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Chapter 1
Device Overview MC9S12VR-Family

Table 1-1. Revision History

Version Revision
Number Date

1.0 26-November-2010 | » Added Block Diagram
¢ Minor Corrections from Shared Review

2.0 11-April-2011 * New Revision for Maskset NO5E PartlD=$3201
Added 6 PWM Channels
¢ Pinout changes for PWM channels

Description of Changes

1.1 Introduction

The MC9S12VR-Family is an optimized automotive 16-bit microcontroller product line focused on
low-cost, high-performance, and low pin-count. This family integrates an S12 microcontroller with a LIN
Physical interface, a 5V regulator system to supply the microcontroller, and analog blocks to control other
elements of the system which operate at vehicle battery level (e.g. relay drivers, high-side driver outputs,
wake up inputs). The MC9S12VR-Family is targeted at generic automotive applications requiring single
node LIN communications. Typical examples of these applications include window lift modules, seat
modules and sun-roof modules to name a few.

The MC9S12VR-Family uses many of the same features found on the MC9S12G family, including error
correction code (ECC) on flash memory, EEPROM for diagnostic or data storage, a fast analog-to-digital
converter (ADC) and a frequency modulated phase locked loop (IPLL) that improves the EMC
performance. The MC9S12VR-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 MC9S12VR-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 8-bit and 16-bit MCU families. Like the MC9S12XS family, the
MC9S12VR-Family will run 16-bit wide accesses without wait states for all peripherals and memories.
Misaligned single cycle 16 bit RAM access is not supported. The MC9S12VR-Family will be available in
32-pin and 48-pin LQFP. 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.

The MC9S12VR-Family is a general-purpose family of devices created with relay based motor control in
mind and is suitable for a range of applications, including:

*  Window lift modules

*  Door modules

» Seat controllers

* Smart actuators

MC9S12VR Family Reference Manual, Rev. 2.8
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e Sun roof modules

1.2 Features

This section describes the key features of the MC9S12VR-Family.

1.2.1

MC9S12VR-Family Member Comparison

Table 1-2 provides a summary of different members of the MC9S12VR-Family and their features. This
information is intended to provide an understanding of the range of functionality offered by this

microcontroller family.

Table 1-2. MC9S12VR - Family

Feature MC9S12VR48 | MC9S12VR64
CPU HCS12
Flash memory (ECC) 48 Kbytes 64 Kbytes
EEPROM (ECC) 512 Bytes
RAM 2 Kbytes
LIN physical layer 1
SPI 1
SCI Upto2
Timer 4ch x 16-bit
PWM 8ch x 8-bit or

4ch x 16-bit

ADC 6 ch x 10-bit available on external

pins and four internal channels.
see Table 1-13.

Frequency modulated PLL Yes
Internal 1 MHz RC oscillator Yes
Autonomous window watchdog 1
Low-side drivers 2
(protected for inductive loads)

High-side drivers Upto2
High voltage Inputs 4
General purpose I/0Os (5V) Up to 28
Direct battery sense pin Yes
Supply voltage sense Yes

Chip temperature sensor

1 general sensor

MC9S12VR Family Reference Manual, Rev. 2.8
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Feature MC9S12VR48 | MC9S12VR64
Supply voltage Vgyp =6V —18V (normal
operation)
up to 40V (protected operation)
EVDD output current 20mA @ 5V
Maximum execution speed 25 MHz
Package 32 pins
48 pins

Chip-Level Features

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

HCS12 CPU core

64 or 48 Kbyte on-chip flash with ECC

512 byte EEPROM with ECC

2 Kbyte on-chip SRAM

Phase locked loop (IPLL) frequency multiplier with internal filter

1 MHz internal RC oscillator with +/-1.3% accuracy over rated temperature range
4-16MHz amplitude controlled pierce oscillator

Internal COP (watchdog) module (with separate clock source)

Timer module (TIM) supporting input/output channels that provide a range of 16-bit input capture,
output compare and counter (up to 4 channels)

Pulse width modulation (PWM) module (up to 8 x 8-bit channels)

10-bit resolution successive approximation analog-to-digital converter (ADC) with up to 6
channels available on external pins

One serial peripheral interface (SPI) module

One serial communication interface (SCI) module supporting LIN communications (with RX
connected to a timer channel for internal oscillator 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 2.1 standard
On-chip voltage regulator (VREG) for regulation of input supply and all internal voltages
Autonomous periodic interrupt (API) (combination with cyclic, watchdog)

Two protected low-side outputs to drive inductive loads

Up to two protected high-side outputs

4 high-voltage inputs with wake-up capability and readable internally on ADC

Up to two 10mA high-current outputs

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

Battery voltage sense with low battery warning, internally reverse battery protected
Chip temperature sensor

MC9S12VR Family Reference Manual, Rev. 2.8
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1.4 Module Features

The following sections provide more details of the modules implemented on the MC9S12VR-Family.

1.4.1 HCS12 16-Bit Central Processor Unit (CPU)

The HCS12 CPU is a high-speed, 16-bit processing unit that has a programming model identical to that of
the industry standard M68HC11 central processor unit (CPU).

» Full 16-bit data paths supports efficient arithmetic operation and high-speed math execution

* Supports instructions with odd byte counts, including many single-byte instructions. This allows
much more efficient use of ROM space.

» Extensive set of indexed addressing capabilities, including:
— Using the stack pointer as an indexing register in all indexed operations
— Using the program counter as an indexing register in all but auto increment/decrement mode
— Accumulator offsets using A, B, or D accumulators
— Automatic index predecrement, preincrement, postdecrement, and postincrement (by —8 to +8)

1.4.2 On-Chip Flash with ECC

On-chip flash memory on the MC9S12VR features the following:
* 64 or 48 Kbyte of program flash memory
— Automated program and erase algorithm
— Protection scheme to prevent accidental program or erase
* 512 Byte EEPROM

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

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

1.4.3 On-Chip SRAM
» 2 Kbytes of general-purpose RAM

MC9S12VR Family Reference Manual, Rev. 2.8
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144 Main External Oscillator (XOSCLCP)

* Loop control Pierce oscillator using 4 MHz to 16 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 optimumstart-up margin for typical crystals
— Oscillator pins shared with GPIO functionality

1.4.5 Internal RC Oscillator (IRC)

* Factory trimmed internal reference clock
— Frequency: | MHz
— Trimmed accuracy over —40°C to +105°C ambient temperature range: £1.3%

1.4.6 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)

1.4.7 Clock and Power Management Unit (CPMU)

* Real time interrupt (RTI)
*  Clock monitor (CM)
* System reset generation

1.4.8 System Integrity Support

* Power-on reset (POR)

» Illegal address detection with reset

* Low-voltage detection with interrupt or reset

» Computer operating properly (COP) watchdog with option to run on internal RC oscillator
— Configurable as window COP for enhanced failure detection

MC9S12VR Family Reference Manual, Rev. 2.8
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1.4.9

— Can be initialized out of reset using option bits located in flash memory
Clock monitor supervising the correct function of the oscillator

Timer (TIM)

Up to 4 x 16-bit channels for input capture or output compare
16-bit free-running counter with 8-bit precision prescaler

1.4.10 Pulse Width Modulation Module (PWM)

Up to eight 8-bit channels or reconfigurable four 16-bit channel PWM resolution
— Programmable period and duty cycle per channel

— Center-aligned or left-aligned outputs

— Programmable clock select logic with a wide range of frequencies

1.4.11 LIN physical layer transceiver (LINPHY)

Compliant with LIN physical layer 2.1
Standby mode with glitch-filtered wake-up.

Slew rate selection optimized for the baud rates: 10kBit/s, 20kBit/s and Fast Mode (up to
250kBit/s).

