-0x000F Reserved 12
0x0010-0x001F INT 16
0x0020-0x006F Reserved 80
0x0070-0x008F MMC 32
0x0090-0x00FF MMC Reserved 112
0x0100-0x017F DBG 128
0x0180-0x01FF Reserved 128
0x0200-0x037F PIM 384
0x0380-0x039F FTMRZ 32
0x03A0-0x03BF Reserved 32
0x03C0-0x03CF RAM ECC 16
0x03D0-0x03FF Reserved 48
0x0400-0x042F TIM1 48
0x0430-0x047F Reserved 80
0x0480-0x04AF PWMO 48
0x04B0-0x04FF Reserved' 80
0x0500-0x052F PWM1 48
0x0530-0x05BF Reserved' 144
0x05C0—-0x05EF TIMO 48
0x05F0—-0x05FF Reserved 16
0x0600-0x063F ADC 64
0x0640-0x067F Reserved 64
0x0680-0x0687 DAC 8
0x0688—-0x068F Reserved 8
0x0690-0x0697 ACMP 8
0x0698—-0x06BF Reserved 40
0x06C0—-0x06DF CPMU 32
0x06E0-0x06EF Reserved 16
0x06F0-0x06F7 BATS 8
0x06F8-0x06FF Reserved 8
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Table 1-3. Module Register Address Ranges

Address Module (BSyi tz:s)
0x0700-0x0707 SCIo 8
0x0708-0x070F Reserved 8
0x0710-0x0717 SCI 8
0x0718-0x077F Reserved 104
0x0780-0x0787 SPIO 8
0x0788-0x07BF Reserved 56
0x07C0-0x07C7 lIco 8
0x07C8-0x07FF Reserved 56
0x0800-0x083F CANO 64
0x0840-0x097F Reserved 320
0x0980-0x0987 LINPHYO 8
0x0988-0x0B3F Reserved 440
0x0B40-0x0B47 PGA 8
0x0B48—0x0FFF Reserved 1208

Reading from the first 16 locations in this range returns undefined data

NOTE

Reserved register space shown above is not allocated to any module. This
register space is reserved for future use. Writing to these locations has no
effect. Read access to these locations returns zero.
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Register Space
e
X
Il RAM -
max. 1 MByte - 4 KByte
0x10_0000
l EEPROM
max. 1 MByte - 48 KByte
v Reserved 512 Byte} Ox1F_4000
v Reserved (read only) s keyte} Ox1F_8000
v NVM IFR 256Byte} Ox1F_CO000
0x20_0000
Unmapped
6 MByte
0x80_0000

Program NVM
max. 8 MByte

O Unmapped
address range

iLow address aligned

THigh address aligned

OXFF_FFFF

Figure 1-2, MC9S12ZVL-Family Global Memory Map. (See Table 1-2 for individual device details)
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1.6.1 Part ID Assignments

The part ID is located in four 8-bit registers at addresses 0x0000-0x0003. The read-only value is a unique
part ID for each revision of the chip. Table 1-4 shows the assigned part ID number and mask set number.
Table 1-4. Assigned Part ID Numbers

Device Mask Set Number Part ID
MC9S122VL32 N22G 0x04150000
MC9S12ZVL16 N22G 0x04150000

MC9S122VL8 N22G 0x04150000
MC9S12ZVLS32 N22G 0x04150000
MC9S12ZVLS16 N22G 0x04150000

MC9S12ZVL64 N37P 0x04170000
MC9S12ZVL96 N37P 0x04170000
MC9S12ZVL128 N37P 0x04170000
MC9S12ZVLAG4 N37P 0x04170000
MC9S12ZVLA96 N37P 0x04170000
MC9S12ZVLA128 N37P 0x04170000

1.7  Signal Description and Device Pinouts

This section describes signals that connect off-chip. It includes pin out diagrams a table of signal
properties, and detailed discussion of signals. Internal inter module signal mapping at device level is
described in 1.9 Internal Signal Mapping.

1.71 Pin Assignment Overview

Table 1-5 provides a summary of which ports are available for 48-pin and 32-pin package option.

Table 1-5. Port availability by Package Option

MC9S12ZVL / MC9S12ZVLA MC9S12ZVLS
Port 48-pin LQFP 32-pin LQFP / QFN-EP 32-pin QFN-EP
Port AD PADI9:0] PAD[5:0] PADI5:0]
Port E PE[1:0] PE[1:0] PE[1:0]
Port L (HVI) PLO PLO PLO
Port J PJ[1:0] - -
Port P PP[7:0] PP[7,5,3,1] PP[7,5,3,1]
Port S PS[3:0] PS[3:0] PS[3:0]
Port T PT[7:0] PT[2:0] PT[1:0]
sum of ports 35 20 19
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To avoid current drawn from floating inputs, all non-bonded pins should be
configured as output or configured as input with a pull up or pull down
device enabled

1.7.2 Detailed External Signal Descriptions

This section describes the properties of signals available at device pins. Signal names associated with
modules that can be instantiated more than once on an S12 are indexed, even if the module is only
instantiated once on the MC9S12ZVL-Family. If a signal already includes a channel number, then the
index is inserted before the channel number. Thus ANXx_y corresponds to AN instance X, channel number

y.

1.7.21 RESET — External Reset Signal

The RESET signal is an active low bidirectional control signal. It acts as an input to initialize the MCU to
a known start-up state, and an output when an internal MCU function causes a reset. The RESET pin has
an internal pull-up device.

1.7.2.2 TEST — Test Pin
This input only pin is reserved for factory test. This pin has an internal pull-down device.

NOTE
The TEST pin must be tied to ground in all applications.

1.7.2.3 MODC — Mode C Signal

The MODC signal is used as a MCU operating mode select during reset. The state of this signal is latched
to the MODC bit at the rising edge of RESET. Out of reset the pull-up device is enabled.

1.7.2.4  PAD[9:0] / KWAD[9:0] — Port AD, Input Pins of ADC

PAD[9:0] are general-purpose input or output signals. The signals can be configured on per signal basis as
interrupt inputs with wake-up capability (KWAD[9:0]). These signals can have a pull-up or pull-down
device selected and enabled on per signal basis. During and out of reset the pull devices are disabled.
1.7.2.5 PE[1:0] — Port E I/O Signals

PE[1:0] are general-purpose input or output signals. The signals can have a pull-down device, enabled by
on a per pin basis. Out of reset the pull-down devices are enabled.

1.7.2.6 PLO — Port L Input Signal

PLO is the high voltage input port. The signal can be configured as interrupt input with wake-up capability
(KWLJ0]).The pin voltage is divided and mapped to an ADC channel.
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1.7.2.7 PJ[1:0] — Port P 1/O Signals

PJ[1:0] are general-purpose input or output signals. They can have a pull-up or pull-down device selected
and enabled on per signal basis. During and out of reset the pull devices are enabled.

1.7.2.8  PP[7:0] / KWP[7:0] — Port P I/O Signals

PP[7:0] are general-purpose input or output signals. The signals can be configured on per signal basis as
interrupt inputs with wake-up capability (KWP[7:0]). They can have a pull-up or pull-down device
selected and enabled on per signal basis. During and out of reset the pull devices are disabled.

1.7.2.9  PS[3:0] / KWS[3:0] — Port S I/O Signals

PS[3:0] are general-purpose input or output signals. The signals can be configured on per signal basis as
interrupt inputs with wake-up capability (KWS[3:0]). They can have a pull-up or pull-down device
selected and enabled on per signal basis. During and out of reset the pull-up devices are enabled.

1.7.210 PT[7:0] — Port T I/O Signals

PT[7:0] are general-purpose input or output signals. They can have a pull-up or pull-down device selected
and enabled on per signal basis. During and out of reset the pull devices are disabled.

1.7.2.11  ANO[9:0] — ADC Input Signals

These are the analog inputs of the Analog-to-Digital Converters. ADC has 10 analog input channels
connected to PAD port pins.

1.7.212 ACMP Signals

1.7.2121 ACMP_0/ACMP_1 — Analog Comparator Inputs
ACMP_0 and ACMP _1 are the inputs of the analog comparator ACMP.
1.7.212.2 ACMPO — Analog Comparator Output

ACMPO is the outputs of the analog comparators.

1.7.213 DAC Signals

1.7.2.13.1 AMP Output Pin

This analog pin is used for the buffered analog output voltage from the operational amplifier outputs,
when the according mode is selected in DACCTL register bits DACM[2:0].

1.7.213.2 AMPP Input Pin

This analog input pin is used as input signal for the operational amplifier positive input pins when the
according mode is selected in DACCTL register bits DACM][2:0].
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1.7.2.13.3 AMPM Input Pin

This analog input pin is used as input signal for the operational amplifiers negative input pin when the
according mode is selected in DACCTL register bits DACM][2:0].

1.7.214 PGA Signals
1.7.2.141 PGA_INO / PGA_IN1 — Programmable Gain Amplifier Inputs
PGA_INO and PGA_IN1 are the inputs of the Programmable Gain Amplifier.

1.7.2.14.2 PGA_REF1 — Programmable Gain Amplifier Reference Inputs
PGA_REF1 is the reference voltage the input of the Programmable Gain Amplifier.

1.7.215 VRH, VRL — ADC Reference Signals

VRH and VRL are the reference voltage input pins for the analog-to-digital converter.

1.7.2.16  SPIO Signals

1.7.2.16.1  SSO Signal

This signal is associated with the slave select SS functionality of the serial peripheral interface SPIO0.

1.7.2.16.2 SCKO Signal

This signal is associated with the serial clock SCK functionality of the serial peripheral interface SPI0.

1.7.2.16.3 MISOO Signal

This signal is associated with the MISO functionality of the serial peripheral interface SPI0. This signal
acts as master input during master mode or as slave output during slave mode.

1.7.2.16.4 MOSIO Signal

This signal is associated with the MOSI functionality of the serial peripheral interface SPI0. This signal
acts as master output during master mode or as slave input during slave mode

1.7.2.17 SCI[1:0] Signals

1.7.2.17.1 RXDI[1:0] Signals

These signals are associated with the receive functionality of the serial communication interfaces
(SCI[1:0]).
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1.7.217.2  TXD[1:0] Signals

These signals are associated with the transmit functionality of the serial communication interfaces
(SCI[1:0]).

1.7.2.18 1ICO Signals

1.7.2181 SCLO
This signal is associated with the SCL functionality of the [ICO module.

1.7.2.18.2 SDAO
This signal is associated with the SDA functionality of the IICO module.

1.7.219 Timer0 I0CO[5:0] Signals

The signals IOCO0[5:0] are associated with the input capture or output compare functionality of the timer
(TIMO) module.

1.7.2.20 Timer1 IOC1[1:0] Signals

The signals IOC1[1:0] are associated with the input capture or output compare functionality of the timer
(TIM1) module.

1.7.2.21 PWM]J7:0] Signals
The signals PWM]7:0] are associated with the PWM module digital channel outputs.

1.7.2.22 Interrupt Signals — IRQ and XIRQ

IRQ is a maskable level or falling edge sensitive input. XIRQ is a non-maskable level-sensitive interrupt.

1.7.2.23 Oscillator and Clock Signals

1.7.2.23.1  Oscillator Signals — EXTAL and XTAL

EXTAL and XTAL are the crystal driver and external clock pins. On reset all the device clocks are derived
from the internal PLLCLK, independent of EXTAL and XTAL. XTAL is the oscillator output. The EXTAL
and XTAL signals are associated with PE[1:0].

1.7.2.23.2 ECLK

This signal is associated with the output of the bus clock (ECLK).

NOTE

This feature is only intended for debug purposes at room temperature.
It must not be used for clocking external devices in an application.
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1.7.2.24 BDC and Debug Signals

1.7.2.241 BKGD — Background Debug signal

The BKGD signal is used as a pseudo-open-drain signal for the background debug communication. The
BKGD signal has an internal pull-up device.

1.7.2.24.2 DBGEEV — External Event Input

This signal is the DBG external event input. It is input only. Within the DBG module, it allows an external
event to force a state sequencer transition. A falling edge at the external event signal constitutes an event.
Rising edges have no effect. The maximum frequency of events is half the internal core bus frequency.

1.7.2.25 CANO Signals

1.7.2.25.1 RXCANO Signal

This signal is associated with the receive functionality of the scalable controller area network controller
(MSCANO).

1.7.2.25.2  TXCANO Signal

This signal is associated with the transmit functionality of the scalable controller area network controller
(MSCANO).

1.7.2.26 LIN Physical Layer Signals

1.7.2.26.1 LIN
This pad is connected to the single-wire LIN data bus.

1.7.2.26.2 LPTXD
This is the LIN physical layer transmitter input signal.

1.7.2.26.3 LPRXD
This is the LIN physical layer receiver output signal.

1.7.2.26.4 LPDR1
This is the LIN LPODRI1 register bit, visible at the designated pin for debug purposes.

1.7.2.27 BCTL

BCTL is the ballast connection for the on chip voltage regulator. It provides the base current of an external
PNP transistor of the VDDX and VDDA supplies.
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1.7.3 Power Supply Pins

The power and ground pins are described below. Because fast signal transitions place high, short-duration
current demands on the power supply, use bypass capacitors with high-frequency characteristics and place
them as close to the MCU as possible.

NOTE
All ground pins must be connected together in the application.

1.7.3.1 VDDX, VSSX1, VSSX2 — Digital 1/0 Power and Ground Pins

VDDX is the voltage regulator output to supply the digital I/O drivers.It supplies the VDDX domain pads.
The VSSX1and VSSX2 pin are the ground pin for the digital I/O drivers.

Bypass requirements on VDDX, VSSX2 depend on how heavily the MCU pins are loaded.

1.7.3.2 VDDA, VSSA — Power Supply Pins for ADC

These are the power supply and ground pins for the analog-to-digital converter and the voltage regulator.
These pins must be externally connected to the voltage regulator (VDDX, VSSX). A separate bypass
capacitor for the ADC supply is recommended.

1.7.3.3 VSS — Core Ground Pin
The voltage supply of nominally 1.8V is generated by the internal voltage regulator. The return current
path is through the VSS pin.

1.7.3.4 LGND — LINPHY Ground Pin

LGND is the ground pin for the LIN physical layer LINPHY. This pin must be connected to board ground,
even if the LINPHY is not used.

1.7.3.5 VSUP — Voltage Supply Pin for Voltage Regulator

VSUP is the 12V/18V supply voltage pin for the on chip voltage regulator. This is the voltage supply input
from which the voltage regulator generates the on chip voltage supplies. It must be protected externally
against a reverse battery connection.

1.8 Device Pinouts

MC9S12ZVL-Family is available in 48-pin package and 32-pin package. Signals in parentheses in
Figure 1-3 to Figure 1-5 denote alternative module routing options.

The exposed pad must be connected to a grounded contact pad on the PCB. The exposed pad has an
electrical connection within the package to VSSFLAG (VSSX die connection).
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Table 1-6. Pin Summary

LQFP / Q . Internal Pull
2 F Function :
QFN 1 Resistor
N Power
Supply
. 1st 2nd 3rd 4th 5th 6th Reset
48 | 32| 32 Pin Func. Func. Func. Func. Func. Func. CTRL State
1 1 1 VSUP - - - - - - Vgup - -
2 2 2 PLO HVIO KWLO — — — — Vopx — —
3 3 3 PEO ETRIGO EXTAL — — — — Vpox PERE/ Down
PPSE
4 4 4 PE1 XTAL — — — — — Vobpx PERE/ Down
PPSE
5 | — | — PAD9 KWAD9 AN9 - - - - Vbpa PERADH/ Off
PPSADH
6 | — | — PADS KWADS8 AN8 AMPM? - - - Vbpa PERADH/ Off
PPSADH
7 | — | — PAD7 KWAD7 AN7 AMPP®) — — — Vbpa PERADL/ off
PPSADL
8 | — | — PAD6 KWAD6 AN6 AMP®) — — — VoA PERADL/ off
PPSADL
9 5 5 PAD5 KWADS ETRIGO AN5 — — — Vopa PERADL/ Off
PPSADL
10 | 6 6 PAD4 KWAD4 AN4 ACMP_1®? — — — Vopa PERADL/ Off
PPSADL
1 7 7 PAD3 KWAD3 AN3 PGA_IN1? — — — Vopa PERADL/ Off
7 PPSADL
12 | 8 8 PAD2 KWAD2 AN2 PGA_INO® - - - Vbpa PERADL/ Off
7 PPSADL
13 | 9 9 PAD1 KWAD1 AN1 VRL® PGA_REF — — Vopa PERADL/ Off
12 PPSADL
14 | 10 | 10 VSSA — — — — — — — — —
15 | 11 | 1 VDDA — — — — — — Vopa — —
16 | 12 | 12 PADO KWADO ANO VRH ACMP_0 — — VoA PERADL/ Off
PPSADL
17 | — | — PT6 10C1_0 — — — — — Vpox PERT/ Off
PPST
18 | — | — PP6 KWPI6] ETRIGO PWM6 — — — Vpox PERP/ Off
PPSP
19 | — | — PT4 10C0_4 RXD1 — — — — Vopx PERT/ off
PPST
20 | — | — PT5 10C0_5 TXD1 — — — — Vopx PERT/ off
PPST
21 | 13 | 13 TEST - - - - - - - RESET Down
22 | 14 | 14 PTO 10C0_0 SDAO RXD1 PWM2 LPTXDO - Vbox PERT/ off
PPST
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Table 1-6. Pin Summary

LQFP/ Q . Internal Pull
2 F Function ‘
QFN 1 Resistor
N Power
Supply
. 1st 2nd 3rd 4th 5th 6th Reset
48 | 32| 32 Pin Func. Func. Func. Func. Func. Func. CTRL State

23 [ 15 | 15 BCTL - - - - - - - - -

24 | 16 | 186 LIN - - - - - - - - -

25 | 17 | 17 LGND - - - - - - LGND - -

26 | 18 | 18 BKGD MODC - - - - - Vppx Up

27 | 19 | 19 PT1 10C0_1 SCLO TXD1 PWMO LPRXDO — Vpox PERT/ Off
PPST

28 | 20 | 20 PSO KWS0 MISO0 PWM4 RXDO 10C0_2 RXCANO* Vppx PERS/ Up
PPSS

29 [ — | — PT7 10C1_1 - - - - - Vbox PERT/ Off
PPST

3 | — | — PPO KWPO PWMO - — — — Vbpx PERP/ Off
PPSP

31 | — | — PP2 KWP2 PWM2 - - - - Vibox PERP/ Off
PPSP

2 | - | — PP4 KWP4 PWM4 - - - - Vpbx PERP/ Off
PPSP

33 | 21 | 21 PS1 KWS1 MOSIO PWM6 TXDO 10C0_3 — Vpox PERS/ Up
LPDCO PPSS

34 | 22 | 22 PS2 KWS2 SCKo 10C0_4 DBGEEV | TXCANO® — Voox PERS/ Up
PPSS

35 | 23 | 23 PS3 KWS3 SSo 10C0_5 ECLK — — Voox PERS/ Up
PPSS

36 | 24 | 24 | RESET - - - - - - Vppx TEST pin Up

37 | 25 | 25 PP3% iRQ KWP3 PWM3 — — — Vbpx PERP/ Off
PPSP

38 | — | 26 | vssx2 - - - - - - Vpbox - -

39 | 26 | 27 pp5®) XIRQ KWP5 PWMS5 — — — Vopx PERP/ Off
PPSP

40 | 27 | — PT2 10C0_2 ACMPO®) — — — — Vpox PERT/ off
PPST

4 | — | = PJO SDAO PWM5 RXCANO“ — — — Voox PERTJ/ Up
) PPSJ

2 | — | — PJ1 SCLO PWM7 TXCANO®) - - - e PERJ/ Up
PPSJ

43 | — | — PT3 10C0_3 — — — — — Vpox PERT/ Off
PPST

44 | 28 | 28 PP7® KWP7 PWM7 10C1_0 — — — Vpbx PERP/ Off
PPSP

45 | 29 | 290 | VDDX - - - - - - Vpbox - -

46 | 30 | 30 [ VvsSSX1 - - - - - - Vgsx — —
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Table 1-6. Pin Summary

Q
LQFP / . Internal Pull
QFN®) F1 Function Resistor
N Power
Supply
. 1st 2nd 3rd 4th 5th 6th Reset
48 | 32 | &2 Pin Func. Func. Func. Func. Func. Func. CTRL State
47 | 31 31 PP17 KWP1 PWM1 10C1_1 - - - Vpox PERP/ Off
PPSP
48 | 32 | 32 Vss — — — — — — — — —

N oo oA WN -

MC9S12ZVLS devices only

MC9S12ZVLA devices only

MC9S12Z2VL(S)32/16/8 devices only

MC9S12ZVL(A)128/96/64 devices only

25 mA driver strength to VSSX, only available on MC9S12ZVL (A) 48-pin package and MC9S12ZVLS devices
20 mA driver strength from VDDX (EVDD)

25 mA driver strength to VSSX

1.9 Internal Signal Mapping

This section specifies the mapping of inter-module signals at device level.

