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Chapter 1

Device Overview MC9S12ZVC-Family

Revision History

Rev. No. Date (Submitted .
(Item No.) By) Substantial Change(s)
V0.01 9-April-2013 * Initial Version
V0.02 22-August-2013 + Added Section 1.13.3 Flash IFR Mapping
» Updated Section 1.14.1 ADC Calibration
V0.03 10-September-2013 | « Added Table 1-3
» Added S12ZVCA and S12ZVC Table 1-1
V0.04 7-February-2014 » Added 12K RAM, new maskset and part ID, feedback from shared review
V0.05 6-March-2014 » Changed maskset N23N
» Changed Package 48 LQFP without EP
V0.06 28-April-2014 * Removed VRL functionality from PAD4
V0.07 19-April-2019 + Corrected Table 1-6 Pin Summary. Control register for internal pull devices
for PADG - PAD11
» Corrected Table 1-16 Flash IFR mapping. ADC reference is right aligned.

1.1 Introduction

The MC9S12ZVC-Family is a new member of the S12 MagniV product line integrating a battery level

(12V) voltage regulator, supply voltage monitoring, high voltage inputs and a CAN physical interface. It’s
primarily targeting at CAN nodes like sensors, switch panels or small actuators. It offers various
low-power modes and wakeup management to address state of the art power consumption requirements.

Some members of the MC9S12ZVC-Family are also offered for high temperature applications requiring
AEC-Q100 Grade 0 (-40°C to +150°C ambient operating temperature range).

The MC9S12ZVC-Family is based on the enhanced performance, linear address space S12Z core and

delivers an optimized solution with the integration of several key system components into a single device,
optimizing system architecture and achieving significant space savings.
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Chapter 1 Device Overview MC9S12ZVC-Family

1.2 Features

This section describes the key features of the MC9S12ZVC-Family. It documents the superset of features
within the family. Section 1.2.1 MC9S12ZVC-Family Comparison provides information to help access the
correct information for a particular part within the family.

1.2.1

MC9S12ZVC-Family Comparison

Table 1-1 provides a summary of the MC9S12ZVC-Family. This information is intended to provide an
understanding of the range of functionality offered by this microcontroller family.
Table 1-1. MC9S12ZVC-Family devices

S12ZVCA S12ZVCA S$12zZVC S12zZvC
Feature
192 (128 | 96 | 64 (192|128 | 96 | 64 | 192 | 128 | 96 | 64 | 192|128 | 96 | 64
Package option 64-pin LQFP-EP 48-pin LQFP 64-pin LQFP-EP 48-pin LQFP
Temperature Option (°C ambient) -40 to 105/125/150 -40 to 85/105/125 -40 to 105/125/150 -40 to 85/105/125
Core S12Z S12Z S127 S12Z
Flash memory (ECC) [KByte] 192|128 | 96 | 64 | 192|128 | 96 | 64 [ 192|128 | 96 | 64 [ 192 [ 128 | 96 | 64

EEPROM (ECC) [KByte]
(4-byte erasable)

2 2 2 1

2 2 2 1

2 2 2 1

2 2 2 1

RAM (ECC) [KByte]

12| 8 8 4

12| 8 8 4

12 | 8 8 4

12 | 8 8 4

High Speed CAN Physical Layer

High Voltage Inputs 2 2 2 2
Vreg for CAN PHY with ext. ballast yes yes yes yes
(BCTLC)
VDDX/VSSX pins 2/2 2/2 2/2 2/2
msCAN 1 1 1 1
SCl 2 2 2 2
SPI 2 1 2 1
lc 1 1 1 1
SENT (Transmitter) 1 1 1 1
16-bit Timer channels 8 4 8 4
16-bit Timer channels (20 ns resolution™) 4 4 4 4
16-bit PWM channels (20 ns 4 3 4 3
resolution(")
16-bit PWM channels 4 4 4 4
12-bit ADC channels 16 10 - -
10-bit ADC channels - - 16 10
8-bit DAC 1 1 - -
MC9S12ZVC Family Reference Manual , Rev. 2.1
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Table 1-1. MC9S12ZVC-Family devices

