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Chapter 1 Device Overview MC9S12P-Family

1.1 Introduction

The MC9S12P family is an optimized, automotive, 16-bit microcontroller product line focused on low-
cost, high-performance, and low pin-count. This family is intended to bridge between high-end 8-bit
microcontrollers and high-performance 16-bit microcontrollers, such as the MC9S12XS family. The
MCIS12P family is targeted at generic automotive applications requiring CAN or LIN/J2602
communication. Typical examples of these applications include body controllers, occupant detection, door
modules, seat controllers, RKE receivers, smart actuators, lighting modules, and smart junction boxes.

The MC9S12P family uses many of the same features found on the MC9S12XS family, including error
correction code (ECC) on flash memory, a separate data-flash module for diagnostic or data storage, a fast
analog-to-digital converter (ATD) and a frequency modulated phase locked loop (IPLL) that improves the
EMC performance.

The MC9S12P family deliver 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 MC9S12P family run
16-bit wide accesses without wait states for all peripherals and memories. The MC9S12P family is
available in 80-pin QFP, 64-pin LQFP, and 48-pin QFN package options and aims to maximize pin
compatibility with the MC9S12XS family. 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 MC9S12P family.
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1.2.1

MC9S12P Family Comparison

Table 1 provides a summary of different members of the MC9S12P family and their proposed features.
This information is intended to provide an understanding of the range of functionality offered by this

microcontroller family.

Table 1. MC9S12P Family

Feature MC9S12P32 MC9S12P64 MC9S12P96 MC9S12P128
CPU CPU12-V1
Flash memory (ECC) 32 Kbytes 64 Kbytes | 96 Kbytes 128 Khytes
Data flash (ECC) 4 Kbytes
RAM 2 Kbytes 4 Kbytes | 6 Kbytes
MSCAN 1
SClI 1
SPI 1
Timer 8 ch x 16-bit
PWM 6 ch x 8-hit
ADC 10 ch x 12-bit
Frequency modulated PLL Yes
External oscillator Yes
(4 — 16 MHz Pierce with
loop control)
Internal 1 MHz RC Yes
oscillator
Supply voltage 3.15V-55V

Execution speed

static® — 32 MHz

Package

80 QFP, 64 LQFP, 48 QFN

1. P or D Flash erasing or programming requires a minimum bus frequency of IMHz

1.2.2

Chip-Level Features

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

e S12 CPU core

* Up to 128 Kbyte on-chip flash with ECC

* 4 Kbyte data flash with ECC
» Up to 6 Kbyte on-chip SRAM
* Phase locked loop (IPLL) frequency multiplier with internal filter

* 4-16 MHz amplitude controlled Pierce oscillator
* 1 MHz internal RC oscillator

* Timer module (TIM) supporting input/output channels that provide a range of 16-bit input capture,
output compare, counter, and pulse accumulator functions

S12P-Family Reference Manual, Rev. 1.14
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* Pulse width modulation (PWM) module with 6 x 8-bit channels

* 10-channel, 12-bit resolution successive approximation analog-to-digital converter (ATD)

* One serial peripheral interface (SPI) module

*  One serial communication interface (SCI) module supporting LIN communications

*  One multi-scalable controller area network (MSCAN) module (supporting CAN protocol 2.0A/B)
»  On-chip voltage regulator (VREG) for regulation of input supply and all internal voltages

* Autonomous periodic interrupt (API)

1.3 Module Features

The following sections provide more details of the modules implemented on the MC9S12P family.

1.3.1 S12 16-Bit Central Processor Unit (CPU)

S12 CPU is a high-speed 16-bit processing unit:

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

* Includes 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)

1.3.2 On-Chip Flash with ECC

On-chip flash memory on the MC9S12P features the following:

* Up to 128 Kbyte of program flash memory

— 32 data bits plus 7 syndrome ECC (error correction code) bits allow single bit error 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
* 4 Kbyte data flash space

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

— Erase sector size 256 bytes
— Automated program and erase algorithm
— User margin level setting for reads

S12P-Family Reference Manual, Rev. 1.14
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1.3.3 On-Chip SRAM
» Up to 6 Kbytes of general-purpose RAM

1.3.4 Main External Oscillator (XOSC)

* Loop control Pierce oscillator using a 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 optimum start-up margin for typical crystals

1.3.5 Internal RC Oscillator (IRC)

* Trimmable internal reference clock.
— Frequency: 1 MHz
— Trimmed accuracy over —40°C to +125°C ambient temperature range: +1.5%

1.3.6 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:
— External 4-16 MHz resonator/crystal (XOSC)
— Internal 1 MHz RC oscillator (IRC)

1.3.7 System Integrity Support

* Power-on reset (POR)
* System reset generation
» Illegal address detection with reset
* Low-voltage detection with interrupt or reset
* Real time interrupt (RTI)
» Computer operating properly (COP) watchdog
— Configurable as window COP for enhanced failure detection

S12P-Family Reference Manual, Rev. 1.14
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— Initialized out of reset using option bits located in flash memory
* Clock monitor supervising the correct function of the oscillator

1.3.8 Timer (TIM)

» 8 x 16-bit channels for input capture or output compare
* 16-bit free-running counter with 7-bit precision prescaler
* 1 x 16-bit pulse accumulator

1.3.9 Pulse Width Modulation Module (PWM)

* 6 channel x 8-bit or 3 channel x 16-bit pulse width modulator
— Programmable period and duty cycle per channel
— Center-aligned or left-aligned outputs
— Programmable clock select logic with a wide range of frequencies

1.3.10 Controller Area Network Module (MSCAN)

* 1 Mbit per second, CAN 2.0 A, B software compatible
— Standard and extended data frames
— 0-8 bytes data length
— Programmable bit rate up to 1 Mbps
» Five receive buffers with FIFO storage scheme
» Three transmit buffers with internal prioritization
» Flexible identifier acceptance filter programmable as:
— 2x 32-bit
— 4 x 16-bit
— 8 x 8-bit
»  Wakeup with integrated low pass filter option
* Loop back for self test
» Listen-only mode to monitor CAN bus
* Bus-off recovery by software intervention or automatically
* 16-bit time stamp of transmitted/received messages

1.3.11 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
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Programmable character length

Programmable polarity for transmitter and receiver
Active edge receive wakeup

Break detect and transmit collision detect supporting LIN

1.3.12 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

1.3.13 Analog-to-Digital Converter Module (ATD)

10-channel, 12-bit analog-to-digital converter

— 3 us single conversion time

— 8-/10-/12-bit resolution

— Left or right justified result data

— Internal oscillator for conversion in stop modes

— Wakeup from low power modes on analog comparison > or <= match
— Continuous conversion mode

— Multiple channel scans

Pins can also be used as digital I/O

1.3.14 On-Chip Voltage Regulator (VREG)

Linear voltage regulator with bandgap reference
Low-voltage detect (LVD) with low-voltage interrupt (LVI)
Power-on reset (POR) circuit

Low-voltage reset (LVR)

High temperature sensor

1.3.15 Background Debug (BDM)

Non-intrusive memory access commands
Supports in-circuit programming of on-chip nonvolatile memory
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1.3.16 Debugger (DBG)

* Trace buffer with depth of 64 entries
» Three comparators (A, B and C)
— Comparators A compares the full address bus and full 16-bit data bus
— 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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1.4  Block Diagram
Figure 1-1 shows a block diagram of the MC9S12P-Family devices

ATD <« VDDA
32K/64K/96K/128K bytes Flash l«——— VSSA
12-bit 10-channel l«——— VRH
2K/4K/6K bytes RAM Analog-Digital Converter «— VRL
[m)]
<
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TIM 10CO || Je>=PTO
\</DS%§ _T Voltage Regulator 10C1 | <> PT1
16-bit 8 channel 10C2 | le>pPT2
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CPU12-V1 I0C4 || O |« PT4
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Debug Module '886 <> [©=PT6
Single-wire Background| 3 address breakpoints IOCT7 > _[«>PT7
BKGD-=> Debug Module 1 data breakpoints » =]
PWM PWMO [ <= [=>PPO0
64 Byte TracelBuffer PWM1 - i > PP1
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YTAL <] Oscillator Periodic Interrupt PWM4 | © |«>PP4
Auton. Periodic Int. PWMS5 |—» E > PP5
PLL with Frequency o
VSSPLLL Modulation option E <> PP7
RESET <>  Reset Generation AN A s PMO
and Test Entry Interrupt Module < ni
=N msCAN 2.0B TXCAN ||  fe>PMm1
PEO—» |} XIRQ [Sp|
PE1—> |>{ RQ SPI MISO <> PM2
PE2 Ss E <> PM3
PE3 <] [<a] MosSI o [<=PM4
i SCK >
PE4<r| 5 x| ECLK Synchronous Serial IF. > <> PM5
PE5-> e
PE6->] e —
PE7<»{ [«»{ ECLKX2 SCI RXD | le>» PSO
] Asynchronous Serial IF TXD |—> > PS1
< > PS2
PA[7:0] <> = N |e»Ps3
o
m
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n_ pr—
E=PJ
— = [ePJ1
7 [ePo2
3-5V 10 Supply ©
VDDX1/VSSX1—m =3
VDDX2/VSSX2—p ; l<>PJ6
o [ePJ7

Figure 1-1. MC9S12P-Family Block Diagram

S12P-Family Reference Manual, Rev. 1.14

24 Freescale Semiconductor



y
A

1.5

Device Memory Map

Table 1-2 shows the device register memory map.

Table 1-2. Device Register Memory Map

Device Overview MC9S12P-Family

Address Module (Bsyitzees)
0x0000-0x0009 PIM (port integration module) 10
0x000A-0x000B | MMC (memory map control) 2
0x000C—-0x000D | PIM (port integration module) 2
0XO00E—Ox000F | Reserved 2
0x0010-0x0017 MMC (memory map control) 8
0x0018-0x0019 | Reserved 2
0x001A-0x001B | Device ID register 2
0x001C-0x001F | PIM (port integration module) 4
0x0020-0x002F DBG (debug module) 16
0x0030-0x0033 | Reserved 4
0x0034-0x003F | CPMU (clock and power management) 12
0x0040-0x006F | TIM (timer module) 48
0x0070-0x009F | ATD (analog-to-digital converter 12 bit 10-channel) 48
0x00A0-0x00C7 | PWM (pulse-width modulator 6 channels) 40
0x00C8-0x00CF | SCI (serial communications interface) 8
0x00D0-0x00D7 | Reserved 8
0x00D8-0x00DF | SPI (serial peripheral interface) 8
0XOOEO-Ox00FF | Reserved 32
0x0100-0x0113 FTMRC control registers 20
0x0114-0x011F Reserved 12

0x0120 INT (interrupt module) 1
0x0121-0x013F | Reserved 31
0x0140-0x017F CAN 64
0x0180-0x023F | Reserved 192
0x0240-0x027F PIM (port integration module) 64
0x0280-0x02BF Reserved 64
0x02C0-0x02EF | Reserved 48
0x02F0-0x02FF | CPMU (clock and power management ) 16
0x0300-0x03FF | Reserved 256
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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 have
no effect. Read access to these locations returns zero.

Figure 1-2 shows S12P CPU and BDM local address translation to the global memory map. It indicates
also the location of the internal resources in the memory map. Table 1-3. shows the mapping of D-Flash
and unpaged P-Flash memory. 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.

Table 1-3. MC9S12P -Family mapping for D-Flash and unpaged P-Flash

Local 64K memory map Global 256K memory map

D-Flash 0x0400 - Ox13FF 0x0_4400 - 0x0_53FF
0x1400 - 0x27FF®) 0x3_1400 -0x3_27FF®
P-Flash 0x4000 - OX7FFF

0x3_4000 - 0x3_7FFF

0xCO000 - OXFFFF 0x3_C000 - 0x3_FFFF
1. OXZFFF Tor MC9S512P64 because of 4K RAM size
2. 0x3_2FFF for MC9S12P64 because of 4K RAM size

Table 1-4. Derivatives

Feature MC9S12P32 MC9S12P64 MC9S12P96 MC9S12P128
P-Flash size 32KB 64KB 96KB 128KB
PF_LOW 0x3_8000 0x3_0000 0x2_8000 0x2_0000
PPAGES OxOE - OxOF 0x0C - OXOF 0x0A - OxOF 0x08 - OxOF
RAMSIZE 2KB 4KB 6KB
RAM_LOW 0x0_3800 0x0_3000 0x0_2800
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Figure 1-2. MC9S12P-Family Global Memory Map
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1.6 Part ID Assignments

The part ID is located in two 8-bit registers PARTIDH and PARTIDL (addresses 0x001A and 0x001B).
The read-only value is a unique part ID for each revision of the chip. Table 1-5 shows the assigned part ID
number and Mask Set number.

The Version ID in Table 1-5. is a word located in a flash information row. The version ID number indicates
a specific version of internal NVM controller.
Table 1-5. Assigned Part ID Numbers

Device Mask Set Number Part IDD Version ID
MC9S12P128 OMO1N $3980 $FF
MC9S12P96 OMO1N $3980 $FF
MC9S12P64 OMO1N $3980 $FF
MC9S12P32 OMO1N $3980 $FF

T The coding IS as follows:
Bit 15-12: Major family identifier
Bit 11-6: Minor family identifier
Bit 5-4: Major mask set revision number including FAB transfers
Bit 3-0: Minor — non full — mask set revision

1.7  Signal Description

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.
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1.7.1 Device Pinout

Figure 1-3. MC9S12P-Family 80 QFP pinout
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Figure 1-4. MC9S12P-Family 64 LQFP pinout
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Figure 1-5. MC9S12P-Family 48 QFN pinout

22
o o

558083 28

- X X =0 (@] X X =

XXEE2=z0, Frg

ONSIdNDGITOB NI S

aps3532=0533

>>oo0o0000k-00>

OOOO0O0O0000

ONOUOTNOAN OO N

TFEITTITTILTITITOOM

ETRIGL/PWM3KWP3/PP3 | 1 O 36 [ VDDAVRH
PWM2/KWP2/PP2 ] 2 35 [1 PADO7/ANO7
ETRIGO/PWMLKWP1/PPL ] 3 . 34 [ PADOG/AN0B
pwmonocorTo = 4 MC9S12P-Family 33 |5 PAD05/ANOS
locL/PTL Cf 5 48 QFN 32 [ PADO4/ANO4
loc2/PT2 | 6 31 [ PADO3/ANO3
loc3/PT3 Cf 7 30 [ PADO2/ANO2
PWM4/I0C4/PT4 | 8 29 [ PADO1/ANO1
API_EXTCLK/PWMS5/I0C5/PT5 | 9 28 [ PADOO/ANQO
I0C6/PT6 ] 10 27 [ PAD0OY/AN09
I0C7/PT7 ] 11 26 [ PADO8/AN08
MODC/BKGD [ 12 25 |5 PEO/XIRQ

DT OMNOOIO T~ ANM I

TN ANNANN

Toouoooooooyg

DI ERILZS O

2298002055k as

29>~ gu”So

O > Sl

w N4

1.7.2 Pin Assignment Overview

Table 1-6 provides a summary of which Ports are available for each package option. Routing of pin
functions is summarized in Table 1-7.