1.9.1 ADC Connectivity

1.9.1.1 ADC Reference Voltages on S12ZVL(A)128/96/48 devices

ADC reference Voltage signal VRH 1 is mapped to VDDA;VRH_0 is mapped to PADO; VRL 1 and
VRL_0 are mapped to VSSA.

1.9.1.2 ADC Reference Voltages on $S12ZVL(S)32/16/8 devices

ADC reference Voltage signal VRH 1 is mapped to VDDA;VRH_0 is mapped to PADO; VRL 1 is
mapped to VSSA and VRL_0 is mapped to PAD1.

1.9.1.3 ADC External Trigger Input Connection

The ADC module includes one external trigger input ETRIGO. The external trigger allows the user to
synchronize ADC conversion to external trigger events.

1.9.1.4  ADC Internal Channels
The ADC internal channel mapping is shown in Table 1-7.
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Table 1-7. Usage of ADC Internal Channels

ADCCMD_1 CH_SEL[5:0] ADC Channel Usage
1 0 0 0 Internal_0 ADC temperature sensor’
0 0 1 0 0 1 Internal_1 Bandgap Voltage VBG or Chip temperature sensor VHT,
see CPMU temperature sensor Temperature Control
Register (CPMUHTCTL)
0 0 1 1 0 0 Internal_4 BATS Vgyp sense voltage
0 0 1 1 0 1 Internal_5 High Voltage input Port LO
0 0 1 1 1 1 Internal_7 PGA_OUT voltage

' The ADC internal temperature sensors must be calibrated by the user. No electrical parameters are
specified for these sensors. The VREG temperature sensor electrical parameters are given in the
appendices.

1.9.2 BDC Clock Source Connectivity
The BDC clock, BDCCLK, is mapped to the IRCCLK generated in the CPMU module.
The BDC clock, BDCFCLK is mapped to the device bus clock, generated in the CPMU module.

1.9.3 FTMRZ Connectivity

The soc_erase all req input to the flash module is driven directly by a BDC erase flash request resulting
from the BDC ERASE_FLASH command.

1.9.4 CPMU Connectivity
The API clock generated in the CPMU is not mapped to a device pin in the MC9S12ZVL-Family.

1.9.5 LINPHY Connectivity
The VLINSUP supply is internally connected to the device VSUP pin.

1.9.6 MC9S12ZVLA analog module Connectivity

1.9.6.1 ACMP - PGA - DAC - ADC Connectivity

Figure 1-6 shows the ACMP - PGA - DAC - ADC connectivity. The DAC and ADC VRH/VRL
connections are not visible. The connection from the DAC AMP port via the PADG6 to the PGA is available
even if the PADG6 is not available on the 32 pin packages. Therefore is possible to use the DAC as reference
Voltage generation for the PGA in a 32 pin packages device.
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PAD7 [X MMPP AMP | —»[X] PAD6
PAD8 [X] MPM  DACI
DAC
TIMO
10C2
»lacmpi_1
»lacmpi_0
ACMPO X PT2
ACO
PADO [X] ACMP_0
PAD4 [X ACMP_1
ACMP
Sy
»PGA_REFO
PAD1 [X] »PGA_REF1 Trigg;;r
PGA_OUT p Internal_7
PAD2 [X »PGA_INO ADC
PAD3 [X PGA_IN1
PGA

Figure 1-6. MC9S12ZVLA ACMP - PGA - DAC - ADC Connectivity

On the MC9S12ZVLA device follow ADC option bit decoding is used.

Table 1-8. ADC option bit decoding

ADC option bit OPT[1:0] PGA input source selection
2’b00 no input selected
2’b01 PGA_INO is used as input voltage
2'b10 PGA_IN1 is used as input voltage
other Reserved
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1.9.6.2 DAC Connectivity
DAC reference Voltage signal VRH is mapped to VDDA and VRL is mapped to VSSA. The DACU pin

is not connected on the MC9S12ZVLA device.

1.9.7 PWM channel mapping

The table below shows the mapping of the available PWM module channels to the PIM module.

1.9.71 PWM channel mapping for MC9S12ZVL(S)32/16/8
See below the PWMO channel mapping for MC9S12ZVL(S)32/16/8 devices.

PWMO

PWMO,
PWMO,
PWMO,
PWMO,
PWMO,
PWMO,
PWMO,
PWMO,

channel 0
channel 1
channel 2
channel 3
channel 4
channel 5
channel 6
channel 7

Figure 1-7. PWM Channel mapping MC9S12ZVL(S)32/16/8

1.9.7.2 PWM channel mapping for MC9S12ZVL(A)128/96/64

PWM option 0
PWM option 1
PWM option 2
PWM option 3
PWM option 4
PWM option 5
PWM option 6
PWM option 7

PIM

U100 T

See below the PWMO0 and PWMI1 channel mapping for MC9S12ZVL(A)128/96/64 devices.
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PWMO, channel 0 PWM option 0
PWMO, channel 1 PWM option 1
PWMO, channel 2 PWM option 2 P
PWMO, channel 3 PWM option 3 0
PWMO, channel 4 PWM option 4 R
PWMO, channel 5 PWM option 5 — T
PWMO, channel 6 PWM option 6 p
PWMO, channel 7 PWM option 7

PWMO PIM
PWM1, channel 0
PWM1, channel 1 -

PWM1, channel 2
PWM1, channel 3
PWM1, channel 4
PWM1, channel 5
PWM1, channel 6
PWM1, channel 7

PWM1

Figure 1-8. PWM Channel mapping MC9S12ZVL(A)128/96/64

110 Modes of Operation
The MCU can operate in different modes. These are described in 1.10.2 Chip Configuration Modes.

The MCU can operate in different power modes to facilitate power saving when full system performance
is not required. These are described in 1.10.4 Low Power Modes.

Some modules feature a software programmable option to freeze the module status whilst the background
debug module is active to facilitate debugging. This is referred to as freeze mode at module level.

1.10.1 3.3V - 5V VDDX behavior on MC9S12ZVL(A)128/96/64 devices

The On-Chip Voltage Regulator inside MC9S12ZVL(A)128/96/64 devices supports 3.3V or 5.0V VDDX
supply.

After power up, the device isin 3.3V VDDX mode. Then is possible to switch to the 5.0V VDDX behavior.
For more details see the “Clock, Reset and Power Management Unit” description.

Some of the analog modules will work with a reduced specification during 3.3V VDDX mode, please see
the Electrical Specification for mode details.

1.10.2 Chip Configuration Modes
The different modes and the security state of the MCU aftect the debug features (enabled or disabled).
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The operating mode out of reset is determined by the state of the MODC signal during reset (Table 1-9).
The MODC bit in the MODE register shows the current operating mode and provides limited mode
switching during operation. The state of the MODC signal is latched into this bit on the rising edge of
RESET.

Table 1-9. Chip Modes

Chip Modes MODC
Normal single chip 1
Special single chip 0

1.10.2.1 Normal Single-Chip Mode

This mode is intended for normal device operation. The opcode from the on-chip memory is being
executed after reset (requires the reset vector to be programmed correctly). The processor program is
executed from internal memory. To avoid unpredictable behavior do not start the device in Normal
Single-Chip mode while the FLASH is erased.

1.10.2.2 Special Single-Chip Mode

This mode is used for debugging operation, boot-strapping, or security related operations. The background
debug mode (BDM) is active on leaving reset in this mode.

1.10.3 Debugging Modes

The background debug mode (BDM) can be activated by the BDC module or directly when resetting into
Special Single-Chip mode. Detailed information can be found in the BDC module section.

Writing to internal memory locations using the debugger, whilst code is running or at a breakpoint, can
change the flow of application code.

The MC9S12ZVL-Family supports BDC communication throughout the device Stop mode. During Stop
mode, writes to control registers can alter the operation and lead to unexpected results. It is thus
recommended not to reconfigure the peripherals during STOP using the debugger.

1.10.4 Low Power Modes

The device has two dynamic-power modes (run and wait) and two static low-power modes (stop and
pseudo stop). For a detailed description refer to the CPMU section.
*  Dynamic power mode: Run
— Run mode is the main full performance operating mode with the entire device clocked. The user
can configure the device operating speed through selection of the clock source and the phase
locked loop (PLL) frequency. To save power, unused peripherals must not be enabled.
*  Dynamic power mode: Wait

— This mode is entered when the CPU executes the WALI instruction. In this mode the CPU does
not execute instructions. The internal CPU clock is switched off. All peripherals can be active
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in system wait mode. For further power consumption the peripherals can individually turn off
their local clocks. Asserting RESET, XIRQ, IRQ, or any other interrupt that is not masked,
either locally or globally by a CCR bit, ends system wait mode.

» Static power modes:
Static power (Stop) modes are entered following the CPU STOP instruction unless an NVM
command is active. When no NVM commands are active, the Stop request is acknowledged and
the device enters either Stop or Pseudo Stop mode.

— Pseudo-stop: In this mode the system clocks are stopped but the oscillator is still running and
the real time interrupt (RTT), watchdog (COP) and Autonomous Periodic Interrupt (API) may
be enabled. Other peripherals are turned off. This mode consumes more current than system
STOP mode but, as the oscillator continues to run, the full speed wake up time from this mode
is significantly shorter.

— Stop: In this mode the oscillator is stopped and clocks are switched off. The counters and
dividers remain frozen. The autonomous periodic interrupt (API) may remain active but has a
very low power consumption. If the BDC is enabled in Stop mode, the VREG remains in full
performance mode and the CPMU continues operation as in run mode. With BDC enabled and
BDCCIS bit set, then all clocks remain active to allow BDC access to internal peripherals. If
the BDC is enabled and BDCCIS is clear, then the BDCSI clock remains active, but bus and
core clocks are disabled.

111 Security

The MCU security mechanism prevents unauthorized access to the flash memory. It must be emphasized
that part of the security must lie with the application code. An extreme example would be application code
that dumps the contents of the internal memory. This would defeat the purpose of security. Also, if an
application has the capability of downloading code through a serial port and then executing that code (e.g.
an application containing bootloader code), then this capability could potentially be used to read the
EEPROM and Flash memory contents even when the microcontroller is in the secure state. In this
example, the security of the application could be enhanced by requiring a response authentication before
any code can be downloaded.

Device security details are also described in the flash block description.

1.11.1 Features

The security features of the S12Z chip family are:
* Prevent external access of the non-volatile memories (Flash, EEPROM) content
» Restrict execution of NVM commands

1.11.2 Securing the Microcontroller

The chip can be secured by programming the security bits located in the options/security byte in the Flash
memory array. These non-volatile bits keep the device secured through reset and power-down.

MC912ZVL Family Reference Manual, Rev. 2.48
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This byte can be erased and programmed like any other Flash location. Two bits of this byte are used for
security (SEC[1:0]). The contents of this byte are copied into the Flash security register (FSEC) during a
reset sequence.

The meaning of the security bits SEC[1:0] is shown in Table 1-10. For security reasons, the state of device
security is controlled by two bits. To put the device in unsecured mode, these bits must be programmed to
SEC[1:0]=°10". All other combinations put the device in a secured mode. The recommended value to put
the device in secured state is the inverse of the unsecured state, i.e. SEC[1:0] = “01°.

Table 1-10. Security Bits

SEC[1:0] Security State
00 1 (secured)
01 1 (secured)
10 0 (unsecured)
1 1 (secured)
NOTE

Please refer to the Flash block description for more security byte details.

1.11.3 Operation of the Secured Microcontroller

By securing the device, unauthorized access to the EEPROM and Flash memory contents is prevented.
Secured operation has the following effects on the microcontroller:

1.11.3.1  Normal Single Chip Mode (NS)

» Background debug controller (BDC) operation is completely disabled.
* Execution of Flash and EEPROM commands is restricted (described in flash block description).

1.11.3.2 Special Single Chip Mode (SS)

» Background debug controller (BDC) commands are restricted

* Execution of Flash and EEPROM commands is restricted (described in flash block description).
In special single chip mode the device is in active BDM after reset. In special single chip mode on a secure
device, only the BDC mass erase and BDC control and status register commands are possible. BDC access

to memory mapped resources is disabled. The BDC can only be used to erase the EEPROM and Flash
memory without giving access to their contents.

1.11.4 Unsecuring the Microcontroller

Unsecuring the microcontroller can be done using three different methods:
1. Backdoor key access
2. Reprogramming the security bits
3. Complete memory erase
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1.11.41 Unsecuring the MCU Using the Backdoor Key Access
In normal single chip mode, security can be temporarily disabled using the backdoor key access method.
This method requires that:
» The backdoor key has been programmed to a valid value
* The KEYEN]1:0] bits within the Flash options/security byte select ‘enabled’.
* The application program programmed into the microcontroller has the capability to write to the
backdoor key locations

The backdoor key values themselves would not normally be stored within the application data, which
means the application program would have to be designed to receive the backdoor key values from an
external source (e.g. through a serial port)

The backdoor key access method allows debugging of a secured microcontroller without having to erase
the Flash This is particularly useful for failure analysis.
NOTE
No backdoor key word is allowed to have the value 0x0000 or OxFFFF.

1.11.5 Reprogramming the Security Bits

Security can also be disabled by erasing and reprogramming the security bits within the flash
options/security byte to the unsecured value. Since the erase operation will erase the entire sector
(0x7F _FE00-0x7F FFFF) the backdoor key and the interrupt vectors will also be erased; this method is
not recommended for normal single chip mode. The application software can only erase and program the
Flash options/security byte if the Flash sector containing the Flash options/security byte is not protected
(see Flash protection). Thus Flash protection is a useful means of preventing this method. The
microcontroller enters the unsecured state after the next reset following the programming of the security
bits to the unsecured value.

This method requires that:

* The application software previously programmed into the microcontroller has been designed to
have the capability to erase and program the Flash options/security byte.

» The Flash sector containing the Flash options/security byte is not protected.

1.11.6 Complete Memory Erase

The microcontroller can be unsecured by erasing the entire EEPROM and Flash memory contents. If
ERASE FLASH is successfully completed, then the Flash unsecures the device and programs the security
byte automatically.
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1.12 Resets and Interrupts

1.12.1 Resets

Table 1-11. lists all reset sources and the vector locations. Resets are explained in detail in the Chapter 9,
“S12 Clock, Reset and Power Management Unit (S12CPMU_UHV)”.

Table 1-11. Reset Sources and Vector Locations

Vector Address Reset Source CCR Local Enable
Mask
OxFFFFFC Power-On Reset (POR) None None
Low Voltage Reset (LVR) None None
External pin RESET None None
Clock monitor reset None OSCE Bitin CPMUOSC and
OMRE Bit in CPMUOSC2
register
COP watchdog reset None | CR[2:0] in CPMUCORP register

1.12.2 Interrupt Vectors

Table 1-12 lists all interrupt sources and vectors in the default order of priority. The interrupt module
description provides an interrupt vector base register ([IVBR) to relocate the vectors.
Table 1-12. Interrupt Vector Locations (Sheet 1 of 4)

Vector Address’ Interrupt Source “ﬁ::;( Local Enable fr\g;kg#gp f:’g;ksv:f.r

Vector base + 0x1F8 | Unimplemented page1 op-code trap | None None - -
(SPARE)

Vector base + O0x1F4 | Unimplemented page2 op-code trap | None None - -
(TRAP)

Vector base + Ox1F0 | Software interrupt instruction (SWI) | None None - -

Vector base + Ox1EC System call interrupt instruction None None - -

(SYS)

Vector base + Ox1E8 Machine exception None None - -

Vector base + 0x1E4 Reserved

Vector base + Ox1EOQ Reserved

Vector base + 0x1DC Spurious interrupt — None - -

Vector base + 0x1D8 XIRQ interrupt request X bit None Yes Yes

Vector base + O0x1D4 IRQ interrupt request | bit IRQCR(IRQEN) Yes Yes

Vector base + 0x1D0 RTI time-out interrupt | bit CPMUINT (RTIE) See CPMU Yes

section
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Table 1-12. Interrupt Vector Locations (Sheet 2 of 4)

1 CCR Wake up | Wake up
Vector Address Interrupt Source Mask Local Enable from STOP | from WAIT
Vector base + 0x1CC TIMO timer channel 0 | bit TIMOTIE (COI) No Yes
Vector base + 0x1C8 TIMO timer channel 1 | bit TIMOTIE (C11I) No Yes
Vector base + 0x1C4 TIMO timer channel 2 | bit TIMOTIE (C2lI) No Yes
Vector base + 0x1C0O TIMO timer channel 3 | bit TIMOTIE (C3l) No Yes
Vector base + 0x1BC TIMO timer channel 4 | bit TIMOTIE (C4l) No Yes
Vector base + 0x1B8 TIMO timer channel 5 | bit TIMOTIE (C5l) No Yes
Vector base + 0x1B4
to Reserved
Vector base + 0x1B0
Vector base + 0x1AC TIMO timer overflow | | bit TIMOTSCR2(TOI) No Yes
Vector base + 0x1A8
to Reserved
Vector base + 0x1A4
Vector base + 0x1A0 SPIO I bit SPIOCR1 (SPIE, SPTIE) No Yes
Vector base + 0x19C SCIO | bit SCIOCR2 RXEDGIF Yes
(TIE, TCIE, RIE, ILIE) only
SCIOACR1
(RXEDGIE, BERRIE, BKDIE)
Vector base + 0x198 SCI1 | bit SCI1CR2 RXEDGIF Yes
(TIE, TCIE, RIE, ILIE) only
SCI1ACR1
(RXEDGIE, BERRIE, BKDIE)
Vector base + 0x194
to Reserved
Vector base + 0x190
Vector base + 0x18C ADC Error | bit ADCEIE (IA_EIE, No Yes
CMD_EIE, EOL_EIE,
TRIG_EIE, RSTAR_EIE,
LDOK_EIE)
ADCIE(CONIF_OIE)
Vector base + 0x188 ADC conversion sequence abort | bit ADCIE(SEQAD_IE) No Yes
Vector base + 0x184 ADC conversion complete | bit ADCCONIE[15:0] No Yes
Vector base + 0x180 Oscillator status interrupt I bit CPMUINT (OSCIE) No Yes
Vector base + 0x17C PLL lock interrupt | bit CPMUINT (LOCKIE) No Yes
Vector base + 0x178 ACMP | bit ACMPC(ACIE) No Yes
Vector base + 0x174
to Reserved
Vector base + 0x174
Vector base + 0x170 RAM error | | bit EECIE (SBEEIE) No Yes
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Table 1-12. Interrupt Vector Locations (Sheet 3 of 4)

1 CCR Wake up | Wake up
Vector Address Interrupt Source Mask Local Enable from STOP | from WAIT

Vector base + 0x16C

to Reserved
Vector base + 0x168
Vector base + 0x164 FLASH error | bit FERCNFG (SFDIE) No Yes
Vector base + 0x160 FLASH command | bit FCNFG (CCIE) No Yes
Vector base + 0x15C CANO wake-up I bit CANRIER(WUPIE) Yes Yes
Vector base + 0x158 CANO error | bit CANRIER(CSCIE, OVRIE) No Yes
Vector base + 0x154 CANO receive | bit CANRIER(RXFIE) No Yes
Vector base + 0x150 CANO transmit | bit CANRIER(TXEIE[2:0]) No Yes
Vector base + 0x14C

to Reserved
Vector base + 0x148
Vector base + 0x144 LINPHY over-current interrupt | bit LPIE (LPDTIE, LPOCIE) No Yes
Vector base + 0x140 BATS supply voltage monitor | bit BATIE (BVHIE,BVLIE) No Yes

interrupt

Vector base + 0x13C

to Reserved
Vector base + 0x128
Vector base + 0x124 Port S interrupt | | bit PIES(PIES[3:0]) Yes Yes
Vector base + 0x120

to Reserved
Vector base + 0x110
Vector base + 0x10C Port P interrupt | bit PIEP(PIEP[7:0]) Yes Yes
Vector base + 0x108 Port P over-current interrupt | bit OCIEP No Yes

(OCIEP7,0CIEP5,0CIEP3,0
CIEP1,)
Vector base + 0x104 Low-voltage interrupt (LVI) I bit CPMUCTRL (LVIE) No Yes
Vector base + 0x100 Autonomous periodical interrupt | bit CPMUAPICTRL (APIE) Yes Yes
(API)
Vector base + OxOFC High temperature interrupt | bit CPMUHTCTL(HTIE) No Yes
Vector base + 0xOF8 Reserved
Vector base + Ox0F4 Port AD interrupt | bit PIEADH(PIEADHI1:0]) Yes Yes
PIEADL(PIEADL[7:0])

Vector base + 0x0FO0

to Reserved
Vector base + 0x0C4
Vector base + 0x0CO Port L interrupt | | bit PIEL(PIEL[Q]) Yes Yes
Vector base + 0xOBC

to Reserved

Vector base + 0x0BO
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Table 1-12. Interrupt Vector Locations (Sheet 4 of 4)

1 CCR Wake up | Wake up
Vector Address Interrupt Source Mask Local Enable from STOP | from WAIT
Vector base + 0x0AC TIM1 timer channel O | bit TIMATIE (COI) No Yes
Vector base + 0x0A8 TIM1 timer channel 1 | bit TIM1TIE (C1I) No Yes
Vector base + 0x0A4
to Reserved
Vector base + 0x090
Vector base + 0x08C TIM1 timer overflow | I bit | TIM1TSCR2(TOl) | No | Yes
Vector base + 0x088
to Reserved
Vector base + 0x064
Vector base + 060 lc | I bit | IBCR(IBIE) | No | Yes
Vector base + 0x05C
to Reserved
Vector base + 0x10

15 bits vector address based

1.12.3 Effects of Reset

When a reset occurs, MCU registers and control bits are initialized. Refer to the respective block sections
for register reset states.