Selectable pull-up of 30k€2 or 330k€2 (in Shutdown Mode, 330k<2 only)
Current limitation by LIN Bus pin rising and falling edges
Over-current protection with transmitter shutdown

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

MSB-first or LSB-first shifting

Serial clock phase and polarity options

1.4.13 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
13-bit baud rate selection

Programmable character length

MC9S12VR Family Reference Manual, Rev. 2.8
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Programmable polarity for transmitter and receiver
Active edge receive wake-up

Break detect and transmit collision detect supporting LIN
Internal connection to one SCI routable to external pins

1.4.14 Analog-to-Digital Converter Module (ATD)

Up to 6-channel, 10-bit analog-to-digital converter
— 8-/10-bit resolution

— 3 us, 10-bit single conversion time

— Left or right justified result data

— Internal oscillator for conversion in stop modes

— Wake up from low power modes on analog comparison > or <= match

— Continuous conversion mode

— Multiple channel scans

Pins can also be used as digital I/O

Up to 6 pins can be used as keyboard wake-up interrupt (KWI)

Internal voltages monitored with the ATD module

— Vgup Vsensg, chip temperature sensor, high voltage inputs, LIN physical temperature sense,
Vru> VrL: VDDF

1.4.15 Supply Voltage Sense (BATS)

VSENSE & VSUP pin low or a high voltage interrupt
VSENSE & VSUP pin can be routed via an internal divider to the internal ADC

1.4.16 On-Chip Voltage Regulator system (VREG)

Voltage regulator
— Linear voltage regulator directly supplied by VSUP (protected VBAT)
— Low-voltage detect with low-voltage interrupt on Vgyp

— Capable of supplying both the MCU internally and providing additional external current
(approximately 20mA) to supply other components within the electronic control unit.

— Opver-temperature protection and interrupt

Internal Voltage regulator

— Linear voltage regulator with bandgap reference

— Low-voltage detect with low-voltage interrupt on VDDA
— Power-on reset (POR) circuit

— Low-voltage reset (LVR)

MC9S12VR Family Reference Manual, Rev. 2.8
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1.4.17 Low-side drivers (LSDRV)

2x low-side drivers targeted for up to approximately 150mA current capability.
Internal timer or PWM channels can be routed to control the low-side drivers
Open-load detection

Over-current protection with shutdown and interrupt

Active clamp (for driving relays)

Recirculation detection

1.4.18 High-side drivers (HSDRV)

2 High-side drivers targeted for up to approximately 44mA current capability
Internal timer or PWM channels can be routed to control the high-side drivers
Open load detection

Over-current protection with shutdown and interrupt

1.4.19 Background Debug (BDM)

Background debug module (BDM) with single-wire interface
— Non-intrusive memory access commands

— Supports in-circuit programming of on-chip nonvolatile memory

1.4.20 Debugger (DBG)

Trace buffer with depth of 64 entries

Three comparators (A, B and C)
— Access address comparisons with optional data comparisons

— Program counter comparisons
— Exact address or address range comparisons

Two types of comparator matches
— Tagged This matches just before a specific instruction begins execution

— Force This is valid on the first instruction boundary after a match occurs
Four trace modes

Four stage state sequencer
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1.5

Block Diagram

Figure 1-1. MC9S12VR Block Diagram

Device Overview MC9S12VR-Family

48K & 64K bytes Flash with ECC

2K bytes RAM

512 bytes EEPROM with ECC

VSUP —» Voltage Regulator
VSS —» Input: 6V — 18V
CPU12-V1

BKGD <>

Single-wire Background
Debug Module

Debug Module
3 comparators
64 Byte Trace Buffer

EXTAL

Clock Monitor

e Low Power Pierce COP Watchdog
PE1 o XTAL Oscillator Real Time Interrupt
Auton. Periodic Int.
PLL with Frequency .
Modulation option Internal RC Oscillator
RESET <>  Reset Generation Interruot Module
TEST —» and Test Entry rrup u
PLO <> 5V 10 Supply Output
PLT <= VDDX1/VSSX1—3
PL2 -0 VDDX2/VSSX2—»
PL3 <>
LIN <> LIN LINPHY
LGND —»| LGND LIN Physical

ADC D —
D ——
10-bit 6 channel
Analog-Digital
Converter [a)
AN[5:0] [ [
o
TIM TOCO |a>  |Jer
10C1 »| - |
16-bit 4 channel 10C2 > E <>
Timer 10C3 [e>| |
PWM pwmo—>] ==
PWM1 > [
8-bit 8 channel PWM2|—> O[>
Pulse Width Modulator  pyyval—s] i l<>
PWM4 >
PWM[7:6] —see Pinout PWM5}—» i
SCI1 RXD |«—| |
Asynchronous Serial IF__ TXD > i
SCIo RXD |-
Asynchronous Serial IF__ TXD > c}g
SPIO MISO [<*» o [
MOS| | <
] SCK |=> <
Synchronous Serial IF S5 |- >
HSDRV 0 & 1 HSO [«—>
. . . HS1 [€<————>»
High Side Driver VSUPHS j€———
LSDRV 0 & 1 LSO [€—>
LS1 |«——>
Low Side Driver LSGND |€———
Battery Sensor VSENSE

Block Diagram shows the maximum configuration!
Not all pins or all peripherals are available on all devices and packages.
Rerouting options are not shown.
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PTO
PT1
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PPO
PP1
PP2/ EVDD
PP3
PP4
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PSO
PS1

PS2
PS3
PS4
PS5

HSO

HS1
VSUPHS
LSO

LS1
LSGND

VSENSE
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1.6

Family Memory Map

Table 1-3 shows the MC9S12VR-Family register memory map.

Table 1-3. Device Register Memory Map

Address

Module

Size
(Bytes)

0x0000-0x0009

PIM (port integration module)

0x000A—-0x000B

MMC (memory map control)

0x000C-0x000D

PIM (port integration module)

0x000E—0x000F

Reserved

0x0010-0x0017

MMC (memory map control)

0x0018-0x0019

Reserved

0x001A-0x001B

Device ID register

0x001C—-0x001F

PIM (port integration module)

AIDND|IDND|O[N|IN] DN

0x0020—-0x002F

DBG (debug module)

—_
(o))

0x0030-0x0033

Reserved

0x0034—-0x003F

CPMU (clock and power management)

12

0x0040-0x006F

TIM (timer module <= 4channels)

48

0x0070—-0x009F

ADC (analog to digital converter <= 6 channels)

48

0x00A0-0x00C7

PWM (pulse-width modulator <= 2channels)

40

0x00C8-0x00CF

SCIO (serial communication interface)

0x00D0-0x00D7

SCI1 (serial communication interface)

0x00D8-0x00DF

SPI (serial peripheral interface)

0xO00EO0—-Ox00FF

Reserved

32

0x0100-0x0113

FTMRG control registers

20

0x0114—-0x011F

Reserved

12

0x0120

INT (interrupt module)

0x0121-0x013F

Reserved

31

0x0140-0x0147

HSDRYV (high-side driver)

0x0148-0x014F

Reserved

0x0150-0x0157

LSDRV (low-side driver)

0x0158-0x015F

Reserved

0x0160-0x0167

LINPHY (LIN physical layer)

0x0168-0x016F

Reserved

0x0170-0x0177

BATS (Supply Voltage Sense)

Q|0 | 00| | 0|O0| o0

0x0178—-0x023F

Reserved

200

0x0240-0x027F

PIM (port integration module)

64
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Size
Address Module (Bytes)
0x0280-0x02EF | Reserved 112
0x02F0-0x02FF | CPMU (clock and power management) 16
0x0300-0x03FF | Reserved 256
NOTE

Reserved register space shown in Table 1-3 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.

Figure 1-2 shows MC9S12VR-Family CPU and BDM local address translation to the global memory map
as a graphical representation. The whole 256K global memory space is visible through the P-Flash window
located in the 64k local memory map located at 0x8000 - OxBFFF using the PPAGE register.

NOTE

Flash space on page 0xC in Figure 1-2 is not available on S12VR48. This is
only available on S12VR64.
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Local CPU and BDM

Memory Map Global Memory Map

0x0000 evo i Yorzro: R ogist Ao _
0x0400——— - - — - v 0x0_0400

0x0600

Unimplemented
0x3800
NAIN
\\RMN\\¢
0x4000 A\ N\ 0x0_4000

Internal
NVM
Resources

0x8000
Paging Window Unimplemented
0xC000 0x3_0000
OXFFFF 0x3_4000
0x3_8000
0x3_C000
0x3_FFFF

Figure 1-2. MC9S12VR-Family Global Memory Map.
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1.6.1 Part ID Assignments

The part ID is located in two 8-bit registers PARTIDH and PARTIDL (addresses 0xO01A and 0x001B).
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
MC9S12VR48 1NO5SE $3281
MC9S12VR64 1NO5E $3281
MC9S12VR48 2NO5E’ $3282
MC9S12VR64 2NO5E! $3282

' The open load detection feature described in Section 13.4.2 Open
Load Detection is not available on mask set 2NO5E

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.