S$12ZVCA S12ZVCA S§12zvC S§12zVC
Feature
192 | 128 | 96 | 64 | 192|128 | 96 | 64 | 192 | 128 | 96 | 64 | 192 | 128 | 96 | 64
Package option 64-pin LQFP-EP 48-pin LQFP 64-pin LQFP-EP 48-pin LQFP
Temperature Option (°C ambient) -40 to 105/125/150 -40 to 85/105/125 -40 to 105/125/150 -40 to 85/105/125
ACMP 5V (with rail-to-rail inputs) 2 2
EVDD (20 mA source) 1 1 1 1
Open Drain (5V GPIOs with disabled 10 5 10 5
PMOS)
N-GPIO (25mA sink) 4 4 4 4
General purpose I/0 42 28 42 28

1

1.3

at 25 MHz bus frequency

Chip-Level Features

On-chip modules available within the family include the following features:

S12Z CPU core

Up to 192 Kbyte on-chip flash with ECC

Up to 2 Kbyte EEPROM with ECC

Up to 12Kbyte on-chip SRAM with ECC

Phase locked loop (IPLL) frequency multiplier with internal filter

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

Internal COP (watchdog) module

Analog-to-digital converter (ADC) with 12-bit resolution and up to 16 channels available on
external pins

Two analog comparators (ACMP) with rail-to-rail inputs

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

Up to two serial peripheral interface (SPI) modules

Up to two serial communication interface (SCI) modules

SENT Transmitter Interface

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

One on-chip CAN physical layer module

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

4-channel timer module (TIM1) with input capture/output compare (fast max 64MHz)
Inter-1C (IIC) module

4-channel 16-bit Pulse Width Modulation module (PWMO)

4-channel 16-bit Pulse Width Modulation module (PWM1) (fast max 64MHz)
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1.4

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

Four pins to support 25 mA drive strength to VSSX

One pin to support 20 mA drive strength from VDDX (EVDD)

Two High Voltage Input (HVI) pins

Supply Vgyp monitoring with warning

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

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

32-bit wide instruction and databus

32-bit ALU

24-bit addressing (16 MB linear address space)

Instructions and Addressing modes optimized for C-Programming and 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)

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
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» Simple flash mass erase capability

1.4.1.2 Debugger (DBG)

* Three comparators (A, B and D)
— Comparator A compare the full address bus and full 32-bit data bus

— Comparators B and D compare the full address bus onlyEach 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 TRIGState 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 (SWT)

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 MC9S12ZVC-Family on the features the following:
* Up to 192Kbytes of program flash memory
— Automated program and erase algorithm
— Protection scheme to prevent accidental program or erase

1.4.2.3 EEPROM

. 2 Kbytes 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
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— User margin level setting for reads

1.4.2.4 SRAM

» 12 Kbytes of general-purpose RAM with ECC
— Single bit error correction and double bit error detection code based on 16-bit data words

1.4.3 Clocks, Reset and 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.

— 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
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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

— 8 x 16-bit channels Timer module (TIMO) for input capture or output compare, channel 7
supports pulse accumulator feature

— 4 x 16-bit channels fast Timer module (TIM1) for input capture or output compare

1.4.6 Pulse Width Modulation Module (PWMO0 and PWM1)

* Four channel x 16-bit pulse width modulator PWMO0

* Four channel x 16-bit pulse width modulator PWM1 fast max 64MHz
— 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 CAN Physical Layer (CANPHY)

* High speed CAN interface for baud rates of up to 1 Mbit/s

* ISO 11898-2 and ISO 11898-5 compliant for 12 V battery systems

* SPLIT pin driver for bus recessive level stabilization

* Low power mode with remote CAN wake-up handled by MSCAN module
* Over-current shutdown for CANH and CANL

* Voltage monitoring on CANH and CANL
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1.4.9

CPTXD-dominant timeout feature monitoring the CPTXD signal

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

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

1.4.10 SENT Transmitter (SENT_TX)

Features a 13-bit prescaler to derive a SENT-protocol compatible time unit of 3 to 90 ps from
bus-clock.

Programmable number of transmitted data-nibbles (1 to 6).