On each reset, the Flash module executes a reset sequence to load Flash configuration registers.

1.12.3.1 Flash Configuration Reset Sequence Phase

On each reset, the Flash module will hold CPU activity while loading Flash module registers from the
Flash memory. If double faults are detected in the reset phase, Flash module protection and security may
be active on leaving reset. This is explained in more detail in the Flash module description.

1.12.3.2 Reset While Flash Command Active

If a reset occurs while any Flash command is in progress, that command will be immediately aborted. The
state of the word being programmed or the sector/block being erased is not guaranteed.

1.12.3.3 1/O Pins

Refer to the PIM section for reset configurations of all peripheral module ports.

1.12.3.4 RAM

The system RAM arrays, including their ECC syndromes, are initialized following a power on reset.

With the exception of a power-on-reset the RAM content is unaltered by a reset occurrence.
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1.13 Module device level dependencies

1.13.1 COP Configuration

The COP time-out rate bits CR[2:0] and the WCOP bit in the CPMUCOP register are loaded from the
Flash configuration field byte at global address OxFF_FEOE during the reset sequence. See Table 1-13 and
Table 1-14 for coding.

Table 1-13. Initial COP Rate Configuration

NV[2:0] in CR[2:0]in
FOPT Register COPCTL Register
000 1M
001 110
010 101
011 100
100 011
101 010
110 001
111 000

Table 1-14. Initial WCOP Configuration

NVI[3] in WCOP in
FOPT Register COPCTL Register
0
0 1

1.13.2 BDC Command Restriction

The BDC command READ DBGTB returns 0x00 on this device because the DBG module does not
feature a trace buffer.
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1.13.3 Flash IFR Mapping
Table 1-15. Flash IFR Mapping

Target

FIE|D|IC|B|A|9|8|7|6|5|4|3|]2|1]0

ADC reference conversion using VDDA/VSSA 0x1F_C040 & Ox1F_C041
ADC reference conversion using VRH/VRL 0x1F_C042 & Ox1F_C043

IFR Byte Address

1.14 Application Information

1.14.1 ADC Calibration

For applications that do not provide external ADC reference voltages, the VDDA/VSSA supplies can be
used as sources for VRH/VRL respectively. Since the VDDA must be connected to VDDX at board level
in the application, the accuracy of the VDDA reference is limited by the internal voltage regulator
accuracy. In order to compensate for VDDA reference voltage variation in this case, the reference voltage
is measured during production test using the internal reference voltage VBG, which has a narrow variation
over temperature and external voltage supply. VBG is mapped to an internal channel of the ADC module,
see Table 1-7. The resulting 12-bit right justified ADC conversion results of VBG are stored to the flash
IFR for reference, as listed in Table 1-15.

The measurement conditions of the reference conversion are listed in the device electrical parameters
appendix. By measuring the voltage VBG in the application environment and comparing the result to the
reference value in the IFR, it is possible to determine the current ADC reference voltage Vrp:

_ _ StoredReference
RH — ConvertedReference

The exact absolute value of an analog conversion can be determined as follows:

StoredReference ¢ 5V

Result = ConvertedADInpute -
ConvertedReference e 2

With:
ConvertedADInput: ~ Result of the analog to digital conversion of the desired pin
ConvertedReference:  Result of internal channel conversion
StoredReference: Value in IFR location
n: ADC resolution (12 bit)
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NOTE

The ADC reference voltage Vg must remain at a constant level throughout the conversion process.

1.14.2 SCI Baud Rate Detection

The baud rate for SCIO and SCI1 is achieved by using a timer channel to measure the data rate on the RXD
signal.
1. Establish the link:
— For SCIO: Set [TOIC3RR1:TOIC3RRO]=0b01 to disconnect [OCO_3 from TIMO input capture
channel 3 and reroute the timer input to the RXDO signal of SCIO.
— For SCI1: Set [TOIC3RR1:TOIC3RRO]=0b10 to disconnect [OCO_3 from TIMO input capture
channel 3 and reroute the timer input to the RXD1 signal of SCI1.

2. Determine pulse width of incoming data: Configure TIMO IC3 to measure time between incoming
signals

1.14.3 Voltage Domain Monitoring

The BATS module monitors the voltage on the VSUP pin, providing status and flag bits, an interrupt and
a connection to the ADC, for accurate measurement of the scaled VSUP level.

The POR circuit monitors the VDD and VDDA domains, ensuring a reset assertion until an adequate
voltage level is attained. The LVR circuit monitors the VDD, VDDF and VDDX domains, generating a
reset when the voltage in any of these domains drops below the specified assert level. The VDDX LVR
monitor is disabled when the VREG is in reduced power mode. A low voltage interrupt circuit monitors
the VDDA domain.
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Chapter 2
Port Integration Module (S12ZVLPIMV2)

Revision History

Rev. No. Date (Submitted | Sections
(Item No.) By) Affected

Substantial Change(s)

V02.10 19 Nov 2014 » Corrected bit descriptions for MODRR1 (PWMn becomes PWM option n).

* Removed redundant mention of over-current protection on PP7 in output
configuration (already specified in footnote).
» Added TOIC3RR1-0 to Routing Register Bits controlling (I0C0_3) on PS1.

V02.11 6-Jun 2018 » Added footnote 2 to MODRRS register
V02.12 19-Nov 2018 » Corrected footnote 2 to MODRR3 register
2.1 Introduction
211 Overview

The S12ZVL-family port integration module establishes the interface between the peripheral modules and
the /0 pins for all ports. It controls the electrical pin properties as well as the signal prioritization and
multiplexing on shared pins.

This document covers:

L]

2-pin port E associated with the external oscillator
10-pin port AD with pin interrupts and key-wakeup function; associated with 10 ADC channels

8-pin port T associated with 8 TIM channels, 1 routed SCI, 1 routed IIC, 2 routed PWM options
and 1 ACMP output

4-pin port S with pin interrupts and key-wakeup function; associated with 1 SPI, ECLK, 4 routed
TIM channels, 2 routed PWM channels, 1 MSCAN and 1 routed SCI

8-pin port P with pin interrupts and key-wakeup function or IRQ, XIRQ interrupt inputs; associated
with 8 PWM channels and 2 routed TIM channels

2-pin port J associated with 1 IIC, 1 routed MSCAN or 2 routed PWM channels

1-pin port L with pin interrupts and key-wakeup function; associated with 1 high voltage input
(HVI)

Most I/O pins can be configured by register bits to select data direction and to enable and select pull-up or
pull-down devices.
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NOTE

This document assumes the availability of all features offered in the largest
package option. Refer to the package and pin-out section in the device
overview for functions not available in lower pin count packages.

2.1.2 Features

The PIM includes these distinctive registers:
» Data registers for ports E, AD, T, S, P and J when used as general-purpose 1/0
» Data direction registers for ports E, AD, T, S, P and J
* Control registers to enable pull devices on ports E, AD, T, S, P, J and L
* Control registers to select pull-ups or pull-downs on ports E, AD, T, S, P and J
» Control register to enable open-drain (wired-or) mode on port S and J
» Control register to enable digital input buffers on port AD and L

» Interrupt enable register for pin interrupts and key-wakeup (KWU) on port AD, S, P and Interrupt
flag register for pin interrupts and key-wakeup (KWU) on port AD, S, Pand L

«  Control register to configure IRQ pin operation
» Control register to enable ECLK output
» Routing registers to support signal relocation on external pins and control internal routings:
— 6 PWM channels to alternative pins (one option each)
— 8 TIM channels to alternative pins (one option each)
— IICO to alternative pins (one option each)
— SCI1 to alternative pins (one option each)
— MSCAN to alternative pins (one option each)

— ADCO trigger input with edge select from internal TIM output compare channel link, ACMPO
output or external pins (four options)

— Various SCIO-LINPHYO routing options supporting standalone and LIN conformance testing
— Internal RXDO0 and RXD1 link to TIM input capture channel (ICO_3) for baud rate detection
— Internal ACLK link to TIM input capture channel

A standard port pin has the following minimum features:
* Input/output selection
* 5V output drive
* 5V digital and analog input
* Input with selectable pull-up or pull-down device

Optional features supported on dedicated pins:
* Open drain for wired-or connections (ports S and J)
* Interrupt input with glitch filtering

» High current drive strength from VDDX with over-current protection
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2.2

This section lists and describes the signals that do connect off-chip.

High current drive strength to VSSX

Selectable drive strength for high current capable outputs

External Signal Description

Port Integration Module (S12ZVLPIMV2)

Table 2-1 shows all pins with the pins and functions that are controlled by the PIM. Routing options are
denoted in parentheses.

If there is more than one function associated with a pin, the output priority
is indicated by the position in the table from top (highest priority) to bottom

(lowest priority).
Inputs do not arbitrate priority unless noted differently in Table 2-28.

NOTE

Table 2-1. Pin Functions and Priorities

port| e | PREcten 1o
— | BKGD MODC' I [MODC input during RESET — BKGD
BKGD 1/0 | S12ZBDC communication —
E PE1 XTAL — | CPMU OSC signal — GPIO
PTE[1] 1/0 | General-purpose —
PEO EXTAL — | CPMU OSC signal —
(ETRIGO) | | ADCO external trigger TRIGORR2-0
PTE[O] /0O | General-purpose —
AD | PAD9 AN9 | | ADCO analog input — GPIO
PTADH[1]/ /0 | General-purpose; with interrupt and —
KWADHI[1] key-wakeup
PADS8 AMPM (DAC) I | DAC AMP inverting input (-) —
AN8 I [ADCO analog input —
PTADH[O}/ /0 | General-purpose; with interrupt and —
KWADHI[O] key-wakeup
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port| e | Ppencien o
AD | PAD7 AMPP (DAC) I | DAC AMP non-inverting input (+) — GPIO
AN7 I | ADCO analog input —
PTADL[7)/ I/0 | General-purpose; with interrupt and —
KWADL[7] key-wakeup
PAD6 AMP (DAC) O | DAC AMP output —
ANG I | ADCO analog input —
PTADL[BY I/0 | General-purpose; with interrupt and —
KWADL[6] key-wakeup
PAD5 AN5 I |ADCO analog input —
(ETRIGO) I | ADCO external trigger TRIGORR2-0
PTADLI[5)/ 1/0 | General-purpose; with interrupt and —
KWADL[5] key-wakeup
PAD4 ACMP_1 I |ACMP input 1 (to mux) —
AN4 I |ADCO analog input —
PTADLI[4)/ /O | General-purpose; with interrupt and —
KWADL[4] key-wakeup
PAD3 PGA_IN1 I | PGAinput option 1 —
AN3 I | ADCO analog input —
PTADL[3)/ /0 | General-purpose; with interrupt and —
KWADL[3] key-wakeup
PAD2 PGA_INO I |PGAinput option 0 —
AN2 I [ADCO analog input —
PTADL[2)/ 1/0 | General-purpose; with interrupt and —
KWADL[2] key-wakeup
PAD1 PGA_REF I | PGA reference input —
VRL I | ADCO voltage reference low —
AN1 I | ADCO analog input —
PTADL[1)/ I/0 | General-purpose; with interrupt and —
KWADL[1] key-wakeup
PADO ACMP_0 I [ACMP input O —
VRH I | ADCO voltage reference high —
ANO I | ADCO analog input —
PTADL[O)/ 1/0 | General-purpose; with interrupt and —
KWADL[0] key-wakeup
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port | pin | PlTuncton |y
T PT7-6 | I0C1_1:10C1_0 | I/O | TIM1 channel 1-0 T1C1RR:T1CORR GPIO
PTT[7:6] 1/0 | General-purpose —
PT5 (TXD1) O | SCI1 transmit SCHMRR
I0C0_5 /0 | TIMO channel 5 TOC5RR
PTT[5] 1/0 | General-purpose —
PT4 (RXD1) I | SCI1 receive SCHMRR
10C0_4 1/0 | TIMO channel 4 TOC4RR
PTTI[4] I1/0 | General-purpose —
PT3 10C0_32 1/0 | TIMO channel 3 TOC3RR, TOIC3RR1-0
PTTI[3] I1/0 | General-purpose —
PT2 ACMPOO O |[ACMPO output —
10C0_2 /0 | TIMO channel 2 TOC2RR
PTT[2] 1/0 | General-purpose —
PT1 (LPRXDO) O |LINPHYO receive output SOLORR2-0
(PWMO) O |PWM option 0 PWMORR
TXD1 O | SCI1 transmit SCHMRR
(SCLO) 1/0 |lICO IICORR
10C0_1 1/0 | TIMO channel 1 —
PTT[1] 1/0 | General-purpose —
PTO (LPTXDO) I [LINPHYO transmit input SOLORR2-0
(PWM2) O |[PWM option 2 PWM2RR
RXD1 I | SCI1 receive SCHMRR
(SDAO0) 1/0 |lICO IICORR
10C0_0 1/0 | TIMO channel O —
PTTI[O] /0 | General-purpose —
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port| e | PEencen o
S PS3 ECLK O | Free-running clock — GPIO
(10C0_5) 1/0 | TIMO channel 5 TOC5RR
SS0 1/0 | SPIO slave select —
PTS[3)/ 1/0 | General-purpose; with interrupt and —
KWSI3] key-wakeup
PS2 DBGEEV | |DBG external event —
TXCANO O [MSCANO transmit CANORR
(10C0_4) 1/0 | TIMO channel 4 TOC4RR
SCKO 1/0 | SPIO serial clock —
PTS[2)/ 1/0 | General-purpose; with interrupt and —
KWS[2] key-wakeup
PS1 (10C0_3?) 1/0 | TIMO channel 3 TOC3RR, TOIC3RR1-0
(TXDO0)/ O |[SCIO transmit/ SOLORR2-0
(LPDCO) LPTXDO direct control by LPODR[LPODR1]
(PWMB6) O |PWM option 6 PWM6BRR
MOSIO I/0 | SPI0 master out/slave in —
PTS[1)/ /0 | General-purpose; with interrupt and —
KWS[1] key-wakeup
PSO RXCANO I | MSCANO receive CANORR
(10C0_2) 1/0 | TIMO channel 2 TOC2RR
(RXDO0) I | SCIO receive SOLORR2-0
(PWM4) O |PWM option 4 PWM4RR
MISOO0 1/0 | SPI0 master in/slave out —
PTS[O)/ /0 | General-purpose; with interrupt and —
KWS[0] key-wakeup

MC912ZVL Family Reference Manual, Rev. 2.48

70

NXP Semiconductors




Port Integration Module (S12ZVLPIMV2)

port| e | Ppencen o
P PP73 (I0C1_0) 1/0 | TIM1 channel O T1CORR GPIO
PWM7 O |PWM option 7 PWM7RR
PTP[7)/ /0 | General-purpose; with interrupt and —
KWP[7]/ key-wakeup
EVDD1
PP6 PWM6 O |PWM option 6 PWM6RR
(ETRIGO) I | ADCO external trigger TRIGORR1:TRIGORRO
PTP[6)/ 1/0 | General-purpose; with interrupt and —
KWPI6] key-wakeup
pPp5* XIRQ® I | Non-maskable level-sensitive interrupt —
PWM5 O |PWM option 5 PWM5RR
PTP[5)/ /0 | General-purpose; with interrupt and —
KWPI5] key-wakeup
PP4 PWM4 O | PWM option 4 PWM4RR
PTP[4)/ 1/0 | General-purpose; with interrupt and —
KWP[4] key-wakeup
PP3* IRQ I |Maskable level- or falling edge-sensitive —
interrupt
PWM3 O | PWM option 3 —
PTP[3)/ /0 | General-purpose; with interrupt and —
KWP[3] key-wakeup
PP2 PWM2 O |PWM option 2 PWM2RR
PTP[2)/ /0O | General-purpose; with interrupt and —
KWPI[2] key-wakeup
PP14 (Ioc1_1) 1/0 | TIM1 channel 1 T1C1RR
PWM1 O | PWM option 1 —
PTP[1)/ 1/0 | General-purpose; with interrupt and —
KWP[1] key-wakeup
PPO PWMO O |PWM option 0 PWMORR
PTP[O)/ /0 | General-purpose; with interrupt and —
KWPIO0] key-wakeup
J PJ1 (TXCANO) O [MSCANO transmit CANORR GPIO
(PWM7) O |PWM option 7 PWM7RR
SCLO 1/0 |lICO IICORR
PTJ[1] 1/0 | General-purpose —
PJO (RXCANO) I | MSCANO receive CANORR
(PWM5) O |PWM option 5 PWM5RR
SDAO /0 |lICO IICORR
PTJ[O] 1/0 | General-purpose —
L PLO PTIL[O)/ I | General-purpose high-voltage input (HVI); — GPI (HVI)
KWL[O] with interrupt and wakeup; optional ADC link
' Function active when RESET asserted
2 Routable input capture function
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8 High-current capable high-side output with over-current interrupt
4 High-current capable low-side output with over-current interrupt

5 The interrupt is enabled by clearing the X mask bit in the CPU CCR. The pin is forced to input upon first clearing of the X bit and
is held in this state until reset. A stop or wait recovery using XIRQ with the X bit set is not available.

2.3 Memory Map and Register Definition
This section provides a detailed description of all port integration module registers.