1.7.1 Pin Assignment Overview

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

Table 1-5. Port Availability by Package Option

Port 32 LQFP 48 LQFP
Port AD PAD[1:0] PAD[5:0]
Port E PE[1:0] PE[1:0]
Port P PP1,PP2 PP[5:0]
Port S PS[3:2] PS[5:0]
Port T PT[3:0] PT[3:0]
Port L PL[3:0] PL[3:0]
sum of ports 16 28
1/0 power pairs VDDX/VSSX 11 2/2
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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

1.7.2 Detailed Signal Descriptions

This section describes the signal properties.

1.7.2.1 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 BKGD / MODC — Background Debug and Mode Pin

The BKGD/MODC pin is used as a pseudo-open-drain pin for the background debug communication. It
is used as a MCU operating mode select pin during reset. The state of this pin is latched to the MODC bit
at the rising edge of RESET. The BKGD pin has an internal pull-up device.

1.7.24 PAD[5:0] / KWADI[5:0] — Port AD Input Pins of ADC

PAD[5:0] are general-purpose input or output signals. The signals can be configured on per signal basis as
interrupt inputs with wake-up capability (KWAD[5:0]).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.

1.7.2.5 PE[1:0] — Port E I/O Signals

PE[1:0] are general-purpose input or output signals. The signals can have pull-down device, enabled by a
single control bit for this signal group. Out of reset the pull-down devices are enabled.

1.7.2.6 PP[5:0] / KWP[5:0] — Port P I/O Signals

PP[5:0] are general-purpose input or output signals. The signals can be configured on per signal basis as
interrupt inputs with wake-up capability (KWP[5:0]). PP[2] has a high current drive strength and an
over-current interrupt feature. 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.

MC9S12VR Family Reference Manual, Rev. 2.8
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1.7.2.7 PS[5:0] — Port S I/O Signals

PS[5:0] 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-up devices are enabled.

1.7.2.8  PT[3:0] — Port T I/O Signals

PT[3:0] 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 devices are disabled.

1.7.2.9 PL[3:0] / KWL[3:0] — Port L Input Signals

PL[3:0] are high voltage input ports. The signals can be configured on per signal basis as interrupt inputs
with wake-up capability (KWL[3:0]).

1.7.2.10 LIN — LIN Physical Layer

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

1.7.2.11 HS[1:0] — High-Side Drivers Output Signals

Outputs of the two high-side drivers intended to drive incandescent bulbs or LEDs.

1.7.2.12 LS[1:0] — Low-Side Drivers Output Signals

Outputs of the two low-side drivers intended to drive inductive loads (relays).

1.7.2.13 VSENSE — Voltage Sensor Input

This pin can be connected to the supply (Battery) line for voltage measurements. The voltage present at
this input is scaled down by an internal voltage divider, and can be routed to the internal ADC via an analog
multiplexer. The pin itself is protected against reverse battery connections. To protect the pin from external
fast transients an external resistor is needed.

1.7.2.14 AN[5:0] — ADC Input Signals
AN[5:0] are the analog inputs of the Analog-to-Digital Converter.

1.7.2.15 SPI Signals

1.7.2.15.1  SS Signal

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

1.7.2.15.2 SCK Signal

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

MC9S12VR Family Reference Manual, Rev. 2.8
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1.7.2.15.3 MISO Signal

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

1.7.2.15.4 MOSI Signal

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

1.7.2.16 LINPHY Signals

1.7.2.16.1 LPTXD Signal
This signal is the LINPHY transmit input. See Figure 2-22

1.7.2.16.2 LPRXD Signal
This signal is the LINPHY receive output. See Figure 2-22

1.7.2.17 SCI Signals

1.7.2.17.1 RXDI[1:0] Signals

Those signals are associated with the receive functionality of the serial communication interfaces SCI1-0.

1.7.2.17.2 TXD[1:0] Signals

Those signals are associated with the transmit functionality of the serial communication interfaces SCI1-0.

1.7.2.18 PWM]J7:0] Signals
The signals PWM][7:0] are associated with the PWM module outputs.

1.7.2.19 Internal Clock outputs

1.7.2.19.1 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.

1.7.220 ETRIG[1:0]

These signals are inputs to the Analog-to-Digital Converter. Their purpose is to trigger ADC conversions.
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1.7.2.21 10C[3:0] Signals

The signals IOC[3:0] are associated with the input capture or output compare functionality of the timer
(TIM) module.

1.7.3 Power Supply Pins

MC9S12VR-Family 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 VDDX1, VDDX2, VSSX1,VSSX2 — Power Output Pins and Ground Pins

VDDX1 and VDDX?2 are the 5V power supply output for the I/O drivers. This voltage is generated by the
on chip voltage regulator. Bypass requirements on VDDX1 and VDDX?2 pins depend on how heavily the
MCU pins are loaded. All VDDX pins are connected together internally. All VSSX pins are connected
together internally.

NOTE

The high side driver ground pin VSSXHS mentioned in Chapter 13,
“High-Side Drivers - HSDRV (S12ZHSDRV ) is internally connected to
VSSX2 ground pin.

NOTE

Not all power and ground pins are available on all packages. Refer to pinout
section for further details.

1.7.3.2 VDDA, VSSA — Power Supply Pins for ADC

These are the power supply and ground input pins for the analog-to-digital converter and the voltage
regulator.

NOTE

The reference voltages VRH and VRL mentioned in Appendix C, “ATD
Electrical Specifications are internally connected to VDDA and VSSA.

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.
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1.7.3.4 LGND — LINPHY Ground Pin
LGND is the the ground pin for the LIN physical layer LINPHY.

1.7.3.5 LSGND — Ground Pin for Low-Side Drivers
LSGND is the shared ground pin for the low-side drivers.

1.7.3.6
VSUP is the 12V/18V shared supply voltage pin for the on chip voltage regulator.

VSUP — Voltage Supply Pin for Voltage Regulator

1.7.3.7 VSUPHS — Voltage Supply Pin for High-Side Drivers
VSUPHS is the 12V/18V shared supply voltage pin for the high-side drivers.

1.7.3.8 Power and Ground Connection Summary
Table 1-6. Power and Ground Connection Summary
Mnemonic | Nominal Voltage Description
VSS ov Ground pin for 1.8V core supply voltage generated by on chip voltage regulator
VDDX1 50V 5V power supply output for I/O drivers generated by on chip voltage regulator
VSSX1 ov Ground pin for 1/O drivers
VDDX2 50V 5V power supply output for I/O drivers generated by on chip voltage regulator
VSSX2 ov Ground pin for I/O drivers
VDDA 50V External power supply for the analog-to-digital converter and for the reference circuit of the
internal voltage regulator
VSSA ov Ground pin for VDDA analog supply
LGND ov Ground pin for LIN physical
LSGND ov Ground pin for low-side driver
VSUP 12V/18V External power supply for voltage regulator
VSUPHS 12V/18V External power supply for high-side driver
1.8 Device Pinouts

MC9S12VR-Familyis available in 48-pin package and 32-pin package. Signals in parentheses in
Figure 1-3. and Figure 1-4. denote alternative module routing options.
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1.8.1 Pinout 48-pin LQFP

T
[a)
[a
=)
o) —_
X ~X5T
O
£ Bag%
= I<EE
A ~— —
ODQQN@%Z%%
LXEESSTIT<S
S-33FFgsax
a —
CX3358s=s:
EXoogoxxxx
S S sa-oS5883%
PPEEERSSs£S2
aoooonnnnnnn
OMNOUNON—OO 0N
T TTTTTOOM
LGND ] 1 O 36 |71 PAD4/KWAD4 / AN4
LN O 2 35 [ PAD5/ KWADS / AN5
(PWMS5) / (PWM6) / (OC0) /LSO | 3 34 [ PL3/HVI3/ KWL3
LSGND ] 4 MC9S12VR 33 [0 PL2/HVI2/ KWL2
(PWM7) / (OC1)/LS1 ] 5 48-pin LQFP 32 3 PL1/HVI1/ KWLT
vssx1 ] 6 31 [ PLO/HVIO / KWLO
vDDX1 =] 7 pin out i iectto 30 |2 VSENSE
MISO / (RXD1) / (PWM4) / (ETRIG0) / PS2 ] 8 ou hSSUb,’ec © 59 5 HS1/(0C3)/ (PWM1) / (PWM4)
ECLK / MOSI / (TXD1) / (PWM5) / (ETRIG1) / PS3 ] 9 change: 28 [ VSSX2
SCK /PS4 10 27 [51 HS0/(0C2) / (PWM3)
SS/PS5 | 11 26 [ VSUPHS
MODC / BKGD [ 12 25 |5 vsup
NTOLOOMOOOO T AN M
T - NANNANN
gutuyguoouyguy
FlFOYWOLNO~—NO TN
nwooao pwwXxXooao
wnooo>Saooo0oon
Fll——=—<" <<Aa—-—<
P3P ZZRal
EE
S px g2
[eF~le] o~ nN
=3lx ==a
AS ===
aE= aow
Wo o N
SE =
S <a
==
o n
=
=
o

