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Chapter 1
Device Overview MC9S12ZVFP-Family

Table 1-1. Revision History

Version Revision -
Number Date Description of Changes
0.0 Feb 2012 * initial Draft
0.01 Mar 2012 * fix typos
0.02 April 2012 » Add the BDCFCLK source to bus clock
¢ Add RTC clock source
0.03 July 2012 * Add 100LQFP option for ZVFP64
0.04 July 2012  Fix typos
0.05 Sep 2012 » Update ADC conversion reference IFR location
» Correct 100LQFP pinout signals typos
* Fix base on review feedback
» Add FTMRZ related connection
0.06 Nov 2012 * Update for IN39G

1.1 Introduction

The MC9S12ZVFP-Family is an optimized automotive 16-bit microcontroller product line focused on
low-cost, high-performance and application component count reduction. This family integrates many of
components of the SI2ZVH-family MagniV mixed signal microcontroller, including a 5V regulator
system to supply the microcontroller and other components. The MC9S12ZVFP-Family is targeted at cost
optimized applications requiring segment LCD displays and LIN communications by including a LIN
physical layer interface.

The MC9S12ZVFP-Family delivers an optimized solution with the integration of several key system
components into a single device, optimizing system architecture and achieving significant PCB space
savings. The MC9S12ZVFP-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 Freescale’s existing 16-bit MCU families. The MC9S12ZVFP-Family also features the
revolutionary S12Z CPU with code size & execution efficiencies even higher than our class leading S12X
CPU. It also provides a linear memory map for flash memory for all members of the family, eliminating
the inconvenience and performance impact of page swapping. 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.

1.2 Features
This section describes the key features of the MC9S12ZVFP-Family.

S12ZVFP Family Reference Manual, Rev. 1.00
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121

MC9S12ZVFP-Family Member Comparison
Table 1-2provides a summary of feature set differences within the MC9S12ZVFP-Family. All other

features are common to all MC9S12ZVFP-Family members.
Table 1-2. MC9S12ZVFP-Family Comparison

Feature MC9S127ZVFP64
Package 100 pins (LQFP) 144 pins (LQFP)
CPU HCS127
Flash memory (ECC) 64 KB
EEPROM (ECC) 2 KB
RAM (ECC) 4 KB
High Current Outputs (20 mA) @ 8
Segment LCD 4x32 4 x40
Simple Sound Generator (SSG) Yes
SClI 2
SPI 1
Ic 1
CAN (digital communication module) 1
LIN Physical layer 1

Two 8ch x 16-bit (not all

Timer IOC avaiable on pins) Two 8ch x 16-bit
PWM 8 ch (8-bit) / 4ch (16-bit)
RTC Yes

ADC Resolution

10-bit resolution

ADC Inputs 4 pins + internal signals  § pins + internal signals
Frequency modulated PLL Yes
Internal 1 MHz RC oscillator Yes

Autonomous window watchdog

1 (with independent clock source)

Key Wakeup 1/0s 19 24
General purpose I/0s (5 V) @ up to 78 up to 100
Direct Battery Voltage sense pin Yes

S127ZVFP Family Reference Manual, Rev. 1.00
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Feature MC9S12ZVFP64
Vsup sense Yes
Chip temperature sensor 1 General sensor

5.5V —18V (normal op)

VSUP Supply voltage up to 40 V (protected op)

VDDX Output current Determined by power dissipation of external ballast

Maximum Bus Frequency 32 MHz

T Requires separaie supply connections for Port U
2. Maximum /O count based on multiplexing with peripherals.

Maskset ON39G and 1N39G device compare

ON39G and 1N39G devices have difference on some module verkunhs 1-3shows the difference.

NOTE User should take care when switch from ON39G to 1N39G device

Table 1-3. Device Difference for ON39G and 1N39G

ON39G 1IN39G
SClI V5 V6
BDC V1 V2
LINPHY V1 V2
MCU no ADC reference voltage to IFR ADC reference voltage to IFR

1.4

Chip-Level Features

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

S127Z CPU core

64 KB on-chip flash with ECC

2 KB EEPROM with ECC

4 KB 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
4-20 MHz amplitude controlled pierce oscillator

32 KHz oscillator for RTC and LCD

Internal COP (watchdog) module

LCD driver for segment LCD with 40 frontplanes x 4 backplanes

Up to eight outputs capable of 20mA drive strength

Real Time Clock (RTC) support the Hour/Minute/Second function and frequency compensation

S12ZVFP Family Reference Manual, Rev. 1.00
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* One Analog-to-Digital Converters (ADC) with 10-bit resolution and up to 8 channels available on
external pins

* Two Timer module (TIM) supporting input/output channels that provide a range of 16-bit input
capture & output compare (8 channels)

*  One Pulse Width Modulation (PWM) modules with up to 8 x 8-bit channels
* Simple Sound Generation (SSG) for monotonic tone generation

*  One Inter-Integrated Circuit (IIC) module

* One Serial Peripheral Interface (SPI) module

* One serial communication interface (SCI) module with interface to internal LIN phyiscal 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 and SAE
J2602-2

*  One MSCAN (up to 1 Mbp/s, CAN 2.0 A, B compliant) module

* On-chip Voltage Regulator (VREG) for regulation of input supply and all internal voltages
* Autonomous Periodic Interrupt (API) (combination with cyclic, watchdog)

* Supply voltage sense with low battery warning.