Subsection 1.3.1 shows all registers and bits at their related addresses within the global SoC register map.
A detailed description of every register bit is given in subsection 1.3.2 to 1.3.4.
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2.31 Register Map
Global Register . .
Address Name Bit 7 6 5 4 3 2 1 Bit 0
R 0 0
0x0200 MODRRO Wi CANORR | IICORR SCIM1RR SOLORR2-0
R 0 0
0x0201 MODRR1 Wi PWM7RR | PWM6RR | PWM5RR | PWM4RR PWM2RR PWMORR
R 0 0
0x0202 MODRR2 W T1C1RR | T1ICORR | TOC5RR | TOC4RR | TOC3RR | TOC2RR
R 0 0 0 0
0x0203 MODRR3 W TRIGORR2|TRIGONEG|TRIGORR1|TRIGORRO
R 0 0 0 0 0 0
0x0204 MODRR4 W TOIC3RR1-0
0x0206— R 0 0 0 0 0 0 0 0
0x0207 Reserved Wi
R 0 0 0 0 0 0 0
0x0208 ECLKCTL W NECLK
R 0 0 0 0 0 0
0x0209 IRQCR W IRQE IRQEN
0x020A— R R 0 0 0 0 0 0 0 0
0X020C eserved W
R
0x020D Reserved W Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
R
0x020E Reserved W Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
R
0x020F Reserved W Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
0x0210— R 0 0 0 0 0 0 0 0
OX025F Reserved W
R 0 0 0 0 0 0
0x0260 PTE Wi PTE1 PTEO
R 0 0 0 0 0 0 0 0
0x0261 Reserved
W|
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Global

Register

Address Name Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 PTIE1 PTIEO
0x0262 PTIE
W|
R 0 0 0 0 0 0 0 0
0x0263 Reserved
W|
R 0 0 0 0 0 0
0x0264 DDRE W DDRE1 DDREO
R 0 0 0 0 0 0 0 0
0x0265 Reserved
W|
R 0 0 0 0 0 0
0x0266 PERE Wi PERE1 PEREO
R 0 0 0 0 0 0 0 0
0x0267 Reserved
W|
R 0 0 0 0 0 0
0x0268 PPSE W PPSE1 PPSEO
0x0269— R 0 0 0 0 0 0 0 0
OX027F Reserved W
R 0 0 0 0 0 0
0x0280 PTADH W PTADH1 | PTADHO
R
0x0281 PTADL W PTADL7 | PTADL6 | PTADLS | PTADL4 | PTADL3 | PTADL2 | PTADL1 PTADLO
R 0 0 0 0 0 0 PTIADH1 | PTIADHO
0x0282 PTIADH
W|
R| PTIADL7 | PTIADL6 | PTIADL5 | PTIADL4 | PTIADL3 | PTIADL2 | PTIADL1 | PTIADLO
0x0283 PTIADL
W|
R 0 0 0 0 0 0
0x0284 DDRADH W DDRADH1|DDRADHO
R
0x0285 DDRADL W DDRADL7 | DDRADL6 | DDRADL5 | DDRADL4 | DDRADL3 | DDRADL2 | DDRADL1 | DDRADLO
R 0 0 0 0 0 0
0x0286 PERADH W PERADH1 | PERADHO
R
0x0287 PERADL W PERADL7 | PERADL6 | PERADLS | PERADL4 | PERADL3 | PERADL2 | PERADL1 | PERADLO
MC912ZVL Family Reference Manual, Rev. 2.48
74 NXP Semiconductors




Global

Register

Port Integration Module (S12ZVLPIMV2)

Address Name Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0
0x0288 PPSADH W PPSADH1 | PPSADHO
R
0x0289 PPSADL W PPSADL7 | PPSADL6 | PPSADLS5 | PPSADL4 | PPSADL3 | PPSADL2 | PPSADL1 | PPSADLO
0x028A— R 0 0 0 0 0 0 0 0
0x028B Reserved Wi
R 0 0 0 0 0 0
0x028C PIEADH W PIEADH1 | PIEADHO
R
0x028D PIEADL W PIEADL7 | PIEADL6 | PIEADL5 | PIEADL4 | PIEADL3 | PIEADL2 | PIEADL1 | PIEADLO
R 0 0 0 0 0 0
0x028E PIFADH Wi PIFADH1 | PIFADHO
R
0x028F PIFADL W PIFADL7 | PIFADL6 | PIFADL5 | PIFADL4 | PIFADL3 | PIFADL2 | PIFADL1 | PIFADLO
0x0290— R 0 0 0 0 0 0 0 0
0x0297 Reserved W
R 0 0 0 0 0 0
0x0298 DIENADH W DIENADH1|DIENADHO
R
0x0299 DIENADL W DIENADL7|DIENADLG|DIENADLS5 [DIENADL4 [DIENADL3 [DIENADL2 |[DIENADL1|DIENADLO
0x029A— R 0 0 0 0 0 0 0 0
Ox02BF Reserved Wi
R
0x02C0 PTT W PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
R| PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTIT1 PTITO
0x02C1 PTIT
W|
R
0x02C2 DDRT W DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
R
0x02C3 PERT W PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO
0x02C4 PPST PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
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Global

Register

Address Name Bit 7 6 5 4 3 2 1 Bit 0
0x02C5— R 0 0 0 0 0 0 0 0
OX02CF Reserved W
R 0 0 0 0
0x02D0 PTS W PTS3 PTS2 PTS1 PTSO
R 0 0 0 0 PTIS3 PTIS2 PTIS1 PTISO
0x02D1 PTIS
W|
R 0 0 0 0
0x02D2 DDRS Wi DDRS3 DDRS2 DDRS1 DDRSO
R 0 0 0 0
0x02D3 PERS Wi PERS3 PERS2 PERS1 PERSO
R 0 0 0 0
0x02D4 PPSS Wi PPSS3 PPSS2 PPSS1 PPSSO
R 0 0 0 0 0 0 0 0
0x02D5 Reserved
W|
R 0 0 0 0
0x02D6 PIES W PIES3 PIES2 PIES1 PIESO
R 0 0 0 0
0x02D7 PIFS W PIFS3 PIFS2 PIFS1 PIFSO
0x02D8- R g R 0 0 0 0 0 0 0 0
0x02DE eseved
R 0 0 0 0
0x02DF WOMS W WOMS3 | WOMS2 | WOMS1 | WOMSO
0x02E0- R d R 0 0 0 0 0 0 0 0
OX02EF eseved
R
0x02F0 PTP W PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
R| PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
0x02F1 PTIP
W|
R
0x02F2 DDRP W DDRP7 DDRP6 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
0x02F3 PERP PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
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Address Name Bit 7 6 5 4 3 2 1 Bit 0
R
0x02F4 PPSP W PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSPO
R 0 0 0 0 0 0 0 0
0x02F5 Reserved
W|
R
0x02F6 PIEP W PIEP7 PIEP6 PIEP5S PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
R
0x02F7 PIFP W PIFP7 PIFP6 PIFP5 PIFP4 PIFP3 PIFP2 PIFP1 PIFPO
R 0 0 0 0 0 0 0 0
0x02F8 Reserved
W|
R 0 0 0 0
0x02F9 OCPEP W OCPEP7 OCPEP5 OCPEP3 OCPEP1
R 0 0 0 0
0x02FA OCIEP W OCIEP7 OCIEP5S OCIEP3 OCIEP1
R 0 0 0 0
0x02FB OCIFP W OCIFP7 OCIFP5 OCIFP3 OCIFP1
R 0 0 0 0 0 0 0 0
0x02FC Reserved
W|
R 0 0 0 0
0x02FD RDRP W RDRP7 RDRP5 RDRP3 RDRP1
0x02FE— R 0 0 0 0 0 0 0 0
OX02FF Reserved W
0x0300— R q R 0 0 0 0 0 0 0 0
0X030F eseved
R 0 0 0 0 0 0
0x0310 PTJ Wi PTJ1 PTJO
R 0 0 0 0 0 0 PTIJ1 PTIJO
0x0311 PTIJ
W|
R 0 0 0 0 0 0
0x0312 DDRJ W DDRJ1 DDRJO
R 0 0 0 0 0 0
0x0313 PERJ W PERJ1 PERJO
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Global

Register

Address Name Bit 7 6 5 4 3 1 Bit 0
R 0 0 0 0 0
0x0314 PPSJ W PPSJ1 PPSJO
0x0315— R 0 0 0 0 0 0 0
OX031E Reserved Wi
R 0 0 0 0 0
0x031F WOoMJ W WOMJ1 WOMJO
0x0320— R R 0 0 0 0 0 0 0
OX032F eserved
R 0 0 0 0 0 0 0
0x0330 Reserved
W|
R 0 0 0 0 0 0 PTILO
0x0331 PTIL
W|
0x0332— R 0 0 0 0 0 0 0
0x0333 Reserved W
R 0 0 0 0 0 0
0x0334 PPSL PPSLO
W|
R 0 0 0 0 0 0 0
0x0335 Reserved
W|
R 0 0 0 0 0 0
0x0336 PIEL PIELO
W|
R 0 0 0 0 0 0
0x0337 PIFL PIFLO
W|
0x0338— R R 0 0 0 0 0 0 0
0x033B eserved W
R 0 0 0 0 0 0
0x033C DIENL Wi DIENLO
R 0 0
0x033D PTAL W PTTEL PTPSL | PTABYPL | PTADIRL | PTAENL
R 0 0 0 0 0
0x033E PIRL W PIRLO[1:0]
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Global Register . .
Address Name Bit7 6 5 4 2 1 Bit 0
R 0 0 0 0 0 0 0
0x033F Reserved
Wi
0x0340- R d R 0 0 0 0 0 0 0
0x037F eserved
2.3.2 PIM Registers 0x0200-0x020F

This section details the specific purposes of register implemented in address range 0x0200-0x020F. These
registers serve for specific PIM related functions not part of the generic port registers.

» If not stated differently, writing to reserved bits has no effect and read returns zero.

» All register read accesses are synchronous to internal clocks.
» Register bits can be written at any time if not stated differently.

23.21 Module Routing Register 0 (MODRRO)
Address 0x0200 Access: User read/write'
5 4 3 2 1 0
R 0
CANORR IICORR SCIMRR SOLORR2-0
TXCANO SDAO TXD1 .
— RXCANO SCLO RXD1 SCIO-LINPHYO (see Figure 2-2)
Reset 0 0 0 0 0 0 0

" Read: Anytime
Write: Once in normal, anytime in special mode

Figure 2-1. Module Routing Register 0 (MODRRO)

Table 2-2. MODRRO Routing Register Field Descriptions

Field

Description

5
CANORR

Module Routing Register — CANO routing
1 RXCANO on PJ0O; TXCANO on PJ1
0 RXCANO on PS0; TXCANO on PS2

4
IICORR

Module Routing Register — IICO routing
1 SDAO on PTO; SCLO on PT1
0 SDAO on PJO; SCLO on PJ1
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Table 2-2. MODRRO Routing Register Field Descriptions

Field Description
3 Module Routing Register — SCI1 routing
SCIMRR (1 TXD1 on PT5; RXD1 on PT4
0 TXD1 on PT1; RXD1 on PTO
2-0 Module Routing Register — SCIO-LINPHYO routing
SOLORR2-0 | Selection of SCIO-LINPHYO interface routing options to support probing and conformance testing. Refer to
Figure 2-2 for an illustration and Table 2-3 for preferred settings.
Note: SCI0 must be enabled for TXDO routing to take effect on pins. LINPHYOQ must be enabled for LPRXDO and
LPDCO routings to take effect on pins.
| SOLORRO | [ SOLORR1 | SOLORR2
; L0
: ' O/v/o 1
: ; po o PS1/TXDO0/LPDCO
: PTO/ LPTXDO
sclo : 1 ! LINPHYO
I i I
0 ‘ '
00 — po ¥ od 0¥, : »| LPTXDO
|—>10 I
. LPDR1 |X| LIN
v 0
RXDO |« o—0«¢ LPRXDO
1
TOIC3RR1-0
; 01 PT1/LPRXDO
10, RXD1
o< PS0 / RXDO
11, ACLK
TIMO input o¢—— [ TOC3RR
capture )
channel 3 82 oY og PT3
O1 I PS1

Figure 2-2. SCI0-to-LINPHYO0 Routing Options lllustration
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Table 2-3. Preferred Interface Configurations

SOLORR[2:0] Description
000 Default setting:
SCIO0 connects to LINPHYO, interface internal only
001 Direct control setting:
LPODR[LPDR1] register bit controls LPTXDO, interface internal only
100 Probe setting:
SCIO0 connects to LINPHYO, interface accessible on 2 external pins
110 Conformance test setting:
Interface opened and all 4 signals routed externally

NOTE

For standalone usage of SCIO on external pins set SOLORR[2:0]=0b110 and
disable LINPHYO (LPCR[LPE]=0). This releases PTO and PT1 to other
associated functions and maintains TXDO0 and RXDO signals on PS1 and
PSO0, respectively, if no other function with higher priority takes precedence.

2.3.2.2 Module Routing Register 1 (MODRR1)
Address 0x0201 Access: User read/write'
7 6 5 4 3 2 1 0
0 0
PWM7RR PWM6BRR PWM5RR PWM4RR PWM2RR PWMORR
w
PWM opt. 7 | PWM opt. 6 | PWM opt. 5 | PWM opt. 4 — PWM opt. 2 PWM opt. 0
Reset 0 0 0 0 0 0 0

Read: Anytime
Write: Once in n

Figure 2-3. Module Routing Register 1 (MODRR1)

ormal, anytime in special mode

Table 2-4. MODRR1 Routing Register Field Descriptions

Field Description
7 Module Routing Register — PWM option 7 routing
PWM7RR |1 PWM option 7 to PJ1

0 PWM option 7 to PP7

PWM6RR

6 Module Routing Register — PWM option 6 routing
1 PWM option 6 to PS1
0 PWM option 6 to PP6

PWM5SRR

5 Module Routing Register — PWM option 5 routing
1 PWM option 5 to PJO
0 PWM option 5 to PP5
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Table 2-4. MODRR1 Routing Register Field Descriptions

Field Description

4 Module Routing Register — PWM option 4 routing
PWM4RR |1 PWM option 4 to PSO
0 PWM option 4 to PP4

2 Module Routing Register — PWM option 2 routing
PWM2RR |1 PWM option 2 to PTO
0 PWM option 2 to PP2

0 Module Routing Register — PWM option O routing
PWMORR | 1 PWM option 0 to PT1
0 PWM option 0 to PPO

2.3.23 Module Routing Register 2 (MODRR2)

Address 0x0202

Access: User read/write’

7 6 5 4 3 2 1
R 0 0
T1C1RR T1CORR TOC5RR TOC4RR TOC3RR TOC2RR
10C1_1 I0C1_0 10C0_5 10C0_4 10C0_3 10C0_2 — —
Reset 0 0 0 0 0 0 0 0

Figure 2-4. Module Routing Register 2 (MODRR2)

Read: Anytime
Write: Once in normal, anytime in special mode

Table 2-5. MODRR2 Routing Register Field Descriptions

Field Description

7 Module Routing Register — IOC1_1 routing
T1C1RR |110C1_1to PP1
010C1_1to PT7

6 Module Routing Register — IOC1_0 routing
T1CORR |[110C1_0to PP7
010C1_Oto PT6

5 Module Routing Register — I0OCQ_5 routing
TOC5RR [110C0_5to PS3
010CO_5to PT5

4 Module Routing Register — IOC0_4 routing
TOC4RR |110C0_4 to PS2
010CO_4 to PT4
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Field Description
3 Module Routing Register — I0CO_3 routing
TOC3RR |110C0_3to PS1
010CO_3to PT3
2 Module Routing Register — I0OCQ_2 routing
TOC2RR |110C0_2 to PSO
010C0_2 to PT2
23.24 Module Routing Register 3 (MODRR3)
Address 0x0203 Access: User read/write’
5 4 3 2 1 0
R 0 0 0 0
TRIGORR2? | TRIGONEG | TRIGORR1 | TRIGORRO
w
— — — — ADCO Trigger
Reset 0 0 0 0 0 0 0 0

Figure 2-5. Module Routing Register 3 (MODRR3)

' Read: Anytime
Write: Once in normal, anytime in special mode
2 TRIGORR2 bit is available on the S12ZVL A64/96/128 devices only.

Table 2-6. MODRR3 Routing Register Field Descriptions

Field Description
3 Module Routing Register — ADCO Trigger input routing
TRIGORR2 |1 ACMPO output to ADCO Trigger input
0 ADCO Trigger input is defined by TRIGORR1: TRIGORRO
2 Module Routing Register — ADCO Trigger input inverted polarity
TRIGONEG | 1 Falling edge active on ADCO Trigger input
0 Rising edge active on ADCO Trigger input
1-0 Module Routing Register — ADCO Trigger input routing
TRIGORR |11 PP6 (ETRIGO) to ADCO Trigger input
10 PAD5 (ETRIGO) to ADCO Trigger input
01 PEO (ETRIGO) to ADCO Trigger input
00 TIMO output compare channel 2 to ADCO Trigger input
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2.3.2.5

Address 0x0204

Module Routing Register 4 (MODRR4)

Access: User read/write

1

5 1 0
R 0 0 0 0 0
TOIC3RR1-0
w
— — — — — TIMO IC3
Reset 0 0 0 0 0 0 0

Figure 2-6. Module Routing Register 4 (MODRR4)

' Read: Anytime
Write: Anytime

Table 2-7. MODRR4 Routing Register Field Descriptions

Field Description
1-0 Module Routing Register — TIMO IC3 routing
TOIC3RR1-0 | One out of four different sources can be selected as input to timer channel 3.

11 TIMO input capture channel 3 is connected to ACLK

10 TIMO input capture channel 3 is connected to RXD1

01 TIMO input capture channel 3 is connected to RXD0O

00 TIMO input capture channel 3 is connected to pin selected by MODRR2[TOC3RR]
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ECLK Control Register (ECLKCTL)

Address 0x0208

Reset:

' Read: Anytime

Access: User read/write’

7 6 5 1
0 0 0 0 0 0 0
NECLK
1 0 0 0 0 0 0 0

Figure 2-7. ECLK Control Register (ECLKCTL)

Write: Anytime

Table 2-8. ECLKCTL Register Field Descriptions

Field Description
7 No ECLK — Disable ECLK output
NECLK | This bit controls the availability of a free-running clock on the ECLK pin. This clock has a fixed rate equivalent to the
internal bus clock.
1 ECLK disabled
0 ECLK enabled
2.3.2.7

IRQ Control Register (IRQCR)

Address 0x0209

Access: User read/write’

7 6 5 1
R 0 0 0 0 0 0
IRQE IRQEN
w
Reset 0 0 0 0 0 0 0 0

' Read: Anytime

Write:

Figure 2-8. IRQ Control Register (IRQCR)

IRQE: Once in normal mode, anytime in special mode
IRQEN: Anytime

Table 2-9. IRQCR Register Field Descriptions

Field Description
7 IRQ select edge sensitive only — .
IRQE 1 IRQ pin configured to respond only to falling edges. Falling edges on the IRQ pin are detected anytime when
_IRQE=1 and will be cleared only upon a reset or the servicing of the IRQ interrupt.
0 IRQ configured for low level recognition
6 IRQ enable —
IRQEN

1 IRQ pin is connected to interrupt logic
0 IRQ pin is disconnected from interrupt logic
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2.3.2.8 Reserved Register

Address 0x020D

Access: User read/write’

7 6 5 4 3 2 1 0
R
Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
W
Reset X X X X X X X X

Figure 2-9. Reserved Register

' Read: Anytime
Write: Only in special mode.

NOTE

This reserved register is designed for factory test purposes only and is not
intended for general user access. Writing to this register when in special

modes can alter the modules functionality.

2.3.2.9 Reserved Register

Address 0x020E

Access: User read/write’

7 6 5 4 3 2 1 0
R
Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
w
Reset X X X X X X X X

Figure 2-10. Reserved Register

" Read: Anytime
Write: Only in special mode

NOTE

This reserved register is designed for factory test purposes only and is not
intended for general user access. Writing to this register when in special

modes can alter the modules functionality.
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2.3.2.10

Reserved Register

Address 0x020F

7

6

5

4

3

Port Integration Module (S12ZVLPIMV2)

2

Access: User read/write’

1

0

R
w

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reset

' Read: Anytime
Write: Only in special mode

2.3.3

X

Figure 2-11. Reserved Register

X

NOTE

X

This reserved register is designed for factory test purposes only and is not
intended for general user access. Writing to this register when in special

modes can alter the modules functionality.

PIM Generic Registers

This section describes the details of all configuration registers.

»  Writing to reserved bits has no effect and read returns zero.

» All register read accesses are synchronous to internal clocks.

* All registers can be written at any time, however a specific configuration might not become active.
E.g. a pull-up device does not become active while the port is used as a push-pull output.

* General-purpose data output availability depends on priorization; input data registers always
reflect the pin status independent of the use.

* Pull-device availability, pull-device polarity, wired-or mode, key-wake up functionality are
independent of the priorization unless noted differently.