Figure 1-3. MC9S12VR 48-pin LQFP pinout
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1.8.2 Pinout 32-pin LQFP

LGND

LIN

(PWMS5) / (PWM6) / (OCO) / LSO

LSGND

(PWM3) / (PWMO) / (OC1) / LS1

MISO / (RXD1) / (PWM4) / (ETRIGO) / PS2

ECLK / MOSI / (TXD1) / (PWM5) / (ETRIG1) / PS3
MODC / BKGD

IINIRENIRENININ
ONONRWN

30 [ PT1/10C1/PWM?7 / (TXDO) / (LPDR1)
2971 PTO/10C0 / PWM6 / (RXDO)

28 1 PADO / KWADO / ANO

27 1 PAD1/ KWAD1 / AN{

321 PT3/10C3/ (LPTXD)/ (SS)
26 |3 VDDA
251 VSSA

313 PT2/10C2/ (LPRXD) / (SCK)

@)

MC9S12VR
32-pin LQFP
Pin out is
subject to
change!

oottt

TEST ] 9
RESET ] 10
VSS ] 11
EXTAL / PEO ] 12
VDDX2 ] 14

XTAL / PE1 ] 13

XIRQ /PWM1 /KWP1/PP1 ] 15
PWM2 /EVDD / KWP2 / PP2 ] 16

PL3/HVI3 /KWL3
PL2 / HVI2 / KWL2
PL1/HVI1 /KWLA1
PLO / HVIO / KWLO
VSENSE

VSSX2

HS0 / (OC2) / (PWM3)

VSUP

Figure 1-4. MC9S12VR 32-pin LQFP pinout
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Package Function In::;zia;tzr '
Power

I‘_‘g E’g pin 1th 2nd 3rd 4th sth | SUPPlY CTRL Reset
FP FP Func. Func. Func. Func. Func. State

1 1 LGND — — — — — — — —

2 2 LIN — — — — — — — —

3 3 LSO oco' PWM5 PWM6 — — — — —

4 4 LSGND — — — — — — — —

5 5 LS1 OC1 PWM7 — — — — — —

6 — VSSX1 — — — — — — — —

7 | — | vDDx1 — — — — — Vpbx — —

8 6 PS2 ETRIGO PWM4 RXD1 MISO — Vppx PERS/PPSS Up

9 7 PS3 ETRIG1 PWM5 TXDA1 MOSI ECLK Vbpx PERS/PPSS Up
10 | — PS4 SCK — — — — Vppx | PERS/PPSS Up

11| — PS5 53 — — — — Vppx | PERS/PPSS Up

12 8 BKGD MODC — — — — Vppx | PUCR/BKPUE Up
13 9 TEST — — — — — N.A RESET pin Down
14 | 10 | RESET — — — — — Vppx TEST pin Up
15 — PP3 KWP3 PWM3 — — — Vbpx PERP/PPSP Disabled
16 — PP4 KWP4 ETRIGO PWM4 — — Vppx PERP/PPSP Disabled
17 — PP5 KWP5 ETRIG1 PWM5 IRQ — Vppx PERP/PPSP Disabled
18 11 VSS — — — — — — — —

19 | 12 PEO EXTAL — — — — Vppox | PUCR/PUPEE | Down
20 | 13 PE1 XTAL — — — — Vppx | PUCR/PUPEE | Down
21 14 VDDX2 — — — — — — — —
22 — PPO KWPO PWMO — — — Vppx PERP/PPSP Disabled
23 15 PP1 KWP1 PWMH1 XIRQ — — Vppx PERP/PPSP Disabled
24 16 PP2 KWP2 EVDD PWM2 — — Vppx PERP/PPSP Disabled
25 17 VSUP — — — — — — — —
26 — | VSUPHS - — — — — — — —
27 | 18 HSO 0C2 PWM3 — — — VsupH — —

S
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Package Function Intern_a | Pull
Resistor
Power
48 | 32 . 1th 2nd 3rd 4th 5th Supply Reset
LQ LQ Pin CTRL
Func. Func. Func. Func. Func. State

FP FP

28 19 VSSX2 — — — — — — — —

29 — HSH1 OC3 PWM1 PWM4 — — VsupH — —

S

30 20 VSENSE — — — — — — — —

31 21 PLO HVIO KWLO — — — Vbpx — —

32 22 PL1 HVIH KWL1 — — — Vbpx — —

33 23 PL2 HVI2 KWL2 — — — Vbpx — —

34 24 PL3 HVI3 KWL3 — — — Vbpx — —

35 — PAD5 KWAD5 AN5 — — — Vppa PER1AD/ Disabled
PPS1AD

36 — PAD4 KWAD4 AN4 — — — VDA PER1AD/ Disabled
PPS1AD

37 25 VSSA — — — — — — — —

38 26 VDDA — — — — — — — —

39 — PAD3 KWAD3 AN3 — — — Vopa PER1AD/ Disabled
PPS1AD

40 — PAD2 KWAD2 AN2 — — — Vopa PER1AD/ Disabled
PPS1AD

41 27 PAD1 KWAD1 AN1 — — — Vbpa PER1AD/ Disabled
PPS1AD

42 28 PADO KWADO ANO — — — Vbpa PER1AD/ Disabled
PPS1AD

43 29 PTO 10CO PWM6 RXDO — — Vbpx PERT/PPST Disabled

44 30 PT1 10CA1 PWM7 TXDO LPDR1 — Vbpx PERT/PPST Disabled

45 31 PT2 I0C2 LPRXD SCK — — Vbpx PERT/PPST Disabled

46 32 PT3 I0C3 LPTXD SS — — Vbpx PERT/PPST Disabled

47 — PSO RXDO RXD1 — — — Vbbx PERS/PPSS Up

48 — PS1 TXDO LPDR1 TXD1 — — Vbbx PERS/PPSS Up

Timer Output Compare Channel
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1.9 Modes of Operation
The MCU can operate in different modes. These are described in 1.9.1 Chip Configuration Summary.

The MCU can operate in different power modes to facilitate power saving when full system performance
is not required. These are described in 1.9.2 Low Power Operation.

Some modules feature a software programmable option to freeze the module status whilst the background
debug module is active to facilitate debugging.

1.9.1 Chip Configuration Summary
The different modes and the security state of the MCU affect the debug features (enabled or disabled).

The operating mode out of reset is determined by the state of the MODC signal during reset (see

Table 1-8). The MODC bit in the MODE register shows the current operating mode and provides limited
mode switching during operation. The state of the MODC signal is latched into this bit on the rising edge
of RESET.

Table 1-8. Chip Modes

Chip Modes MODC

Normal single chip

Special single chip 0

1.9.1.1 Normal Single-Chip Mode

This mode is intended for normal device operation. The opcode from the on-chip memory is being
executed after reset (requires the reset vector to be programmed correctly). The processor program is
executed from internal memory.

1.9.1.2 Special Single-Chip Mode

This mode is used for debugging single-chip operation, boot-strapping, or security related operations. The
background debug module BDM is active in this mode. The CPU executes a monitor program located in
an on-chip ROM. BDM firmware waits for additional serial commands through the BKGD pin.

1.9.2 Low Power Operation

The MC9S12VR-Family has two dynamic-power modes (run and wait) and two static low-power modes
stop and pseudo stop). For a detailed description refer to Section Chapter 4 S12 Clock, Reset and Power
Management Unit (S12CPMU_UHY).

* Dynamic power mode: Run

— Run mode is the main full performance operating mode with the entire device clocked. The user
can configure the device operating speed through selection of the clock source and the phase
locked loop (PLL) frequency. To save power, unused peripherals must not be enabled.

MC9S12VR Family Reference Manual, Rev. 2.8
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* Dynamic power mode: Wait
— This mode is entered when the CPU executes the WAI instruction. In this mode the CPU will
not execute instructions. The internal CPU clock is switched off. All peripherals can be active

in system wait mode. For further power consumption the peripherals can individually turn off

their local clocks. Asserting RESET, XIRQ, IRQ, or any other interrupt that is not masked ends

system wait mode.

+ Static power mode Pseudo-stop:

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

+ Static power mode: Stop

— The oscillator is stopped in this mode. By default, all clocks are switched off and all counters
and dividers remain frozen. The autonomous periodic interrupt (API), ATD, key wake-up and
the LIN physical layer transceiver modules may be enabled to wake the device.