» Chip temperature sensor

1.5 Module Features

The following sections provide more details of the integrated modules.

151 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 & performance
impact of page swapping.
» Harvard Architecture - parallel data and code access
» 3 stage pipeline
» 32-Bit wide instruction and databus
e 32-BitALU
* 24-bit addressing, i.e. 16 MB linear address space
* Instructions and Addressing modes optimized for C-Programming & Compiler
* Optimized address path so it is capable to run at maximum bus cycle without Flash wait states
— MAC unit 32bit += 32bit*32bit
— Hardware divider
— Single cycle multi-bit shifts (Barrel shifter)
» Special instructions for fixed point match
* Unimplemented opcode traps

S127ZVFP Family Reference Manual, Rev. 1.00
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* Unprogrammed byte value (OxFF) defaults to SWI instruction

1511 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

1.51.2 Debugger (DBG)

* Enhanced DBG module including:

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

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

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

— Begin, End and Mid alignment of tracing to trigger
* Profiling mode

15.2 Embedded Memory

1521 Flash

On-chip flash memory:
* Up to 64 KB of program flash memory

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

— Erase sector size 512 bytes

— Automated program and erase algorithm

— User margin level setting for reads

— Protection scheme to prevent accidental program or erase

1.5.2.2 EEPROM

* Upto2 KB 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

S12ZVFP Family Reference Manual, Rev. 1.00
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— Automated program and erase algorithm
— User margin level setting for reads

1.5.2.3 SRAM

* Upto 4 KB of general-purpose RAM with ECC
— Single bit error correction and double bit error detection

1.5.3 Clocks, Reset & Power Management Unit (CPMU)

* Real Time Interrupt (RTI)

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

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 RTI, COP, API, RTC and LCD modules can
be enabled with clock source from the osc.

— STOP - the oscillator is stopped in this mode, all clocks are switched off and all counters and
dividers remain frozen. The 32K oscillator can be enabled, RTC and LCD can be still function
if enabled. The APl and COP can still function if their clock source are from API
clock(ACLK).

1.5.3.1 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 4-20 MHz crystal oscillator/resonator

1.53.2 Internal RC Oscillator (IRC)

» Trimmable internal reference clock.
— Frequency: 1 MHz; Trimmed accuracy over 2@o 150C junction temperature rangel.3%

S127ZVFP Family Reference Manual, Rev. 1.00
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Main External Oscillator (XOSCLCP)

Loop control 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

32K External Oscillator

Low speed oscillator using 32 kHz to 40 kHz crystal
— Low power

— Good noise immunity

— Oscillator pins shared with GPIO functionality

System Integrity Support

Power-On Reset (POR)

lllegal address detection

Low-voltage detection and low voltage reset generation

Clock monitor

High temperature Interrupt

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
Unimplemented opcode traps

Unprogrammed byte value (OXFF) defaults to SWI instruction
ECC support on embedded NVM and SRAM

Real Time Clock (RTC)

Basic Clock functions with separate counters for Hour, Minutes and Seconds.

Hardware Compensation to reduce the effects of frequency variation on the 1 Hz clock (to the
counters) caused by temperature changes of crystal characteristics. Correction factor calculated by
firmware. (Programmable correction factor).

16-bit CPU register programming interface with protection against run-away code.
Option to output the buffered 32.768 kHz clock or the compensated 1 Hz clock for calibration.

S12ZVFP Family Reference Manual, Rev. 1.00
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1.5.8 Timer (TIM)

» Up to two timer modules for input capture or output compare
— 8 x 16-bit channels per module

* 16-bit free-running counter with 8-bit precision prescaler

* 16-bit pulse accumulator

1.5.9 Pulse Width Modulation Module (PWM)

* 8 channels x 8-bit (4 channels x 16-bit)

* Programmable period and duty cycle per channel

» Center-aligned or edge-aligned outputs

» Programmable clock select logic with a wide range of frequencies

1.5.10 Simple Sound Generator (SSG)

* Programmable amplitude level with maximum 11 bit resolution from zero amplitude to max
amplitude

* Sound STOP function to stop sound generation immediately

» Registers double-buffered synchronously reload at edge of tone to avoid distortion of output tone.
* Interrupt generated when SSG configure registers reload occurs

* Input clock prescaler with 11 bit resolution

* Module disable for power saving when SSG is not in use

» Separate or mixed frequency and amplitude outputs for flexibility in external hardware variation.