Table 1-6. Port Availability by Package Option

Port 80 QFP 64 LQFP 48 QFN
Port AD/ADC Channels 10/10 10/10 10/10

Port A pins 8 4 0

Port B pins 8 4 0

Port E pins inc. IRQ/XIRQ input only 8 4 4
Port J 5 3 1

Port M 6 6 6

Port P 7 6 3

Port S 4 4 2
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Table 1-6. Port Availability by Package Option

Port 80 QFP 64 LQFP 48 QFN
Port T 8 8 8
Sum of Ports 64 49 34
I/0 Power Pairs VDDX/VSSX 22 22 22

Table 1-7. Peripheral - Port Routing Options(l)

PWMO | PWM4 | PWM5
PTO o

PT4 o

PT5 o)

T ™0™ denotes a possible reroufing under software
control

Table 1-8 provides a pin out summary listing the availability and functionality of individual pins for each

package option.
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Table 1-8. Pin-Out Summary(®
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Package Pin Function Interngl Pull
Resistor
Power inti
Supply Description
QFP LQFP QFN Pin 2nd 3rd CTRL Reset
80 64 48 Func. Func. State
1 1 1 PP3 KWP3 PWM3 VDDX PERP/PPSP | Disabled | Port P I/O, interrupt,
PWM channel
2 2 2 PP2 KWP2 PWM2 VDDX PERP/PPSP | Disabled | Port P I/O, interrupt,
PWM channel
3 3 3 PP1 KWP1 PWM1 VDDX PERP/PPSP | Disabled | Port P I/O, interrupt,
PWM channel
4 4 - PPO KWPO PWMO VDDX PERP/PPSP | Disabled | Port P I/O, interrupt,
PWM/ channel
5 5 4 PTO I0CO PWMO VDDX PERT/PPST | Disabled | Port T I/O, TIM channel
6 6 5 PT1 I0C1 — VDDX PERT/PPST | Disabled | Port T I/O, TIM channel
7 7 6 PT2 I0C2 — VDDX PERT/PPST | Disabled | Port T I/O, TIM channel
8 8 7 PT3 I0C3 — VDDX PERT/PPST | Disabled | Port T I/O, TIM channel
9 9 - PJO KWJ0 — VDDX PERJ/PPSJ Up Port J I/O, interrupt
10 10 - PJ1 KWJ1 — VDDX PERJ/PPSJ Up Port J I/O, interrupt
11 11 8 PT4 I0C4 PWM4 VDDX PERT/PPST | Disabled | Port T I/O, PWM/TIM
channel
12 12 9 PT5 I0OC5 PWM5 VDDX PERT/PPST | Disabled | Port T I/O, PWM/TIM
or channel, API output
API_EX
TCLK
13 13 10 PT6 I0C6 VDDX PERT/PPST | Disabled | Port T I/O, channel of
TIM
14 14 11 PT7 I0C7 VDDX PERT/PPST | Disabled | Port T I/O, channel of
TIM
15 15 12 BKGD MODC — VDDX Always on Up Background debug
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Table 1-8. Pin-Out Summary®

Package Pin Function Intern_al Pull
Resistor
Power inti
Supply Description
QFP LQFP QFN Pin 2nd 3rd CTRL Reset

80 64 48 Func. Func. State
16 16 - PBO — — VDDX PUCR Disabled | Port B /O
17 - - PB1 — — VDDX PUCR Disabled | Port B I/O
18 - - PB2 — — VDDX PUCR Disabled | Port B 1/O
19 - - PB3 — — VDDX PUCR Disabled | Port B 1/O
20 - - PB4 — — VDDX PUCR Disabled | Port B I/0
21 17 - PB5 — — VDDX PUCR Disabled | Port B I/0
22 18 - PB6 — — VDDX PUCR Disabled | Port B I/0O
23 19 - PB7 — — VDDX PUCR Disabled | Port B I/O
24 20 13 PE7 ECLKX2 — VDDX PUCR Up Port E 1/0
25 - - PE6 — — VDDX While RESET pin Port E 1/0

is low: down
26 - - PES — — VDDX While RESET pin Port E 1/0

is low: down
27 21 14 PE4 ECLK — VDDX PUCR Up Port E 1/O, bus clock

output
28 22 15 VSSX2 — — — — — —
29 23 16 VDDX2 — — — — — —
30 24 17 RESET — — VDDX PULLUP External reset
31 25 18 VDDR — — — — — —
32 26 19 VSS3 — — — — — —
33 27 20 VSSPLL — — — — — —
34 28 21 EXTAL — — VDDP NA NA Oscillator pin
LL
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Table 1-8. Pin-Out Summary®

Package Pin Function Intern_al Pull
Resistor
Power inti
Supply Description
QFP LQFP QFN Pin 2nd 3rd CTRL Reset
80 64 48 Func. Func. State
35 29 22 XTAL — — VDDP NA NA Oscillator pin
LL
36 30 23 PJ2 KWJ2 — VDDX PERJ/PPSJ Up Port J I/O, interrupt
37 - - PE3 — — VDDX PUCR Up Port E 1/0
38 - - PE2 — — VDDX PUCR Up Port E 1/0
39 31 24 PE1 IR — VDDX PUCR Up Port E Input, maskable
interrupt
40 32 25 PEO XIRQ — VDDX PUCR Up Port E Input, non-
maskable interrupt
41 33 - PAO — — VDDX PUCR Disabled | Port A 1/O
42 34 - PAL — — VDDX PUCR Disabled | Port A 1/O
43 35 - PA2 — — VDDX PUCR Disabled | Port A 1/O
44 36 - PA3 — — VDDX PUCR Disabled | Port A I1/O
45 - - PA4 — — VDDX PUCR Disabled | Port A I1/O
46 - - PAS5 — — VDDX PUCR Disabled | Port A 1/O
47 - - PAG6 — — VDDX PUCR Disabled | Port A 1/O
48 - - PA7 — — VDDX PUCR Disabled | Port A 1/O
49 37 26 PADO8 ANO8 — VDDA PER1AD Disabled | Port AD I/O,
analog input of ATD
50 38 27 PADO9 ANO9 — VDDA PER1AD Disabled | Port AD I/O,
analog input of ATD
51 39 28 PADOO ANOO — VDDA PER1AD Disabled | Port AD I/O,
analog input of ATD
52 40 29 PADO1 ANO1 — VDDA PER1AD Disabled | Port AD I/O,
analog input of ATD
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Table 1-8. Pin-Out Summary®

Package Pin Function Intern_al Pull
Resistor
Power inti
Supply Description
QFP LQFP QFN Pin 2nd 3rd CTRL Reset

80 64 48 Func. Func. State
53 41 30 PADO2 ANO02 — VDDA PER1AD Disabled | Port AD I/O,

analog input of ATD
54 42 31 PADO3 ANO3 — VDDA PER1AD Disabled | Port AD I/O,

analog input of ATD
55 43 32 PADO4 ANO4 — VDDA PER1AD Disabled | Port AD I/O,

analog input of ATD
56 44 33 PADO5 ANO5 — VDDA PER1AD Disabled | Port AD I/O,

analog input of ATD
57 45 34 PADO6 ANO6 — VDDA PER1AD Disabled | Port AD I/O,

analog input of ATD
58 46 35 PADO7 ANO7 — VDDA PER1AD Disabled | Port AD I/O,

analog input of ATD
59 47 36 VDDA — — — — — —
60 48 36 VRH®) — — — — — —
61 49 37 VRL® — — — — — —
62 49 37 VSSA — — — — — —
63 50 38 PSO RXD — VDDX | PERS/PPSS Up Port S 1/0, RXD of SCI
64 51 39 PS1 TXD — VDDX | PERS/PPSS Up Port S 1/0, TXD of SCI
65 52 - PS2 — VDDX | PERS/PPSS Up Port S 1/0
66 53 - PS3 — VDDX PERS/PPSS Up Port S 1/0
67 54 40 TEST — — N.A. RESET pin DOWN | Testinput
68 - - PJ7 KWJ7 — VDDX PERJ/PPSJ Up Port J I/O, interrupt
69 - - PJ6 KWJ6 — VDDX PERJ/PPSJ Up Port J I/O, interrupt
70 55 41 PM5 SCK — VDDX | PERM/PPSM | Disabled | Port M I/O, MISO of SPI
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Table 1-8. Pin-Out Summary®

Package Pin Function Intern_al Pull
Resistor
Power inti
Supply Description
QFP LQFP QFN Pin 2nd 3rd CTRL Reset
80 64 48 Func. Func. State
71 56 42 PM4 MOSI — VDDX | PERM/PPSM | Disabled | Port M I/O, MOSI of SPI
72 57 43 PM3 Ss — VDDX | PERM/PPSM | Disabled | Port M I/O, SCK of SPI
73 58 44 PM2 MISO — VDDX | PERM/PPSM | Disabled | Port M I/O, SS of SPIO
74 59 45 PM1 TXCAN VDDX | PERM/PPSM | Disabled | Port M I/O, TX of CAN
75 60 46 PMO RXCAN VDDX | PERM/PPSM | Disabled | Port M I/O, RX of CAN
76 61 47 VSSX1 — — — — — —
77 62 48 VDDX1 — — — — — —
78 63 - PP7 KWP7 VDDX | PERP/PPSP | Disabled | Port P I/O, interrupt
79 64 - PP5 KWP5 PWM5 VDDX | PERP/PPSP | Disabled | Port P I/O, interrupt,
PWM channel
80 - - PP4 KWP4 PWM4 VDDX | PERP/PPSP | Disabled | Port P I/O, interrupt,
PWM channel
T. Table shows a superset of pin functions. Not all functions are available on all derivatives

2. VRH and VDDA share single pin on 48 pin package option
3. VRL and VSSA share single pin on 64 and 48 pin package option

NOTE

For devices assembled in 48-pin and 64-pin packages all non-bonded out pins should be configured as
outputs after reset in order to avoid current drawn from floating inputs. Refer to Table 1-8 for affected
pins.
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1.7.3 Detailed Signal Descriptions

1.7.3.1 EXTAL, XTAL — Oscillator Pins

EXTAL and XTAL are the crystal driver and external clock pins. On reset all the device clocks are derived
from the internal reference clock. XTAL is the oscillator output.

1.7.3.2 RESET — External Reset Pin

The RESET pin 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.

1.7.3.3 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 Vggx in all applications.

1.7.3.4 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.

1.7.35 PAD[9:0] / AN[9:0] — Port AD Input Pins of ATD

PAD[9:0] are general-purpose input or output pins and analog inputs AN[9:0] of the analog-to-digital
converter ATD.

1.7.3.6 PA[7:0] — Port A I/O Pins
PA[7:0] are general-purpose input or output pins.

1.7.3.7 PB[7:0] — Port B 1/0O Pins

PBJ[7:0] are general-purpose input or output pins.

1.7.3.8 PE7 — Port E I/O Pin 7/ ECLKX2

PE7 is a general-purpose input or output pin. An internal pull-up is enabled during reset. It can be
configured to output ECLKX2.

1.7.3.9  PE[6:5] — Port E I/O Pin 6-5

PE[6:5] are a general-purpose input or output pins.
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1.7.3.10 PE4/ECLK — Port E /O Pin 4

PE4 is a general-purpose input or output pin. It can be configured to drive the internal bus clock ECLK.
ECLK can be used as a timing reference. The ECLK output has a programmable prescaler.

1.7.3.11 PE[3:2] — Port EI/O Pin 3

PE[3:2] are a general-purpose input or output pins.

1.7.3.12 PE1/IRQ — Port E Input Pin 1

PEI is a general-purpose input pin and the maskable interrupt request input that provides a means of
applying asynchronous interrupt requests. This will wake up the MCU from stop or wait mode.

1.7.3.13 PEO/XIRQ — Port E Input Pin O

PEO is a general-purpose input pin and the non-maskable interrupt request input that provides a means of
applying asynchronous interrupt requests. This will wake up the MCU from stop or wait mode. The XIRQ
interrupt is level sensitive and active low. As XIRQ is level sensitive, while this pin is low the MCU will
not enter STOP mode.

1.7.3.14 PJ[7:6, 2:0] / KWJ[7:6, 2:0] — Port J I/O Pins 7-6, 2-0

PJ[7:6, 2:0] are a general-purpose input or output pins. They can be configured as keypad wakeup inputs.

1.7.3.15 PM[7:6] — Port M I/O Pins 7-6
PM[7:6] are a general-purpose input or output pins.

1.7.3.16 PM5/SCK — Port M I/O Pin 5

PMS is a general-purpose input or output pin. It can be configured as the serial clock pin SCK of the serial
peripheral interface (SPI).

1.7.3.17 PM4/MOSI — Port M I/O Pin 4

PM4 is a general-purpose input or output pin. It can be configured as the master output (during master
mode) or slave input pin (during slave mode) MOSI for the serial peripheral interface (SPI).

1.7.3.18 PM3/SS — Port M I/0 Pin 3

PM3 is a general-purpose input or output pin.It can be configured as the slave select pin SS of the serial
peripheral interface (SPI).

1.7.3.19 PM2/MISO— Port M I/O Pin 3

PM2 is a general-purpose input or output pin. It can be configured as the master input (during master
mode) or slave output pin (during slave mode) MISO for the serial peripheral interface (SPI)

S12P-Family Reference Manual, Rev. 1.14
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1.7.3.20 PM1/TXCAN —Port MI/O Pin 1

PMI1 is a general-purpose input or output pin. It can be configured as the transmit pin TXCAN of the
scalable controller area network controller (CAN).

1.7.3.21 PMO/RXCAN — Port M 1/0O Pin O

PMO is a general-purpose input or output pin. It can be configured as the receive pin RXCAN of the
scalable controller area network controller (CAN).

1.7.3.22  PP[5:0] / KWP[5:0] / PWM[5:0] — Port P I/O Pins 5-0

PP[5:0] are a general-purpose input or output pins. They can be configured as keypad wakeup inputs. They
can be configured as pulse width modulator (PWM) channel 5-0 output

1.7.3.23 PP7/KWP7 — Port P 1/O Pin 7

PP7 is a general-purpose input or output pin. It can be configured as a keypad wakeup input.

1.7.3.24 PS3 — Port SI/O Pin 3

PS3 is a general-purpose input or output pin.

1.7.3.25 PS2 —Port S1/0O Pin 2

PS2 is a general-purpose input or output pin.

1.7.3.26 PS1/TXD — Port S1/0O Pin 1

PS1 is a general-purpose input or output pin. It can be configured as the transmit pin TXD of serial
communication interface (SCI).

1.7.3.27 PSO/RXD —Port SI/OPin0

PSO0 is a general-purpose input or output pin. It can be configured as the receive pin RXD of serial
communication interface (SCI).

1.7.3.28 PT[7:6] /IOC[7:6] — Port T I/O Pins 7-6
PT[7:6] are general-purpose input or output pins. They can be configured as timer (TIM) channel 7-6.

1.7.3.29 PT5/10C5/PWM5/API_EXTCLK — Port T I/O Pin 5

PTS5 is a general-purpose input or output pin. It can be configured as timer (TIM) channel 5, pulse width
modulator (PWM) output 5 or as the output of the API_EXTCLK.
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1.7.3.30 PT4/10C4/PWM4 — Port T I/O Pin 4

PT4 is a general-purpose input or output pin. It can be configured as timer (TIM) channel 4 or pulse width
modulator (PWM) output 4.

1.7.3.31 PT[3:1] /10C[3:1] — Port T I/0 Pin [3:1]

PT[3:1] are a general-purpose input or output pins. They can be configured as timer (TIM) channels 3-1.

1.7.3.32 PTO/10CO/PWMO — Port TI/O Pin 0

PTO is a general-purpose input or output pin. It can be configured as timer (TIM) channel 0 or pulse width
modulator (PWM) output 0.

1.7.4 Power Supply Pins
MC9S12P-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 Vg pins must be connected together in the application.

1.74.1 VDDX[2:1], VSSX][2:1] — Power and Ground Pins for I/O Drivers

External power and ground for I/O drivers. Bypass requirements depend on how heavily the MCU pins are
loaded. All VDDX pins are connected together internally. All VSSX pins are connected together
internally.