* For availability of individual bits refer to Section 2.3.1, “Register Map” and Table 2-27.
NOTE

This is a generic description of the standard PIM registers. Refer to

Table 2-27 to determine the implemented bits in the respective register.
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2.3.31 Port Data Register

Address 0x0260 PTE Access: User read/write’
0x0280 PTADH
0x0281 PTADL
0x02CO PTT
0x02D0 PTS
0x02F0 PTP
0x0310 PTJ

7 6 5 4 3 2 1 0

R
PTx7 PTx6 PTx5 PTx4 PTx3 PTx2 PTx1 PTx0
w

Reset 0 0 0 0 0 0 0 0

Figure 2-12. Port Data Register

' Read: Anytime. The data source is depending on the data direction value.
Write: Anytime

Table 2-10. Port Data Register Field Descriptions

Field Description

7-0 Port — General purpose input/output data
PTx7-0 [This register holds the value driven out to the pin if the pin is used as a general purpose output.
When not used with the alternative function (refer to Table 2-1), these pins can be used as general purpose I/0.
If the associated data direction bits of these pins are set to 1, a read returns the value of the port register, otherwise
the buffered pin input state is read.

2.3.3.2 Port Input Register

Address 0x0262 PTIE Access: User read only'
0x0282 PTIADH
0x0283 PTIADL

0x02C1 PTIT
0x02D1 PTIS
0x02F1 PTIP
0x0311 PTIJ
7 6 5 4 3 2 1 0
R PTIx7 PTIx6 PTIx5 PTIx4 PTIx3 PTIx2 PTIx1 PTIx0
w
Reset 0 0 0 0 0 0 0 0

Figure 2-13. Port Input Register

' Read: Anytime
Write: Never
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Table 2-11. Port Input Register Field Descriptions

Field

Description

7-0
PTIx7-0

Port Input — Data input
Aread always returns the buffered input state of the associated pin. It can be used to detect overload or short circuit
conditions on output pins.

2.3.3.3

Address

Data Direction Register

0x0264 DDRE Access: User read/write’
0x0284 DDRADH

0x0285 DDRADL

0x02C2 DDRT

0x02D2 DDRS

0x02F2 DDRP

0x0312 DDRJ

7 6 5 4 3 2 1 0

R
W

DDRx7 DDRx6 DDRx5 DDRx4 DDRx3 DDRx2 DDRx1 DDRx0

Reset

0 0 0 0 0 0 0 0

Figure 2-14. Data Direction Register

" Read: Anytime
Write: Anytime

Table 2-12. Data Direction Register Field Descriptions

Field Description
7-0 Data Direction — Select general-purpose data direction
DDRx7-0 | This bit determines whether the pin is a general-purpose input or output. If a peripheral module controls the pin the

content of the data direction register is ignored. Independent of the pin usage with a peripheral module this register

determines the source of data when reading the associated data register address.

Note: Due to internal synchronization circuits, it can take up to two bus clock cycles until the correct value is read on
port data and port input registers, when changing the data direction register.

1 Associated pin is configured as output

0 Associated pin is configured as input
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2.3.34

Address

R

w

Reset
Ports E, J:
Ports S:
Others:

Pull Device Enable Register

0x0266 PERE
0x0286 PERADH
0x0287 PERADL
0x02C3 PERT
0x02D3 PERS
0x02F3 PERP
0x0313 PERJ

Access: User read/write’

7 6 5 4 3 2 1 0
PERx7 PERXx6 PERx5 PERx4 PERx3 PERx2 PERx1 PERx0
0 0 0 0 0 0 1 1
0 0 0 0 1 1 1 1
0 0 0 0 0 0 0 0

Figure 2-15. Pull Device Enable Register

' Read: Anytime
Write: Anytime

Table 2-13. Pull Device Enable Register Field Descriptions

Field Description
7-0 Pull Enable — Activate pull device on input pin
PERx7-0 [ This bit controls whether a pull device on the associated port input or open-drain output pin is active. If a pin is used

as push-pull output this bit has no effect. The polarity is selected by the related polarity select register bit. On

open-drain output pins only a pull-up device can be enabled.
1 Pull device enabled
0 Pull device disabled
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2.3.3.5

Address

Port Integration Module (S12ZVLPIMV2)

Polarity Select Register

0x0268 PPSE
0x0288 PPSADH
0x0289 PPSADL
0x02C4 PPST
0x02D4 PPSS
0x02F4 PPSP
0x0314 PPSJ
0x0334 PPSL

Access: User read/write’

7 6 5 4 3 2 1 0
R
w PPSx7 PPSx6 PPSx5 PPSx4 PPSx3 PPSx2 PPSx1 PPSx0
Reset
Ports E: 0 0 0 0 0 0 1 1
Others: 0 0 0 0 0 0 0 0

Figure 2-16. Polarity Select Register

" Read: Anytime
Write: Anytime

Table 2-14. Polarity Select Register Field Descriptions

Field Description
7-0 Pull Polarity Select — Configure pull device and pin interrupt edge polarity on input pin
PPSx7-0 | This bit selects a pull-up or a pull-down device if enabled on the associated port input pin.
If a port has interrupt functionality this bit also selects the polarity of the active edge.
1 Pull-down device selected; rising edge selected
0 Pull-up device selected; falling edge selected
2.3.3.6 Port Interrupt Enable Register
Address 0x028C PIEADH Access: User read/write'
0x028D PIEADL
0x02D6 PIES
0x02F6 PIEP
0x0336 PIEL
7 6 5 4 3 2 1 0
R
PIEx7 PIEx6 PIEx5 PIEx4 PIEx3 PIEx2 PIEx1 PIExO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-17. Port Interrupt Enable Register

' Read: Anytime
Write: Anytime
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Table 2-15. Port Interrupt Enable Register Field Descriptions

Field Description
7-0 Port Interrupt Enable — Activate pin interrupt (KWU)
PIEx7-0 | This bit enables or disables the edge sensitive pin interrupt on the associated pin. An interrupt can be generated if
the pin is operating in input or output mode when in use with the general-purpose or related peripheral function.
1 Interrupt is enabled
0 Interrupt is disabled (interrupt flag masked)
2.3.3.7 Port Interrupt Flag Register
Address 0x028E PIFADH Access: User read/write'
0x028F PIFADL
0x02D7 PIFS
0x02F7 PIFP
0x0337 PIFL
7 6 5 4 3 2 1 0
R
PIFx7 PIFx6 PIFx5 PIFx4 PIFx3 PIFx2 PIFx1 PIFx0
wW
Reset 0 0 0 0 0 0 0 0

Figure 2-18. Port Interrupt Flag Register

" Read: Anytime
Write: Anytime, write 1 to clear

Table 2-16. Port Interrupt Flag Register Field Descriptions

Field Description
7-0 Port Interrupt Flag — Signal pin event (KWU)

PIFx7-0 | This flag asserts after a valid active edge was detected on the related pin (see Section 2.4.4.2, “Pin interrupts and
Key-Wakeup (KWU)”). This can be a rising or a falling edge based on the state of the polarity select register. An
interrupt will occur if the associated interrupt enable bit is set.

Writing a logic “1” to the corresponding bit field clears the flag.
1 Active edge on the associated bit has occurred
0 No active edge occurred
2.3.3.8 Digital Input Enable Register
Address 0x0298 DIENADH Access: User read/write'
0x0299 DIENADL
7 6 5 4 3 2 1 0
R
DIENx7 DIENx6 DIENx5 DIENx4 DIENx3 DIENx2 DIENx1 DIENxO
wW
Reset 0 0 0 0 0 0 0 0

Figure 2-19. Digital Input Enable Register
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' Read: Anytime
Write: Anytime

Port Integration Module (S12ZVLPIMV2)

Table 2-17. Digital Input Enable Register Field Descriptions

Field Description
7-0 Digital Input Enable — Input buffer control
DIENx7-0 | This bit controls the digital input function. If set to 1 the input buffers are enabled and the pin can be used with the
digital function. If a peripheral module is enabled which uses the pin with a digital function the input buffer is activated
and the register bit is ignored. If the pin is used with an analog function this bit shall be cleared to avoid shoot-through
current.
1 Associated pin is configured as digital input
0 Associated pin digital input is disabled
2.3.3.9 Reduced Drive Register
Address 0x02FD RDRP Access: User read/write'
7 6 5 4 3 2 1 0
R
RDRx7 RDRx6 RDRx5 RDRx4 RDRx3 RDRx2 RDRx1 RDRx0
wW
Reset 0 0 0 0 0 0 0 0

Figure 2-20. Reduced Drive Register

" Read: Anytime

Write: Anytime

Table 2-18. Reduced Drive Register Field Descriptions

Field Description
7-0 Reduced Drive Register — Select reduced drive for output pin
RDRx7-0 | This bit configures the drive strength of the associated output pin as either full or reduced. If a pin is used as input

this bit has no effect. The reduced drive function is independent of which function is being used on a particular pin.
1 Reduced drive selected (approx. 1/10 of the full drive strength)
0 Full drive strength enabled

2.3.3.10 Wired-Or Mode Register

Address 0x02DF WOMS

Access: User read/write’

0x031F WOMJ
7 6 5 4 3 2 1 0
R
WOMx7 WOMx6 WOMXx5 WOMXx4 WOMXx3 WOMx2 WOMx1 WOMXxO0
w
Reset 0 0 0 0 0 0 0 0

Figure 2-21. Wired-Or Mode Register
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' Read: Anytime
Write: Anytime

Table 2-19. Wired-Or Mode Register Field Descriptions

Field

Description

7-0 Wired-Or Mode — Enable open-drain output

influence on pins used as inputs.
1 Output buffers operate as open-drain outputs
0 Output buffers operate as push-pull outputs

WOMXx7-0 [ This bit configures the output buffer as wired-or. If enabled the output is driven active low only (open-drain) while the
active high drive is turned off. This allows a multipoint connection of several serial modules. These bits have no

2.3.3.11  PIM Reserved Register

Address (any reserved,
except when explicitly specified otherwise)

5

Access: User read’

3 2 1 0
R 0 0 0 0 0 0 0 0

w
Reset 0 0 0 0 0 0 0 0

Figure 2-22. PIM Reserved Register

' Read: Always reads 0x00
Write: Unimplemented

2.3.4 PIM Generic Register Exceptions

This section lists registers with deviations from the generic description in one or more register bits.

2.3.41

Address 0x02F9

Port P Over-Current Protection Enable Register (OCPEP)

Access: User read/write’

7 6 5 4 3 1
0 0 0 0
OCPEP7 OCPEP5 OCPEP3 OCPEP1
w
Reset 0 0 0 0 0 0 0 0

Figure 2-23. Over-Current Protection Enable Register (OCPEP)

' Read: Anytime

Write:Anytime
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Table 2-20. OCPEP Register Field Descriptions

Field Description
7 Over-Current Protection Enable — Activate over-current detector on EVDD1
OCPEP7 |Refer to Section 2.5.3, “Over-Current Protection on EVDD1”
1 EVDD1 over-current detector enabled
0 EVDD1 over-current detector disabled
5 Over-Current Protection Enable — Activate over-current detector on PP5
OCPEP5 | Refer to Section 2.5.4, “Over-Current Protection on PP[5,3,1]”
1 PP5 over-current detector enabled
0 PP5 over-current detector disabled
3 Over-Current Protection Enable — Activate over-current detector on PP3
OCPEP3 | Refer to Section 2.5.4, “Over-Current Protection on PP[5,3,1]”
1 PP3 over-current detector enabled
0 PP3 over-current detector disabled
1 Over-Current Protection Enable — Activate over-current detector on PP1
OCPEP1 |Refer to Section 2.5.4, “Over-Current Protection on PP[5,3,1]
1 PP1 over-current detector enabled
0 PP1 over-current detector disabled
2.3.4.2 Port P Over-Current Interrupt Enable Register (OCIEP)
Address Ox02FA Access: User read/write’
7 6 5 4 3 1
0 0 0
OCIEP7 OCIEPS OCIEP3 OCIEP1
w
Reset 0 0 0 0 0 0 0

Figure 2-24. Port P Over-Current Interrupt Enable Register

Read: Anytime
Write: Anytime

Table 2-21. Port P Over-Current Interrupt Enable Register

Field Description
7 Over-Current Interrupt Enable —
OCIEP7 | This bit enables or disables the over-current interrupt on EVDD1.
1 EVDD1 over-current interrupt enabled
0 EVDD1 over-current interrupt disabled (interrupt flag masked)
5 Over-Current Interrupt Enable —
OCIEP5S | This bit enables or disables the over-current interrupt on PP5.

1 PP5 over-current interrupt enabled
0 PP5 over-current interrupt disabled (interrupt flag masked)
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Table 2-21. Port P Over-Current Interrupt Enable Register (continued)

Field Description

3 Over-Current Interrupt Enable —
OCIEP3 | This bit enables or disables the over-current interrupt on PP3.
1 PP3 over-current interrupt enabled
0 PP3 over-current interrupt disabled (interrupt flag masked)

1 Over-Current Interrupt Enable —
OCIEP1 | This bit enables or disables the over-current interrupt on PP1.
1 PP1 over-current interrupt enabled
0 PP1 over-current interrupt disabled (interrupt flag masked)

2.3.4.3 Port P Over-Current Interrupt Flag Register (OCIFP)

Address 0x02FB Access: User read/write’
7 6 5 4 3 2 1
R 0 0 0 0
OCIFP7 OCIFP5 OCIFP3 OCIFP1
W
Reset 0 0 0 0 0 0 0 0

Figure 2-25. Port P Over-Current Interrupt Flag Register

Read: Anytime
Write: Anytime, write 1 to clear

Table 2-22. Port P Over-Current Interrupt Flag Register

Field Description

7 Over-Current Interrupt Flag —
OCIFP7 [This flag asserts if an over-current condition is detected on EVDD1 (Section 2.4.4.3, “Over-Current Interrupt”).
Writing a logic “1’ to the corresponding bit clears the flag.
1 EVDD1 over-current event occurred
0 No EVDD1 over-current event occurred

5 Over-Current Interrupt Flag —
OCIFP5 [This flag asserts if an over-current condition is detected on PP5 (Section 2.4.4.3, “Over-Current Interrupt”). Writing
a logic “1’ to the corresponding bit clears the flag.
1 PP5 over-current event occurred
0 No PP5 over-current event occurred

3 Over-Current Interrupt Flag —
OCIFP3 [This flag asserts if an over-current condition is detected on PP3 (Section 2.4.4.3, “Over-Current Interrupt”). Writing
a logic “1’ to the corresponding bit clears the flag.
1 PP3 over-current event occurred
0 No PP3 over-current event occurred

1 Over-Current Interrupt Flag —
OCIFP1 [This flag asserts if an over-current condition is detected on PP1 (Section 2.4.4.3, “Over-Current Interrupt”). Writing
a logic “1" to the corresponding bit clears the flag.
1 PP1 over-current event occurred
0 No PP1 over-current event occurred
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2344 Port L Input Register (PTIL)

Address 0x0331 Access: User read only’
7 5 4 3 2 1 0
R 0 0 0 0 0 0 0 PTILO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-26. Port L Input Register (PTIL)
' Read: Anytime

Write: Never
Table 2-23. PTIL - Register Field Descriptions
Field Description
0 Port Input Data Register Port L —
PTIL A read returns the synchronized input state if the associated pin is used in digital mode, that is the related
DIENL bit is set to 1 and the pin is not used in analog mode (PTAL[PTAENL]=0). See Section 2.3.4.6, “Port L
Analog Access Register (PTAL)”. A one is read in any other case.

" Refer to PTTEL bit description in Section 2.3.4.6, “Port L Analog Access Register (PTAL) for an override condition.

2345 Port L Digital Input Enable Register (DIENL)

Address 0x33C Access: User read/write’
5 4 3 2 1 0
R 0 0 0 0 0 0 0
DIENLO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-27. Port L Digital Input Enable Register (DIENL)

" Read: Anytime
Write: Anytime

Table 2-24. DIENL Register Field Descriptions

Field Description

0 Digital Input Enable Port L — Input buffer control
DIENL | This bit controls the HVI digital input function. If set to 1 the input buffers are enabled and the pin can be used with
the digital function. If the analog input function is enabled (PTAL[PTAENL]=1) the input buffer of the selected HVI pin
is forced off! in run mode and is released to be active in stop mode only if DIENL=1.
1 Associated pin digital input is enabled if not used as analog input in run mode’
0 Associated pin digital input is disabled’

" Refer to PTTEL bit description in Section 2.3.4.6, “Port L Analog Access Register (PTAL) for an override condition.
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2.3.4.6 Port L Analog Access Register (PTAL)
Address 0x033D Access: User read/write’
7 6 5 4 3 2 1
R 0 0 0
PTTEL PTPSL PTABYPL | PTADIRL | PTAENL
W
Reset 0 0 0 0 0 0 0 0

Figure 2-28. Port L Analog Access Register (PTAL)

Read: Anytime
Write: Anytime

Table 2-25. PTAL Register Field Descriptions

Field Description
7 Port L Test Enable —

PTTEL | This bit forces the input buffer of the HVI pin to be active while using the analog function to support open input
detection in run mode. Refer to Section 2.5.5, “Open Input Detection on HVI”). In stop mode this bit has no effect.
Note: In direct input connection (PTAL[PTADIRL]=1) the digital input buffer is not enabled.

1 Input buffer enabled when used with analog function and not in direct mode (PTAL[PTADIRL]=0)
0 Input buffer disabled when used with analog function
6 Port L Pull Select —

PTPSL [ This bit selects a pull device on the HVI pin in analog mode for open input detection. By default a pull-down device
is active as part of the input voltage divider. If set to 1 and PTTEL=1 and not in stop mode a pull-up to a level close
to Vppx takes effect and overrides the weak pull-down device. Refer to Section 2.5.5, “Open Input Detection on
HVI?).

1 Pull-up enabled
0 Pull-down enabled
5 Port L ADC connection Bypass —
PTABYPL | This bit bypasses and powers down the impedance converter stage in the signal path from the analog input pin to
the ADC channel input. This bit takes effect only if using direct input connection to the ADC channel (PTADIRL=1).
1 Bypass impedance converter in ADC channel signal path
0 Use impedance converter in ADC channel signal path
4 Port L ADC Direct connection —
PTADIRL [ This bit connects the analog input signal directly to the ADC channel bypassing the voltage divider. This bit takes
effect only in analog mode (PTAENL=1).
1 Input pin directly connected to ADC channel
0 Input voltage divider active on analog input to ADC channel
3 Port L ADC connection Enable —
PTAENL | This bit enables the analog signal link an HVI pin to an ADC channel. If set to 1 the analog input function takes

precedence over the digital input in run mode by forcing off the input buffers if not overridden by PTTEL=1.
Note: When enabling the resistor paths to ground by setting PTAL[PTAENL]=1, a settling time of tync_pvi + two bus
cycles must be considered to let internal nodes be loaded with correct values.

1 PLO is connected to ADC
0 PLO is not connected to ADC
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2.3.4.7 Port L Input Divider Ratio Selection Register (PIRL)

Address 0x033E Access: User read/write’
5 4 3 2 1 0
R 0 0 0 0 0 0
PIRLO[1:0]
w
Reset 0 0 0 0 0 0 0 0

Figure 2-29. Port L Input Divider Ratio Selection Register (PIRL)

' Read: Anytime
Write: Anytime

Table 2-26. PIRL Register Field Descriptions

Field Description
1-0 Port L Input Divider Ratio Select —
PIRLO These bits select one of three voltage divider ratios for the associated high-voltage input pin in analog mode.

1x Ratioq,_py selected
01 Ratio| v selected
00 Ratioy_py selected

24  Functional Description

241 General

Each pin except BKGD can act as general-purpose I/O. In addition each pin can act as an output or input
of a peripheral module.

24.2 Registers

Table 2-27 lists the implemented configuration bits which are available on each port. These registers
except the pin input registers can be written at any time, however a specific configuration might not
become active. For example a pull-up device does not become active while the port is used as a push-pull
output.