Provides hardware to support SAE J2716-2010 (SENT) Fast Channel communication.
CRC nibble generation:

— Supports SENT legacy method CRC generation in hardware.

— Supports SENT recommended method CRC generation in hardware.

— Optionally, the SENT configuration- and status-nibble can be included in the automatic
calculation of the CRC nibble.

— Automatic CRC generation hardware can be bypassed to supply the CRC nibble directly from
software

Supports optional pause-pulse generation. The optional pause pulse can have a fixed length or its
length can be automatically adapted to get a fixed overall message length.

Supports both continuous and software-triggered transmission.
Interrupt-driven operation with five flags:

— Transmit buffer empty

— Transmission complete

— Calibration start

— Transmitter underrun

— Pause-pulse Rising-Edge
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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

1.4.12 Serial Peripheral Interface Module (SPI)

Configurable 8- or 16-bit data size
Full-duplex or single-wire bidirectional
Double-buffered transmit and receive
Master or slave mode

MSB-first or LSB-first shifting

Serial clock phase and polarity options

1.4.13 Analog-to-Digital Converter Module (ADC)

12-bit resolution
Up to 16 external channels and 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, Temperature Sensor, Port L HVI inputs
External pins can also be used as digital I/O
Up to 16 pins can be used as keyboard wake-up interrupt (KWU)

1.4.14 Digital-to-Analog Converter Module (DAC)

8-bit resolution
Buffered and unbuffered analog output voltage usable
Operational amplifier stand alone usable
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1.4.15 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:

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 5V+10%

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

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, VDDF & VDDX domain
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Block Diagram

Chapter 1 Device Overview MC9S12ZV C-Family

Figure 1 shows a high-level block diagram of the MC9S12ZVC-Family.

Flash with ECC ADC
up to 192K bytes 12-bit AN[15..0] <
Analog-Digital
EEPROM with ECC Converter VRH|<——
VRL f«——
up to 2K bytes
P d ACMPO ACMPP ||
RAM with ECC Analog ACMPM || a
up to 12K bytes Comparator  ACMPO > |<£ <> PAD[15:0]/KWADI[15:0]
ACMP1 ACMPP | | o
Analog ACMPM | =
$12ZCPU Comparator ~ACMPO >
BDC DBG DAC DACU >
BKGD <> Background AMPP| |
Debug Controller Debug Module AmPM ||
8-bit >
Interrupt Module ! AMP >
VDDA j¢———
CPMU Clock Power Management Unit VSSA |€—— ——————
IRC PLL with Frequency —
Internal RC Oscillator Modulation option || TIMO
XOSCLCP Clock Monitor 16-bit 8 channel 10CO[7..4] |«—| = PT[7:0]
LP Pierce Oscillator COP Watchdog Timer E
PE0<* EXTAL Real Time Interrupt || TIM1(fast)
PE1—-[0- XTAL Auton. Periodic Int. ||16-bit 4 channel 10C1[3..0] = ||
RESET <>| Reset Generation Timer _
TEST —»| and Test Entry PWMO
VSUP —| y/oltage Regulator 8-bit 8 channel  ©WMI7:5:3.1] >
VSS —» (Nominal 12V) Pulse Width Modulator a
VDDX[1:0] <] PWMT(fas) B [« PP[7:0JKWP[7:0]
VSSX[1:0] < o
~<{ext. ballast opti 8-bit 8 channel T WMI7.5,3.1]1
BCTL =|ext ballast option Pulse Width Modulator
VDDC —>[CAN Vreg SCI0 RXDO Je—
BCTLC ~=—|[with ext. ballast Asynchronous Serial IF TXDO |——»
BATS SCH RXD1 [€——
VSUP —| Voltage Supply Monitor Asynchronous Serial IF_ TXD1 [——»
SPI0 MISO0 |= >
High Voltage Input Synchronous Serial IF MOSI0 | >
- < -
KWL[1:0)/PL[1:0 = |<|HVI[1:0 SCKo >
OVPL ] ol SSO |= >
SPI1 MISOO | »| . .
CANPHY Synchronous Serial IF MOSI0 | > E > PS[T:0/KWS[7:0]
CANH <> CANH CPRXD |»RXCANO SCKO >
SPLIT—»| SPLIT 350 |le—»
CPTXD |<«—TXCANO SS0 = >
CANL <> CANL
SENT SENTTX _
VDDC —»| VDDC SENT Transmitter IF =
—»| VSSC —
vese IC SDA |= > D PUM-0
Inter IC IF SCL e [ P10l
CANO RXCANO |—
msCAN 2.0B TXCANO |[—>