1.7.4.2 VDDR — Power Pin for Internal Voltage Regulator

Power supply input to the internal voltage regulator.

1.7.4.3 VSS3 — Core Ground Pin

The voltage supply of nominally 1.8V is derived from the internal voltage regulator. The return current
path is through the VSS3 pin. No static external loading of these pins is permitted.

1.7.4.4 VDDA, VSSA — Power Supply Pins for ATD and Voltage Regulator

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

1.7.45 VRH, VRL — ATD Reference Voltage Input Pins
VRH and VRL are the reference voltage input pins for the analog-to-digital converter.
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1.7.4.6 VSSPLL — Ground Pin for PLL

This pin provides ground for the oscillator and the phased-locked loop. The voltage supply of nominally
1.8V is derived from the internal voltage regulator.

1.7.4.7 Power and Ground Connection Summary

Table 1-9. Power and Ground Connection Summary

. Nominal I
Mnemonic Voltage Description
VDDR 50V External power supply to internal voltage
regulator
VDDX[2:1] 50V External power and ground, supply to pin
VSSX[2:1] oy |drivers
VDDA 50V Operating voltage and ground for the
VSSA Y analog-to-digital (_:onverters and the
reference for the internal voltage regulator,
allows the supply voltage to the A/D to be
bypassed independently.
VRL oV Reference voltages for the analog-to-digital
VRH Y converter.
VSS3 ov Internal power and ground generated by
internal regulator for the internal core.
VSSPLL oV Provides operating voltage and ground for
the phased-locked loop. This allows the
supply voltage to the PLL to be bypassed
independently. Internal power and ground
generated by internal regulator.

1.8  System Clock Description

For the system clock description please refer to chapter Chapter 7, “S12 Clock, Reset and Power
Management Unit (S12CPMU).

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.
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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-
10). 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 1-10. Chip Modes

Chip Modes MODC
Normal single chip 1
Special single chip 0

19.1.1 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.
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1.9.2 Low Power Operation

The MC9S12P has two static low-power modes Pseudo Stop and Stop Mode. For a detailed description
refer to S1I2CPMU section.

1.10 Security

The MCU security mechanism prevents unauthorized access to the Flash memory. Refer to Section 5.4.1
Security and Section 13.5 Security

1.11 Resets and Interrupts

Consult the S12 CPU manual and the S12SINT section for information on exception processing.

1.11.1 Resets

Table 1-11. lists all Reset sources and the vector locations. Resets are explained in detail in the Section
Chapter 7 S12 Clock, Reset and Power Management Unit (S12CPMU)

Table 1-11. Reset Sources and Vector Locations

Vector Address Reset Source '\C/I:;"SFT( 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
$FFFA COP watchdog reset None | CR[2:0] in CPMUCOP register

1.11.2 Interrupt Vectors

Table 1-12 lists all interrupt sources and vectors in the default order of priority. The interrupt module (see
Section Chapter 4 Interrupt Module (S12SINTV1)) provides an interrupt vector base register (IVBR)
to relocate the vectors.

Table 1-12. Interrupt Vector Locations (Sheet 1 of 3)

Vector Address® Interrupt Source I\C/I:;:si Local Enable fr\(l)vr%kg_?gp fr\cl)vr?]kvfll,i\FI)T
Vector base + $F8 Unimplemented instruction trap None None

Vector base+ $F6 Swi None None

Vector base+ $F4 XIRQ X Bit None Yes Yes
Vector base+ $F2 IRQ I bit IRQCR (IRQEN) Yes Yes
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Table 1-12. Interrupt Vector Locations (Sheet 2 of 3)
Vector Address® Interrupt Source I\(/Zlgst Local Enable fr\é)vr?wkgTugP fr\évrikV?/ZFI)T
Vector base+ $FO0 RTI timeout interrupt | bit CPMUINT (RTIE) 7.6 Interrupts
Vector base+ $EE TIM timer channel 0 | bit TIE (COl) No Yes
Vector base + $EC TIM timer channel 1 | bit TIE (C1lI) 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 TIM timer channel 4 | bit TIE (CA4l) No Yes
Vector base+ $E4 TIM timer channel 5 | bit TIE (C5I) No Yes
Vector base + $E2 TIM timer channel 6 | bit TIE (C6l) No Yes
Vector base+ $EO TIM timer channel 7 | bit TIE (C7I) No Yes
Vector base+ $DE TIM timer overflow | bit TSRC2 (TOF) No Yes
Vector base+ $DC TIM Pulse accumulator A overflow | bit PACTL (PAOVI) No Yes
Vector base + $DA TIM Pulse accumulator input edge | bit PACTL (PAI) No Yes
Vector base + $D8 SPI | bit SPICR1 (SPIE, SPTIE) No Yes
Vector base+ $D6 SCI | bit SCICR2 Yes Yes
(TIE, TCIE, RIE, ILIE)
Vector base + $D4 Reserved
Vector base + $D2 ATD | | bit | ATDCTL2 (ASCIE) Yes Yes
Vector base + $D0 Reserved
Vector base + $CE Port J | bit PIEJ (PIEJ7-PIEJ6, PIEJ2- Yes Yes
PIEJO)

Vector base + $CC

to Reserved
Vector base + $CA
Vector base + $C8 Oscillator status interrupt | bit CPMUINT (OSCIE) No No
Vector base + $C6 PLL lock interrupt | bit CPMUINT (LOCKIE) No No
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 CAN wake-up | bit CANRIER (WUPIE)
Vector base + $B4 CAN errors I bit | CANRIER (CSCIE, OVRIE)

8.4.7 Interrupts

Vector base + $B2 CAN receive | bit CANRIER (RXFIE)
Vector base + $B0 CAN transmit | bit CANTIER (TXEIE[2:0])
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Table 1-12. Interrupt Vector Locations (Sheet 3 of 3)
@ CCR Wake up Wakeup
Vector Address Interrupt Source Mask Local Enable from STOP | from WAIT
Vector base + $AE
to Reserved

Vector base + $90
Vector base + $8E Port P interrupt I bit | PIEP (PIEP7,PIEP5-PIEPO) Yes Yes
Vector base+ $8C PWM emergency shutdown | bit PWMSDN (PWMIE) No Yes
Vector base + $8A Low-voltage interrupt (LVI) | bit CPMUCTRL (LVIE) No Yes
Vector base + $88 Autonomous F(),ig?)dlcal interrupt | bit CPMUAPICTRL (APIE) Yes Yes
Vector base + $86 High temperature interrupt | bit CPMUHTCL (HTIE) No Yes
Vector base + $84 ATD compare interrupt | bit ATDCTL2 (ACMPIE) Yes Yes
Vector base + $82 Reserved
Vector base + $80 Spurious interrupt | — | None - -

1. 16 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.

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 13.6 Initialization.

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 Memory

The RAM arrays are not initialized out of reset.
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1.12 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 register FOPT. See Table 1-13 and Table 1-14 for coding. The FOPT register is
loaded from the Flash configuration field byte at global address 0x3_FFOE during the reset sequence.

Table 1-13. Initial COP Rate Configuration

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

Table 1-14. Initial WCOP Configuration

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

1.13 ATD External Trigger Input Connection

The ATD module includes external trigger inputs ETRIGO and ETRIG1. The external trigger allows the
user to synchronize ATD conversion to external trigger events. Table 1-15 shows the connection of the
external trigger inputs.

Table 1-15. ATD External Trigger Sources

External Trigger Connectivity
Input
ETRIGO PWM channel 1
ETRIG1 PWM channel 3

Consult the ATD section for information about the analog-to-digital converter module. References to
freeze mode are equivalent to active BDM mode.
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1.14 S12CPMU Configuration

The bandgap reference voltage Vg and the output voltage of the temperature sensor Vi can be
connected to the ATD channel SPECIAL17 (see Table 9-15.) using the VSEL (Voltage Access Select Bit)
in CPMUHTCTL register (see Table 7-13.)
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Chapter 2 Port Integration Module (S12PPIMV1)

Revision History

Rev. No. Date Sections

(Item No.) | (Submitted By) Affected Substantial Change(s)

V01.00 19 Mar 2008 Initial version
V01.01 05 May 2008 Corrected mistakes in Port J register and field names
V01.02 12 Jan 2009 Corrected PERXAD register descriptions

Replaced VREG_API with API_EXTCLK

Minor corrections

2.1 Introduction

2.1.1 Overview

The S12P Family Port Integration Module establishes the interface between the peripheral modules and
the I/O pinsfor all ports. It controls the electrical pin properties as well as the signal prioritization and
multiplexing on shared pins.
This section covers:

* Port A and B used as genera purpose I/0

» Port E associated with the IRQ, XIRQ interrupt inputs

* Port T associated with 1 timer module

» Port S associated with 1 SCI module

» Port M associated with 1 MSCAN and 1 SPl module

» Port P connected to the PWM - inputs can be used as an external interrupt source

* Port Jused as general purpose I/0 - inputs can be used as an external interrupt source

» Port AD associated with one 10-channel ATD module
Most 1/0 pins can be configured by register bits to select data direction and drive strength, to enable and
select pull-up or pull-down devices.

NOTE

Thissection assumesthe availability of all features (80-pin package option). |
Some functions are not available on lower pin count package options. Refer
to the pin-out summary section.
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2.1.2 Features

The Port Integration Module includes these distinctive registers.

» Dataregisters and data direction registersfor PortsA, B, E, T, S, M, P, Jand AD when used as
genera purpose 1/0

e Control registersto enable/disable pull devices and select pull-ups/pull-downson Ports T, S, M, P
and J on per-pin basis

» Control registersto enable/disable pull-up devices on Port AD on per-pin basis

» Single control register to enable/disable pull-ups on Ports A, B, and E, on per-port basis and on
BKGD pin

» Control registers to enable/disable reduced output drive on Ports T, S, M, P, Jand AD on per-pin
basis

» Singlecontrol register to enable/disable reduced output drive on Ports A, B, and E on per-port basis

» Control registers to enable/disable open-drain (wired-or) mode on Ports Sand M

» Interrupt flag register for pin interrupts on Ports P and J

« Control register to configure IRQ pin operation

* Routing register to support module port relocation

* Free-running clock outputs

A standard port pin has the following minimum features:
* Input/output selection
* 5V output drive with two selectable drive strengths
» 5V digital and analog input
* Input with selectable pull-up or pull-down device
Optional features supported on dedicated pins:
* Opendrain for wired-or connections

* Interrupt inputs with glitch filtering

2.2  External Signal Description
This section lists and describes the signals that do connect off-chip.
Table 2-1 shows al the pins and their functions that are controlled by the Port Integration Module.

NOTE

If there is more than one function associated with a pin, the priority is
indicated by the position in the table from top (highest priority) to bottom
(lowest priority).
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Table 2-1. Pin Functions and Priorities
Port | Pin Name F;nplr:il:)r:ga;] 110 Description P;?tgrugte:tsi(e)tn
- BKGD mMoDcC @ I |MODC input during RESET BKGD
BKGD 1/0 | S12X_BDM communication pin
PA[7:0] GPIO 1/0 | General purpose GPIO
B PB[7:0] GPIO I/O | General purpose GPIO
E PE[7] ECLKX2 O | Free-running clock at core clock rate (ECLK x 2) GPIO
GPIO 1/0 | General purpose
PE[6:5] GPIO 1/0O | General purpose
PE[4] ECLK O |Free-running clock at bus clock rate or programmable down-
scaled bus clock
GPIO 1/0 | General purpose
PE[3:2] GPIO I/O | General purpose
PE[1] IRQ I | Maskable level- or falling edge-sensitive interrupt
GPI | | General purpose
PE[Q] XIRQ I | Non-maskable level-sensitive interrupt
GPI | | General purpose
T PT[7:6] 10C[7:6] 1/0 | Timer Channels 7 - 6 GPIO
GPIO 1/0 | General purpose
PT5 10C5 I/O | Timer Channel 5
(PWM5) O |Pulse Width Modulator channel 5
API_EXTCLK O |VREG Autonomous Periodical Interrupt Clock
GPIO 1/0 | General purpose
PT4 10C4 I/0 | Timer Channel 4
(PWM4) O |Pulse Width Modulator channel 4
GPIO 1/0 | General purpose
PT[3:1] 10C[3:1] 1/0 | Timer Channels 3 - 1
GPIO 1/0 | General purpose
PTO 10CO0 I/0 | Timer Channel 0
(PWMO) O |Pulse Width Modulator channel 0
GPIO I/O | General purpose
S PS[3:2] GPIO 1/0 | General purpose GPIO
PS1 TXD O [ Serial Communication Interface transmit pin
GPIO 1/0 | General purpose
PSO RXD | | Serial Communication Interface receive pin
GPIO 1/0 | General purpose
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Port | Pin Name l:;inplr:iuonric;;ig-;] 1/0 Description P;?tgruggtsigtn
M PM5 SCK I/O | Serial Peripheral Interface serial clock pin GPIO
GPIO 1/0 | General purpose
PM4 MOSI 1/0 | Serial Peripheral Interface master out/slave in pin
GPIO 1/0 | General purpose
PM3 SS 1/0 | Serial Peripheral Interface slave select output in master mode,
input in slave mode or master mode.
GPIO 1/0O | General purpose
PM2 MISO 1/0 | Serial Peripheral Interface master in/slave out pin
GPIO 1/0 | General purpose
PM1 TXCAN O | MSCAN transmit pin
GPIO 1/0 | General purpose
PMO RXCAN I | MSCAN receive
GPIO 1/0 | General purpose
P PP7 GPIO/KWP7 1/0 | General purpose; with interrupt GPIO
PP5 PWM5 1/0O | Pulse Width Modulator channel 5; emergency shut-down
GPIO/KWP5 1/0 | General purpose; with interrupt
PP[4:0] PWM[4:0] O | Pulse Width Modulator channel 4 - 0
GPIO/KWP[4:0] | I/O | General purpose; with interrupt
J PJ[7:6] GPIO/KWJ[7:6] | I/O | General purpose; with interrupt GPIO
PJ[2:0] GPIO/KWJ[2:0] | I/O | General purpose; with interrupt
AD PAD[9:0] GPIO 1/0O | General purpose GPIO
AN[9:0] | | ATD analog
I.Signals in brackets 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 Port Integration Module registers.

2.3.1

Memory Map

Table 2-2 shows the register map of the Port Integration Module.