Unimplemented bits read zero.
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Table 2-27. Bit Indices of Implemented Register Bits per Port

Pull . Port Port Digital -
Port Pata I::l:tt Dirl':c)aactt?on Device P:;?;::tty Interrupt | Interrupt In?aut RT;?VC:d W:\;I‘i:;or
Register Register | Register Ena!ble Register Ena!ble Fl'ag Ena!ble Register | Register
Register Register | Register | Register
Port PT PTI DDR PER PPS PIE PIF DIE RDR WOM
E 1-0 1-0 1-0 1-0 1-0 - - - - -
ADH 1-0 1-0 1-0 1-0 1-0 1-0 1-0 1-0 - -
ADL 7-0 7-0 7-0 7-0 7-0 7-0 7-0 7-0 - -
T 70 7-0 7-0 7-0 7-0 - - - - -
S 3-0 3-0 3-0 3-0 3-0 3-0 3-0 - - 3-0
P 7-0 7-0 7-0 7-0 7-0 7-0 7-0 - 7,5,3,1 -
J 1-0 1-0 1-0 1-0 1-0 - - - - 1-0
L - 0 - - 0 0 0 0 - -

2.4.3 Pin 1/0 Control

Figure 2-30 illustrates the data paths to and from an I/O pin. Input and output data can always be read via
the input register (PTIx, Section 2.3.3.2, “Port Input Register”) independent if the pin is used as
general-purpose I/0 or with a shared peripheral function. If the pin is configured as input (DDRx=0,

Section 2.3.3.3, “Data Direction Register”), the pin state can also be read through the data register (PTx,
Section 2.3.3.1, “Port Data Register™).

PTIx |« synch.

Na
PTx - 0

DDRx 0

PIN

data out

output enable

Periph.
Module

data in

¢

|

I

port enable |
' I

|

|

Figure 2-30. lllustration of I/O pin functionality

The general-purpose data direction configuration can be overruled by an enabled peripheral function
shared on the same pin (Table 2-28). If more than one peripheral function is available and enabled at the
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same time, the highest ranked module according the predefined priority scheme in Table 2-1 will take
precedence on the pin.

Table 2-28 shows the effect of enabled peripheral features on I/O state and enabled pull devices.
Table 2-28. Effect of Enabled Features

Enabled . Effect on Effect on enabled
Feature' Related Signal(s) 1/0O state pull device

CPMU OSC EXTAL, XTAL CPMU takes control Forced off
TIMx output compare |I0OCx_y Forced output Forced off
TIMx input capture I0Cx_y None? None®
SPIO MISO0, MOSIO0, SCKO, SSO | Controlled input/output Forced off if output
SClIx transmitter TXDx Forced output Forced off
SClx receiver RXDx Forced input None®
11ICO SDAO, SCLO Forced open-drain Pull-down forced off
S12ZDBG DBGEEV None? None®
PWM channel PWMx Forced output Forced off
ADCO ANx None? 4 None®

VRH, VRL
ACMP ACMPO_0, ACMPO_1 None? 4 None®

ACMPOO Forced output Forced off
DAC AMPP, AMPM None? 4 None®

AMP Forced analog output, Forced off

digital output forced off

PGA PGA_INO, PGA_IN1, None?2 4 None®

PGA_REF
IRQ IRQ Forced input None®
XIRQ XIRQ Forced input None®
MSCANO TXCANO Forced output Forced off

RXCANO Forced input Pull-down forced off
LINPHYO LPTXDO Forced input None®

LPRXDO Forced output Forced off

Tf applicable the appropriate routing configuration must be set for the signals to take effect on the pins.
2 DDR maintains control
3 PER/PPS maintain control
4 To use the digital input function the related bit in Digital Input Enable Register (DIENADx) must be set to logic

level “1”.
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244 Interrupts

This section describes the interrupts generated by the PIM and their individual sources. Vector addresses
and interrupt priorities are defined at MCU level.

Table 2-29. PIM Interrupt Sources

Module Interrupt Sources Local Enable
XIRQ None
IRQ IRQCR[IRQEN]
Port AD pin interrupt PIEADHI[PIEADL1:PIEADHOQ]
PIEADL[PIEADL7:PIEADLO]
Port S pin interrupt PIES[PIES3:PIESQ]
Port P pin interrupt PIEP[PIEP7:PIEPO]
Port L pin interrupt PIEL[PIELO]
Port P over-current interrupt OCIEP[OCIEP7,0CIEP5,0CIEP3,0CIEP1]

2.4.41 XIRQ, IRQ Interrupts

The XIRQ pin allows requesting non-maskable interrupts after reset initialization. During reset, the X bit
in the condition code register is set and any interrupts are masked until software enables them.

The IRQ pin allows requesting asynchronous interrupts. The interrupt input is disabled out of reset. To
enable the interrupt the IRQCR[IRQEN] bit must be set and the I bit cleared in the condition code register.
The interrupt can be configured for level-sensitive or falling-edge-sensitive triggering. [f IRQCR[IRQEN]
is cleared while an interrupt is pending, the request will de-assert.

Both interrupts are capable to wake-up the device from stop mode. Means for glitch filtering are not
provided on these pins.

24.4.2 Pin interrupts and Key-Wakeup (KWU)

Ports AD, S, P and L offer pin interrupt and key-wakeup capability. The related interrupt enable (PIE) as
well as the sensitivity to rising or falling edges (PPS) can be individually configured on per-pin basis. All
bits/pins in a port share the same interrupt vector. Interrupts can be used with the pins configured as inputs
or outputs.

An interrupt is generated when a bit in the port interrupt flag (PIF) and its corresponding port interrupt
enable (PIE) are both set. The pin interrupt feature is also capable to wake up the CPU when it is in stop
or wait mode (key-wakeup).

A digital filter on each pin prevents short pulses from generating an interrupt. A valid edge on an input is
detected if 4 consecutive samples of a passive level are followed by 4 consecutive samples of an active
level. Else the sampling logic is restarted.

In run and wait mode the filters are continuously clocked by the bus clock. Pulses with a duration of
tpuLsE < 1p mask/fbys are assuredly filtered out while pulses with a duration of tpyy g > np pass/Thus
guarantee a pin interrupt. B
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In stop mode the filter clock is generated by an RC-oscillator. The minimum pulse length varies over
process conditions, temperature and voltage (Figure 2-31). Pulses with a duration of tpyj; sg <tp pmask are
assuredly filtered out while pulses with a duration of tpj gg > tp pags guarantee a wakeup event.

Please refer to the appendix table “Pin Timing Characteristics” for pulse length limits.

To maximize current saving the RC oscillator is active only if the following condition is true on any
individual pin:

Sample count <= 4 (at active or passive level) and interrupt enabled (PIE[x]=1) and interrupt flag not set
(PIF[x]=0).

Glitch, filtered out, no interrupt fIag set

I A

Y

|

I I

I I

I I

, _ | uncertain |
Valid pulse, interrupt flag set I I
I I

| i

I I

| |

tp_mask tp_pass

Figure 2-31. Interrupt Glitch Filter (here: active low level selected)

2443 Over-Current Interrupt

In case of an over-current condition on PP7(EVDD1) or PP[5,3,1] (see Section 2.5.3, “Over-Current
Protection on EVDD1” and 2.5.4, “Over-Current Protection on PP[5,3,1]”) the related over-current
interrupt flag OCIFP[OCIFPx] asserts. This flag generates an interrupt if the enable bit OCIEP[OCIEPx]
is set.

An asserted flag immediately forces the related EVDDI1 pin low or PP[5,3,1] pin high to protect the device.
The flag must be cleared to re-enable the driver.

24.5 High-Voltage Input

Port L provides one high-voltage input (HVI) with the following features:
+ Input voltage proof up to Vigyg
» Digital input function with pin interrupt and wakeup from stop capability

* Analog input function with selectable divider ratio routable to ADC channel. Optional direct input
bypassing voltage divider and impedance converter. Capable to wakeup from stop (pin interrupts
in run mode not available). Open input detection.

Figure 2-32 shows a block diagram of the HVI.
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NOTE

The term stop mode (STOP) is limited to voltage regulator operating in
reduced performance mode (RPM). Refer to “Low Power Modes™ section
in device overview.

Vi RexT_Hwi
_>
10K HVI
ANALOG = PTAENL
40K
Input Buffer
1T PTIL
(DIENL & (ANALOG | STOP))
500K | (ANALOG & PTADIRL & PTTEL & STOP)
ANALOG ~ VDDX
ANALOG & PTTEL {> <}

& STOP & PTPSI
& PTADIRL & STOP ANALOG Impedance
& STOP & PTADIRL Converter

X ADC

ANALOG __
& STOP & PTADIRL

50K

PTAENL

60K
PIRL[1] & PTADIRL
& PTABYPL

PIRL[O] | wOK

Figure 2-32. HVI Block Diagram

Voltages up to Vigyy can be applied to the HVI pin. Internal voltage dividers scale the input signals down
to logic level. There are two modes, digital and analog, where these signals can be processed.

2451 Digital Mode Operation

In digital mode (PTAENL=0) the input buffer is enabled if DIENL=1. The synchronized pin input state
determined at threshold level Vi pyyy can be read in register PTIL. Interrupt flag (PIFL) is set on input
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transitions if enabled (PIEL=1) and configured for the related edge polarity (PPSL). Wakeup from stop
mode is supported.

2.4.5.2

In analog mode (PTAENL=1) the input buffer is forced off (except if HVI test enabled and not in direct
mode: PTTEL=1 & PTADIRL =0) and the voltage applied to a selectable HVI pin can be measured on its
related internal ADC channel (refer to device overview section for channel assignment). One of three input
divider ratios (Ratioy yyy, Ratiop, vy, Ratioj, gyy) can be chosen (PIRL[1:0]) or the voltage divider can
be bypassed (PTAL[PTADIRL]=1). Additionally in the latter case the impedance converter in the ADC
signal path can be configured to be used or bypassed in direct input mode (PTAL[PTABYPL]).

Analog Mode Operation

In run mode the digital input buffer of the selected pin is disabled to avoid shoot-through current. Thus pin
interrupts cannot be generated.

In stop mode the digital input buffer is enabled only if DIENL=1 to support wakeup functionality.

Table 2-30 shows the HVI input configuration depending on register bits and operation mode.

Table 2-30. HVI Input Configurations

Mode DIENL PTAENL Digital Input | Analog Input Resulting Function
Run 0 0 off off Input disabled (Reset)
0 1 off! enabled Analog input, interrupt not supported
1 0 enabled off Digital input, interrupt supported
1 1 off’ enabled Analog input, interrupt not supported
Stop? 0 0 off off Input disabled, wakeup from stop not
0 1 off off supported
1 0 enabled off Digital input, wakeup from stop supported
1 1 enabled off

! Enabled if (PTAL[PTTEL]=1 & PTAL[PTADIRL]=0)

2 The term “stop mode” is limited to voltage regulator operating in reduced performance mode (RPM; refer to “Low Power
Modes” section in device overview). In any other case the HVI input configuration defaults to “run mode”. Therefore set
PTAENL=0 before entering stop mode in order to generally support wakeup from stop.

NOTE

An external resistor Rgxt vy must always be connected to the
high-voltage inputs to protect the device pins from fast transients and to
achieve the specified pin input divider ratios when using the HVI in analog
mode.
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2.5 Initialization and Application Information

2.5.1 Port Data and Data Direction Register writes

It is not recommended to write PORTx/PTx and DDRx in a word access. When changing the register pins
from inputs to outputs, the data may have extra transitions during the write access. Initialize the port data
register before enabling the outputs.

2.5.2  SCI Baud Rate Detection
The baud rate for SCI0 and SCI1 can be determined by using a timer channel to measure the data rate on
the related RXD signal.

1. Establish the link:

— For SCI0: Set MODRR4[TOIC3RR1:TOIC3RR0]=0b01 to disconnect the pin from TIMO input
capture channel 3 and reroute the timer input to the internal RXDO signal of SCIO0.

— For SCI1: Set MODRR4[TOIC3RR1:TOIC3RR0]=0b10 to disconnect the pin from TIMO input
capture channel 3 and reroute the timer input to the internal RXD1 signal of SCI1.

2. Determine pulse width of incoming data: Configure TIMO input capture channel 3 to measure time
between incoming signal edges.

2.5.3 Over-Current Protection on EVDD1

Pin PP7 can be used as general-purpose I/O or due to its increased current capability in output mode as a
switchable external power supply pin (EVDDI1) for external devices like Hall sensors.

EVDDI1 connects the load to the digital supply VDDX.

An over-current monitor is implemented to protect the controller from short circuits or excess currents on
the output which can only arise if the pin is configured for full drive. Although the full drive current is
available on the high and low side, the protection is only available on the high side when sourcing current
from EVDDI1 to VSSX. There is also no protection to voltages higher than Vppx.

To power up the over-current monitor set the related OCPEx bit.

In stop mode the over-current monitor is disabled for power saving. The increased current capability
cannot be maintained to supply the external device. Therefore when using the pin as power supply the
external load must be powered down prior to entering stop mode by driving the output low.

An over-current condition is detected if the output current level exceeds the threshold Icp in run mode.
The output driver is immediately forced low and the over-current interrupt flag OCIFx asserts. Refer to
Section 2.4.4.3, “Over-Current Interrupt”.

254 Over-Current Protection on PP[5,3,1]

Pins PP[5,3,1] can be used as general-purpose I/0O or due to their increased current capability in output
mode as a switchable external power ground pin for external devices like LEDs supplied by VDDX.
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PP[5,3,1] connect the loads to the digital ground VSSX.

Similar protection mechanisms as for EVDD1 apply for PP[5.3,1] accordingly in an inverse way.

2.5.5 Open Input Detection on HVI

The connection of an external pull device on a high-voltage input can be validated by using the built-in
pull functionality of the HVI. Depending on the application type an external pull-down circuit can be
detected with the internal pull-up device whereas an external pull-up circuit can be detected with the
internal pull-down device which is part of the input voltage divider.

Note that the following procedures make use of a function that overrides the automatic disable mechanism
of the digital input buffer when using the HVI in analog mode. Make sure to switch off the override
function when using the HVI in analog mode after the check has been completed.
External pull-down device (Figure 2-33):
1. Enable analog function on HVI in non-direct mode (PTAL[PTAENL]=1, PTAL[PTADIRL]=0)
2. Select internal pull-up device on HVI (PTAL[PTPSL]=1)
3. Enable function to force input buffer active on HVI in analog mode (PTAL[PTTEL]=1)
4. Verify PTIL=0 for a connected external pull-down device; read PTIL=1 for an open input

VDDX

500K

min. 1/10 * VDDX
110K / 550K / 50K i—» Digital in

PIRL=00/
PIRL=01/ 40K
PIRL = 1x

HVI

10K

HV Supply

Figure 2-33. Digital Input Read with Pull-up Enabled

External pull-up device (Figure 2-34):
1. Enable analog function on HVI in non-direct mode (PTAL[PTAENL]=1, PTAL[PTADIRL]=0)
2. Select internal pulldown device on HVI (PTAL[PTPSL]=0)
3. Enable function to force input buffer active on HVI in analog mode (PTAL[PTTEL]=1)
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4. Verify PTIL=1 for a connected external pull-up device; read PTIL=0 for an open input

HV Supply

10K

HVI

610K/ 1050K / 550K

PIRL =00/
PIRL=01/
PIRL = 1x

Figure 2-34. Digital Input Read with Pull-down Enabled

40K

max. 37/40 * Viyy; (PIRL = 00)
max. 21/22 * Vi (PIRL = 01)
max. 11/12 * Vi (PIRL = 1x)

Digital in
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Chapter 3
5V Analog Comparator (ACMPV2)

Revision History

Rev. No. Date (Submitted Sections .
(Item No.) By) Affected Substantial Change(s)
V02.01 22 Mar 2013 * Various changes based on shared review feedback
» Separated ACIE and ACIF in two registers
* Made ACPSEL and ACNSEL write only while module disabled
» Changed initialization delay to 127 bus clock cycles
V02.02 29 Feb 2013 » Minor corrections based on feedback from shared review
V02.03 25 Jun 2013 + Corrected ACMPO behavior in shutdown mode
» Corrected ACMPC1 write restriction
* Made input change during initialization delay description non-ambiguous
3.1 Introduction

The analog comparator (ACMP) provides a circuit for comparing two analog voltages. The comparator
circuit is designed to operate across the full range between 0V and VDDA supply voltage (rail-to-rail
operation).

3.2

Features

The ACMP has the following features:

0V to VDDA supply rail-to-rail inputs

Low offset

Up to 4 inputs selectable as inverting and non-inverting comparator inputs:
— 2 low-impedance inputs with selectable low pass filter for external pins
— 2 high-impedance inputs with fixed filter for SoC-internal signals
Selectable hysteresis

Selectable interrupt on rising edge, falling edge, or rising and falling edges of comparator output
Option to output comparator signal on an external pin with selectable polarity
Support for triggering timer input capture events

Operational over supply range from 3V-5% to S5V+10%

Temperature range (Ty): -40°C to 150°C
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3.3 Block Diagram
The block diagram of the ACMP is shown in Figure 3-1.

IACPSEL1-0) | ACE | | Acops | | AcoPE
ACMPO
>
= | AcmpPP
g [AC
X
1L~ to timer input capture
Hold >
acmpi_1 [~
acmpi_0 § | @EI Edae Detect ACMP interrupt
ACMP_1 = | AcmPN gfog?cec '
ACMP_0 /{
vy Mt
ACDLY | |ACNSEL1-0| |ACHYs1-0| [ Aco | [Acmop1-0 [ AcF | [ AcE

Note: For connectivity of internal signals acmpi_0, acmpi_1 and timer input capture refer to device overview section

Figure 3-1. ACMP Block Diagram

3.4  External Signals

The ACMP has two external analog input signals, ACMP_0 and ACMP_1 which can be configured to be
used with the inverting and non-inverting input, and one digital output, ACMPO.

The inputs can accept a voltage that varies across the full 0V to VDDA voltage range. The ACMP monitors
these inputs independent of any other functions which may be shared on these pins (GPIO, ADC).

The ACMP output signal can optionally be driven out on the external pin ACMPO.

3.4.1 Internal Signals

In addition to the external inputs there are two internal inputs acmpi_0 and acmpi_1 available for use with
predefined SoC-internal analog signals. Refer to device-level section for connectivity.

3.5 Modes of Operation

1. Normal Mode
The ACMP is operational when enabled (ACE=1) and not in STOP mode. It maintains operation
throughout WAIT mode. An initialization delay of 127 bus clock cycles must be accounted for
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when entering normal mode after leaving shutdown mode. During this time the comparator output
path to all subsequent logic (ACO, ACIF, timer link) is held in its current state. Refer to Iycyp run
for current consumption of ACMP during operation. B

2. Shutdown Mode
The ACMP is held in shutdown mode either when disabled (ACE=0) or during STOP mode. When
leaving normal mode the current state of the comparator will be maintained. ACMPO drives zero
in shutdown mode if not inverted (ACOPS=0). In this mode the current consumption is reduced to

Iacmp off

3.6 Memory Map and Register Definition

3.6.1 Register Map
Table 3-1 shows the ACMP register map.

NOTE

Register Address = Base Address + Address Offset, where the Base Address
is defined at the MCU level and the Address Offset is defined at the module
level.