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. MC9S12ZVC-Family Block Diagram
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1.6  Family Memory Map
Table 1-2.shows the MC9S12ZVC-Family register memory map.

Table 1-2. Device Register Memory Map

Address Module (BSyi tz:s)
0x0000-0x0003 ID Register 4
0x0004—0x000F 12
0x0010-0x001F | INT 16
0x0020—~0x006F 80
0x0070-0x008F | MMC 32
0x0090—-0x00FF 112
0x0100-0x017F | DBG 128
0x0180—-0x01FF 128
0x0200-0x037F PIM 380
0x0380—-0x039F FTMRZ 32
0x03A0-0x03BF 32
0x03C0-0x03CF 16
0x03D0-0x03FF 48
0x0400—-0x042F 48
0x0430-0x047F 48
0x0480—-0x04AF 48
0x04B0—0Xx04FF 80
0x0500—~0x052F 48
0x0530—-0x05BF 144
0x05C0—-0x05EF 48
0x05F0—0X05FF 16
0x0600—-0x063F 64
0x0640-0x067F 64
0x0680—-0x0687 8
0x0688—-0x068F 128
0x0690-0x0697 ACMPO 8
0x0698—-0x069F ACMP1 8
0x0BA0—-0x06BF 32
0x06C0-0x06DF | CPMU 32
0X0BE0—-OX0BEF 16
OX06F0-OX06F7 | BATS 8
0x0BF8—0X06FF 8
0x0700-0x0707 SCI0 8
0x0708—-0x070F 8
0x0710-0x0717 sci 8
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Address Module (Bs;tz:s)
0x0718-0x077F Reserved 104
0x0780-0x0787 SPIO 8
0x0788-0x078F Reserved 8
0x0790-0x0797 SPI1 8
0x0798-0x07BF Reserved 32
0x07C0-0x07C7 lIco 8
0x07C8-0x097F Reserved 56
0x0800-0x083F CANO 64
0x0840-0x098F Reserved 336
0x0990-0x0997 CANPHYO 8
0x0998-0x099F 8
0x09A0-0x09AF SENTTX 16
0x09B0-0x0FFF 1616

NOTE

Reserved register space shown in Table 1-2. 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.

Table 1-3. S12ZVC-Family Memory Address Ranges

. Size
Device Address Memory Block (Bytes)
00 1000 - 0x00 1FFF SRAM 4K
MC9S12ZVC64 0x00_1000 - 0x00_
& 0x10_0000 - 0x10_O3FF EEPROM 1K
MC9S12ZVCAB4 OxFF_0000 - OxFF_FFFF Program Flash 64K
0x00 1000 - 0x00 2FFF SRAM 8K
MC9S12ZVC96 - -
& 0x10_0000 - 0x10_0O7FF EEPROM 2K
MC9S12ZVCA96
OxFE_8000 - OxFF_FFFF Program Flash 96K
00 1000 - 0x00 2FFF SRAM 8K
MC9S12ZVC128 0x00_1000 - 0x00._
& 0x10_0000 - 0x10_O7FF EEPROM 2K
MC9S122VCA128 OxFE_0000 - OxFF_FFFF Program Flash 128K
0x00 1000 - 0x00 3FFF SRAM 12K
MC9S12ZVC192 - -
& 0x10_0000 - 0x10_0O7FF EEPROM 2K
MC9S12ZVCA192
OxFD_0000 - OxFF_FFFF Program Flash 192K
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Figure 1-2. shows S12Z CPU global memory map as a graphical representation.