Table 2-2. Block Memory Map

Port Offset or Register Access | Reset Value | Section/Page
Address
A 0x0000 |PORTA—Port A Data Register R/W 0x00 2.3.3/2-63
B 0x0001 |PORTB—Port B Data Register R/W 0x00 2.3.4/2-63
0x0002 |DDRA—Port A Data Direction Register R/W 0x00 2.3.5/2-64
0x0003 | DDRB—Port B Data Direction Register R/W 0x00 2.3.6/2-64
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A
Table 2-2. Block Memory Map (continued)

Port 223?;52 Register Access | Reset Value | Section/Page
0x0004 |PIM Reserved R 0x00 2.3.7/2-65
OxObOY

E | 0x0008 |PORTE—PortE Data Register Rw® 0x00 2.3.8/2-65
0x0009 |DDRE—Port E Data Direction Register R/W?! 0x00 2.3.9/2-66
0x000A |Non-PIM address range(z) - - -
OxObOB

A 0x000C |PUCR—Pull-up Up Control Register R/W?! 0x50 2.3.10/2-67

E 0x000D | RDRIV—Reduced Drive Register R/W?! 0x00 2.3.11/2-68
0x000E | Non-PIM address range? - - -
OxOblB

E | Ox001C |ECLKCTL—ECLK Control Register RW?L |0xC0/0x80C) | 2.3.12/2-69
0x001D |PIM Reserved R 0x00 2.3.13/2-69
0x001E |IRQCR—IRQ Control Register R/W?! 0x40 2.3.14/2-70
0x001F |PIM Reserved R 0x00 2.3.15/2-70
0x0020 |Non-PIM address range2 - - -
0x0.23F

T 0x0240 |PTT—Port T Data Register R/W 0x00 2.3.16/2-71
0x0241 |PTIT—Port T Input Register R “ 2.3.17/2-72
0x0242 |DDRT—Port T Data Direction Register R/W 0x00 2.3.18/2-73
0x0243 | RDRT—Port T Reduced Drive Register R/W 0x00 2.3.19/2-74
0x0244 | PERT—Port T Pull Device Enable Register R/W 0x00 2.3.20/2-74
0x0245 | PPST—Port T Polarity Select Register R/W 0x00 2.3.21/2-75
0x0246 |PIM Reserved R 0x00 2.3.22/2-75
0x0247 | Port T Routing Register R/W 0x00 2.3.23/2-76
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Table 2-2. Block Memory Map (continued)
Port 223?;52 Register Access | Reset Value | Section/Page

S 0x0248 |PTS—Port S Data Register R/W 0x00 2.3.24/2-77
0x0249 |PTIS—Port S Input Register R 4 2.3.25/2-77
0x024A | DDRS—Port S Data Direction Register R/W 0x00 2.3.26/2-78
0x024B | RDRS—Port S Reduced Drive Register R/W 0x00 2.3.27/2-79
0x024C |PERS—Port S Pull Device Enable Register R/W OxFF 2.3.28/2-79
0x024D |PTPS—Port S Polarity Select Register R/W 0x00 2.3.29/2-80
0x024E | WOMS—Port S Wired-Or Mode Register R/W 0x00 2.3.30/2-80
0x024F | PIM Reserved R 0x00 2.3.39/2-86

M 0x0250 |PTM—Port M Data Register R/W 0x00 2.3.32/2-81
0x0251 |PTIM—Port M Input Register R 4 2.3.33/2-82
0x0252 | DDRM—Port M Data Direction Register R/W 0x00 2.3.34/2-83
0x0253 | RDRM—Port M Reduced Drive Register R/W 0x00 2.3.35/2-84
0x0254 | PERM—Port M Pull Device Enable Register R/W 0x00 2.3.36/2-85
0x0255 | PPSM—Port M Polarity Select Register R/W 0x00 2.3.37/2-85
0x0256 | WOMM—Port M Wired-Or Mode Register R/W 0x00 2.3.38/2-86
0x0257 |PIM Reserved R 0x00 2.3.39/2-86

P 0x0258 |PTP—Port P Data Register R/W 0x00 2.3.40/2-87
0x0259 | PTIP—Port P Input Register R 4 2.3.41/2-88
0x025A | DDRP—Port P Data Direction Register R/W 0x00 2.3.42/2-88
0x025B | RDRP—Port P Reduced Drive Register R/W 0x00 2.3.43/2-89
0x025C | PERP—Port P Pull Device Enable Register R/W 0x00 2.3.44/2-90
0x025D | PTPP—Port P Polarity Select Register R/W 0x00 2.3.45/2-90
0x025E | PIEP—Port P Interrupt Enable Register R/W 0x00 2.3.46/2-91
0x025F | PIFP—Port P Interrupt Flag Register R/W 0x00 2.3.47/2-91
0x0260 |PIM Reserved R 0x00 2.3.48/2-92
0x0'267
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A
Table 2-2. Block Memory Map (continued)
Port 223?;52 Register Access | Reset Value | Section/Page
J 0x0268 | PTJ—Port J Data Register R/W 0x00 2.3.49/2-92
0x0269 |PTIJ—Port J Input Register R 4 2.3.50/2-93
0x026A | DDRJ—Port J Data Direction Register R/W 0x00 2.3.51/2-93
0x026B | RDRJ—Port J Reduced Drive Register R/W 0x00 2.3.52/2-94
0x026C | PERJ—Port J Pull Device Enable Register R/W OxFF 2.3.53/2-94
0x026D | PPSJ—Port J Polarity Select Register R/W 0x00 2.3.54/2-95
0x026E | PIEJ—Port J Interrupt Enable Register R/W 0x00 2.3.55/2-95
0x026F | PIFJ—Port J Interrupt Flag Register R/W 0x00 2.3.56/2-96
AD | 0x0270 |PTOAD—Port AD Data Register R 0x00 2.3.57/2-96
0x0271 |PT1AD—Port AD Data Register R/W 0x00 2.3.58/2-97
0x0272 | DDROAD—Port AD Data Direction Register R 0x00 2.3.59/2-97
0x0273 | DDR1AD—Port AD Data Direction Register R/W 0x00 2.3.60/2-98
0x0274 | RDROAD—Port AD Reduced Drive Register R 0x00 2.3.61/2-98
0x0275 | RDR1AD—Port AD Reduced Drive Register R/W 0x00 2.3.62/2-99
0x0276 |PEROAD—Port AD Pull Up Enable Register R 0x00 2.3.62/2-99
0x0277 | PER1AD—Port AD Pull Up Enable Register R/W 0x00 2.3.64/2-100
0x0278 |PIM Reserved R 0x00 2.3.65/2-100
0xd27F
T Write access not applicable for one or more register bits. Refer to register description.
2. Refer to device memory map to determine related module.
3. Mode dependent.
4. Read always returns logic level on pins.
Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R
PORTA | PA7 PAG PAS PA4 PA3 PA2 PAL PAO
0x0001 R
PORTB ,| PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
0x0002 R
DDRA W DDRA7Y DDRA6 DDRAS DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
0x0003
DDRB DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
= Unimplemented or Reserved
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R,‘f‘g';teer Bit 7 6 5 4 3 2 1 Bit 0

0x0004 R 0 0 0 0 0 0 0 0
Reserved W

0x0005 R 0 0 0 0 0 0 0 0
Reserved W

0x0006 R 0 0 0 0 0 0 0 0
Reserved W

0x0007 R 0 0 0 0 0 0 0 0
Reserved W

0x0008 R PE1 PEO
PORTE W PE7 PE6 PE5 PE4 PE3 PE2

0x0009 R 0 0

DDRE DDRE7 DDRE6 DDRE5 DDRE4 DDRE3 DDRE2

W

Ox000A R

0x000B W

Non-PIM Non-PIM Address Range

Address

Range

0x000C R 0 0 0 0

PUCR W BKPUE PUPEE PUPBE PUPAE
0x000D R 0 0 0 0 0

RDRIV W RDPE RDPB RDPA
0x000E- R

0x001B W

Non-PIM Non-PIM Address Range

Address

Range

0x001C R

ECLKCTL W NECLK NCLKX2 DIV16 EDIV4 EDIV3 EDIV2 EDIV1 EDIVO
0x001D R 0 0 0 0 0 0 0 0
Reserved W

Ox001E R IROE IROEN 0 0 0 0 0 0

IRQCR W

O0x001F R 0 0 0 0 0 0 0 0
Reserved W

I:I = Unimplemented or Reserved
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Name

0x0020—
0x023F
Non-PIM
Address
Range

0x0240
PTT

0x0241
PTIT

0x0242
DDRT

0x0243
RDRT

0x0244
PERT

0x0245
PPST

0x0246
Reserved

0x0247
PTTRR

0x0248
PTS

0x0249
PTIS

0x024A
DDRS

0x024B
RDRS

0x024C
PERS

0x024D
PPSS

S

1 S 313 £ 31 £33 £33 S 313 £ 3y £ 38 £Ex1m Ex;m=TxWm =TI =T

=

Py

Port Integration Module (S12PPIMV1)

Bit 7 6 5 4 3 2 1 Bit 0
Non-PIM Address Range
PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTIT1 PTITO
DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRT1 RDRTO
PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO
PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
0 0 0 0 0 0 0 0
0 0 0 0 0
PTTRR5 PTTRR4 PTTRRO
0 0 0 0
PTS3 PTS2 PTS1 PTSO
0 0 0 0 PTIS3 PTIS2 PTIS1 PTISO
0 0 0 0
DDRS3 DDRS2 DDRS1 DDRSO
0 0 0 0
RDRS3 RDRS2 RDRS1 RDRSO0
0 0 0 0
PERS3 PERS2 PERS1 PERSO
0 0 0 0
PPSS3 PPSS2 PPSS1 PPSSO

I:I = Unimplemented or Reserved
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R,‘f‘g';teer Bit 7 5 4 3 2 1 Bit 0
0x024E R 0 0 0
WOMS WOMS3 WOMS2 WOMS1 WOMSO0
0x024F R 0 0 0 0 0 0 0
Reserved W
0x0250 R 0
PTM W PTM5 PTM4 PTM3 PTM2 PTM1 PTMO
0x0251 R 0 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
PTIM
0x0252 R 0
DDRM DDRM5 DDRM4 DDRM3 DDRM2 DDRM1 DDRMO
0x0253 R 0
RDRM RDRM5 RDRM4 RDRM3 RDRM2 RDRM1 RDRMO
0x0254 R 0
PERM PERM5 PERM4 PERM3 PERM2 PERM1 PERMO
0x0255 R 0
PPSM PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSMO
0x0256 R 0
WOMM WOMM5 WOMM4 WOMM3 WOMM2 WOMM1 WOMMO
0x0257 R 0 0 0 0 0 0 0
Reserved W
0x0258 R
PTP W PTP7 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
0x0259 R PTIP7 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
PTIP W
0x025A R
DDRP DDRP7 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
0x025B R
RDRP RDRP7 RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
0x025C R
PERP PERP7 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
0x025D R
PPSP PPSP7 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSPO
= Unimplemented or Reserved
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0x025E
PIEP

0x025F
PIFP

0x0260
Reserved

0x0261
Reserved

0x0262
Reserved

0x0263
Reserved

0x0264
Reserved

0x0265
Reserved

0x0266
Reserved

0x0267
Reserved

0x0268
PTJ

0x0269
PTIJ

0x026A
DDRJ

0x026B
RDRJ

0x026C
PERJ

T £ 31m £33 £ x1m =38 £33 £1m =E®m £x1m =MW =M =W =3 =D

S

Ry

Port Integration Module (S12PPIMV1)

Bit 7 6 5 4 3 2 1 Bit 0
0
PIEP7 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
0
PIFP7 PIFP5 PIFP4 PIFP3 PIFP2 PIFP1 PIFPO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0
PTJ7 PTJ6 PTJ2 PTJ1 PTJO
PTIJ7 PTIJ6 0 0 0 PTIJ2 PTIJ1 PTIJO
0 0 0
DDRJ7 DDRJ6 DDRJ2 DDRJ1 DDRJO
0 0 0
RDRJ7 RDRJ6 RDRJ2 RDRJ1 RDRJO
0 0 0
PERJ7 PERJ6 PERJ2 PERJ1 PERJO

I:I = Unimplemented or Reserved
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R,‘f‘g';teer Bit 7 6 5 4 3 2 1 Bit 0
0x026D R 0 0 0
PPSJ PPSJ7 PPSJ6 PPSJ2 PPSJ1 PPSJO
0x026E R 0 0 0
PIEJ W PIEJ7 PIEJ6 PIEJ2 PIEJ1 PIEJO
0x026F R 0 0 0
PIFJ W PIFJ7 PIFJ6 PIFJ2 PIFJ1 PIFJO
0x0270 R 0 0 0 0 0 0
PTOAD PTOAD1 PTOADO
0x0271 R
PTIAD PT1AD7 PT1AD6 PT1AD5 PT1AD4 PT1AD3 PT1AD2 PT1AD1 PT1ADO
0x0272 R 0 0 0 0 0 0
DDROAD DDROAD1 | DDROADO
0x0273 R
DDRIAD DDR1AD7 | DDR1AD6 | DDR1AD5 | DDR1AD4 | DDR1AD3 | DDR1AD2 | DDR1AD1 | DDR1ADO
0x0274 R 0 0 0 0 0 0
RDROAD RDROAD1 | RDROADO
0x0275 R
RDRIAD RDR1AD7 | RDR1AD6 | RDR1AD5 | RDR1AD4 | RDR1AD3 | RDR1AD2 | RDR1AD1 | RDR1ADO
0x0276 R 0 0 0 0 0 0
PEROAD y, PEROAD1 | PEROADO
0x0277 R
PERIAD PER1AD7 | PER1AD6 | PER1AD5 | PER1AD4 | PER1AD3 | PER1AD2 | PER1AD1 | PER1ADO
0x0278 R 0 0 0 0 0 0 0 0
Reserved W
0x0279 R 0 0 0 0 0 0 0 0
Reserved W
0x027A R 0 0 0 0 0 0 0 0
Reserved W
0x027B R 0 0 0 0 0 0 0 0
Reserved W
I:I = Unimplemented or Reserved
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Register
Name

0x027C
Reserved

0x027D
Reserved

0x027E
Reserved

0x027F
Reserved

2.3.2

S 31 =31 =3

By

w

Port Integration Module (S12PPIMV1)

Bit 7 5 4 3 2 1 Bit O
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Register Descriptions

The following table summarizes the effect of the various configuration bits, i.e. data direction (DDR),
output level (10), reduced drive (RDR), pull enable (PE), pull select (PS) on the pin function and pull

device activity.

The configuration bit PSis used for two purposes.
1. Configure the sensitive interrupt edge (rising or falling), if interrupt is enabled.
2. Select either a pull-up or pull-down deviceif PE is active.
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2. Applicable only on Port P and J.

NOTE
All register bitsin this module are completely synchronous to internal
clocks during aregister read.

NOTE

Figure of port data registers also display the alternative functions if
applicable on the related pin as defined in Table 2-1. Names in brackets

denote the availability of the function when using a specific routing option.

NOTE

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

S12P-Family Reference Manual, Rev. 1.14

k agration Module (S12PPIMV1)
Table 2-3. Pin Configuration Summary
DDR 10 RDR PE ps® IE@ Function Pull Device Interrupt
0 X X 0 X 0 Input Disabled Disabled
0 X X 1 0 0 Input Pull Up Disabled
0 X X 1 1 0 Input Pull Down Disabled
0 X X 0 0 1 Input Disabled Falling edge
0 X X 0 1 1 Input Disabled Rising edge
0 X X 1 0 1 Input Pull Up Falling edge
0 X X 1 1 1 Input Pull Down Rising edge
1 0 0 X X 0 Output, full drive to 0 Disabled Disabled
1 1 0 X X 0 Output, full drive to 1 Disabled Disabled
1 0 1 X X 0 Output, reduced drive to 0 Disabled Disabled
1 1 1 X X 0 Output, reduced drive to 1 Disabled Disabled
1 0 0 X 0 1 Output, full drive to O Disabled Falling edge
1 1 0 X 1 1 Output, full drive to 1 Disabled Rising edge
1 0 1 X 0 1 Output, reduced drive to 0 Disabled Falling edge
1 1 1 X 1 1 Output, reduced drive to 1 Disabled Rising edge
I Always "0" on Port A, B, E, and AD.
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2.3.3

Port A Data Register (PORTA)

Address 0x0000

Port Integration Module (S12PPIMV1)

Access: User read/write(?)

7 6 5 4 3 2 1 0
R
PA7 PAG PAS5 PA4 PA3 PA2 PAl PAO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-1. Port A Data Register (PORTA)
1. Read: Anytime. The data source is depending on the data direction value.

Write: Anytime

Table 2-4. PORTA Register Field Descriptions

Field Description

7-0 Port A general purpose input/output data—Data Register

PA 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 buffered
pin input state is read.

2.3.4 Port B Data Register (PORTB)

Address 0x0001 Access: User read/write(!)