» Decay/attack function which can decrease/increase sound amplitude automatically without cpu
interaction. The function includs linear, gong and exponential decay/attack profiles

1.5.11 Liquid Crystal Display driver (LCD)

» Up to 40 frontplanes and 4 backplanes or general-purpose input or output
* 5 modes of operation allow for different display sizes to meet application requirements
» Unused frontplane and backplane pins can be used as general-purpose I/O

1.5.12 LIN physical layer transceiver

o Compliant with LIN physical layer 2.2
*  Compliant with the SAE J2602-2 LIN standard for IN39G
» Standby mode with glitch-filtered wake-up
» Slew rate selection optimized for the baud rates:
— 10 kBit/s
— 20 kBit/s
— Fast Mode (up to 250 kBit/s)

S127ZVFP Family Reference Manual, Rev. 1.00
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Selectable pull-up of 34 k or 330 k (in Shutdown Mode, 330 k only)

Current limitation on LIN Bus pin rising and falling edges

Over-current protection with transmitter shutdown

LIN TxD-dominant timeout feature monitoring the LPTxD signal for IN39G
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 for IN39G

1.5.13 Multi-Scalable Controller Area Network (MSCAN)

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

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

Programmable wake-up functionality with integrated low-pass filter

1.5.14 Inter-IC Bus Module (lIC)

Compatible with 12C bus standard

Multi-master operation

Software programmable for one of 256 different serial clock frequencies
Software selectable acknowledge bit

Interrupt driven byte-by-byte data transfer

Arbitration lost interrupt with automatic mode switching from master to slave
Calling address identification interrupt

Start and stop signal generation/detection

Repeated start signal generation

Acknowledge bit generation/detection

Bus busy detection

General Call Address detection

Compliant to ten-bit address

1.5.15 Serial Communication Interface Module (SCI)

Full-duplex or single-wire operation

Standard mark/space non-return-to-zero (NRZ) format
16-bit baud rate selection

Programmable character length

Programmable polarity for transmitter and receiver

S12ZVFP Family Reference Manual, Rev. 1.00
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» Active edge receive wakeup
» Break detection/generation supporting LIN communications

1.5.16 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

1.5.17 Analog-to-Digital Converter Module (ADC)

* One ADC
— 10-bit resolution
— Up to 8 external channels & 8 internal channels
— Left or right aligned result data
— Continuous conversion mode
» ADC directly writes results to RAM, preventing stall of further conversions
* Internal signals monitored with the ADC module
— Vrh, Vrl, VrI+Vrh/2, Vsup or Vsense monitor, Vbg, TempSense.
» External pins can also be used as digital 1/0

1.5.18 Supply Voltage Sensor (BATS)

* VSENSE & VSUP pin low or a high voltage interrupt
* VSENSE & VSUP pin can be routed via an internal divider to the internal ADC channel
» Generation of low or high voltage interrupts

1.5.19 On-Chip Voltage Regulator system (VREG)

* Voltage regulator
— Linear voltage regulator directly supplied by Vgyp (protected Vgar)
— Low-voltage detect with low-voltage interrupt Vqyp
— Power-On Reset (POR)
— Low-Voltage Reset (LVR)
— External ballast device support to reduce internal power dissipation
— Capable of supplying both the MCU internally plus external components
— Over-temperature protection and interrupt
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1.6 Block Diagram

Chapter 1 Device Overview MC9S12ZVFP-Family

Figure 1-1. MC9S12ZVFP-Family Block Diagram
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1.6.1 Device Memory Map

Table 1-4shows the device register memory map.

Table 1-4. Module Register Address Ranges

Address Module (Bsyitzees)
0x0000-0x0003 ID Registers 4
0x0004-0x000F Reserved 12
0x0010-0x001F INT 16
0x0020-0x006F Reserved 80
0x0070-0x00FF MMC 144
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 PWM 48
0x04B0-0x05BF Reserved 272
0x05C0-0x05EF TIMO 48
0x05F0-0x05FF Reserved 16
0x0600-0x063F ADCO 64
0x0640-0x06BF Reserved 128
0x06C0-0x06DF CPMU 32
0X06E0-OX06EF Reserved 16
0x06F0-0x06F7 BATS 8
0x06F8-0x06FF Reserved 8
0x0700-0x0707 SCI0 8
0x0708-0x070F Reserved 8
0x0710-0x0717 SCi1 8
0x0718-0x077F Reserved 104
0x0780-0x0787 SPIO 8
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Table 1-4. Module Register Address Ranges

Address Module (Bsyitzees)
0x0788-0