Register Space
4 KByte

@ Unimplemented
address range

lLow address aligned

THigh address aligned

0x00_0000
0x00_1000
l RAM -
max. 1 MByte - 4 KByte
0x10_0000
l EEPROM
max. 1 MByte - 48 KByte
= Reserved 0x1F_4000
512-Byte
v Reserved gread only) 0x1F_8000
5KByte
NVM IFR 0x1F_C000
512:Byte.
0x20_0000
Unimplemented
6 MByte
0x80_0000
A
Program NVM
max. 8 MByte
OXFF_FFFF

MC9S12ZVC Family Reference Manual , Rev. 2.1

34

NXP Semiconductors



Chapter 1 Device Overview MC9S12ZV C-Family

Figure 1-2. MC9S12ZVC-Family Global Memory Map

1.6.1 Part ID Assignments

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

Device Mask Set Number Part ID
MC9S1272VCA64 N23N 05.1D.10.00
MC9S122VCA96 N23N 05.1D.10.00
MC9S12ZVCA128 N23N 05.1D.10.00
MC9S12ZVCA192 N23N 05.1D.10.00

MC9S12ZVC64 N23N 05.1D.10.00
MC9S122VC96 N23N 05.1D.10.00
MC9S122VC128 N23N 05.1D.10.00
MC9S122vVC192 N23N 05.1D.10.00

1.7  Signal Description and Device Pinouts

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

NOTE

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.
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1.7.1 Pin Assignment Overview

Table 1-5. - Port Availability by package option

Port 64 LQFP-EP 48 LQFP
Port AD PAD[15:0] PAD[9:0]
Port E PE[1:0] PE[1:0]

Port L (HVI) PL[1:0] PL[1:0]
Port J PJ[1:0] —
Port P PP[7:0] PP[6:4,2, O]
Port S PS[7:0] PS[7,3:0]
Port T PT[7:0] PT[7,4:0]

sum of ports 46 30

1.7.2 Detailed Signal Descriptions

This section describes the signal properties.

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.

1.7.3 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. The signal has an internal pull-up device.

1.7.4 PAD[15:0] /| KWAD[15:0] — Port AD, input pins of ADC

PAD[15:0] are general-purpose input or output signals. The signals can be configured on per signal basis
as interrupt inputs with wake-up capability (KWAD][15:0]). These signals can have a pull-up or pull-down
device selected and enabled on per signal basis. Out of reset the pull devices are disabled.
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1.7.5 PE[1:0] — Port E 1/O signals

PE[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. Out of reset the pull down devices are enabled.

1.7.6 PJ[1:0] — Port J I/O signals

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

1.7.7  PL[1:0] / KWL[1:0] — Port L input signals

PL[1:0] are the high voltage input signal. These signals can be configured on a per signal basis as interrupt
inputs with wake-up capability (KWL[1:0]). These signals can alternatively be used as analog inputs
measured by the ADC.

1.7.8  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. Out of reset the pull devices are disabled.

1.7.9 PS[7:0] / KWS[7:0] — Port S 1/O signals

PS[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 (KWS[7:0]). They can have a pull-up or pull-down device
selected and enabled on per signal basis. Out of reset the pull up devices are enabled.

1.7.10 PT[7:0] — Port T I/O signals

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

1.7.11  AN[15:0] — ADC input signals
AN[15:0] are the analog inputs of the Analog-to-Digital Converters.

1.7.12 ACMP Signals

17121 ACMPO_0/ACMPO0_1— Analog Comparator 0 Inputs
ACMPO 0 and ACMPO 1 are the inputs of the analog comparator 0 ACMPO.

17122 ACMP1_0/ACMP1_1 — Analog Comparator 1 Inputs
ACMP1 0 and ACMP1 1 are the inputs of the analog comparator 1 ACMPI.
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1.7.12.3 ACMPO[1:0] — Analog Comparator Output
ACMPO[1:0] are the outputs of the analog comparators.

1.7.13 DAC Signals

1.7.13.1  DACU Output Pin

This analog pin is used for the unbuffered analog output voltage from the DAC resistor network output,
when the according mode is selected in DACCTL register bits DACM[2:0].

1.7.13.2 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].

1.7.13.3 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].

1.7.13.4 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].