7 6 5 4 3 2 1 0
R
PB7 PB6 PBS PB4 PB3 PB2 PB1 PBO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-2. Port B Data Register (PORTB)
1. Read: Anytime. The data source is depending on the data direction value.

Write: Anytime

Table 2-5. PORTB Register Field Descriptions

Field Description
7-0 Port B general purpose input/output data—Data Register
PB 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 buffered
pin input state is read.
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2.3.5 Port A Data Direction Register (DDRA)

Address 0x0002

Access: User read/write(?)

7 6 5 4 3 2 1 0
R
DDRA7 DDRAG6 DDRA5S DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-3. Port A Data Direction Register (DDRA)
1. Read: Anytime

Write: Anytime

Table 2-6. DDRA Register Field Descriptions

Field Description

7-0 Port A Data Direction—

DDRA | 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
2.3.6 Port B Data Direction Register (DDRB)

Address 0x0003

Access: User read/write(?)

7 6 5 4 3 2 1 0
R
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-4. Port B Data Direction Register (DDRB)
1. Read: Anytime

Write: Anytime

Table 2-7. DDRB Register Field Descriptions

Field Description

7-0 Port B Data Direction—
DDRB | This bit determines whether the associated pin is an input or output.

1 Associated pin is configured as output
0 Assaciated pin is configured as input
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2.3.7

Address 0x0004 to 0x0007

Port Integration Module (S12PPIMV1)

PIM Reserved Register

Access: User read®

6 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-5. PIM Reserved Register

1. Read: Always reads 0x00
Write: Unimplemented

2.3.8

Address 0x0008

Port E Data Register (PORTE)

Access: User read/write®)

7 6 5 4 3 2 1 0

R PE1 PEO

PE7 PE6 PES PE4 PE3 PE2
W
Altern. I _
Function ECLKX2 — — ECLK — — IRQ XIRQ
Reset 0 0 0 0 0 0 —@ 2
= Unimplemented or Reserved

Figure 2-6. Port E Data Register (PORTE)

1. Read: Anytime. The data source is depending on the data direction value.
Write: Anytime
2. These registers are reset to zero. Two bus clock cycles after reset release the register values are updated with the associated

pin values.
Table 2-8. PORTE Register Field Descriptions
Field Description
7 Port E general purpose input/output data—Data Register, ECLKX2 output
PE When not used with the alternative function, the associated pin can be used as general purpose 1/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 buffered
pin input state is read.
» The ECLKX2 output function takes precedence over the general purpose 1/O function if enabled.
6-5, 3-2 | Port E general purpose input/output data—Data Register
PE 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 buffered
pin input state is read.
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Table 2-8. PORTE Register Field Descriptions (continued)
Field Description

4 Port E general purpose input/output data—Data Register, ECLK output

PE 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 buffered
pin input state is read.
» The ECLK output function takes precedence over the general purpose 1/O function if enabled.

1 Port E general purpose input data and interrupt—Data Register, IRQ input.

PE This pin can be used as general purpose and IRQ input.

0 Port E general purpose input data and interrupt—Data Register, XIRQ input.

PE This pin can be used as general purpose and XIRQ input.

2.3.9 Port E Data Direction Register (DDRE)
Address 0x0009 Access: User read/write(®)
7 6 5 4 3 2 1
R 0 0
DDRE7Y DDRE6 DDRES5 DDRE4 DDRE3 DDRE?2
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-7. Port E Data Direction Register (DDRE)

1. Read: Anytime
Write: Anytime

Table 2-9. DDRE Register Field Descriptions

Field Description
7-2 Port E Data Direction—
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
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2.3.10 Ports A, B, E, BKGD pin Pull-up Control Register (PUCR)

Address 0x000C Access: User read/write(®)
6 5 4 3 2 1 0
R 0 0 0 0
BKPUE PUPEE PUPBE PUPAE
w
Reset 0 1 0 1 0 0 0 0
= Unimplemented or Reserved

Figure 2-8. Ports ABEK, BKGD pin Pull-up Control Register (PUCR)
1. Read:Anytime in single-chip modes.
Write:Anytime, except BKPUE which is writable in Special Single-Chip Mode only.

Table 2-10. PUCR Register Field Descriptions

Field Description

6 BKGD pin pull-up Enable—Enable pull-up device on pin
BKPUE | This bit configures whether a pull-up device is activated, if the pin is used as input. If a pin is used as output this bit
has no effect.

1 Pull-up device enabled
0 Pull-up device disabled

4 Port E Pull-up Enable—Enable pull-up devices on all port input pins except pins 5 and 6
PUPEE | This bit configures whether a pull-up device is activated on all associated port input pins. If a pin is used as output
this bit has no effect.
Pins 5 and 6 have pull-down devices enabled only during reset. This bit has no effect on these pins.

1 Pull-up device enabled
0 Pull-up device disabled

1 Port B Pull-up Enable—Enable pull-up devices on all port input pins
PUPBE | This bit configures whether a pull-up device is activated on all associated port input pins. If a pin is used as output
this bit has no effect.

1 Pull-up device enabled
0 Pull-up device disabled

0 Port A Pull-up Enable—Enable pull-up devices on all port input pins
PUPAE | This bit configures whether a pull-up device is activated on all associated port input pins. If a pin is used as output
this bit has no effect.

1 Pull-up device enabled
0 Pull-up device disabled
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2.3.11 Ports A, B, E Reduced Drive Register (RDRIV)
Address 0x000D Access: User read/write()
6 5 4 3 2 1 0
R 0 0 0 0 0
RDPE RDPB RDPA
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-9. Ports ABEK Reduced Drive Register (RDRIV)

1. Read: Anytime
Write: Anytime

Table 2-11. RDRIV Register Field Descriptions

Field Description
4 Port E reduced drive—Select reduced drive for output port
RDPE | This bit configures the drive strength of all associated port output pins as either full or reduced. If a pin is used as
input this bit has no effect. The reduced drive function is independent of which function is being used on a particular
pin.
1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
1 Port B reduced drive—Select reduced drive for output port
RDPE | This bit configures the drive strength of all associated port output pins as either full or reduced. If a pin is used as
input this bit has no effect. The reduced drive function is independent of which function is being used on a particular
pin.
1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
0 Port A reduced drive—Select reduced drive for output port
RDPA | This bit configures the drive strength of all associated port output pins as either full or reduced. If a pin is used as

input this bit has no effect. The reduced drive function is independent of which function is being used on a particular
pin.

1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
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A
2.3.12 ECLK Control Register (ECLKCTL)
Address 0x001C Access: User read/write®
7 6 5 4 3 2 1 0
R
NECLK NCLKX2 DIV16 EDIV4 EDIV3 EDIV2 EDIV1 EDIVO
wW
Mode
Reset: Depen- 1 0 0 0 0 0 0
dent
ial
.Spema. 0 1 0 0 0 0 0 0
single-chip
Normal 1 1 0 0 0 0 0 0
single-chip

= Unimplemented or Reserved

Figure 2-10. ECLK Control Register (ECLKCTL)

1. Read: Anytime
Write: Anytime

Table 2-12. ECLKCTL Register Field Descriptions

Field

Description

NECLK

No ECLK—Disable ECLK output
This bit controls the availability of a free-running clock on the ECLK pin. This clock has a fixed rate of equivalent to
the internal bus clock.

1 ECLK disabled
0 ECLK enabled

6
NCLKX2

No ECLKX2—Disable ECLKX2 output
This bit controls the availability of a free-running clock on the ECLKX2 pin. This clock has a fixed rate of twice the
internal bus clock.

1 ECLKX2 disabled
0 ECLKX2 enabled

DIV16

Free-running ECLK pre-divider—Divide by 16
This bit enables a divide-by-16 stage on the selected EDIV rate.

1 Divider enabled: ECLK rate = EDIV rate divided by 16
0 Divider disabled: ECLK rate = EDIV rate

4-0
EDIV

Free-running ECLK Divider—Configure ECLK rate
These bits determine the rate of the free-running clock on the ECLK pin.

00000 ECLK rate = bus clock rate

00001 ECLK rate = bus clock rate divided by 2
00010 ECLK rate = bus clock rate divided by 3,...
11111 ECLK rate = bus clock rate divided by 32

2.3.13

PIM Reserved Register

S12P-Family Reference Manual, Rev. 1.14

Freescale Semiconductor 69




'

k agration Module (S12PPIMV1)

Address 0x001D

Access: User read®

R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-11. PIM Reserved Register
1. Read: Always reads 0x00
Write: Unimplemented

2.3.14 IRQ Control Register (IRQCR)

Address 0x001E

Access: User read/write(?)

7 6 1
R 0 0 0 0 0 0
IRQE IRQEN
W
Reset 0 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-12. IRQ Control Register (IRQCR)
1. Read: See individual bit descriptions below.
Write: See individual bit descriptions below.

Table 2-13. IRQCR Register Field Descriptions

Field Description

7 IRQ select edge sensitive only—
IRQE Special mode: Read or write anytime.
Normal mode: Read anytime, write once.

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

1 IRQ pin configured to respond only to falling edges. Falling edges on the IRQ pin will be detected anytime IRQE=1

6 IRQ enable—
IRQEN | Read or write anytime.

1 IRQ pin is connected to interrupt logic
0 IRQ pin is disconnected from interrupt logic

2.3.15 PIM Reserved Register

Thisregister isreserved for factory testing of the PIM module and is not available in normal operation.

Writing to this register when in special modes can ater the pin functionality.
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Address 0x001F Access: User read®
6 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-13. PIM Reserved Register
1. Read: Always reads 0x00

Write: Unimplemented

2.3.16 Port T Data Register (PTT)

Address 0x0240 Access: User read/write(?)
7 6 5 4 3 2 1 0
R
PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
w
Altern. 10C7 10C6 10C5 10C4 10C3 10C2 I0C1 I0CO
Function
— — (PWM5) (PWM4) — — — (PWMO)
— — API_EXTCLK — — — — —

Reset 0 0 0 0 0 0 0 0

Figure 2-14. Port T Data Register (PTT)
1. Read: Anytime. The data source is depending on the data direction value.

Write: Anytime
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Table 2-14. PTT Register Field Descriptions
Field Description
7-6,3-1 |Port T general purpose input/output data—Data Register, TIM output
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 buffered
pin input state is read.
» The TIM output function takes precedence over the general purpose I/O function if the related channel is enabled.
5 Port T general purpose input/output data—Data Register, TIM output, routed PWM output, API_EXTCLK output
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 buffered
pin input state is read.
» The TIM output function takes precedence over the routed PWM, API_EXTCLK function and the general purpose
1/O function if the related channel is enabled.
» The routed PWM function takes precedence over API_EXTCLK and the general purpose I/O function if the related
channel is enabled.
» The API_EXTCLK takes precedence over the general purpose I/O function if enabled.
4,0 Port T general purpose input/output data—Data Register, TIM output, routed PWM output
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 buffered
pin input state is read.
» The TIM output function takes precedence over the routed PWM and the general purpose I/O function if the
related channel is enabled.
» The routed PWM function takes precedence over the general purpose /O function if the related channel is
enabled.
2.3.17 Port T Input Register (PTIT)
Address 0x0241 Access: User read®
7 6 5 4 3 2 1 0
R PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTIT1 PTITO
w
Reset u u u u u u u u
= Unimplemented or Reserved u = Unaffected by reset

Figure 2-15. Port T Input Register (PTIT)

1. Read: Anytime
Write:Never, writes to this register have no effect.
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Table 2-15. PTIT Register Field Descriptions
Field Description
7-0 Port T input data—
PTIT A read always returns the buffered input state of the associated pin. It can be used to detect overload or short circuit
conditions on output pins.
2.3.18 Port T Data Direction Register (DDRT)
Address 0x0242 Access: User read/write()
7 6 5 4 3 2 1 0
R
DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-16. Port T Data Direction Register (DDRT)

1. Read: Anytime
Write: Anytime

Table 2-16. DDRT Register Field Descriptions

Field

Description

7-6, 3-1
DDRT

Port T data direction—

This bit determines whether the pin is an input or output.

The TIM forces the 1/O state to be an output for a timer port associated with an enabled output compare. In this case
the data direction bit will not change.

1 Associated pin is configured as output
0 Associated pin is configured as input

DDRT

Port T data direction—

This bit determines whether the pin is an input or output.

The TIM forces the 1/O state to be an output for a timer port associated with an enabled output compare. Else the
routed PWM forces the I/O state to be an output for an enabled channel. Else the API_EXTCLK forces the 1/O state
to be an output if enabled. In these cases the data direction bit will not change.

1 Associated pin is configured as output
0 Associated pin is configured as input

4,0
DDRT

Port T data direction—

This bit determines whether the pin is an input or output.

The TIM forces the /O state to be an output for a timer port associated with an enabled output compare. Else the
routed PWM forces the 1/O state to be an output for an enabled channel. In these cases the data direction bit will not
change.

1 Associated pin is configured as output
0 Associated pin is configured as input
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2.3.19 Port T Reduced Drive Register (RDRT)
Address 0x0243 Access: User read/write(®)
7 6 5 4 3 2 1 0
R
RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRT1 RDRTO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-17. Port T Reduced Drive Register (RDRT)

1. Read: Anytime
Write: Anytime

Table 2-17. RDRT Register Field Descriptions

Field Description
7-0 Port T reduced drive—Select reduced drive for output pin
RDRT | This bit configures the drive strength of the associated output pin as either full or reduced. If a pin is used as input
this bit has no effect. The reduced drive function is independent of which function is being used on a particular pin.
1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
2.3.20 Port T Pull Device Enable Register (PERT)
Address 0x0244 Access: User read/write(®)
7 6 5 4 3 2 1 0
R
PERT7 PERT6 PERTS5 PERT4 PERT3 PERT2 PERT1 PERTO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-18. Port T Pull Device Enable Register (PERT)

1. Read: Anytime
Write: Anytime

Table 2-18. PERT Register Field Descriptions

Field Description
7-0 Port T pull device enable—Enable pull device on input pin
PERT | This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has

no effect. The polarity is selected by the related polarity select register bit.

1 Pull device enabled
0 Pull device disabled

S12P-Family Reference Manual, Rev. 1.14

74

Freescale Semiconductor




y
A

2.3.21

Port T Polarity Select Register (PPST)

Address 0x0245

7

Port Integration Module (S12PPIMV1)

1

Access: User read/write(?)

0

R
PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-19. Port T Polarity Select Register (PPST)
1. Read: Anytime
Write: Anytime

Table 2-19. PPST Register Field Descriptions

Field Description

7-0 Port T pull device select—Configure pull device polarity on input pin
PPST | This bit selects a pull-up or a pull-down device if enabled on the associated port input pin.

1 A pull-down device is selected
0 A pull-up device is selected

2.3.22 PIM Reserved Register
Address 0x0246 Access: User read®
6 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-20. PIM Reserved Register
1. Read: Always reads 0x00
Write: Unimplemented
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2.3.23 Port T Routing Register (PTTRR)
Address 0x0247 Access: User read®
6 5 4 1 0
R 0 0 0 0 0
PTTRR5 PTTRR4 PTTRRO
W
Routing
Option — — PWM5 PWM4 — — — PWMO
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-21. Port T Routing Register (PTTRR)

1. Read: Anytime
Write: Anytime

Thisregister configures the re-routing of PWM channels on alternative pinson Port T.

Table 2-20. Port T Routing Register Field Descriptions

Field Description
5 Port T data direction—
PTTRR | This register controls the routing of PWM channel 5.
1 PWMS5 routed to PT5
0 PWMS5 routed to PP5
4 Port T data direction—
PTTRR | This register controls the routing of PWM channel 4.
1 PWM4 routed to PT4
0 PWM4 routed to PP4
0 Port T data direction—
PTTRR | This register controls the routing of PWM channel 0.

