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The MC9S12ZVL family of microcontrollers is targeted at use in safety relevant systems and has
been developed using an 1IS026262 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.
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Chapter 1
Device Overview MC9S12ZVL-Family

Table 1-1. Revision History

xﬁ::g)er:' 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”

14 2 April 2014 « fix findings from the shared review

1.5 5Aug. 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

20 08 Aug. 2017 correct CTRL register name for PAD6-PADS9, table 1-6
correct 32-pin QFN-EP availability, table 1-2

21 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 S12Z 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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Device Overview MC9S12ZVL-Family

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& |08 |« o © o ©
° T |22 | 8< | 9 - 3 ® ®
45 S d S d s s S | |
Feature N N NN N o o = N N
N 5S oY | n | a | @8 = =
an (22 1322 | g e 3 & &
=2 |23 |23 | = = = =
Flash memory (ECC) [KB] 128 96 64 32 16 8 32 16
EEPROM (ECC) [Byte] 2048 1024 128 128
RAM (ECC) [Bytel] 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
Vreg 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 103)2) / 6(2) - -
PWM 8 16 bit Channels 8 Channel 8 Channel
(up to 4 16 bit) (up to 4 16 bit)
DAC 14)2) - -
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Table 1-2. MC9S12ZVL-Family Comparison

[-e]
LY | g8 |33 | o © ® & e
< | a< | 3< il i o ] ]
S S d S d s S S 1 1
> S N > N > N N N > >
Feature NN N N N N q = N N
25 |20 (25 | 2 | 2 | 28 % %
- A 3o 3o 3 3 O o o
o8 SO SO = = = o o
== s s = =
PGA® 1) - -
ACMP 12 . j
Timer 6 + 2 channel 6 + 2 channel 6 + 2 channel
sci® 2 2 2
SPI 1 1 1
Ic 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 1/0 340) /19 340) /19 18
- pin to support 25 mA driver strength to VSSX 303) /1 303) /1 3
- pin to support 20 mA driver strength from VDDX 1 1 1
(EVDD)
Interrupt capable pins’ 5V / 12V 220716/ 1 223716/ 1 14 /1
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 SCl 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:
* S12Z CPU core
« 128,96, 64, 32, 16 or 8 KB on-chip flash with ECC
« 2048, 1024, 128 byte EEPROM with ECC
* 8192, 4096, 1024 or 512 byte on-chip SRAM with ECC
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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

* 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 S12Z Central Processor Unit (CPU)

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

* Harvard Architecture - parallel data and code access

» 3 stage pipeline

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 (OxFF) 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 (RTI)

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

1.4.3.1 Internal Phase-Locked Loop (IPLL)

» Phase-locked-loop clock frequency multiplier
— No external components required
— Reference divider and multiplier allow large variety of clock rates
— Automatic bandwidth control mode for low-jitter operation
— Automatic frequency lock detector
— Configurable option to spread spectrum for reduced EMC radiation (frequency modulation)
— Reference clock sources:
— Internal 1 MHz RC oscillator (IRC)
— External 4-16MHz crystal oscillator/resonator

1.4.3.2 Internal RC Oscillator (IRC)

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

1.4.4 Main External Oscillator (XOSCLCP)

* Amplitude controlled Pierce oscillator using 4 MHz to 20 MHz crystal
— Current gain control on amplitude output
— Signal with low harmonic distortion
— Low power
— Good noise immunity
— Eliminates need for external current limiting resistor
— 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 PMWA1)

» 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€2/330kQ 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
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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