1.10 Security

The MCU security mechanism prevents unauthorized access to the Flash memory. Refer to Section 5.4.1
Security and Section 17.5 Security.

1.11 Resets and Interrupts

Consult the S12 CPU manual and the SI2SINT section for information on exception processing.

1.11.1 Resets

Table 1-9. lists all Reset sources and the vector locations. Resets are explained in detail in the Chapter 4,

“S12 Clock, Reset and Power Management Unit (S12CPMU_UHV)”.

Table 1-9. Reset Sources and Vector Locations

Vector Address Reset Source “ﬁ::( Local Enable
$FFFE Power-On Reset (POR) None None
$FFFE Low Voltage Reset (LVR) None None
$FFFE External pin RESET None None
$FFFE lllegal Address Reset None None
$FFFC Clock monitor reset None | OSCE Bit in CPMUOSC register
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Vector Address Reset Source CCR Local Enable
Mask
SFFFA COP watchdog reset None | CR[2:0] in CPMUCORP register

1.11.2

Interrupt Vectors

Table 1-10 lists all interrupt sources and vectors in the default order of priority. The interrupt module (see
Chapter 7, “Interrupt Module (SI2SINTV1)”) provides an interrupt vector base register (IVBR) to relocate

the vectors.

Table 1-10. Interrupt Vector Locations (Sheet 1 of 2)

1 CCR Wake up | Wake up

Vector Address Interrupt Source Mask Local Enable from STOP | from WAIT
Vector base + $F8 Unimplemented instruction trap None None - -
Vector base+ $F6 SWiI None None - -
Vector base+ $F4 XIRQ X Bit None Yes Yes
Vector base+ $F2 IRQ | bit IRQCR (IRQEN) Yes Yes
Vector base+ $FO RTI time-out interrupt | bit CPMUINT (RTIE) 4.6 Interrupts
Vector base+ $EE TIM timer channel 0 | bit TIE (COl) No Yes
Vector base + $EC TIM timer channel 1 | bit TIE (C1l) No Yes
Vector base+ $EA TIM timer channel 2 | bit TIE (C2I) No Yes
Vector base+ $E8 TIM timer channel 3 | bit TIE (C3I) No Yes
Vector base+ $E6

to Reserved
Vector base + $EO
Vector base+ $DE TIM timer overflow | bit TSCR2(TOF) No Yes
Vector base+ $DC

to Reserved
Vector base + $DA
Vector base + $D8 SPI I bit SPICR1 (SPIE, SPTIE) No Yes
Vector base+ $D6 SCIo | bit SCIOCR2 Yes Yes

(TIE, TCIE, RIE, ILIE)
Vector base + $D4 SCI1 I bit SCI1CR2 Yes Yes
(TIE, TCIE, RIE, ILIE)

Vector base + $D2 ADC | bit ATDCTL2 (ASCIE) No Yes
Vector base + $D0 Reserved
Vector base + $CE Port L | I bit | PIEL (PIEL3-PIELO) Yes Yes
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Table 1-10. Interrupt Vector Locations (Sheet 2 of 2)

1 CCR Wake up | Wake up

Vector Address Interrupt Source Mask Local Enable from STOP | from WAIT
Vector base + $CC

to Reserved
Vector base + $CA
Vector base + $C8 Oscillator status interrupt | bit CPMUINT (OSCIE) No Yes
Vector base + $C6 PLL lock interrupt | bit CPMUINT (LOCKIE) No Yes
Vector base + $C4

to Reserved
Vector base + $BC
Vector base + $BA FLASH error | bit FERCNFG (SFDIE, DFDIE) No No
Vector base + $B8 FLASH command | bit FCNFG (CCIE) No Yes
Vector base + $B6

to Reserved
Vector base + $B0
Vector base + $AE HSDRYV over-current interrupt | bit HSIE (HSERR) No Yes
Vector base + $AC LSDRYV over-current interrupt | bit LSIE (LSERR) No Yes
Vector base + $AA LINPHY over-current interrupt | bit LPIE (LPERR) Yes Yes
Vector base + $A8 BATS low & high battery voltage | bit BATIE (BVHIE,BVLIE) No Yes

interrupt

Vector base + $A6

to Reserved
Vector base + $90
Vector base + $8E Port P interrupt | bit PIEP (PIEP5-PIEP3, Yes Yes

PIEP1-PIEPO)
Vector base+ $8C Port P2 (EVDD Hall Sensor Supply) | | bit PIEP (OCIE) No Yes
over-current interrupt
Vector base + $8A Low-voltage interrupt (LVI) | bit CPMUCTRL (LVIE) No Yes
Vector base + $88 Autonomous periodical interrupt | bit CPMUAPICTRL (APIE) Yes Yes
(API)

Vector base + $86 High temperature interrupt | bit CPMUHTCTL(HTIE) Yes Yes
Vector base + $84 ADC compare interrupt | bit ATDCTL2 (ACMPIE) No Yes
Vector base + $82 Port AD interrupt I bit | PIETAD(PIE1AD5-PIE1ADO) Yes Yes

Vector base + $80

Spurious interrupt

None

116 bits vector address based

1.11.3 Effects of Reset

When a reset occurs, MCU registers and control bits are initialized. Refer to the respective block sections
for register reset states.
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On each reset, the Flash module executes a reset sequence to load Flash configuration registers.

1.11.3.1  Flash Configuration Reset Sequence Phase

On each reset, the Flash module will hold CPU activity while loading Flash module registers from the
Flash memory. If double faults are detected in the reset phase, Flash module protection and security may
be active on leaving reset. This is explained in more detail in the Flash module Section 17.1,
“Introduction”.

1.11.3.2 Reset While Flash Command Active

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

1.11.3.3 /O Pins

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

1.11.3.4 RAM

The RAM arrays are not initialized out of reset.

1.12 API external clock output (API_EXTCLK)

The API_EXTCLK option which is described 4.3.2.15 Autonomous Periodical Interrupt Control Register
(CPMUAPICTL) is not available on S12VR-Family.

1.13 COP Configuration

The COP time-out rate bits CR[2:0] and the WCOP bit in the CPMUCOP register at address 0x003C are
loaded from the Flash configuration field byte at global address 0x3_FFOE during the reset sequence. See
Table 1-11 and Table 1-12 for coding

Table 1-11. Initial COP Rate Configuration

NV[2:0] in CRI[2:0] in
FOPT Register COPCTL Register
000 111
001 110
010 101
011 100
100 011
101 010
110 001
111 000
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Table 1-12. Initial WCOP Configuration

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

1.14 ADC External Trigger Input Connection

The ADC module includes external trigger inputs ETRIGO, ETRIG1, ETRIG2, and ETRIG3. The external
trigger allows the user to synchronize ADC conversion to external trigger events. ETRIGO is connected to
PPO/PWMO and ETRIG1 is connected to PP1 / PWM1. ETRIG2 and ETRIG3 are not used .ETRIGO can
be routed to PS2 and ETRIG1 can be routed to PS3.

1.15 ADC Special Conversion Channels

Whenever the ADC’s Special Channel Conversion Bit (SC) in 8.3.2.6 ATD Control Register 5 (ATDCTLYS)
is set, it is capable of running conversion on a number of internal channels. Table 1-13 lists the internal
sources which are connected to these special conversion channels.

Table 1-13. Usage of ADC Special Conversion Channels

ATDCTLS5 Register Bits Usage
SC CD CcC CB CA ADC Channel
1 0 0 0 1 Internal_7 Bandgap Voltage Vgg or Chip temperature

sensor Vyr see 4.3.2.13 High Temperature
Control Register (CPMUHTCTL)

1 0 0 1 0 Internal_0 Flash Supply Voltage VDDF

1 0 0 1 1 Internal_1 LINPHY temperature sensor

1 1 0 1 0 Internal_4 Vsense or Vsyp selectable in BATS module
see 16.1.1 Features

1 1 0 1 1 Internal_5 High voltage inputs Port L see 2.3.34 Port L

Analog Access Register (PTAL)

1.16 ADC Result Reference

MCUs of the MC9S12VR-Fanmily are able to measure the internal bandgap reference voltage Vggwith
the analog digital converter. (see Table 1-13.) Vg is a constant voltage with a narrow distribution over
temperature and external voltage supply. The ADC conversion result of Vg is provided at address
0x0_405A/0x0_405B in the NVM IFR for reference. By measuring the voltage Vgg and comparing the
result to the reference value in the IFR it is possible to determine the refrence voltage of the ADC Vgy in
the application environment.
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Chapter 2
Port Integration Module (S12VRPIMV2)

Revision History

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

Substantial Change(s)

V02.02 11 Apr 2011

Added stop mode condition to PTTEL and PTPSL
¢ Minor corrections after review

V02.03 18 Apr 2011 * Minor corrections after review

V02.04 24 May 2012 * Corrected PTAENL bit value in PTIL bit description
2.1 Introduction
21.1 Overview

The S12VR port integration module (PIM) establishes the interface between the peripheral modules and
the I/O pins for all ports. It controls the electrical pin properties as well as the signal prioritization and
multiplexing on shared pins.