1 PWMO routed to PTO
0 PWMO routed to PPO
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2.3.24 Port S Data Register (PTS)
Address 0x0248 Access: User read/write(*)
6 5 4 3 2 1 0
R 0 0 0 0
PTS3 PTS2 PTS1 PTSO
w
Altern.| — — — — — TXD RXD
Function
Reset 0 0 0 0 0 0 0 0

Figure 2-22. Port S Data Register (PTS)

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

Table 2-21. PTS Register Field Descriptions

Field

Description

3-2
PTS

Port S general purpose input/output data—Data Register
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 buffered

pin input state is read.

PTS

Port S general purpose input/output data—Data Register, SCI TXD output
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 buffered

pin input state is read.

» The SCI function takes precedence over the general purpose 1/O function if enabled.

PTS

Port S general purpose input/output data—Data Register, SCI RXD input

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 buffered

pin input state is read.

» The SCI function takes precedence over the general purpose 1/O function if enabled.

2.3.25

Address 0x0249

Port S Input Register (PTIS)

Access: User read®

7 6 5 4 3 2 1 0

Reset

0 0 PTIS3 PTIS2 PTIS1 PTISO

u u u u u u u u

u = Unaffected by reset

= Unimplemented or Reserved

Figure 2-23. Port S Input Register (PTIS)
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1. Read: Anytime
Write:Never, writes to this register have no effect.

Table 2-22. PTIS Register Field Descriptions

Field Description
3-0 Port S input data—
PTIS A read always returns the buffered input state of the associated pin. It can be used to detect overload or short circuit
conditions on output pins.
2.3.26 Port S Data Direction Register (DDRS)
Address 0x024A Access: User read/write()
6 5 4 3 2 1 0
R 0 0 0 0
DDRS3 DDRS2 DDRS1 DDRSO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-24. Port S Data Direction Register (DDRS)

1. Read: Anytime
Write: Anytime

Table 2-23. DDRS Register Field Descriptions

Field Description
3-2 Port S data direction—

DDRS | 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

1 Port S data direction—

DDRS | This bit determines whether the associated pin is an input or output.
Depending on the configuration of the enabled SCI the 1/O state will be forced to be input or output. In this case the
data direction bit will not change.

1 Associated pin is configured as output
0 Associated pin is configured as input
0 Port S data direction—
DDRS | This bit determines whether the associated pin is an input or output.

Depending on the configuration of the enabled SCI the 1/O state will be forced to be input or output. In this case the
data direction bit will not change.

1 Associated pin is configured as output
0 Associated pin is configured as input
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2.3.27 Port S Reduced Drive Register (RDRS)
Address 0x024B Access: User read/write(®)
6 5 4 3 2 1 0
R 0 0 0 0
RDRS3 RDRS2 RDRS1 RDRSO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-25. Port S Reduced Drive Register (RDRS)

1. Read: Anytime
Write: Anytime

Table 2-24. RDRS Register Field Descriptions

Field Description
3-0 Port S reduced drive—Select reduced drive for output pin
RDRS | This bit configures the drive strength of the associated output pin as either full or reduced. If a pin is used as input
this bit has no effect. The reduced drive function is independent of which function is being used on a particular pin.
1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
2.3.28 Port S Pull Device Enable Register (PERS)
Address 0x024C Access: User read/write(®)
6 5 4 3 2 1 0
R 0 0 0 0
PERS3 PERS2 PERS1 PERSO
w
Reset 0 0 0 0 1 1 1 1

Figure 2-26. Port S Pull Device Enable Register (PERS)

1. Read: Anytime
Write: Anytime

Table 2-25. PERS Register Field Descriptions

Field Description
3-0 Port S pull device enable—Enable pull device on input pin or wired-or output pin
PERS | This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has

only effect if used in wired-or mode. The polarity is selected by the related polarity select register bit.

1 Pull device enabled
0 Pull device disabled

S12P-Family Reference Manual, Rev. 1.14

Freescale Semiconductor

79




-
4

{ agration Module (S12PPIMV1)
2.3.29 Port S Polarity Select Register (PPSS)
Address 0x024D Access: User read/write(®)
6 3 2 1 0
R 0 0 0 0
PPSS3 PPSS2 PPSS1 PPSSO
W
Reset 0 0 0 0 0 0 0 0

1. Read: Anytime
Write: Anytime

Figure 2-27. Port S Polarity Select Register (PPSS)

Table 2-26. PPSS Register Field Descriptions

Field Description
3-0 Port S pull device select—Configure pull device polarity on input pin
PPSS [ This hit selects a pull-up or a pull-down device if enabled on the associated port input pin.

1 A pull-down device is selected
0 A pull-up device is selected

2.3.30 Port S Wired-Or Mode Register (WOMS)

Address 0x024E

Access: User read/write(?)

6 3 2 1 0
R 0 0 0 0
WOMS3 WOMS2 WOMS1 WOMSO0
W
Reset 0 0 0 0 0 0 0 0

Figure 2-28. Port S Wired-Or Mode Register (WOMS)

1. Read: Anytime
Write: Anytime

Table 2-27. WOMS Register Field Descriptions

Field Description
3-0 Port S wired-or mode—Enable open-drain functionality on output pin
WOMS | This bit configures an output pin as wired-or (open-drain) or push-pull. In wired-or mode a logic “0” is driven active

low while a logic “1” remains undriven. This allows a multipoint connection of several serial modules. The bit has no
influence on pins used as input.

1 Output buffer operates as open-drain output.
0 Output buffer operates as push-pull output.
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2.3.31 PIM Reserved Register

Address 0x024F

Access: User read®

R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected by reset

Figure 2-29. PIM Reserved Register
1. Read: Always reads 0x00
Write: Unimplemented

2.3.32 Port M Data Register (PTM)
Address 0x0250 Access: User read/write®)
6 5 4 3 2 1 0
R 0 0
PTM5 PTM4 PTM3 PTM2 PTM1 PTMO
W
Altern. SCK MOSI 55 MISO TXCAN RXCAN
Function - -
Reset 0 0 0 0 0 0 0 0

Figure 2-30. Port M Data Register (PTM)
1. Read: Anytime. The data source is depending on the data direction value.

Write: Anytime

Table 2-28. PTM Register Field Descriptions

Field

Description

PTM

Port M general purpose input/output data—Data Register, SPI SCK input/output

When not used with the alternative function, the associated pin can be used as general purpose 1/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 buffered

pin input state is read.

» The SPI function takes precedence over the general purpose I/O function if enabled.

PTM

Port M general purpose input/output data—Data Register, SPI MOSI input/output

When not used with the alternative function, the associated pin can be used as general purpose 1/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 buffered

pin input state is read.

» The SPI function takes precedence over the general purpose I/O function if enabled.
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Table 2-28. PTM Register Field Descriptions (continued)

Field Description
3 Port M general purpose input/output data—Data Register, SPI SS input/output
PTM 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 buffered
pin input state is read.
» The SPI function takes precedence over the general purpose I/O function if enabled.
2 Port M general purpose input/output data—Data Register, SPI MISO input/output
PTM 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 buffered
pin input state is read.
» The SPI function takes precedence over the general purpose I/O function if enabled.
1 Port M general purpose input/output data—Data Register, CAN TXCAN output
PTM 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 buffered
pin input state is read.
« The CAN function takes precedence over the general purpose 1/O function if enabled.
0 Port M general purpose input/output data—Data Register, CAN RXCAN input
PTM 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 buffered
pin input state is read.

» The CAN function takes precedence over the general purpose 1/O function if enabled.

2.3.33 Port M Input Register (PTIM)

Address 0x0251 Access: User read®
6 5 4 3 2 1 0
R 0 0 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
w
Reset u u u u u u u u
= Unimplemented or Reserved u = Unaffected by reset

Figure 2-31. Port M Input Register (PTIM)

1. Read: Anytime
Write:Never, writes to this register have no effect.
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Table 2-29. PTIM Register Field Descriptions

Field Description
5-0 Port M input data—
PTIM A read always returns the buffered input state of the associated pin. It can be used to detect overload or short circuit

conditions on output pins.

2.3.34 Port M Data Direction Register (DDRM)

Address 0x0252 Access: User readiwrite(?)
6 5 4 3 2 1 0
R 0 0
DDRM5 DDRM4 DDRM3 DDRM2 DDRM1 DDRMO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-32. Port M Data Direction Register (DDRM)

1. Read: Anytime
Write: Anytime

Table 2-30. DDRM Register Field Descriptions

Field

Description

DDRM

Port M data direction—

This bit determines whether the associated 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. In this case the
data direction bit will not change.

1 Associated pin is configured as output
0 Associated pin is configured as input

DDRM

Port M data direction—

This bit determines whether the associated 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. In this case the
data direction bit will not change.

1 Associated pin is configured as output
0 Associated pin is configured as input

DDRM

Port M data direction—

This bit determines whether the associated 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. In this case the
data direction bit will not change.

1 Associated pin is configured as output
0 Associated pin is configured as input
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Table 2-30. DDRM Register Field Descriptions (continued)

Field Description
2 Port M data direction—
DDRM | This bit determines whether the associated 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. In this case the
data direction bit will not change.
1 Associated pin is configured as output
0 Associated pin is configured as input
1 Port M data direction—
DDRM | This bit determines whether the associated pin is an input or output.
The enabled CAN forces the 1/O state to be an output. In this case the data direction bit will not change.
1 Associated pin is configured as output
0 Associated pin is configured as input
0 Port M data direction—
DDRM | This bit determines whether the associated pin is an input or output.
The enabled CAN forces the 1/O state to be an input. In this case the data direction bit will not change.
1 Associated pin is configured as output
0 Associated pin is configured as input
2.3.35 Port M Reduced Drive Register (RDRM)
Address 0x0253 Access: User read/write()
6 5 4 3 2 1 0
R 0 0
RDRM5 RDRM4 RDRM3 RDRM2 RDRM1 RDRMO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-33. Port M Reduced Drive Register (RDRM)

1. Read: Anytime
Write: Anytime

Table 2-31. RDRM Register Field Descriptions

Field Description
5-0 Port M reduced drive—Select reduced drive for output pin
RDRM | This bit configures the drive strength of the associated output pin as either full or reduced. If a pin is used as input

this bit has no effect. The reduced drive function is independent of which function is being used on a particular pin.

1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
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2.3.36 Port M Pull Device Enable Register (PERM)
Address 0x0254 Access: User read/write(®)
6 5 4 3 2 1 0
R 0 0
PERMS PERM4 PERM3 PERM2 PERM1 PERMO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-34. Port M Pull Device Enable Register (PERM)

1. Read: Anytime
Write: Anytime

Table 2-32. PERM Register Field Descriptions

Field Description
5-0 Port M pull device enable—Enable pull device on input pin or wired-or output pin
PERM | This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has
only effect if used in wired-or mode. The polarity is selected by the related polarity select register bit.
1 Pull device enabled
0 Pull device disabled
2.3.37 Port M Polarity Select Register (PPSM)
Address 0x0255 Access: User read/write(®)
6 5 4 3 2 1 0
R 0 0
PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSMO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-35. Port M Polarity Select Register (PPSM)

1. Read: Anytime
Write: Anytime

Table 2-33. PPSM Register Field Descriptions

Field Description
5-0 Port M pull device select—Configure pull device polarity on input pin
PPSM | This bit selects a pull-up or a pull-down device if enabled on the associated port input pin.

If CAN is active the selection of a pull-down device on the RXCAN input will have no effect.

1 A pull-down device is selected
0 A pull-up device is selected
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2.3.38 Port M Wired-Or Mode Register (WOMM)

Address 0x0256 Access: User read/write(?)
6 5 4 3 2 1 0
R 0 0
WOMM5 WOMM4 WOMM3 WOMM2 WOMM1 WOMMO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-36. Port M Wired-Or Mode Register (WOMM)
1. Read: Anytime
Write: Anytime

Table 2-34. WOMM Register Field Descriptions

Field Description

5-0 Port M wired-or mode—Enable open-drain functionality on output pin
WOMM | This bit configures an output pin as wired-or (open-drain) or push-pull. In wired-or mode a logic “0” is driven active
low while a logic “1” remains undriven. This allows a multipoint connection of several serial modules. The bit has no
influence on pins used as input.

1 Output buffer operates as open-drain output.
0 Output buffer operates as push-pull output.

2.3.39 PIM Reserved Register

Address 0x0257 Access: User read®
6 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected by reset

Figure 2-37. PIM Reserved Register
1. Read: Always reads 0x00
Write: Unimplemented
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2.3.40 Port P Data Register (PTP)
Address 0x0258 Access: User read/write(?)
7 6 5 4 3 2 1 0
R 0
PTP7 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
W
Altern.
. — — PWM5 PWM4 PWM3 PWM2 PWM1 PWMO
Function
Reset 0 0 0 0 0 0 0 0

Figure 2-38. Port P Data Register (PTP)

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

Table 2-35. PTP Register Field Descriptions

Field

Description

PTP

Port P general purpose input/output data—Data Register, pin interrupt input/output

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 buffered

pin input state is read.

 Pin interrupts can be generated if enabled in input or output mode.

PTP

Port P general purpose input/output data—Data Register, PWM input/output, pin interrupt input/output

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 buffered
pin input state is read.

« The PWM function takes precedence over the general purpose I/O function if the related channel or the
emergency shut-down feature is enabled.
* Pin interrupts can be generated if enabled in input or output mode.

4-0
PTP

Port P general purpose input/output data—Data Register, PWM output, pin interrupt input/output

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 buffered
pin input state is read.

» The PWM function takes precedence over the general purpose I/O function if the related channel is enabled.
 Pin interrupts can be generated if enabled in input or output mode.
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2.3.41 Port P Input Register (PTIP)

Address 0x0259

Access: User read®

7 6 5 4 3 2 1 0
R PTIP7 0 PTIPS PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
w
Reset u u u u u u u u
= Unimplemented or Reserved u = Unaffected by reset

Figure 2-39. Port P Input Register (PTIP)

1. Read: Anytime
Write:Never, writes to this register have no effect.

Table 2-36. PTIP Register Field Descriptions

Field Description
7,5-0 Port P input data—
PTIP A read always returns the buffered input state of the associated pin. It can be used to detect overload or short circuit
conditions on output pins.
2.3.42 Port P Data Direction Register (DDRP)

Address 0x025A

Access: User read/write(?)

7 6 5 4 3 2 1 0
R 0
DDRP7 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-40. Port P Data Direction Register (DDRP)

1. Read: Anytime
Write: Anytime

Table 2-37. DDRP Register Field Descriptions

Field Description
7 Port P data direction—
DDRP | 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
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Table 2-37. DDRP Register Field Descriptions (continued)
Field Description
5 Port P data direction—
DDRP | This bit determines whether the associated pin is an input or output.
The PWM forces the /O state to be an output for an enabled channel. If the emergency shut-down feature is enabled
this pin is an input. In this case the data direction bit will not change.
1 Associated pin is configured as output
0 Associated pin is configured as input
4-0 Port P data direction—
DDRP | This bit determines whether the associated pin is an input or output.

The PWM forces the I/O state to be an output for an enabled channel. In this case the data direction bit will not
change.

1 Associated pin is configured as output
0 Associated pin is configured as input

2.3.43 Port P Reduced Drive Register (RDRP)

Address 0x025B Access: User read/write(!)
7 6 5 4 3 2 1 0
R 0
RDRP7 RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-41. Port P Reduced Drive Register (RDRP)

1. Read: Anytime
Write: Anytime

Table 2-38. RDRP Register Field Descriptions

Field Description
7,5-0 Port P reduced drive—Select reduced drive for output pin
RDRP | This bit configures the drive strength of the associated output pin as either full or reduced. If a pin is used as input

this bit has no effect. The reduced drive function is independent of which function is being used on a particular pin.