— Opver-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 |[«———
VRL |[——
Flash with ECC 10-bit / 12-bit VDDA |[*—m
up to 128K bytes Analog-Digital Converter VSSA [€«——
AN[9:0] |-
EEPROM with ECC
up to 2K bytes ACMP ACMP_0 ||=
ACMP_1 ||
. analog —
RAM with ECC ACMPO
up to 8K bytes Comparator
DAC <] 0
AMPP 1|=1 <] <« paD[9:0y
8 bit AMPM||=<— & KWADI9:0]
S12ZCPU DAC AVP |
PGA PGA_INO ||~
INT Programmable ~ PGA_INT ||
Interrupt Module Gain Amplifier PGA_REF1 |[*
BDC DBG ]
BKGD -e»|Background Debug Module PWMO / PWM1 Q
Debug Controller PWM[7:0] E PP[7:0}/
8-bit 8-Channel KWP[7:0]
CPMU Pulse Width Modulator
Clock Monitor —
PEOQ <> EXTAL —
Oscillator <>
PE1=~ TAL Auton. Periodic Int. | B [=PU1:0]
PLL with Frequency Inter IC IF SCL [=>
Modulation option Internal RC Oscillator i
| | S
RESET <> Reset Generation —
TEST —»| @nd Test Entry SPIO MISO0 <
MOSIO =™ 1 . | psi3:0y
VSUP —» SCKO [=>10 T
-4 D KWSJ[3:0]
VSS —» Synchronous Serial IF SSO >
VDDX Voltage Regulator ||
VSSX[2:1] <= (Nominal 12V) —
BCTL < TIMO
BATS 10CO[5:0] |=>
Voltage Supply Monitor 16-bit 6-Channel
Timer
High Voltage Input | [TIM1
= =
Eb\[/OL][/O] 5 HVIO IOC1[1:0] je»-| 5 |[>PTI7:0]
16-bit 2-Channel
Timer
CANO SCi1
—»| RXCANO RXD1 |=>
~<—] TXCANO TXD1 | <>
Asynchronous Serial IF
SCI0 LINPHYO
RXDO [=—] LIN je—>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 (:)litz‘:s)
0x0000-0x0003 Part ID 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 PWMA1 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—-OxO06EF Reserved 16
0x06F0—0x06F7 BATS 8
0x06F8—0x06FF Reserved 8
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Address Module (BSyitZ:s)
0x0700-0x0707 SClio 8
0x0708-0x070F Reserved 8
0x0710-0x0717 SCI1 8
0x0718-0x077F Reserved 104
0x0780-0x0787 SPIO 8
0x0788-0x07BF Reserved 56
0x07C0-0x07C7 11ICO 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
0388
X
l RAM -
max. 1 MByte - 4 KByte
0x10_0000
l EEPROM
max. 1 MByte - 48 KByte
; Eeserved 512 Byte) Ox1F_4000
v Reserved (read only) 6 keyte] OX1F_8000
v NVM IFR 256 Byte) OXx1F_C000
0x20_0000
Unmapped
6 MByte
0x80_0000
A
Program NVM
max. 8 MByte
Unmapped
address range
lLow 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
MC9S12ZVL32 N22G 0x04150000
MC9S12ZVL16 N22G 0x04150000

MC9S122VL8 N22G 0x04150000
MC9S122VLS32 N22G 0x04150000
MC9S12Z2VLS16 N22G 0x04150000

MC9S12ZVL64 N37P 0x04170000
MC9S12ZVL96 N37P 0x04170000
MC9S122VL128 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 PAD[9:0] PADI[5:0] PAD[5:0]
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 ANx_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] / KWADI[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 (KWADJ[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 1/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
(KWL[0]).The pin voltage is divided and mapped to an ADC channel.

MC912ZVL Family Reference Manual, Rev. 2.48
38 NXP Semiconductors




Device Overview MC9S12ZVL-Family

1.7.2.7 PJ[1:0] — Port P I/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 1/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.

1.7.29  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.

1.7.211 ANO0[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.

1.7.2.13 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].

MC912ZVL Family Reference Manual, Rev. 2.48
NXP Semiconductors 39




Device Overview MC9S12ZVL-Family

1.7.213.3 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
1.7.2141 PGA_INO / PGA_IN1 — Programmable Gain Amplifier Inputs
PGA_INO and PGA_IN1 are the inputs of the Programmable Gain Amplifier.

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

1.7.2.15 VRH, VRL — ADC Reference Signals

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

1.7.2.16 SPIO0 Signals

1.7.2.16.1  SSO0 Signal

This signal is associated with the slave select SS functionality of the serial peripheral interface SPI0.

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 SPIO. This signal
acts as master output during master mode or as slave input during slave mode

1.7.217 SCI[1:0] Signals

1.7.2.17.1 RXD[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 IICO module.

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

1.7.2.19  Timer0 I0CO[5:0] Signals

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

1.7.2.20 Timer1 10C1[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[7:0] 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 LPODRI 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 I/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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Figure 1-3. MC9S12ZVL-Family 48-pin LQFP pin out
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Table 1-6. Pin Summary