Table 3-1. ACMP Register Map

Address Register

Offset Name Bit 7 6 5 4 3 2 1 Bit 0

R

0x0000 ACMPCO W ACE ACOPE ACOPS ACDLY ACHYS1-0 ACMOD1-0
R 0 0 0 0

0x0001 ACMPCA1 W ACPSEL1-0 ACNSEL1-0
R 0 0 0 0 0 0 0

0x0002 ACMPC2 Wi ACIE
R| ACO 0 0 0 0 0 0

0x0003 ACMPS Wi ACIF

0x0004— R 0 0 0 0 0 0 0 0

0x0007 Reserved W
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3.6.2 Register Descriptions
3.6.2.1 ACMP Control Register 0 (ACMPCO0)
Module Base + 0x0000 Access: User read/write’
7 6 5 4 3 2 1 0
R
w ACE ACOPE ACOPS ACDLY ACHYS1-0 ACMOD1-0
Reset 0 0 0 0 0 0 0 0

Figure 3-2. ACMP Control Register (ACMPCO0)

' Read: Anytime
Write: Anytime

Table 3-2. ACMPCO Register Field Descriptions

Field Description
7 ACMP Enable —
ACE This bit enables the ACMP module. When set the related input pins are connected with the low pass input filters.
Note: After setting ACE to 1 an initialization delay of 127 bus clock cycles must be accounted for. During this time
the comparator output path to all subsequent logic (ACO, ACIF, timer link) is held at its current state. WWhen
setting ACE to 0 the current state of the comparator will be maintained.For ACMPO a delay of tacmp_delay_en
must be accounted for.
0 ACMP disabled
1 ACMP enabled
6 ACMP Output Pin Enable —
ACOPE | This bit enables the ACMP output on external ACMPO pin.
0 ACMP output pin disabled
1 ACMP output is driven out to ACMPO
5 ACMP Output Polarity Select —
ACOPS | This bit selects the output polarity on ACMPO.
0 ACMPO is ACMP output
1 ACMPO is ACMP output inverted
4 ACMP Input Filter Select for Inputs ACMP_0 and ACMP_1 —
ACDLY | This bit selects the analog input filter characteristics resulting in a signal propagation delay of tacmp_delay-

0 Select input filter with low speed characteristics
1 Select input filter with high speed characteristics
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Table 3-2. ACMPCO Register Field Descriptions (continued)

Field Description

3-2 ACMP Hysteresis —
ACHYS1-0| These bits select the ACMP hysteresis Vacmp_hyst-
00 Select smallest hysteresis
01 Select small hysteresis
10 Select large hysteresis
11 Select largest hysteresis

1-0 ACMP Mode —

ACMOD | These bits select the type of compare event to set ACIF.
1-0 00 Flag setting disabled

01 Flag setting on output rising edge

10 Flag setting on output falling edge

11 Flag setting on output rising or falling edge

3.6.2.2 ACMP Control Register 1 (ACMPC1)

Module Base + 0x0001 Access: User read/write’
5 4 3 2 1 0
R 0 0 0 0
ACPSEL1-0 ACNSEL1-0
w
Reset 0 0 0 0 0 0 0 0

Figure 3-3. ACMP Control Register (ACMPC1)
' Read: Anytime
Write: Only if ACE=0

Table 3-3. ACMPC1 Routing Register Field Descriptions

Field Description

5-4 ACMP Positive Input Select —
ACPSEL1-0 [ These bits select the ACMP non-inverting input connected to ACMPP.
11 acmpi_1
10 acmpi_0O
01 ACMP_1
00ACMP_O

1-0 ACMP Negative Input Select —
ACNSEL1-0 | These bits select the ACMP inverting input connected to ACMPN.
11 acmpi_1
10 acmpi_0
01 ACMP_1
00 ACMP_0
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3.6.2.3 ACMP Control Register 2 (ACMPC2)
Module Base + 0x0002 Access: User read/write’
5 4 3 2 1 0
R 0 0 0 0 0 0 0
ACIE
W
Reset 0 0 0 0 0 0 0 0

Figure 3-4. ACMP Control Register (ACMPC2)

' Read: Anytime
Write: Anytime

Table 3-4. ACMPC2 Register Field Descriptions

Field Description
0 ACMP Interrupt Enable —
ACIE This bit enables the ACMP interrupt.
0 Interrupt disabled
1 Interrupt enabled
3.6.24 ACMP Status Register (ACMPS)
Module Base + 0x0003 Access: User read/write'
7 6 5 4 3 2 1 0
R ACO 0 0 0 0 0 0
ACIF
wW
Reset 0 0 0 0 0 0 0 0

Figure 3-5. ACMP Status Register (ACMPS)

" Read: Anytime

Write:
ACIF: Anytime, write 1 to clear
ACO: Never
Table 3-5. ACMPS Register Field Descriptions
Field Description
7 ACMP Output —
ACO

Reading ACO returns the current value of the synchronized ACMP output. Refer to ACE description to account for
initialization delay.

0 ACMP Interrupt Flag —
ACIF ACIF is set when a ACMP output has a valid edge defined by ACMPCO[ACMOD]. The setting of this flag lags the
ACMPO output by two bus clocks. Writing 1 clears the flag.
0 Compare event has not occurred
1 Compare event has occurred
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3.7  Functional Description

The ACMP compares the analog voltage between inverting and non-inverting inputs. It generates a digital
output signal and a related interrupt if enabled. The comparator output is high when the voltage at the
non-inverting input is greater than the voltage at the inverting input, and is low when the non-inverting
input voltage is lower than the inverting input voltage. The size of the ACMP hysteresis can be adapted to
the specific application to prevent unintended rapid switching.

Both the non-inverting and inverting input of the ACMP can be selected from four inputs: Two inputs from
external signals ACMP_0 and ACMP_1 and two internal inputs acmpi_0 and acmpi_1. Refer to
device-level section for connectivity. The positive input is selected by ACMPC1[ACPSEL] and the
negative input is selected by ACMPC1[ACNSEL]. These bits can only be changed while the ACMP is
disabled.

The ACMP is enabled with ACMPCO[ACE]. When this bit is set, the inputs are connected to low-pass
filters while the comparator output is disconnected from the subsequent logic for 127 bus clock cycles.
During this time the output state is preserved to mask potential glitches. This initialization delay must be
accounted for before the first comparison result can be expected. The same delay must be accounted for
after returning from STOP mode.

The initial hold state after reset is logic level 0. If input voltages are set to result in logic level 1
(Vacmper™> Vacmpm) before the initialization delay has passed, a flag will be set immediately after the
delay if rising edge is selected as flag setting event.

Similarly the ACMPS[ACIF] flag will also be set when disabling the ACMP, then re-enabling it with the
inputs changing to produce an opposite result to the hold state before the end of the initialization delay.

The unsynchronized comparator output can be connected to the synchronized timer input capture channel
defined at SoC-level (see Figure 3-1). This feature can be used to generate time stamps and timer interrupts
on ACMP events.

The comparator output signal can be read at register bit location ACMPS[ACO].

The condition causing the interrupt flag to assert is selected with ACMPCO[ACMOD)]. This includes any
edge configuration, that is rising, or falling, or rising and falling edges of the comparator output. Also flag
setting can be disabled.

An interrupt will be generated if the interrupt enable bit (ACMPC2[ACIE]) and the interrupt flag
(ACMPS[ACIF]) are both set. ACMPS[ACIF] is cleared by writing a 1.

The comparator output signal ACMPO can be driven out on an external pin by setting ACMPCO[ACOPE]
and optionally inverted by setting ACMPCO[ACOPS].

One out of four hysteresis levels can be selected by setting ACMPCO[ACHYS].

The input delay of the ACMP_0 and ACMP 1 input depends on the selected filter characteristic by
ACMPCO[ACDLY].
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3.8 Interrupts
Table 3-6 shows the interrupt generated by the ACMP.

Table 3-6. ACMP Interrupt Sources

Module Interrupt Sources Local Enable
ACMP interrupt ACMPC2[ACIE]
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Chapter 4
Memory Mapping Control (S12ZMMCV1)

Table 4-1. Revision History

Revision .. Sections e
Number Revision Date Affected Description of Changes
Figure 4-8 * Changed “KByte:to “KB”
V01.06 12 Feb 2013 4.3.2.2/4-122 | » Corrected the description of the MMCECH)/L register
* Fixed typos
V01.07 3 May 2013 * Removed PTU references
4.1 Introduction

The S12ZDBG module controls the access to all internal memories and peripherals for the S12ZCPU, and
the S12ZBDC module. It also provides dirct memory access for the ADC module. The S12ZDBG

determines the address mapping of the on-chip resources, regulates access priorities and enforces memory
protection. Figure 4-1 shows a block diagram of the S12ZDBG module.
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411 Glossary
Table 4-2. Glossary Of Terms

Term Definition
MCU Microcontroller Unit
CPU S12Z Central Processing Unit
BDC S12Z Background Debug Controller
ADC Analog-to-Digital Converter
unmapped

A that is not assi t
address range ddress space that is not assigned to a memory

reserved address

Address space that is reserved for future use cases
range

illegal access Memory access, that is not supported or prohibited by the S12ZDBG, e.g. a data store to NVM

access violation | Either an illegal access or an uncorrectable ECC error

byte 8-bit data

word 16-bit data

41.2 Overview

The S12ZDBG provides access to on-chip memories and peripherals for the S12ZCPU, the S12ZBDC, and
the ADC. It arbitrates memory accesses and determines all of the MCU memory maps. Furthermore, the
S12ZDBG is responsible for selecting the MCUs functional mode.

4.1.3 Features

* S12ZDBG mode operation control
*  Memory mapping for S12ZCPU, S12ZBDC, and ADC

— Maps peripherals and memories into a 16 MByte address space for the S12ZCPU, the
S12ZBDC, and the ADC

— Handles simultaneous accesses to different on-chip resources (NVM, RAM, and peripherals)
* Access violation detection and logging

— Triggers S12ZCPU machine exceptions upon detection of illegal memory accesses and
uncorrectable ECC errors

— Logs the state of the S12ZCPU and the cause of the access error

41.4 Modes of Operation

4141 Chip configuration modes

The S12ZDBG determines the chip configuration mode of the device. It captures the state of the MODC
pin at reset and provides the ability to switch from special-single chip mode to normal single chip-mode.
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4.1.4.2 Power modes

The S12ZDBG module is only active in run and wait mode.There is no bus activity in stop mode.

41.5 Block Diagram

S12ZCPU S$127ZBDC ADC

Y Y Y

Crossbar Switch

T

Program EEPROM RAM Peripherals
Flash

3

° Memory Protection
> 3

© q

§ Register

p Block

3

4

Figure 4-1. S12ZDBG Block Diagram

4.2 External Signal Description

The S12ZDBG uses two external pins to determine the devices operating mode: RESET and MODC
(Table 4-3)
See device overview for the mapping of these signals to device pins.

Table 4-3. External System Pins Associated With S12ZDBG

Pin Name Description

RESET External reset signal. The RESET signal is active low.
MODC This input is captured in bit MODC of the MODE register when the external RESET pin deasserts.

4.3 Memory Map and Register Definition
4.3.1 Memory Map

A summary of the registers associated with the MMC block is shown in Figure 4-2. Detailed descriptions
of the registers and bits are given in the subsections that follow.
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Address
0x0070

0x0071-

0x007F

0x0080

0x0081

0x0082

0x0083

0x0084

0x0085

0x0086

0x0087

0x0088-
0x00FF

4.3.2

This section consists of the S12ZDBG control and status register descriptions in address order.

Name
MODE

Reserved

MMCECH

MMCECL

MMCCCRH

MMCCCRL

Reserved

MMCPCH

MMCPCM

MMCPCL

Reserved

S S xm S xWm =™ S Sx1 Sx=HI =2

S

Bit 7 6 5 2 Bit 0
0 0 0 0

MODC

0 0 0 0 0 0
ITR[3:0] TGT[3:0]
ACCI[3:0] ERR[3:0]

CPUU 0 0 0 0 0
0 CPUX 0 CPUI 0 0
0 0 0 0 0 0

CPUPC[23:16]
| | | | |
CPUPC[15:8]
| | | | |
CPUPCI[7:0]
| | | | |
0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 4-2. S12ZDBG Register Summary

Register Descriptions
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4.3.2.1 Mode Register (MODE)

Address: 0x0070

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0
MODC

Reset MODC' 0 0 0 0 0 0 0

1. External signal (see Table 4-3).

|:|= Unimplemented or Reserved

Figure 4-3. Mode Register (MODE)

Read: Anytime.

Write: Only if a transition is allowed (see Figure 4-4).

The MODE register determines the operating mode of the MCU.
CAUTION

Table 4-4. MODE Field Descriptions

Field Description

7 Mode Select Bit — This bit determines the current opgrating mode of the MCU. lts reset value is captured from
MODC the MODC pin at the rising edge of the RESET pin. Figure 4-4 illustrates the only valid mode transition from
special single-chip mode to normal single chip mode.

Reset with Reset with
MODC pin =1 MODC pin=0
Normal Special
C Single-Chip )< f Single-Chip )
Mode (NS) write access to \ Mode (SS)
MODE:
1 — MODC bit

Figure 4-4. Mode Transition Diagram
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4.3.2.2 Error Code Register (MMCECH, MMCECL)
Address: 0x0080 (MMCECH)

7 6 5 4 3 2 1 0
R
ITR[3:0] TGTI[3:0]
w
Reset 0 0 0 0 0 0 0 0
Address: 0x0081 (MMCECL)
7 6 5 4 3 2 1 0
R
ACCI3:0] ERR[3:0]
w
Reset 0 0 0 0 0 0 0 0

Read: Anytime

Figure 4-5. Error Code Register (MMCEC)

Write: Write of OxFFFF to MMCECH:MMCECL resets both registers to 0x0000

Table 4-5. MMCECH and MMCECL Field Descriptions

Field Description
7-4 mmcecH) | Initiator Field — The ITR[3:0] bits capture the initiator which caused the access violation. The initiator is
ITR[3:0] captured in form of a 4 bit value which is assigned as follows:
0:none (no error condition detected)
1:512ZCPU
2:reserved
3:ADC
4-15: reserved
3-0 (vmcecH) | Target Field — The TGT[3:0] bits capture the target of the faulty access. The target is captured in form of a
TGT[3:0] 4 bit value which is assigned as follows:

0:none
1:register space
2:RAM
3:.EEPROM
4:program flash
5:FR

6-15: reserved
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Field Description
7-4 mmcecL) | Access Type Field — The ACCJ3:0] bits capture the type of memory access, which caused the access
ACC[3:0] violation. The access type is captured in form of a 4 bit value which is assigned as follows:
0:none (no error condition detected)
1:0pcode fetch
2:vector fetch
3:data load
4:data store
5-15: reserved
3-0 (mmcecL) | Error Type Field — The ECJ[3:0] bits capture the type of the access violation. The type is captured in form of
ERRJ[3:0] a 4 bit value which is assigned as follows:
0:none (no error condition detected)
1:access to an illegal address
2:uncorrectable ECC error
3-15:reserved

The MMCEC register captures debug information about access violations. It is set to a non-zero value if
a S12ZCPU access violation or an uncorrectable ECC error has occurred. At the same time this register is
set to a non-zero value, access information is captured in the MMCPCn and MMCCCRn registers. The
MMCECn, the MMCPCn and the MMCCCRn registers are not updated if the MMCECn registers contain
a non-zero value. The MMCECn registers are cleared by writing the value OXFFFF.

4.3.2.3 Captured S12ZCPU Condition Code Register (MMCCCRH, MMCCCRL)
Address: 0x0082 (MMCCCRH)
7 6 5 4 3 2 1 0
R[  cpPuu 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
Address: 0x0083 (MMCCCRL)
7 6 5 4 3 2 1 0
R 0 CPUX 0 CPUI 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0

Figure 4-6. Captured $S12ZCPU Condition Code Register (MMCCCRH, MMCCCRL)

Read: Anytime
Write: Never
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Table 4-6. MMCCCRH and MMCCCRL Field Descriptions

Field Description

7 (MMCCCRH) |S12ZCPU User State Flag — This bit shows the state of the user/supervisor mode bit in the S12ZCPU’s CCR

CPUU at the time the access violation has occurred. The S12ZCPU user state flag is read-only; it will be automatically
updated when the next error condition is flagged through the MMCEC register. This bit is undefined if the error
code registers (MMCECn) are cleared.

6 (MMcCCRL) | S12ZCPU X-Interrupt Mask— This bit shows the state of the X-interrupt mask in the S12ZCPU’s CCR at the
CPUX time the access violation has occurred. The S12ZCPU X-interrupt mask is read-only; it will be automatically
updated when the next error condition is flagged through the MMCEC register. This bit is undefined if the error

code registers (MMCECn) are cleared.

4 (mmcccrL) | S12ZCPU I-Interrupt Mask— This bit shows the state of the I-interrupt mask in the CPU’s CCR at the time the

CPUI access violation has occurred. The S12ZCPU l-interrupt mask is read-only; it will be automatically updated
when the next error condition is flagged through the MMCEC register. This bit is undefined if the error code
registers (MMCECn) are cleared.

4.3.2.4 Captured S12ZCPU Program Counter (MMCPCH, MMCPCM, MMCPCL)
Address: 0x0085 (MMCPCH)

7 6 5 4 ‘ 3 2 1 0

R CPUPC[23:16]
w | | |
Reset 0 0 0 0 0 0 0 0

Address: 0x0086 (MMCPCM)

7 6 5 4 ‘ 3 2 1 0

R CPUPC[15:8]
w | | |
Reset 0 0 0 0 0 0 0 0

Address: 0x0087 (MMCPCL)

7 6 5 4 ‘ 3 2 1 0

R CPUPCI[7:0]
w | | | |
Reset 0 0 0 0 0 0 0 0

Figure 4-7. Captured $S12ZCPU Program Counter (MMCPCH, MMCPCM, MMCPCL)

Read: Anytime
Write: Never
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Table 4-7. MMCPCH, MMCPCM, and MMCPCL Field Descriptions

Field Description

7-0 (vmcPCH) | S12ZCPU Program Counter Value— The CPUPC[23:0] stores the CPU’s program counter value at the time
7-0 (mmcPcm) | the access violation occurred. CPUPC[23:0] always points to the instruction which triggered the violation. These
7-0 (vmcpcL) | bits are undefined if the error code registers (MMCECN) are cleared.

CPUPCI[23:0]

4.4  Functional Description

This section provides a complete functional description of the S12ZDBG module.

4.4.1 Global Memory Map

The S12ZDBG maps all on-chip resources into an 16MB address space, the global memory map. The exact
resource mapping is shown in Figure 4-8. The global address space is used by the S12ZCPU, ADC, and
the S12ZBDC module.
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Register Space
4 KB

O Unmapped
address range

iLow address aligned

THigh address aligned

0x00_0000
0x00_1000
l RAM X00_
max. 1 MByte - 4 KB
0x10_0000
l EEPROM
max. 1 MByte - 48 KB
v Reserved =enc) Ox1F_4000
v Reserved (read only) skeka] Ox1F_8000
v NVM IFR 256Byte} Ox1F_CO000
0x20_0000
Unmapped
6 MByte
0x80_0000
A
Program NVM
max. 8 MByte
OxFF_FFFF

Figure 4-8. Global Memory Map
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4.4.2

lllegal Accesses

Memory Mapping Control (S12ZMMCV1)

The S12ZDBG module monitors all memory traffic for illegal accesses. See Table 4-8 for a complete list

of all illegal accesses.

Table 4-8. lllegal memory accesses

S$12ZCPU S$12ZBDC ADC
Read access ok ok illegal access
prgaiifr Write access ok ok illegal access
Code execution illegal access
Read access ok ok ok
RAM Write access ok ok ok
Code execution ok
Read access ok’ ok ok’
EEPROM Write access illegal access illegal access illegal access
Code execution ok’
Read access ok ok illegal access
Rg;zr(\:/:d Write access only permitted in SS mode ok illegal access
Code execution illegal access
Reserved Read access ok ok illegal access
Read-only Write access illegal access illegal access illegal access
Space - -
Code execution illegal access
Read access ok’ ok’ illegal access
NVM IFR Write access illegal access illegal access illegal access
Code execution illegal access
Read access ok’ ok ok’
Program NVM | Write access illegal access illegal access illegal access
Code execution ok’
Read access illegal access illegal access illegal access
Ung,; Ziged Write access illegal access illegal access illegal access
Code execution illegal access

1 Unsupported NVM accesses during NVM command execution (“collisions”), are treated as illegal accesses.

Illegal accesses are reported in several ways:

All illegal accesses performed by the S12ZCPU trigger machine exceptions.

All illegal accesses performed through the S12ZBDC interface, are captured in the ILLACC bit of
the BDCCSRL register.
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» Allillegal accesses performed by the ADC module trigger error interrupts. See ADC section for
details.

NOTE

Illegal accesses caused by S12ZCPU opcode prefetches will also trigger
machine exceptions, even if those opcodes might not be executed in the
program flow. To avoid these machine exceptions, S12ZCPU instructions
must not be executed from the last (high addresses) 8 bytes of RAM,
EEPROM, and Flash.