1.7.14 VRH_0, VRH_1, VRL_0, VRL_1 — ADC reference signals

VRH 0, VRH 1, VRL 0and VRL 1 are the reference voltage input pins for the analog-to-digital
converter.

1.7.15 ETRIGO0 — External ADC trigger signal

This signal inputs to the Analog-to-Digital Converter. Their purpose is to trigger ADC conversions
(sequence of conversions).

1.7.16 SPI signals

1.7.16.1  SS[1:0] signals

This signal is associated with the slave select SS functionality of the serial peripheral interface SPI0 and
SPI1.
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1.7.16.2 SCK]|1:0] signals

This signal is associated with the serial clock SCK functionality of the serial peripheral interface SPI0 and
SPI1.

1.7.16.3 MISO[1:0] signals

This signal is associated with the MISO functionality of the serial peripheral interface SPI0 and SPI1. This
signal acts as master input during master mode or as slave output during slave mode.

1.7.16.4 MOSI[1:0] signals

This signal is associated with the MOSI functionality of the serial peripheral interface SPI0 and SPI1. This
signal acts as master output during master mode or as slave input during slave mode

1.7.17 SCl signals

1.7.17.1 RXD[1:0] signals

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

1.717.2 TXD[1:0] signals

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

1.7.18 Timer IOC[7:0] signals

The signals IOC0[7:0] and IOC1[3:0] are associated with the input capture or output compare functionality
of the timer modules TIMO and TIM1.

1.7.19 PWM[7:0] signals

The signals PWMO0[7:0] and PWM1[7:0] are associated with the outputs of the PWMO0 and PWM1
modules.

1.7.20 IIC signals

1.7.20.1 SDA signal

This signal is associated with the serial data pin of IIC.

1.7.20.2 SCL signal

This signal is associated with the serial clock pin of 1IC.
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1.7.21 Interrupt signals — IRQ and XIRQ

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

1.7.22 Oscillator and Clock Signals

1.7.221 4-16MHZ Oscillator Signal — EXTAL and XTAL

EXTAL and XTAL are the crystal driver. On reset, the OSC is not enabled, all the device clocks are derived
from the internal reference clock. EXTAL is the oscillator input. XTAL is the oscillator output.

1.7.22.2 ECLK
This signal is associated with the output of the divided 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.

1.7.23 BDC and Debug Signals

1.7.23.1 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.

1.7.23.2 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.

1.7.24 CANO Signals

1.7.24.1 RXCANO Signal

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

1.7.24.2 TXCANO Signal

This signal is associated with the transmit functionality of the scalable controller area network controller
(MSCANO).
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1.7.25 CAN Physical Layer Signals(CANPHYO)

1.7.25.1 CANHO — CAN Bus High Pin0

The CANHO signal either connects directly to CAN bus high line or through an optional external common
mode choke.

1.7.25.2 CANLO — CAN Bus Low Pin0

The CANLDO signal either connects directly to CAN bus low line or through an optional external common
mode choke.

1.7.25.3 SPLITO — CAN Bus Termination Pin0

The SPLITO pin can drive a 2.5 V bias for bus termination purpose (CAN bus middle point). Usage of this
pin is optional and depends on bus termination strategy for a given bus network.

1.7.254 CPTXDO
This is the CAN physical layer transmitter input signal.

1.7.25.5 CPRXDO
This is the CAN physical layer receiver output signal.

1.7.26 BCTL

BCTL is the ballast connection for the on chip voltage regulator. It provides the base current of an external
bipolar of the Vppx and Vpp supplies.

1.7.27 BCTLC

BCTLC provides the base current of an external bipolar that supplies an external or internal CAN physical
interface.

1.7.28 VDDC

VDDC is the CANPHY supply. This is the output voltage of the external bipolar transistor, whose base
current is supplied by BCTLC. It is fed back to the MCU for regulation.

1.7.29 High Current Output - EVDD

This is a high current, low voltage drop output intended for supplying external devices in a range of up to
20mA. Configuring the pin direction as output automatically enables the high current capability.
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1.7.30 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.