LQFP / g Function Internal Pull
QFN®) 1 Resistor
N Power
Supply
1st 2nd 3rd 4th 5th 6th Reset
48 | 32 | 32 Pin CTRL
Func. Func. Func. Func. Func. Func. State
1 1 1 VSUP — — — — — — Vsup — —
2 2 2 PLO HVIO KWLO — — — — Vbbx — —
3 3 3 PEO ETRIGO EXTAL — — — — Vpox PERE/ Down
PPSE
4 4 4 PE1 XTAL — — — — — Vbbx PERE/ Down
PPSE
5 | — | — PAD9 KWAD9 AN9 — — — — Vbpa PERADH/ off
PPSADH
6 | — | — PAD8 KWADS ANS AMPM? — — — Vbpa PERADH/ Off
PPSADH
7| — | — PAD7 KWAD7 AN7 AMPP(?) — — — Vopa PERADL/ Off
PPSADL
8 | — | — PAD6 KWAD6 AN6 AMP®) — — — Vbpa PERADL/ Off
PPSADL
9 5 5 PAD5 KWADS5 ETRIGO AN5 — — — Vbpa PERADL/ Off
PPSADL
0 | 6 6 PAD4 KWAD4 AN4 ACMP_1) — — — Vbpa PERADL/ Off
PPSADL
11 7 7 PAD3 KWAD3 AN3 PGA_IN1® — — — Vbpa 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 — — Vbpa PERADL/ Off
1@ PPSADL
14 | 10 | 10 VSSA — — — — — — — — —
15 | 11| 1 VDDA — — — — — — Vbpa — —
16 | 12 | 12 PADO KWADO ANO VRH ACMP_0®@ — — Vopa PERADL/ Off
PPSADL
17 | — | — PT6 I0C1_0 — — — — — Vbox PERT/ Off
PPST
18 | — | — PP6 KWP[6] ETRIGO PWM6 — — — Vpox PERP/ Off
PPSP
19 | — | — PT4 10CO_4 RXD1 — — — — Vbbx PERT/ off
PPST
20 | — | — PT5 10C0_5 TXD1 — — — — Vbbx PERT/ off
PPST
21 | 13 | 13 TEST — — — — — — — RESET Down
22 | 14 | 14 PTO 10C0_0 SDAO RXD1 PWM2 LPTXDO — Vbbx PERT/ off
PPST
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Table 1-6. Pin Summary

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

23 | 15 | 15 BCTL — — — — — — — — —

24 | 16 | 16 LIN — — — — — — — — —

25 | 17 | 17 LGND — — — — — — LGND — —

26 | 18 | 18 BKGD MODC — — — — — Vppx Up

27 | 19 | 19 PT1 10CO_1 SCLO TXD1 PWMO LPRXDO — Vbox PERT/ Off
PPST

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

29 | — | — PT7 10C1_1 — — — — — Vibox PERT/ Off
PPST

30 | — | — PPO KWPO PWMO — — — — Vbbx PERP/ off
PPSP

31 | — | — PP2 KWP2 PWM2 — — — — Vbox PERP/ Off
PPSP

2 | — | — PP4 KWP4 PWM4 — — — — Vbox PERP/ Off
PPSP

33 | 21 | 21 PS1 KWS1 MOSI0 PWM6 TXDO 10C0_3 — Vbox PERS/ Up
LPDCO PPSS

34 | 22 | 22 PS2 KWS2 SCKO 10C0_4 DBGEEV | TXCANO® — Vbox PERS/ Up
PPSS

35 | 23 | 23 PS3 KWS3 SS0 10C0_5 ECLK — — Vibox PERS/ Up
PPSS

36 | 24 | 24 | RESET — — — — — — Vbbx TEST pin Up

37 | 25 | 25 PP35 IRQ KWP3 PWM3 — — — Vbox PERP/ Off
PPSP

38 | — | 26 | vssx2 — — — — — — Vbbx — —

39 | 26 | 27 ppP5®) XIRQ KWP5 PWMS5 — — — Vbbx PERP/ off
PPSP

40 | 27 | — PT2 l10C0_2 ACMPO®) — — — — Vbox PERT/ off
PPST

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

2 | — | — PJ1 SCLO PWM7 TXCANO™ — — — Vbox PERJ/ Up
PPSJ

43 | — | — PT3 10CO_3 — — — — — Vbox PERT/ Off
PPST

44 | 28 | 28 pp78 KWP7 PWM7 10C1_0 — — — Vpox PERP/ Off
PPSP

45 | 29 | 29 | VDDX — — — — — — Vbbx — —

46 | 30 | 30 | VsSSX1 — — — — — — Vgsx — —
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Table 1-6. Pin Summary

LQFP / g Function Internal Pull
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
47 31 31 PP17 KWP1 PWM1 10C1_1 — — — Vppx PERP/ Off
PPSP
48 32 32 VSS — — —_ — — — — — —

N o g WON -

MC9S12ZVLS devices only

MC9S12ZVLA devices only

MC9S12ZVL(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 PADI.

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’
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 PAD6 to the PGA is available
even if the PADG 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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10C2
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ACMPO X PT2
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PADO [X ACMP_0
PAD4 [X ACMP_1
ACMP
v i
NS
»PGA_REFO0
» v
PAD1 [X »PGA_REF1 Trigger
PGA _OUT 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 _INOQ 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

1s 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

UTH4HX0UQOT

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 o)
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 is 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” 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 affect 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 o