This section covers:

2-pin port E associated with the external oscillator

4-pin port T associated with 4 TIM channels and 2 PWM channels

6-pin port S associated with 2 SCI and 1 SPI

6-pin port P with pin interrupts and wakeup function; associated with

— IRQ, XIRQ interrupt inputs

— Six PWM channels with two of those capable of driving up to 10 mA

— One output with over-current protection and interrupt capable of supplying up to 20 mA to
external devices such as Hall sensors

6-pin port AD with pin interrupts and wakeup function; associated with 6 ADC channels

4-pin port L with pin interrupts and wakeup function; associated with 4 high-voltage inputs for
digital or analog use with optional voltage divider bypass and open input detection

Most I/0 pins can be configured by register bits to select data direction and to enable and select pullup or
pulldown devices.
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2.1.2 Features

The PIM includes these distinctive registers:

* Dataregisters and data direction registers for Ports E, T, S, P and AD when used as general-purpose
I/0

* Control registers to enable/disable pull devices and select pullups/pulldowns on Ports T, S, P, AD
on per-pin basis
* Single control register to enable/disable pullups on Port E on per-port basis and on BKGD pin
* Control registers to enable/disable open-drain (wired-or) mode on Port S
* Control register to enable/disable reduced output drive on Port P high-current pins
* Interrupt flag register for pin interrupts on Port P, L and AD
Control register to configure IRQ pin operation
* Control register to enable ECLK clock output
* Routing registers to support module port relocation and control internal module routings:
— PWM and ETRIG to alternative pins
— SPI SS and SCK to alternative pins
— SCI1 to alternative pins
— HSDRYV and LSDRYV control selection from PWM, TIM or related register bit
— Various SCIO-LINPHY routing options supporting standalone use and conformance testing
— Optional LINPHY to TIM link
— Optional HVI to ADC link

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

Optional features supported on dedicated pins:
* Two selectable output drive strengths
* Open drain for wired-or connections
e Interrupt input with glitch filtering
* High-voltage input
* 10 mA high-current output

* 20 mA high-current output with over-current protection for use as Hall sensor supply

2.2 External Signal Description

This section lists and describes the signals that do connect off-chip.
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Table 2-1 shows all the pins and their functions that are controlled by the PIM. Routing options are denoted

in parenthesis.
NOTE

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

Table 2-1. Pin Functions and Priorities

Port | Pin Name P'i; :::ﬁ:;?n /0 Description P;:[:ru ;::Ztn
- BKGD MODC? | | MODC input during RESET BKGD
BKGD I/O | BDM communication pin
E PE1 XTAL - | CPMU OSC signal GPIO
PTE[1] I/O | General-purpose
PEO EXTAL - | CPMU OSC signal
PTE[0] I/O | General-purpose
T PT3 (SS) I/O | SPI slave select GPIO
(LPTXD) I |LINPHY transmit pin
I0C3 I/O | TIM channel 3
PTT[3] I/O | General-purpose
PT2 (SCK) I/0O | SPI serial clock
(LPRXD) O | LINPHY receive pin
I0C2 I/O | TIM channel 2
PTT[2] I/O | General-purpose
PT1 (LPDRT1) O |LINPHY register LPDR[LPDR1]
(TXDO) I/O | Serial Communication Interface 0 transmit pin
PWM7 O | Pulse Width Modulator channel 7
I0C1 I/O | TIM channel 1
PTT[1] I/0O | General-purpose
PTO (RXDO0) I | Serial Communication Interface 0 receive pin
PWM6 O | Pulse Width Modulator channel 6
I0CO I/O | TIM channel 0
PTT[O] I/0O | General-purpose
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Port | Pin Name Pj; :::ﬁtt;ﬁn /0 Description P;fnt:f ;:2::
S PS5 SS I/O | SPI slave select GPIO
PTS[5] I/O | General-purpose
PS4 SCK I/O | SPI serial clock
PTS[4] I/O | General-purpose
PS3 ECLK O | Free running clock
MOSI I/O | SPI master out / slave in
(TXD1) I/0O | Serial Communication Interface 1 transmit pin
(PWM5) O | Pulse Width Modulator channel 5
(ETRIGT) | | ADC external trigger input
PTS[3] I/O | General-purpose
PS2 MISO I/O | SPI master in / slave out
(RXD1) | | Serial Communication Interface 1 receive pin
(PWM4) O | Pulse Width Modulator channel 4
(ETRIGO) I | ADC external trigger input
PTS[2] I/O | General-purpose
PS1 TXD1 I/O | Serial Communication Interface 1 transmit pin
(LPDRT) O |LINPHY register LPDR[LPDR1]
(TXDO0) I/O | Serial Communication Interface 0 transmit pin
PTS[1] I/0 | General-purpose
PSO RXD1 | | Serial Communication Interface 1 receive pin
(RXDO0) | | Serial Communication Interface 0 receive pin
PTS[O] I/O | General-purpose
MC9S12VR Family Reference Manual, Rev. 2.8
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i Pin Function - Pin Function
Port | Pin Name & Priority" /0 Description after Reset
P PP5 IRQ | | Maskable level- or falling edge-sensitive interrupt GPIO
PWM5 O | Pulse Width Modulator channel 5
ETRIG1 I | ADC external trigger input
PTP[5)/ I/0O | General-purpose; with pin interrupt and wakeup
KWPI[5]
PP4 PWM4 O | Pulse Width Modulator channel 4
ETRIGO I | ADC external trigger input
PTP[4)/ I/0O | General-purpose; with pin interrupt and wakeup
KWP[4]
PP3 PWMS3 O | Pulse Width Modulator channel 3
PTP[3)/ I/O | General-purpose; with pin interrupt and wakeup
KWP[3]
PP2 PWM2 O | Pulse Width Modulator channel 2
PTP[2)/ I/O | General-purpose; with pin interrupt and wakeup;
KWP[2)/ switchable external power supply output with over-current
EVDD interrupt; high-current capable (20 mA)
PP1 XIRQ I | Non-maskable level-sensitive interrupt
PWMH1 O | Pulse Width Modulator channel 1; high-current capable (10 mA)
PTP[1)/ I/O | General-purpose; with interrupt and wakeup; high-current
KWP[1] capable (10 mA)
PPO PWMO O | Pulse Width Modulator channel 0; high-current capable (10 mA)
PTP[OY/ I/O | General-purpose; with interrupt and wakeup; high-current
KWPIO0] capable (10 mA)
L PL3-0 PTL[3:0)/ | | General-purpose high-voltage input (HVI); with interrupt and GPI (HVI)
KWL[3:0] wakeup; optional ADC link
AD PAD5-0 AN[5:0] I | ADC analog GPIO
PTAD[5:0)/ I/O | General-purpose; with interrupt and wakeup
KWADI[5:0]

! Signals in parentheses denote alternative module routing pins

2 Function active when RESET asserted

2.3

Memory Map and Register Definition

This section provides a detailed description of all PIM registers.
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2.3.1 Register Map
Global Register . .