44.3 Uncorrectable ECC Faults

RAM and flash use error correction codes (ECC) to detect and correct memory corruption. Each
uncorrectable memory corruption, which is detected during a S12ZCPU or ADC access triggers a machine
exception. Uncorrectable memory corruptions which are detected during a S12ZBDC access, are captured
in the RAMWEF or the RDINV bit of the BDCCSRL register.
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Chapter 5
Background Debug Controller (S12ZBDCV2)

Table 5-1. Revision History

Revision
Number

Revision
Date

Sections
Affected

Description of Changes

V2.04

03.Dec.2012

Section 5.1.3.3,
“Low-Power
Modes

Included BACKGROUND/ Stop mode dependency

V2.05

22.Jan.2013

Section 5.3.2.2,
“BDC Control
Status Register
Low (BDCCSRL)

Improved NORESP description and added STEP1/ Wait mode dependency

V2.06

22.Mar.2013

Section 5.3.2.2,
“BDC Control
Status Register
Low (BDCCSRL)

Improved NORESP description of STEP1/ Wait mode dependency

V2.07

11.Apr.2013

Section 5.1.3.3.1,
“Stop Mode

Improved STOP and BACKGROUND interdepency description

V2.08

31.May.2013

Section 5.4.4 4,
“BACKGROUND
Section 5.4.7.1,
“Long-ACK
Hardware
Handshake
Protocol

Removed misleading WAIT and BACKGROUND interdepency description
Added subsection dedicated to Long-ACK

V2.09

29.Aug.2013

Section 5.4.4.12,
“READ_DBGTB

Noted that READ_DBGTB is only available for devices featuring a trace
buffer.

V2.10

21.0ct.2013

Section 5.1.3.3.2,
“Wait Mode

Improved description of NORESP dependence on WAIT and BACKROUND

V2.1

02.Feb.2015

Section 5.1.3.3.1,
“Stop Mode
Section 5.3.2,
“Register
Descriptions

Corrected name of clock that can stay active in Stop mode

5.1

Introduction

The background debug controller (BDC) is a single-wire, background debug system implemented in
on-chip hardware for minimal CPU intervention. The device BKGD pin interfaces directly to the BDC.

The S12ZBDC maintains the standard S12 serial interface protocol but introduces an enhanced handshake
protocol and enhanced BDC command set to support the linear instruction set family of S12Z devices and
offer easier, more flexible internal resource access over the BDC serial interface.
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5.1.1 Glossary
Table 5-2. Glossary Of Terms

Term Definition
DBG On chip Debug Module
BDM Active Background Debug Mode
CPU S12Z CPU
SSC Special Single Chip Mode (device operating mode
NSC Normal Single Chip Mode (device operating mode)
BDCSI Background Debug Controller Serial Interface. This refers to the single pin BKGD serial interface.
EWAIT Optional S12 feature which allows external devices to delay external accesses until deassertion of EWAIT

51.2 Features

The BDC includes these distinctive features:
* Single-wire communication with host development system
¢ SYNC command to determine communication rate
*  Genuine non-intrusive handshake protocol
* Enhanced handshake protocol for error detection and stop mode recognition
» Active out of reset in special single chip mode
* Most commands not requiring active BDM, for minimal CPU intervention
* Full global memory map access without paging
» Simple flash mass erase capability

5.1.3 Modes of Operation

S12 devices feature power modes (run, wait, and stop) and operating modes (normal single chip, special
single chip). Furthermore, the operation of the BDC is dependent on the device security status.

51.31 BDC Modes

The BDC features module specific modes, namely disabled, enabled and active. These modes are
dependent on the device security and operating mode. In active BDM the CPU ceases execution, to allow
BDC system access to all internal resources including CPU internal registers.

5.1.3.2 Security and Operating mode Dependency

In device run mode the BDC dependency is as follows

¢ Normal modes, unsecure device
General BDC operation available. The BDC is disabled out of reset.
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* Normal modes, secure device
BDC disabled. No BDC access possible.

* Special single chip mode, unsecure
BDM active out of reset. All BDC commands are available.
* Special single chip mode, secure
BDM active out of reset. Restricted command set available.
When operating in secure mode, BDC operation is restricted to allow checking and clearing security by

mass erasing the on-chip flash memory. Secure operation prevents BDC access to on-chip memory other
than mass erase. The BDC command set is restricted to those commands classified as Always-available.

51.3.3 Low-Power Modes

5.1.3.3.1 Stop Mode

The execution of the CPU STOP instruction leads to stop mode only when all bus masters (CPU, or others,
depending on the device) have finished processing. The operation during stop mode depends on the
ENBDC and BDCCIS bit settings as summarized in Table 5-3

Table 5-3. BDC STOP Operation Dependencies

ENBDC BDCCIS Description Of Operation
0 0 BDC has no effect on STOP mode.
0 1 BDC has no effect on STOP mode.
1 0 Only BDCCLK clock continues
1 1 All clocks continue

A disabled BDC has no influence on stop mode operation. In this case the BDCSI clock is disabled in stop
mode thus it is not possible to enable the BDC from within stop mode.

STOP Mode With BDC Enabled And BDCCIS Clear

If the BDC is enabled and BDCCIS is clear, then the BDC prevents the BDCCLK clock (Figure 5-5) from
being disabled in stop mode. This allows BDC communication to continue throughout stop mode in order
to access the BDCCSR register. All other device level clock signals are disabled on entering stop mode.

NOTE

This is intended for application debugging, not for fast flash programming.
Thus the CLKSW bit must be clear to map the BDCSI to BDCCLK.

With the BDC enabled, an internal acknowledge delays stop mode entry and exit by 2 BDCSI clock + 2
bus clock cycles. If no other module delays stop mode entry and exit, then these additional clock cycles
represent a difference between the debug and not debug cases. Furthermore if a BDC internal access is
being executed when the device is entering stop mode, then the stop mode entry is delayed until the internal
access is complete (typically for 1 bus clock cycle).
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Accesses to the internal memory map are not possible when the internal device clocks are disabled. Thus
attempted accesses to memory mapped resources are suppressed and the NORESP flag is set. Resources
can be accessed again by the next command received following exit from Stop mode.

A BACKGROUND command issued whilst in stop mode remains pending internally until the device
leaves stop mode. This means that subsequent active BDM commands, issued whilst BACKGROUND is
pending, set the ILLCMD flag because the device is not yet in active BDM.

If ACK handshaking is enabled, then the first ACK, following a stop mode entry is long to indicate a stop
exception. The BDC indicates a stop mode occurrence by setting the BDCCSR bit STOP. If the host
attempts further communication before the ACK pulse generation then the OVRUN bit is set.

STOP Mode With BDC Enabled And BDCCIS Set

If the BDC is enabled and BDCCIS is set, then the BDC prevents core clocks being disabled in stop mode.
This allows BDC communication, for access of internal memory mapped resources, but not CPU registers,
to continue throughout stop mode.

A BACKGROUND command issued whilst in stop mode remains pending internally until the device
leaves stop mode. This means that subsequent active BDM commands, issued whilst BACKGROUND is
pending, set the ILLCMD flag because the device is not yet in active BDM.

If ACK handshaking is enabled, then the first ACK, following a stop mode entry is long to indicate a stop
exception. The BDC indicates a stop mode occurrence by setting the BDCCSR bit STOP. If the host
attempts further communication before the ACK pulse generation then the OVRUN bit is set.

5.1.3.3.2 Wait Mode

The device enters wait mode when the CPU starts to execute the WAI instruction. The second part of the
WAL instruction (return from wait mode) can only be performed when an interrupt occurs. Thus on
entering wait mode the CPU is in the middle of the WAI instruction and cannot permit access to CPU
internal resources, nor allow entry to active BDM. Thus only commands classified as Non-Intrusive or
Always-Available are possible in wait mode.

On entering wait mode, the WAIT flag in BDCCSR is set. If the ACK handshake protocol is enabled then
the first ACK generated after WAIT has been set is a long-ACK pulse. Thus the host can recognize a wait
mode occurrence. The WAIT flag remains set and cannot be cleared whilst the device remains in wait
mode. After the device leaves wait mode the WAIT flag can be cleared by writing a “1” to it.

A BACKGROUND command issued whilst in wait mode sets the NORESP bit and the BDM active
request remains pending internally until the CPU leaves wait mode due to an interrupt. The device then
enters BDM with the PC pointing to the address of the first instruction of the ISR.

With ACK disabled, further Non-Intrusive or Always-Available commands are possible, in this pending
state, but attempted Active-Background commands set NORESP and ILLCMD because the BDC is not in
active BDM state.

With ACK enabled, if the host attempts further communication before the ACK pulse generation then the
OVRUN bit is set.
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Similarly the STEP1 command issued from a WAI instruction cannot be completed by the CPU until the
CPU leaves wait mode due to an interrupt. The first STEP1 into wait mode sets the BDCCSR WAIT bit.

If the part is still in Wait mode and a further STEP1 is carried out then the NORESP and ILLCMD bits are
set because the device is no longer in active BDM for the duration of WAI execution.

5.1.4 Block Diagram
A block diagram of the BDC is shown in Figure 5-1.

HOST 5| SERIAL INTERFACE CONTROL
SYSTEM

BKGD AND SHIFT REGISTER
A
CLOCK DOMAIN |<—— BDCSI
i CONTROL |« CORE CLOCK
INSTRUCTION N
DECODE AND <«
FSM ) ADDRESS
BUS INTERFACE
AND =P DATA
v CONTROL LOGIC BUS CONTROL
- CPU CONTROL
BDCCSR REGISTER
— > ERASE FLASH
AND DATAPATH
CONTROL > <—— FLASH ERASED
<— FLASH SECURE

Figure 5-1. BDC Block Diagram

5.2 External Signal Description

A single-wire interface pin (BKGD) is used to communicate with the BDC system. During reset, this pin
is a device mode select input. After reset, this pin becomes the dedicated serial interface pin for the BDC.

BKGD is a pseudo-open-drain pin with an on-chip pull-up. Unlike typical open-drain pins, the external
RC time constant on this pin due to external capacitance, plays almost no role in signal rise time. The
custom protocol provides for brief, actively driven speed-up pulses to force rapid rise times on this pin
without risking harmful drive level conflicts. Refer to Section 5.4.6, “BDC Serial Interface” for more
details.
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5.3 Memory Map and Register Definition

5.3.1 Module Memory Map

Table 5-4 shows the BDC memory map.
Table 5-4. BDC Memory Map

Global Address Module Size
(Bytes)
Not Applicable BDC registers 2

5.3.2 Register Descriptions

The BDC registers are shown in Figure 5-2. Registers are accessed only by host-driven communications
to the BDC hardware using READ BDCCSR and WRITE_BDCCSR commands. They are not accessible
in the device memory map.

Global Register

Address Name Bit 7 6 5 4 3 2 1 Bit 0
Not BDCCSRH R BDMACT 0 UNSEC ERASE
; ENBDC BDCCIS STEAL CLKSW

Applicable W

Not BDCCSRL R
; WAIT STOP RAMWF | OVRUN | NORESP | RDINV ILLACC | ILLCMD
Applicable W

I:I = Unimplemented, Reserved III = Always read zero

Figure 5-2. BDC Register Summary

5.3.21 BDC Control Status Register High (BDCCSRH)

Register Address: This register is not in the device memory map. It is accessible using BDC inherent addressing commands

; 6 5 4 3 2 1 0

R BDMACT 0 UNSEC ERASE
ENBDC BDCCIS STEAL CLKSW

Reset

Secure AND SSC-Mode
Unsecure AND SSC-Mode
Secure AND NSC-Mode
Unsecure AND NSC-Mode

O = -

o o o o
o o o o
o o o o
o o o o
-~ o =~ o
o o o o

0
= Unimplemented, Reserved

s

= Always read zero

Figure 5-3. BDC Control Status Register High (BDCCSRH)
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Read: All modes through BDC operation only.

Write: All modes through BDC operation only, when not secured, but subject to the following:
— Bits 7,3 and 2 can only be written by WRITE BDCCSR commands.
— Bit 5 can only be written by WRITE_BDCCSR commands when the device is not in stop mode.
— Bits 6, 1 and 0 cannot be written. They can only be updated by internal hardware.

Table 5-5. BDCCSRH Field Descriptions

Field Description

7 Enable BDC — This bit controls whether the BDC is enabled or disabled. When enabled, active BDM can be
ENBDC entered and non-intrusive commands can be carried out. When disabled, active BDM is not possible and the
valid command set is restricted. Further information is provided in Table 5-7.

0 BDC disabled
1 BDC enabled
Note: ENBDC is set out of reset in special single chip mode.

6 BDM Active Status — This bit becomes set upon entering active BDM. BDMACT is cleared as part of the active
BDMACT | BDM exit sequence.
0 BDM not active

1 BDM active
Note: BDMACT is set out of reset in special single chip mode.
5 BDC Continue In Stop — If ENBDC is set then BDCCIS selects the type of BDC operation in stop mode (as

BDCCIS |shown in Table 5-3). If ENBDC is clear, then the BDC has no effect on stop mode and no BDC communication
is possible.If ACK pulse handshaking is enabled, then the first ACK pulse following stop mode entry is a long
ACK. This bit cannot be written when the device is in stop mode.

0 Only the BDCCLK clock continues in stop mode

1 All clocks continue in stop mode

3 Steal enabled with ACK— This bit forces immediate internal accesses with the ACK handshaking protocol
STEAL enabled. If ACK handshaking is disabled then BDC accesses steal the next bus cycle.
0 IfACK is enabled then BDC accesses await a free cycle, with a timeout of 512 cycles
1 If ACKis enabled then BDC accesses are carried out in the next bus cycle

2 Clock Switch — The CLKSW bit controls the BDCSI clock source. This bit is initialized to “0” by each reset and
CLKSW | can be written to “1”. Once it has been set, it can only be cleared by a reset. When setting CLKSW a minimum
delay of 150 cycles at the initial clock speed must elapse before the next command can be sent. This guarantees
that the start of the next BDC command uses the new clock for timing subsequent BDC communications.

0 BDCCLK used as BDCSI clock source
1 Device fast clock used as BDCSI clock source
Note: Refer to the device specification to determine which clock connects to the BDCCLK and fast clock inputs.

1 Unsecure — If the device is unsecure, the UNSEC bit is set automatically.
UNSEC 0 Device is secure.
1 Device is unsecure.
Note: When UNSEC is set, the device is unsecure and the state of the secure bits in the on-chip Flash EEPROM
can be changed.

0 Erase Flash — This bit can only be set by the dedicated ERASE_FLASH command. ERASE is unaffected by
ERASE write accesses to BDCCSR. ERASE is cleared either when the mass erase sequence is completed, independent
of the actual status of the flash array or by a soft reset.

Reading this bit indicates the status of the requested mass erase sequence.
0 No flash mass erase sequence pending completion
1 Flash mass erase sequence pending completion.
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5.3.2.2

BDC Control Status Register Low (BDCCSRL)

Register Address: This register is not in the device memory map. It is accessible using BDC inherent addressing commands

7 6 5 4 3 2 1 0
R
W WAIT STOP RAMWF | OVRUN | NORESP | RDINV ILLACC ILLCMD
Reset 0 0 0 0 0 0 0 0

Figure 5-4. BDC Control Status Register Low (BDCCSRL)

Read: BDC access only.

Write: Bits [7:5], [3:0] BDC access only, restricted to flag clearing by writing a “1” to the bit position.
Write: Bit 4 never. It can only be cleared by a SYNC pulse.

If ACK handshaking is enabled then BDC commands with ACK causing a BDCCSRL[3:1] flag setting
condition also generate a long ACK pulse. Subsequent commands that are executed correctly generate a
normal ACK pulse. Subsequent commands that are not correctly executed generate a long ACK pulse. The
first ACK pulse after WAIT or STOP have been set also generates a long ACK. Subsequent ACK pulses
are normal, whilst STOP and WAIT remain set.

Long ACK pulses are not immediately generated if an overrun condition is caused by the host driving the
BKGD pin low whilst a target ACK is pending, because this would conflict with an attempted host
transmission following the BKGD edge. When a whole byte has been received following the offending
BKGD edge, the OVRUN bit is still set, forcing subsequent ACK pulses to be long.

Unimplemented BDC opcodes causing the ILLCMD bit to be set do not generate a long ACK because this
could conflict with further transmission from the host. If the ILLCMD is set for another reason, then a long
ACK is generated for the current command if it is a BDC command with ACK.

Table 5-6. BDCCSRL Field Descriptions

Field Description
7 WAIT Indicator Flag — Indicates that the device entered wait mode. Writing a “1” to this bit whilst in wait mode
WAIT has no effect. Writing a “1” after exiting wait mode, clears the bit.
0 Device did not enter wait mode
1 Device entered wait mode.
6 STOP Indicator Flag — Indicates that the CPU requested stop mode following a STOP instruction. Writing a
STOP “1” to this bit whilst not in stop mode clears the bit. Writing a “1” to this bit whilst in stop mode has no effect.
This bit can only be set when the BDC is enabled.
0 Device did not enter stop mode
1 Device entered stop mode.
5 RAM Write Fault — Indicates an ECC double fault during a BDC write access to RAM.
RAMWF Writing a “1” to this bit, clears the bit.

0 No RAM write double fault detected.
1 RAM write double fault detected.
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Table 5-6. BDCCSRL Field Descriptions (continued)

Field Description
4 Overrun Flag — Indicates unexpected host activity before command completion.
OVRUN This occurs if a new command is received before the current command completion.
With ACK enabled this also occurs if the host drives the BKGD pin low whilst a target ACK pulse is pending
To protect internal resources from misinterpreted BDC accesses following an overrun, internal accesses are
suppressed until a SYNC clears this bit.
A SYNC clears the bit.

0 No overrun detected.

1 Overrun detected when issuing a BDC command.

3 No Response Flag — Indicates that the BDC internal action or data access did not complete. This occurs in the
NORESP following scenarios:

a) If no free cycle for an access is found within 512 core clock cycles. This could typically happen if a code loop
without free cycles is executing with ACK enabled and STEAL clear.

b) With ACK disabled or STEAL set, when an internal access is not complete before the host starts
data/BDCCSRL retrieval or an internal write access is not complete before the host starts the next BDC
command.

c) Attempted internal memory or SYNC_PC accesses during STOP mode set NORESP if BDCCIS is clear.

In the above cases, on setting NORESP, the BDC aborts the access if permitted. (For devices supporting
EWAIT, BDC external accesses with EWAIT assertions, prevent a command from being aborted until EWAIT
is deasserted).

d) If a BACKGROUND command is issued whilst the device is in wait mode the NORESP bit is set but the
command is not aborted. The active BDM request is completed when the device leaves wait mode.
Furthermore subsequent CPU register access commands during wait mode set the NORESP bit, should it
have been cleared.

e) If a command is issued whilst awaiting return from Wait mode. This can happen when using STEP1 to step
over a CPU WAI instruction, if the CPU has not returned from Wait mode before the next BDC command is
received.

f) If STEP1 is issued with the BDC enabled as the device enters Wait mode regardless of the BDMACT state.
When NORESP is set a value of OXEE is returned for each data byte associated with the current access.
Writing a “1” to this bit, clears the bit.

0 Internal action or data access completed.

1 Internal action or data access did not complete.

2 Read Data Invalid Flag — Indicates invalid read data due to an ECC error during a BDC initiated read access.
RDINV The access returns the actual data read from the location.
Writing a “1” to this bit, clears the bit.
0 No invalid read data detected.
1 Invalid data returned during a BDC read access.
1 lllegal Access Flag — Indicates an attempted illegal access. This is set in the following cases:
ILLACC When the attempted access addresses unimplemented memory

When the access attempts to write to the flash array

When a CPU register access is attempted with an invalid CRN (Section 5.4.5.1, “BDC Access Of CPU
Registers).

lllegal accesses return a value of OxEE for each data byte
Writing a “1” to this bit, clears the bit.

0 No illegal access detected.

1 lllegal BDC access detected.
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Table 5-6. BDCCSRL Field Descriptions (continued)

Field Description

0 lllegal Command Flag — Indicates an illegal BDC command. This bit is set in the following cases:
ILLCMD | When an unimplemented BDC command opcode is received.
When a DUMP_MEM{ WS}, FILL_MEM{_ WS} or READ_SAME{ WS} is attempted in an illegal sequence.
When an active BDM command is received whilst BDM is not active
When a non Always-available command is received whilst the BDC is disabled or a flash mass erase is ongoing.
When a non Always-available command is received whilst the device is secure
Read commands return a value of OxEE for each data byte
Writing a “1” to this bit, clears the bit.
0 No illegal command detected.
1 lllegal BDC command detected.

5.4 Functional Description

5.41 Security

If the device resets with the system secured, the device clears the BDCCSR UNSEC bit. In the secure state
BDC access is restricted to the BDCCSR register. A mass erase can be requested using the

ERASE FLASH command. If the mass erase is completed successfully, the device programs the security
bits to the unsecure state and sets the BDC UNSEC bit. If the mass erase is unsucce