1.7.30.1 VDDX1, VDDX2, VSSX1, VSSX2 — Digital /0 power and ground pins

VDDX is the voltage regulator output for the digital I/O drivers. It supplies the VDDX domain pads. The
VSSX1 and VSSX2 pin is the ground pin for the digital I/O drivers.

Bypass capacitor requirements on VDDX/VSSX depend on how heavily the MCU pins are loaded.

1.7.30.2 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.

1.7.30.3 VSUP — Voltage supply pin

VSUP is the 12V 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

The MC9S12ZVC-Family will be offered in 48 pin LQFP and 64 pin LQFP-EP packages. The exposed
pad on the package bottom of the LQFP-EP package must be connected to a ground pad on the PCB.
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Figure 1-3. Pinout MC9S12ZVC-Family 48-pin LQFP
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Figure 1-4. Pinout MC9S12ZVC-Family 64-pin LQFP-EP’
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1.The exposed pad on the package bottom must be connected to a ground pad on the PCB.
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Table 1-6. MC9S12ZVC-Family Pin Summary

LQFP Function Internal Pull
Resistor
Power
1st 2nd 3rd 4th 5th Supply Reset
64 48 Pin Func. Func. Func. Func. Func. CTRL State
1 1 VSUP — — — — — Vsup — —
2 2 PL1 HVI1 KWL1 — — — Vbpx — —
3 3 PLO HVIO KWLO — — — Vbpx — —
4 4 BCTL — — — Vbbpx
5 5 BCTLC — — — Vbbpx
6 6 PEO EXTAL — — — Vbbpx PERE/ Down
PPSE
7 7 PE1 XTAL — — — — Vpbbx PERE/ Down
PPSE
8 PJ1 SCLO TXDO — — — Vppx PERJ/ Up
PPSJ
9 PJO SDAO RXDO — — — Vbpx PERJ/ Up
PPSJ
10 — PAD11 KWAD11 AN11 — — — Vppa PERADH Off
/
PPSADH
" — PAD10 KWAD10 AN10 — — — Vppa PERADH Off
/
PPSADH
12 8 PAD9 KWAD9 AN9 AMP — — Vppa PERADH Off
/
PPSADH
13 9 PAD8 KWADS8 AN8 AMPM — — Vppa PERADH Off
/
PPSADH
14 10 PAD7 KWAD7 AN7 AMPP — — Vppa PERADL/ Off
PPSADL
15 1 PAD6 KWADG6 ANG6 DACU — — Vppa PERADL/ Off
PPSADL
16 12 PAD5 KWAD5 ANS5S ACMPO1 — — Vppa PERADL/ Off
PPSADL
17 13 PAD4 KWAD4 AN4 ACMP1_ — — Vppa PERADL/ Off
1 PPSADL
18 14 VSSA — Vbpa
19 15 VDDA — Vbpa
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Table 1-6. MC9S12ZVC-Family Pin Summary