Address Name Bit7 6 5 4 3 2 1 Bit 0
0x0000— R q R 0 0 0 0 0 0 0 0
0X0007 eserve W

R 0 0 0 0 0 0
0x0008 PORTE W PE1 PEO

R 0 0 0 0 0 0
0x0009 DDRE W DDRE1 DDREO
0x000A—  Non-PIM R
O0X000B Address Range Non-PIM Address Range

R 0 0 0 0 0 0
0x000C PUCR W BKPUE PDPEE

R 0 0 0 0 0 0 0 0
0x000D Reserved

w
0X000E—  Non-PIM R
0x001B Address Range Nl Al [RErEe

R 0 0 0 0 0 0 0
0x001C ECLKCTL W NECLK

R 0 0 0 0 0 0 0
0x001D PIMMISC W OCPE

R 0 0 0 0 0 0
0x001E IRQCR W IRQE IRQEN

R
0x001F Reserved W Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved | Reserved
0x0020-  Non-PIM R
0x023F Address Range w NETHE (e TEss e

R 0 0 0 0
0x0240 PTT W PTT3 PTT2 PTT1 PTTO

R 0 0 0 0 PTIT3 PTIT2 PTIT1 PTITO
0x0241 PTIT

w

0 0 0 0
0x0242 DDRT DDRT3 DDRT2 DDRT1 DDRTO
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Global
Address

0x0243

0x0244

0x0245

0x0246

0x0247

0x0248

0x0249

0x024A

0x024B

0x024C

0x024D

0x024E

0x024F

0x0250—
0x0257

0x0258

0x0259

Register

Name

Reserved

PERT

PPST

MODRRO

MODRR1

PTS

PTIS

DDRS

Reserved

PERS

PPSS

WOMS

MODRR2

Reserved

PTP

PTIP

S 3 3 31 =33 £33 £ 3 £ 3 = ZE3 T3 =TI =T =3 =3

= T

Port Integration Module (S12VRPIMV2)

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
0 0 0 0
PERT3 | PERT2 | PERT1 | PERTO
0 0 0 0
PPST3 | PPST2 | PPST1 | PPSTO
MODRR07 | MODRR06|MODRR05 | MODRR04 |MODRR03 | MODRR02 | MODRRO1|MODRRO00
0 0 0 0 0 0
MODRR15|MODRR14
0 0
PTS5 PTS4 PTS3 PTS2 PTS1 PTSO
0 0 PTIS5 | PTIS4 | PTIS3 | PTIS2 | PTIST PTISO
0 0
DDRS5 | DDRS4 | DDRS3 | DDRS2 | DDRS1 | DDRSO
0 0 0 0 0 0 0 0
0 0
PERS5 | PERS4 | PERS3 | PERS2 | PERS1 | PERSO
0 0
PPSS5 | PPSS4 | PPSS3 | PPSS2 | PPSS1 | PPSSO
0 0
WOMS5 | WOMS4 | WOMS3 | WOMS2 | WOMS1 | WOMSO
0
MODRR27 MODRR25 |MODRR24 |MODRR23 |MODRR22 | MODRR21 |MODRR20
0 0 0 0 0 0 0 0
0 0
PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
0 0 PTIP5 | PTIP4 | PTIP3 | PTIP2 | PTIP1 PTIPO
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Global Register . .
Address Name Bit7 6 5 4 3 2 1 Bit 0
R 0 0
0x025A DDRP W DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
R 0 0 0 0 0
0x025B RDRP W RDRP2 RDRP1 RDRPO
R 0 0
0x025C PERP W PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
R 0 0
0x025D PPSP W PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSPO
R 0
0x025E PIEP W OCIE PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
R 0
0x025F PIFP W OCIF PIFP5 PIFP4 PIFP3 PIFP2 PIFPA1 PIFPO
0x0260— R d R 0 0 0 0 0 0 0 0
0x0268 eserve W
R 0 0 0 0 PTIL3 PTIL2 PTILA PTILO
0x0269 PTIL
w
R 0 0 0 0
0x026A DIENL W DIENL3 DIENL2 DIENLA1 DIENLO
R 0
0x026B PTAL W PTTEL PTPSL | PTABYPL | PTADIRL | PTAENL PTAL1 PTALO
R 0 0 0 0
0x026C PIRL W PIRL3 PIRL2 PIRLA PIRLO
R 0 0 0 0
0x026D PPSL W PPSL3 PPSL2 PPSL1 PPSLO
R 0 0 0 0
0x026E PIEL W PIEL3 PIEL2 PIELA1 PIELO
R 0 0 0 0
0x026F PIFL3 PIFL2 PIFLA PIFLO
PIFL w
R 0 0 0 0 0 0 0 0
0x0270 Reserved
w
R 0 0
0x0271 PT1AD W PT1AD5 | PT1AD4 | PT1AD3 | PT1AD2 | PT1AD1 | PT1ADO
MC9S12VR Family Reference Manual, Rev. 2.8
54 Freescale Semiconductor




Port Integration Module (S12VRPIMV2)

Global Register . .
Address Name Bit7 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0
0x0272 Reserved
W
R 0
0x0273 PTIHAD W PTHHADS | PTI1AD4 | PTIHAD3 | PTIHAD2 | PTIHAD1 | PTIHADO
R 0 0 0 0 0 0 0
0x0274 Reserved
W
R 0
0x0275 DDR1AD W DDR1AD5 | DDR1AD4 | DDR1AD3 | DDR1AD2 | DDR1AD1 | DDR1ADO
0x0276— R d R 0 0 0 0 0 0 0
0X0278 eserve W
R 0
0x0279 PER1AD W PER1ADS5 | PER1AD4 | PER1AD3 | PER1AD2 | PER1AD1 | PER1ADO
R 0 0 0 0 0 0 0
0x027A Reserved
W
R 0
0x027B PPS1AD W PPS1AD5 | PPS1AD4 | PPS1AD3 | PPS1AD2 | PPS1AD1 | PPS1ADO
R 0 0 0 0 0 0 0
0x027C Reserved
W
R 0
0x027D PIE1AD W PIE1AD5 | PIE1AD4 | PIE1AD3 | PIE1AD2 | PIE1AD1 | PIE1ADO
R 0 0 0 0 0 0 0
0x027E Reserved
W
0
0x027F PIF1AD PIF1AD5 | PIF1AD4 | PIF1AD3 | PIF1AD2 | PIF1AD1 | PIF1ADO
|:‘ = Unimplemented
2.3.2 Register Descriptions

The following table summarizes the effect of the various configuration bits, that is data direction (DDR),
output level (PORT/PT), pull enable (PER), pull select (PPS), interrupt enable (PIE) on the pin function,
pull device and interrupt activity.

The configuration bit PPS is used for two purposes:

1. Configure the sensitive interrupt edge (rising or falling), if interrupt is enabled.

MC9S12VR Family Reference Manual, Rev. 2.8

Freescale Semiconductor 55



Port Integration Module (S12VRPIMV2)

2. Select either a pullup or pulldown device if PER is active.

Table 2-2. Pin Configuration Summary’

DDR PgTRT PER | PPS' PIE2 Function Pull Device Interrupt
0 X 0 X 0 Input Disabled Disabled
0 X 1 0 0 Input Pullup Disabled
0 X 1 1 0 Input Pulldown Disabled
0 X 0 0 1 Input Disabled Falling edge
0 X 0 1 1 Input Disabled Rising edge
0 X 1 0 1 Input Pullup Falling edge
0 X 1 1 1 Input Pulldown Rising edge
1 0 X X 0 Output, drive to 0 Disabled Disabled
1 1 X X 0 Output, drive to 1 Disabled Disabled
1 0 X 0 1 Output, drive to 0 Disabled Falling edge
1 1 X 1 1 Output, drive to 1 Disabled Rising edge
1 Always “0” on Port E
2 Applicable only on Port P and AD
NOTE

*  All register bits in this module are completely synchronous to internal
clocks during a register read.

» Figure of port data registers also display the alternative functions if
applicable on the related pin as defined in Table 2-1. Names in
parentheses denote the availability of the function when using a specific
routing option.

* Figures of module routing registers also display the module instance or
module channel associated with the related routing bit.

1. Not applicable for Port L. Refer to register descriptions.
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2.3.3 Port E Data Register (PORTE)
Address 0x0008 Access: User read/write’
1 0
R 0 0 0 0 0 0
PE1 PEO
W
Altern.
Function — — — — — — XTAL EXTAL
Reset 0 0 0 0 0 0 0 0

1

Figure 2-1. Port E Data Register (PORTE)

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

Write: Anytime

Table 2-3. PORTE Register Field Descriptions

Field

Description

PE

PorT data register port E — General-purpose input/output data, CPMU OSC XTAL signal

If the CPMU OSC function is active this pin is used as XTAL signal and the pulldown device is

disabled. When not used with the alternative function, this pin can be used as general-purpose 1/O.

In general-purpose output mode the register bit is driven to the pin.

If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
synchronized pin input state is read.

e The CPMU OSC function takes precedence over the general purpose 1/O function if enabled.

PorT data register port E — General-purpose input/output data, CPMU OSC EXTAL signal

If the CPMU OSC function is active this pin is used as EXTAL signal and the pulldown device is

disabled. When not used with the alternative function, this pin can be used as general-purpose I/O.