1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
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2.3.44 Port P Pull Device Enable Register (PERP)

Address 0x025C

Access: User read/write(?)

7 6 5 4 3 2 1 0
R 0
PERP7 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-42. Port P Pull Device Enable Register (PERP)
1. Read: Anytime
Write: Anytime

Table 2-39. PERP Register Field Descriptions

Field Description
7,5-0 Port P pull device enable—Enable pull device on input pin
PERP | This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has
no effect. The polarity is selected by the related polarity select register bit.
1 Pull device enabled
0 Pull device disabled
2.3.45 Port P Polarity Select Register (PPSP)

Address 0x025D

Access: User read/write(?)

7 6 5 4 3 2 1 0
R 0
PPSP7 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSPO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-43. Port P Polarity Select Register (PPSP)

1. Read: Anytime
Write: Anytime

Table 2-40. PPSP Register Field Descriptions

Field Description
7,5-0 Port P pull device select—Configure pull device and pin interrupt edge polarity on input pin
PPSP | This bit selects a pull-up or a pull-down device if enabled on the associated port input pin.

This bit also selects the polarity of the active pin interrupt edge.

1 A pull-down device is selected; rising edge selected
0 A pull-up device is selected; falling edge selected
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2.3.46 Port P Interrupt Enable Register (PIEP)
Address OX025E Access: User read/write(®)
7 6 5 4 3 2 1 0
R 0
PIEP7 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-44. Port P Interrupt Enable Register (PIEP)
1. Read: Anytime
Write: Anytime

Table 2-41. PIEP Register Field Descriptions

Field Description

7,5-0 Port P interrupt enable—
PIEP This bit enables or disables on the edge sensitive pin interrupt on the associated pin.

1 Interrupt is enabled
0 Interrupt is disabled (interrupt flag masked)

2.3.47 Port P Interrupt Flag Register (PIFP)

Address 0x025F Access: User read/write(?)

7 5 4 3 2 1 0
R
PIFP7 PIFP5 PIFP4 PIFP3 PIFP2 PIFP1 PIFPO
W
Reset 0 0 0 0 0 0 0

Figure 2-45. Port P Interrupt Flag Register (PIFP)
1. Read: Anytime
Write: Anytime

Table 2-42. PIFP Register Field Descriptions

Field Description

7,5-0 Port P interrupt flag—
PIFP The flag bit is set after an active edge was applied to the associated input pin. This can be a rising or a falling edge

based on the state of the polarity select register.
Writing a logic “1” to the corresponding bit field clears the flag.

1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set)
0 No active edge occurred
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2.3.48 PIM Reserved Registers

Address 0x0260-0x267

Access: User read®

R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved u = Unaffected by reset

Figure 2-46. PIM Reserved Registers
1. Read: Always reads 0x00

Write: Unimplemented

2.3.49 Port J Data Register (PTJ)

Address 0x0268

Access: User read/write®)

7 6 5 4 3 2 1 0
R 0 0 0
PTJ7 PTJ6 PTJ2 PTJ1 PTJO
w
Reset 0 0 0 0 0 0 0 0
Figure 2-47. Port J Data Register (PTJ)
1. Read: Anytime. The data source is depending on the data direction value.
Write: Anytime
Table 2-43. PTJ Register Field Descriptions
Field Description
7-6,2-0 |Port J general purpose input/output data—Data Register, pin interrupt input/output
PTJ 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.

pin input state is read.

 Pin interrupts can be generated if enabled in input or output mode.

If the associated data direction bit is set to 1, a read returns the value of the port register bit, otherwise the buffered
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2.3.50

Port J Input Register (PTIJ)

Address 0x0269

7

Port Integration Module (S12PPIMV1)

Access: User read®

0

R PTIJ7 PTIJ6 0 0 0 PTIJ2 PTIJ1 PTIJO
w
Reset u u u u u u u u
= Unimplemented or Reserved u = Unaffected by reset

Figure 2-48. Port J Input Register (PTIJ)

1. Read: Anytime
Write:Never, writes to this register have no effect.

Table 2-44. PTIJ Register Field Descriptions

Field Description
7-6,2-0 |PortJinput data—
PTIJ A read always returns the buffered input state of the associated pin. It can be used to detect overload or short circuit
conditions on output pins.
2.3.51 Port J Data Direction Register (DDRJ)

Address 0x026A

Access: User read/write(?)

7 6 5 4 3 2 1 0
R 0 0 0
DDRJ7 DDRJ6 DDRJ2 DDRJ1 DDRJO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-49. Port J Data Direction Register (DDRJ)

1. Read: Anytime
Write: Anytime

Table 2-45. DDRJ Register Field Descriptions

Field Description
7-6,2-0 |Port J data direction—
DDRJ 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
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2.3.52 Port J Reduced Drive Register (RDRJ)
Address 0x026B Access: User read/write(®)
7 6 5 4 3 2 1 0
R 0 0 0
RDRJ7 RDRJ6 RDRJ2 RDRJ1 RDRJO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-50. Port J Reduced Drive Register (RDRJ)

1. Read: Anytime
Write: Anytime

Table 2-46. RDRJ Register Field Descriptions

Field Description
7-6,2-0 |Port J reduced drive—Select reduced drive for output pin
RDRJ This bit configures the drive strength of the associated output pin as either full or reduced. If a pin is used as input
this bit has no effect. The reduced drive function is independent of which function is being used on a particular pin.
1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
2.3.53 Port J Pull Device Enable Register (PERJ)
Address 0x026C Access: User read/write(®)
7 6 5 4 3 2 1 0
R 0 0 0
PERJ7 PERJ6 PERJ2 PERJ1 PERJO
w
Reset 1 1 0 0 0 1 1 1

Figure 2-51. Port J Pull Device Enable Register (PERJ)

1. Read: Anytime
Write: Anytime

Table 2-47. PERJ Register Field Descriptions

Field Description
7-6,2-0 |Port J pull device enable—Enable pull device on input pin
PERJ This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has

no effect. The polarity is selected by the related polarity select register bit.

1 Pull device enabled
0 Pull device disabled
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2.3.54 Port J Polarity Select Register (PPSJ)
Address 0x026D Access: User read/write(®)
7 6 5 4 3 2 1 0
R 0 0 0
PPSJ7 PPSJ6 PPSJ2 PPSJ1 PPSJO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-52. Port J Polarity Select Register (PPSJ)

1. Read: Anytime
Write: Anytime

Table 2-48. PPSJ Register Field Descriptions

Field Description
7-6, 2-0 |Port J pull device select—Configure pull device and pin interrupt edge polarity on input pin
PPSJ This bit selects a pull-up or a pull-down device if enabled on the associated port input pin.
This bit also selects the polarity of the active pin interrupt edge.
1 A pull-down device is selected,; rising edge selected
0 A pull-up device is selected; falling edge selected
2.3.55 Port J Interrupt Enable Register (PIEJ)

Address 0x026E

Access: User read/write(?)

7 6 5 4 3 2 1 0
R 0 0 0
PIEJ7 PIEJ6 PIEJ2 PIEJ1 PIEJO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-53. Port J Interrupt Enable Register (PIEJ)

1. Read: Anytime
Write: Anytime

Table 2-49. PIEJ Register Field Descriptions

Field Description
7-6,2-0 |Port J interrupt enable—
PIEJ This bit enables or disables on the edge sensitive pin interrupt on the associated pin.

1 Interrupt is enabled
0 Interrupt is disabled (interrupt flag masked)
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2.3.56 Port J Interrupt Flag Register (PIFJ)

Address Ox026F Access: User read/write(?)
7 6 5 4 3 2 1 0
R 0 0 0
PIFJ7 PIFJ6 PIFJ2 PIFJ1 PIFJO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-54. Port J Interrupt Flag Register (PIFJ)
1. Read: Anytime
Write: Anytime

Table 2-50. PIFJ Register Field Descriptions

Field Description

7-6,2-0 |Port J interrupt flag—
PIFJ The flag bit is set after an active edge was applied to the associated input pin. This can be a rising or a falling edge

based on the state of the polarity select register.
Writing a logic “1” to the corresponding bit field clears the flag.

1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set)
0 No active edge occurred

2.3.57 Port AD Data Register (PTOAD)

Address 0x0270 Access: User read/write?)
6 5 4 3 2 1 0
R 0 0 0 0 0 0
PTOAD1 PTOADO
W
Altern. — _ _ _ — — AN ANS

Function

Reset 0 0 0 0 0 0 0 0

Figure 2-55. Port AD Data Register (PTOAD)
1. Read: Anytime. The data source is depending on the data direction value.
Write: Anytime

Table 2-51. PTOAD Register Field Descriptions

Field Description

1-0 Port AD general purpose input/output data—Data Register, ATD AN analog input
PTOAD |When not used with the alternative function, the associated pin can be used as general purpose 1/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 buffered

pin input state is read.
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2.3.58

Address 0x0271

Port Integration Module (S12PPIMV1)
Port AD Data Register (PT1AD)

Access: User read/write(?)

7 6 5 4 3 2 1 0
R
PT1AD7 PT1AD6 PT1AD5 PT1AD4 PT1AD3 PT1AD2 PT1AD1 PT1ADO
W
Altern.| N7 ANG AN5 AN4 AN3 AN2 AN1 ANO
Function
Reset 0 0 0 0 0 0 0 0

Figure 2-56. Port AD Data Register (PT1AD)
1. Read: Anytime. The data source is depending on the data direction value.

Write: Anytime

Table 2-52. PT1AD Register Field Descriptions

Field Description
7-0 Port AD general purpose input/output data—Data Register, ATD AN analog input
PT1AD |When not used with the alternative function, the associated pin can be used as general purpose 1/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 buffered
pin input state is read.
2.3.59 Port AD Data Direction Register (DDROAD)

Address 0x0272

Access: User read/write(?)

1

0

R 0 0 0 0 0 0
DDROAD1 DDROADO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-57. Port AD Data Direction Register (DDROAD)

1. Read: Anytime
Write: Anytime

Table 2-53. DDROAD Register Field Descriptions

Field Description

1-0 Port AD data direction—
DDROAD | 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

To use the digital input function the ATD Digital Input Enable Register (ATDDIEN) has to be set to logic level “1”.
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2.3.60 Port AD Data Direction Register (DDR1AD)

Address 0x0273

Access: User read/write(?)

7 6 5 4 3 2 1 0
R
DDR1AD7 DDR1AD6 DDR1ADS DDR1AD4 DDR1AD3 DDR1AD2 DDR1AD1 DDR1ADO
W
Reset 0 0 0 0 0 0 0 0

1. Read: Anytime
Write: Anytime

Figure 2-58. Port AD Data Direction Register (DDR1AD)

Table 2-54. DDR1AD Register Field Descriptions

Field Description
7-0 Port AD data direction—
DDR1AD | This bit determines whether the associated pin is an input or output.
To use the digital input function the ATD Digital Input Enable Register (ATDDIEN) has to be set to logic level “1”.
1 Associated pin is configured as output
0 Associated pin is configured as input
2.3.61 Port AD Reduced Drive Register (RDROAD)

Address 0x0274

Access: User read/write(?)

1

0

R 0 0 0 0 0 0
RDROAD1 RDROADO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-59. Port AD Reduced Drive Register (RDROAD)

1. Read: Anytime
Write: Anytime

Table 2-55. RDROAD Register Field Descriptions

Field Description
1-0 Port AD reduced drive—Select reduced drive for output pin
RDROAD | This bit configures the drive strength of the associated output pin as either full or reduced. If a pin is used as input

this bit has no effect. The reduced drive function is independent of which function is being used on a particular pin.

1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
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2.3.62

Address 0x0275

Port Integration Module (S12PPIMV1)

Port AD Reduced Drive Register (RDR1AD)

Access: User read/write(?)

7 6 5 4 3 2 1 0
R
RDR1AD7 RDR1ADG6 RDR1ADS RDR1AD4 RDR1AD3 RDR1AD2 RDR1AD1 RDR1ADO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-60. Port AD Reduced Drive Register (RDR1AD)

1. Read: Anytime
Write: Anytime

Table 2-56. RDR1AD Register Field Descriptions

Field Description
7-0 Port AD reduced drive—Select reduced drive for output pin
RDR1AD | This bit configures the drive strength of the associated output pin as either full or reduced. If a pin is used as input
this bit has no effect. The reduced drive function is independent of which function is being used on a particular pin.
1 Reduced drive selected (approx. 1/5 of the full drive strength)
0 Full drive strength enabled
2.3.63 Port AD Pull Up Enable Register (PEROAD)

Address 0x0276

Access: User read/write(?)

6 5 1 0
R 0 0 0 0 0 0
PEROAD1 PEROADO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-61. Port AD Pull Up Enable Register (PEROAD)

1. Read: Anytime
Write: Anytime

Table 2-57. PEROAD Register Field Descriptions

Field Description
1-0 Port AD pull-up enable—Enable pull-up device on input pin
PEROAD | This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has

no effect.

1 Pull device enabled
0 Pull device disabled
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2.3.64 Port AD Pull Up Enable Register (PER1AD)

Address 0x0277 Access: User read/write(?)

7 6 5 4 3 2 1 0
R
PER1AD7 PER1ADG6 PER1ADS PER1AD4 PER1AD3 PER1AD2 PER1AD1 PER1ADO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-62. Port AD Pull Up Enable Register (PER1AD)
1. Read: Anytime

Write: Anytime

Table 2-58. PER1AD Register Field Descriptions

Field Description
7-0 Port AD pull-up enable—Enable pull-up device on input pin
PER1AD | This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has
no effect.
1 Pull device enabled
0 Pull device disabled
2.3.65 PIM Reserved Registers

Address 0x0278-0x27F Access: User read®

6 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected by reset

Figure 2-63. PIM Reserved Registers
1. Read: Always reads 0x00
Write: Unimplemented

2.4  Functional Description

24.1

Each pin except PEO, PE1, and BKGD can act as general purpose I/0. In addition each pin can act as an
output or input of a peripheral module.

General

2.4.2

A set of configuration registersis common to all ports with exception of the ATD port (Table 2-59). All
registers can be written at any time, however a specific configuration might not become active.

Registers
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For example selecting a pull-up device: This device does not become active while the port isused asa
push-pull output.

Table 2-59. Register availability per port®

Port Data Input _Datg Redl_Jced Pull Polarity Wired- | Interrupt | Interrupt Routing
Direction Drive Enable Select | Or Mode | Enable Flag

A yes - yes yes yes
B yes - yes
E yes - yes
T yes yes yes yes yes yes - - - yes
S yes yes yes yes yes yes yes
M yes yes yes yes yes yes yes - - yes
P yes yes yes yes yes yes - yes yes
J yes yes yes yes yes yes - yes yes

AD yes - yes yes yes

T Each cellrepresents one register with individual configurafion DItS

2.4.2.1 Data register (PORTX, PTx)
This register holds the value driven out to the pin if the pin is used as a general purpose I/O.

Writing to this register has only an effect on the pin if the pin is used as general purpose output. When
reading this address, the buffered state of the pin is returned if the associated data direction register bit is
setto“0”.

If the data direction register bitsare set to logic level “1”, the contents of the dataregister isreturned. This
isindependent of any other configuration (Figure 2-64).

2.4.2.2 Input register (PTIx)
Thisregister isread-only and always returns the buffered state of the pin (Figure 2-64).

2.4.2.3 Data direction register (DDRX)
Thisregister defines whether the pin is used as an general purpose input or an output.
If a peripheral module controls the pin the contents of the data direction register isignored (Figure 2-64).