LQFP Function Internal Pull
Resistor
Power
1st 2nd 3rd 4th 5th Supply Reset
64 48 Pin Func. Func. Func. Func. Func. CTRL State
20 16 PAD3 KWAD3 AN3 VRH 0 | ACMP1_ — Vbpa PERADL/ off
0 PPSADL
21 17 PAD2 KWAD2 AN2 ACMPOO — — Vbpa PERADL/ off
PPSADL
22 18 PAD1 KWAD1 AN1 (ERTIGO) | ACMPO_ Vboa PERADL/ off
1 PPSADL
23 19 PADO KWADO ANO ACMPO_ — — Vbpa PERADL/ off
0 PPSADL
24 PAD15 | KWAD15 | (ERTIGO) AN15 — — Vbpa PERADL/ off
PPSADL
25 PAD14 | KWAD14 AN14 — — Vboa PERADL/ off
PPSADL
26 PAD13 | KWAD13 AN13 — — Vbpa PERADL/ off
PPSADL
27 PAD12 | KWAD12 AN12 — — Vbpa PERADL/ off
PPSADL
28 20 SPLIT — — — — Vbbe
29 21 CANL — — — — Vbbe
30 22 VSSC — — — — Vbbe
31 23 CANH — — — — Vbbe
32 24 vDDC — — — — Vbbe
33 25 PSO KWSO0 MISO0 (SDAD) (RXDO) (CPRXD Vbbpx PERS/ Up
0) PPSS
34 26 PS1 KWS1 MOSIO0 (SCLO) (TXDO) | (CPTXDO Vbox PERS/ Up
) PPSS
35 27 PS2 KWS2 SCKO (RXCAN IRQ VbDpx PERS/ Up
0) PPSS
36 28 PS3 KWS3 SS0 (TXCANO | (CPDR1) XIRQ Vbpx PERS/ Up
) PPSS
37 PS4 KWS4 MISO1 RXD1 l10co_3" Vbox PERS/ Up
PPSS
38 PS5 KWS5 MOSIH TXD1 10C0_22 VbDpx PERS/ Up
PPSS
39 29 PPO KWPO PWMO_1 — — Vbpx PERP/ off
PPSP
40 30 VSSX1 — — — — Vbox
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LQFP Function Internal Pull
Resistor
Power
1st 2nd 3rd 4th 5th Supply Reset
64 48 Pin Func. Func. Func. Func. Func. CTRL State
41 31 PP4 KWP4 PWM1_1 | (ETRIGO) — — Vbpx PERP/ Off
PPSP
42 32 VDDX1 — — — Vbpx
43 33 pPS7 KWS7 SS1 SENT_T 10C0_0 Vbpx PERS/ Up
X PPSS
44 34 PT4 10C0_4 (MISO0) DBGEEV — Vbpx PERT/ Off
PPST
45 — PT5 10C0_5 (MOSI0) — — Vbpx PERT/ Off
PPST
46 — PT6 10C0_6 (SCKO0) — — — Vbpx PERT/ Off
PPST
47 35 PT7 10C0_7 (SS0) ECLK — — Vbpx PERT/ Off
PPST
48 36 RESET — — — — — Vppx TEST pin Up
49 37 PTO 10C1_0 (SDAO0) (RXD1) Vppx PERT/ Off
PPST
50 38 PT1 10C1_1 (SCLO) (TXD1) Vbpx PERT/ Off
PPST
51 39 PT2 I0C1_2 (PWMO_ Vbpx PERT/ Off
3) PPST
52 40 PT3 10C1_3 (PWMO_ Vppx PERT/ Off
7) PPST
53 PS6 KWS6 SCK1 (10C0_1) Vbpx PERS/ Up
PPSS
54 — PP1 KWP1 PWMO_3 — — — Vbpx PERP/ Off
PPSP
55 — PP3 KWP3 PWMO_7 — — — Vppx PERP/ Off
PPSP
56 — PP7 KWP7 PWM1_7 — — — Vbpx PERP/ Off
PPSP
57 41 VSS — — — — —
58 42 VDDX2 — — — — — Vbpx
59 43 PP2 KWP2 PWMO_5 — — — Vbpx PERP/ Off
PPSP
60 44 PP5 KWP5 PWM1_3 — — — Vppx PERP/ Off
PPSP
61 45 VSSX2 — — — — — Vbpx
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Table 1-6. MC9S12ZVC-Family Pin Summary

LQFP Function Internal Pull
Resistor
Power

1st 2nd 3rd 4th 5th Supply Reset
64 48 Pin Func. Func. Func. Func. Func. CTRL State
62 46 PP6 KWP6 PWM1_5 — — — Vbpx PERP/ Off

PPSP

63 47 BKGD MODC — — — — Vbpx Up
64 48 TEST — — — — — — RESET Down

1Input capture routed to PS7 by default. Output compare feature always on PS6.
2Input capture routed to PS7 by default. Output compare feature always on PS6

1.9 Internal Signal Mapping

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

1.9.1 ACMPO and ACMP1 Connectivity
Table 1-7. shows the connectivity for the analog comparator modules ACMPO and ACMP1.

Table 1-7. ACMP0O and ACMP1 connectivity

Analog Compara-
tor Inputs ACMPO ACMP1
acmoi 0] DACI DACI
PL (unbuffered DAC output) (unbuffered DAC output)
acmoi 12 AMP AMP
P (buffered DAC output) 