In general-purpose output mode the register bit is driven to the pin.

If the associated data direction bit of this pin is set to 1, a read returns the value of the port register, otherwise the
synchronized pin input state is read.

* The CPMU OSC function takes precedence over the general purpose I/O function if enabled.

2.3.4

Port E Data Direction Register (DDRE)

Address 0x0009

Access: User read/write'

1 0
R 0 0 0 0 0
DDRE1 DDREO
w
Reset 0 0 0 0 0 0 0

1

Figure 2-2. Port E Data Direction Register (DDRE)

Read: Anytime

Write: Anytime
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Table 2-4. DDRE Register Field Descriptions

Field Description
1-0 Data Direction Register port E —
DDRE | This bit determines whether the associated pin is an input or output.
1 Associated pin is configured as output
0 Associated pin is configured as input
2.3.5 Port E, BKGD pin Pull Control Register (PUCR)

Address 0x000C

Access: User read/write'

6 4 3 1
R 0 0 0 0 0 0
BKPUE PDPEE
w
Reset 0 1 0 1 0 0 0 0
Figure 2-3. Port E, BKGD pin Pull Control Register (PUCR)
Read:Anytime

Write:Anytime, except BKPUE, which is writable in special mode only

Table 2-5. PUCR Register Field Descriptions

Field Description
6 BKGD pin Pullup Enable — Activate pullup device on pin
BKPUE | This bit configures whether a pullup device is activated, if the pin is used as input. If a pin is used as output this bit
has no effect.
1 Pullup device enabled
0 Pullup device disabled
4 Pull-Down Port E Enable — Activate pulldown devices on all port input pins
PDPEE | This bit configures whether a pulldown device is activated on all associated port input pins. If a pin is used as output
or used with the CPMU OSC function this bit has no effect. Out of reset the pulldown devices are enabled.
1 Pulldown devices enabled
0 Pulldown devices disabled
2.3.6 ECLK Control Register (ECLKCTL)

Address 0x001C

Access: User read/write'

Reset

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

Figure 2-4. ECLK Control Register (ECLKCTL)
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' Read: Anytime

Write: Anytime

Table 2-6. ECLKCTL Register Field Descriptions

Field Description

7 No ECLK — Disable ECLK output

NECLK | This bit controls the availability of a free-running clock on the ECLK pin. This clock has a fixed rate equivalent to the
internal bus clock.

1 ECLK disabled
0 ECLK enabled

2.3.7 PIM Miscellaneous Register (PIMMISC)

Address 0x001D Access: User read/write'

7

4 1
R 0 0 0 0 0 0 0
OCPE
w
Reset 0 0 0 0 0 0 0 0

Figure 2-5. PIM Miscellaneous Register (PIMMISC)
' Read: Anytime

Write: Anytime

Table 2-7. PIMMISC Register Field Descriptions

Field Description

7 Over-Current Protection Enable— Activate over-current detector on PP2
OCPE Refer to Section 2.5.3, “Over-Current Protection on EVDD”

1 PP2 over-current detector enabled
0 PP2 over-current detector disabled

2.3.8 IRQ Control Register (IRQCR)

Address 0x001E Access: User read/write'

7 6

3 1
R 0 0 0 0 0 0
IRQE IRQEN
w
Reset 0 0 0 0 0 0 0 0

Figure 2-6. IRQ Control Register (IRQCR)
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' Read: Anytime

Write:

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

Table 2-8. IRQCR Register Field Descriptions

Field Description

7 IRQ select Edge sensitive only —
IRQE
1 IRQ pin configured to respond only to falling edges. Falling edges on the IRQ pin will be detected anytime IRQE=1

and will be cleared only upon a reset or the servicing of the IRQ interrupt.
0 IRQ pin configured for low level recognition

6 IRQ ENable —
IRQEN
1 IRQ pin is connected to interrupt logic
0 IRQ pin is disconnected from interrupt logic

2.3.9 Reserved Register

Address 0x001F Access: User read/write'
7 6 5 4 3 2 1 0
R
Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
W
Reset X X X X X X X X

Figure 2-7. Reserved Register

' Read: Anytime

Write: Only in special mode

NOTE

These reserved registers are designed for factory test purposes only and are
not intended for general user access. Writing to these registers when in
special modes can alter the module’s functionality.
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2.3.10 Port T Data Register (PTT)

Address 0x0240

Access: User read/write’

3 2 1 0
R 0 0 0
PTT3 PTT2 PTT1 PTTO
W
Altern. — — — (SS) (SCK) PWM72 PWM62
Function
— — — (LPTXD) (LPRXD) (TXDO) (RXDO)
— — — — — (LPDR1) —
— — — [o]o% loc2* I0C1° 10C0°
Reset 0 0 0 0 0 0 0

Figure 2-8. Port T Data Register (PTT)

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

2 PWM function available on this pin only if not used with a routed HSDRV or LSDRYV function. Refer to Section 2.3.15, “Module
Routing Register 0 (MODRRO0)”

3 TIM output compare function available on this pin only if not used with routed HSDRV. Refer to Section 2.3.15, “Module Routing
Register 0 (MODRRO)”. TIM input capture function available on this pin only if not used with LPRXD. Refer to Section 2.3.23,
“Module Routing Register 2 (MODRR2)".

4 TIM output compare function available on this pin only if not used with routed HSDRV. Refer to Section 2.3.15, “Module Routing
Register 0 (MODRRO0)”

5 TIM output compare function available on this pin only if not used with routed LSDRV. Refer to Section 2.3.15, “Module Routing
Register 0 (MODRRO0)”

Table 2-9. PTT Register Field Descriptions

Field Description
3-2 PorT data register port T — General-purpose input/output data, SP1 SS and SCK, TIM input/output, routed LINPHY
PTT When not used with the alternative function, the associated pin can be used as general-purpose I/O. In

general-purpose output mode the register bit value is driven to the pin.
If the associated data direction bit is set to 1, a read returns the value of the port register bit, otherwise the

synchronized pin input state is read.

* The routed SPI takes precedence over the routed LINPHY function, TIM output function and the general-purpose
I/O function if enabled.

¢ The routed LINPHY function takes precedence over the TIM output function and the general-purpose I/0 function
if the related channel is enabled.

* The TIM function takes precedence over the general-purpose I/O function.
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Table 2-9. PTT Register Field Descriptions (continued)

Field Description

PorT data register port T — General-purpose input/output data, TIM input/output, routed SCIO, LPDR[LPDR1]
When not used with the alternative function, the associated pin can be used as general-purpose I/O. In

general-purpose output mode the register bit value is driven to the pin.
If the associated data direction bit is set to 1, a read returns the value of the port register bit, otherwise the

synchronized pin input state is read.

PTT

* The routed SCIO or LPDR[LPDR1] takes precedence over the TIM output function and the general-purpose 1/0

function if enabled.
e The TIM function takes precedence over the general-purpose I/O function if enabled.

PorT data register port T — General-purpose input/output data, TIM input/output, routed SCIO
When not used with the alternative function, the associated pin can be used as general-purpose I/O. In

general-purpose output mode the register bit value is driven to the pin.
If the associated data direction bit is set to 1, a read returns the value of the port register bit, otherwise the

synchronized pin input state is read.

PTT

* The routed SCIO takes precedence over the TIM output function and the general-purpose 1/O function if enabled.
* The TIM function takes precedence over the general-purpose I/O function if enabled.

2.3.11 Port T Input Register (PTIT)

Address 0x0241 Access: User read onIy1

7 6 5 3 2 1 0
R 0 0 0 0 PTIT3 PTIT2 PTITH PTITO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-9. Port T Input Register (PTIT)

" Read: Anytime
Write:Never

Table 2-10. PTIT Register Field Descriptions

Field Description

3-0 PorT Input data register port T —
PTIT A read always returns the synchronized input state of the associated pin. It can be used to detect overload or short

circuit conditions on output pins.
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2.3.12 Port T Data Direction Register (DDRT)

Address 0x0242 Access: User read/write’
3 2 1 0
R 0 0 0 0
DDRT3 DDRT2 DDRT1 DDRTO
W
Reset 0 0 0 0 0 0 0 0

1

Figure 2-10. Port T Data Direction Register (DDRT)

Read: Anytime

Write: Anytime

Table 2-11. DDRT Register Field Descriptions

Field

Description

DDRT

Data Direction Register port T —

This bit determines whether the pin is an input or output

Depending on the configuration of the enabled SPI the 1/O state will be forced to be input or output. The enabled
routed LINPHY forces the /O state