Independent of the pin usage with a peripheral module this register determines the source of data when
reading the associated data register address (2.4.2.1/2-101).
NOTE

Dueto internal synchronization circuits, it can take up to 2 bus clock cycles
until the correct valueis read on port data or port input registers, when
changing the data direction register.
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PTI

o _‘ N PIN

DDR 0

data out

Module output enable

module enable

Figure 2-64. lllustration of I/O pin functionality

24.2.4 Reduced drive register (RDRXx)

If the pinisused asan output thisregister allowsthe configuration of the drive strength independent of the |
use with a peripheral module.

2.4.2.5 Pull device enable register (PERX)

This register turns on a pull-up or pull-down device on the related pins determined by the associated
polarity select register (2.4.2.6/2-102).

The pull device becomes active only if the pinisused as an input or as awired-or output. Some peripheral
module only allow certain configurations of pull devicesto become active. Refer to the respective bit
descriptions.

2.4.2.6 Polarity select register (PPSx)
Thisregister selects either a pull-up or pull-down device if enabled.

It becomes only active if the pinisused asaninput. A pull-up device can be activated if the pinisused as
awired-or output.

2.4.2.7 Wired-or mode register (WOMx)

If the pin is used as an output this register turns off the active high drive. This allows wired-or type
connections of outputs.
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2.4.2.8 Interrupt enable register (PIEX)

If the pin is used as an interrupt input this register serves as a mask to the interrupt flag to enable/disable
the interrupt.

2.4.2.9 Interrupt flag register (PIFx)

If the pin is used as an interrupt input this register holds the interrupt flag after avalid pin event.

2.4.2.10 Module routing register (PTTRR)

Thisregister alows software re-configuration of the pinouts of the different package options for specific
peripherals:

* PTTRR supports the re-routing of the PWM channels to alternative ports

2.4.3 Pins and Ports

NOTE
Please refer to the device pinout section to determine the pin availability in

the different package options.
2.4.3.1 BKGD pin
The BKGD pin is associated with the BDM module.
During reset, the BKGD pinis used as MODC input.

2.4.3.2 Port A, B
Port A pins PA[7:0] and Port B pins PB[7:0] can be used for general purpose 1/0.

2.4.3.3 Port E

Port E is associated with the free-running clock outputs ECLK, ECLK X2 and interrupt inputs IRQ and
XIRQ.

Port E pins PE[6:5,3:2] can be used for either general purpose 1/0 or with the alternative functions.

Port E pin PE[7] an be used for either general purpose I/0 or as the free-running clock ECLK X2 output
running at the core clock rate.

Port E pin PE[4] an be used for either general purpose I/0 or as the free-running clock ECLK output
running at the bus clock rate or at the programmed divided clock rate.

Port E pin PE[1] can be used for either general purposeinput or asthe level- or falling edge-sensitive IRQ
interrupt input. TIRQ will be enabled by setting the IRQEN configuration bit (2.3.14/2-70) and clearing the
I-bit in the CPU condition coderegister. It isinhibited at reset so thispinisinitially configured asasimple
input with a pull-up.
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Port E pin PE[0] can be used for either general purposeinput or asthelevel-sensitive XIRQ interrupt input.
XI1RQ can be enabled by clearing the X-bit in the CPU condition code register. It isinhibited at reset so
thispinisinitially configured as a high-impedance input with a pull-up.

2434 Port T

This port is associated with TIM and PWM.

Port T pins PT[5:4,0] can be used for either genera purpose I/O, or with the routed PWM or with the
channels of the standard Timer subsystem.

Port T pins PT[7:6,3:1] can be used for either general purpose 1/0O, or with the channels of the standard
Timer subsystem.

2435 Port S

This port is associated with SCI.

Port S pins PS[1:0] can be used either for general purpose 1/0, or with the SCI subsystem.

Port S pins PS[3:2] can be used for general purpose I/O.

2.4.3.6 Port M

This port is associated with CAN and SPI.

Port M pins PM[1:0] can be used for either general purpose 1/0, or with the CAN subsystem.
Port M pins PM[5:2] can be used for general purpose I/0, or with the SPI subsystem.

2.4.3.7 Port P

This port is associated with the PWM.

Port P pins PP[7,5:0] can be used for either general purpose I/O with pin interrupt capability, or with the
PWM subsystem.

2.4.3.8 Port J

Port J pins PJ[7:6,2:0] can be used for general purpose I/0O with pin-interrupt capability.

2.4.3.9 Port AD
This port is associated with the ATD.
Port AD pins PAD[9:0] can be used for either general purpose I/O, or with the ATD subsystem.
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24.4

Ports P and Joffer pininterrupt capability. Theinterrupt enable aswell asthe sensitivity to rising or falling
edges can be individually configured on per-pin basis. All bits/pinsin a port share the same interrupt

Pin interrupts

Port Integration Module (S12PPIMV1)

vector. Interrupts can be used with the pins configured as inputs or outputs.

Aninterrupt is generated when a bit in the port interrupt flag register and its corresponding port interrupt
enable bit are both set. The pininterrupt feature is also capable to wake up the CPU when it isin STOP or

WAIT mode.

A digital filter on each pin prevents pulses (Figure 2-66) shorter than a specified time from generating an
interrupt. The minimum time varies over process conditions, temperature and voltage (Figure 2-65 and

Table 2-60).

Glitch, filtered out, no interrupt flag set

Valid pulse, interrupt flag set

I A

| tpign
D SE—
I< tpval

|

I

I

I

I

uncertain |
I

i

I

-

Figure 2-65. Interrupt Glitch Filter on Port P and J (PPS=0)

Table 2-60. Pulse Detection Criteria

Mode
Pulse STOP stop@®
Unit
Ignored touise <3 | bus clocks toulse < tpign
Uncertain 3 <tpuse <4 | bus clocks toign < touise < tpval
Valid touise 24 | bus clocks toulse = Tpval

1. These values Include the spread oT if

voltage and process.

€ osclllator frequency over temperaiure,
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Figure 2-66. Pulse lllustration

A valid edge on an input is detected if 4 consecutive samples of a passive level are followed by 4
consecutive samples of an active level directly or indirectly.

Thefilters are continuously clocked by the bus clock in RUN and WAIT mode. In STOP mode the clock
is generated by an RC-oscillator in the Port Integration Module. To maximize current saving the RC
oscillator runs only if the following condition is true on any pin individualy:

Sample count <=4 and interrupt enabled (PIE=1) and interrupt flag not set (PIF=0).

2.5 Initialization Information

2.5.1 Port Data and Data Direction Register writes

It is not recommended to write PORTx/PTx and DDRx in aword access. When changing the register pins
from inputs to outputs, the data may have extratransitions during the write access. Initialize the port data
register before enabling the outputs.
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Chapter 3

Memory Map Control (S12PMMCV1)

Table 3-1. Revision History Table

Table 3-2.
Rev. No. Date Sections .
(ltem No.) | (Submitted By) |  Affected Substantial Change(s)
01.03 10.JAN.2008 General Minor Changes
01.04 13.JAN.2010 Figure 3-2 Added reserved registers
01.05 22.APR.2010 General Removed references to the MMCCTL1 register

3.1 Introduction

The S12PMMC module controls the access to all internal memories and peripherals for the CPU12 and
S12SBDM module. It regulates access priorities and determines the address mapping of the on-chip
ressources. Figure 3-1 shows a block diagram of the SI2PMMC module.

3.1.1 Glossary

Table 3-3. Glossary Of Terms

Term

Definition

Local Addresses

Address within the CPU12’s Local Address Map (Figure 3-10)

Global Addresse

Address within the Global Address Map (Figure 3-10)

Aligned Bus Access

Bus access to an even address.

Misaligned Bus Access

Bus access to an odd address.

NS

Normal Single-Chip Mode

SS

Special Single-Chip Mode

Unimplemented Address Ranges

Address ranges which are not mapped to any on-chip ressource.

P-Flash Program Flash

D-Plash Data Flash

NVM Non-volatile Memory; P-Flash or D-Flash

IFR NVM Information Row. Refer to FTMRC Block Guide
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3.1.2 Overview

The S12PMMC connects the CPU12’s and the S12SBDM’s bus interfaces to the MCU’s on-chip
ressources (memories and peripherals). It arbitrates the bus accesses and detemines all of the MCU’s
memory maps. Furthermore, the SI2PMMC is responsible for constraining memory accesses on secured
devices and for selecting the MCU’s functional mode.

3.1.3 Features

The main features of this block are:

» Paging capability to support a global 256 KByte memory address space

* Bus arbitration between the masters CPU12, S12SBDM to different resources.
* MCU operation mode control

*  MCU security control

» Separate memory map schemes for each master CPU12, S12SBDM

* Generation of system reset when CPU12 accesses an unimplemented address (i.e., an address
which does not belong to any of the on-chip modules) in single-chip modes

3.1.4 Modes of Operation

The S12PMMC selects the MCU’s functional mode. It also determines the devices behavior in secured and
unsecured state.

3.14.1 Functional Modes

Two funtional modes are implementes on devices of the S12I product family:

* Normal Single Chip (NS)
The mode used for running applications.

» Special Single Chip Mode (SS)
A debug mode which causes the device to enter BDM Active Mode after each reset. Peripherals
may also provide special debug features in this mode.

3.1.4.2 Security

S12I devives can be secured to prohibit external access to the on-chip P-Flash. The SI2PMMC module
determines the access permissions to the on-chip memories in secured and unsecured state.

3.15 Block Diagram
Figure 3-1 shows a block diagram of the SI2PMMC.
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ﬁ BDM CPU
MMC * *
Address Decoder & Priority gy DBG
Target Bus Controller 4—'

1
v v v v

D-Flash P-Flash RAM Peripherals

Figure 3-1. S12PMMC Block Diagram

3.2  External Signal Description

The SI2PMMC uses two external pins to determine the devices operating mode: RESET and MODC
(Table 3-4) See Device User Guide (DUG) for the mapping of these signals to device pins.

Table 3-4. External System Pins Associated With S12PMMC

Pin Name Pin Functions Description

RESET RESET - , .
(See DUG) The RESET pin is used the select the MCU’s operating mode.

MODC MODC The MODC pin is captured at the rising edge of the RESET pin. The captured
(See DUG) value determines the MCU's operating mode.

3.3 Memory Map and Registers
3.3.1 Module Memory Map

A summary of the registers associated with the SI2PMMC block is shown in Figure 3-2. Detailed
descriptions of the registers and bits are given in the subsections that follow.
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Address ~ Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x000A Reserved R 0 0 0 0 0 0 0 0
w
0x000B MODE R 0 0 0 0 0 0 0
MODC
w
0x0010 Reserved R 0 0 0 0 0 0 0 0
w
0x0011 DIRECT R
W DP15 DP14 DP13 DP12 DP11 DP10 DP9 DP8
0x0012 Reserved R 0 0 0 0 0 0 0 0
w
0x0013 Reserved R 0 0 0 0 0 0 0 0
w
0x0014 Reserved R 0 0 0 0 0 0 0 0
w
0x0015 PPAGE R 0 0 0 0
PIX3 PIX2 PIX1 PIX0
w
I:I = Unimplemented or Reserved
Figure 3-2. MMC Register Summary
3.3.2 Register Descriptions
This section consists of the SI2PMMC control register descriptions in address order.
3.3.2.1 Mode Register (MODE)
Address: 0x000B
7 6 5 4 3 2
R 0 0 0 0 0 0 0
MODC
W
Reset MODC! 0 0 0 0 0 0 0

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

= Unimplemented or Reserved

Figure 3-3. Mode Register (MODE)
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Read: Anytime.
Write: Only if a transition is allowed (see Figure 3-4).

The MODC bit of the MODE register is used to select the MCU’s operating mode.
Table 3-5. MODE Field Descriptions

Field Description

7 Mode Select Bit — This bit controls the current operating mode during RESET high (inactive). The external
MODC mode pin MODC determines the operating mode during RESET low (active). The state of the pin is registered
into the respective register bit after the RESET signal goes inactive (see Figure 3-4).

Write restrictions exist to disallow transitions between certain modes. Figure 3-4 illustrates all allowed mode
changes. Attempting non authorized transitions will not change the MODE bit, but it will block further writes to
the register bit except in special modes.

Write accesses to the MODE register are blocked when the device is secured.

Normal Special

Single-Chip Single-Chip
(NS) (SS)
1 0

Figure 3-4. Mode Transition Diagram when MCU is Unsecured

3.3.2.2 Direct Page Register (DIRECT)

Address: 0x0011

7 6 5 4 3 2 1 0
R
DP15 DP14 DP13 DP12 DP11 DP10 DP9 DP8
w
Reset 0 0 0 0 0 0 0 0

Figure 3-5. Direct Register (DIRECT)
Read: Anytime

Write: anytime in special SS, writr-one in NS.

This register determines the position of the 256 Byte direct page within the memory map.It is valid for both
global and local mapping scheme.
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Table 3-6. DIRECT Field Descriptions
Field Description
7-0 Direct Page Index Bits 15-8 — These bits are used by the CPU when performing accesses using the direct

DP[15:8] |addressing mode. These register bits form bits [15:8] of the local address (see Figure 3-6).

Bitls5fp — — — — — — o Bit8 |Bit7 f — — — — A Bit0
< ~~ - - 7
S>> DP [15:8] & -

- e
~ e
~ e

A CPU Address [15:0] 4
Figure 3-6. DIRECT Address Mapping

Example 3-1. This example demonstrates usage of the Direct Addressing Mode

MOVB #$80, DIRECT ;Set DIRECT register to 0x80. Write once only.
;Global data accesses to the range 0xXX_80XX can be direct.
;Logical data accesses to the range 0x80XX are direct.

LDY <$00 ;Load the Y index register from 0x8000 (direct access).
;< operator forces direct access on some assemblers but in
;many cases assemblers are “direct page aware” and can
;automatically select direct mode.

3.3.2.3 Program Page Index Register (PPAGE)

Address: 0x0030

6 3 2 1 0
R 0 0 0 0
PIX3 PIX2 PIX1 PIX0
w
Reset 0 0 0 0 1 1 1 0

Figure 3-7. Program Page Index Register (PPAGE)

Read: Anytime

Write: Anytime

These four index bits are used to map 16KB blocks into the Flash page window located in the local (CPU
or BDM) memory map from address 0x8000 to address 0xBFFF (see Figure 3-8). This supports accessing
up to 256 KB of Flash (in the Global map) within the 64KB Local map. The PPAGE index register is
effectively used to construct paged Flash addresses in the Local map format. The CPU has special access
to read and write this register directly during execution of CALL and RTC instructions.
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> Global Address [17:0] - _

- - -~
_ - =~ < —_
— - =~
Bitl7}--------maea - Bitl4 | Bitl3 === === === mmmmm i m Bit0
\ / N\ 7/
\ / AN Ve
\ / N 7
_ X\ ¥
PPAGE Register [3:0] Address [13:0]

Address: CPU Local Address
or BDM Local Address

Figure 3-8. PPAGE Address Mapping

NOTE

Writes to this register using the special access of the CALL and RTC
instructions will be complete before the end of the instruction execution.

Table 3-7. PPAGE Field Descriptions

Field Description

3-0 Program Page Index Bits 3—-0 — These page index bits are used to select which of the 256 P-Flash or ROM

PIX[3:0] array pages is to be accessed in the Program Page Window.

The fixed 16KB page from 0x0000 to 0x3FFF is the page number 0x0C. Parts of this page are covered by
Registers, D-Flash and RAM space. See SoC Guide for details.

The fixed 16KB page from 0x4000—-0x7FFF is the page number 0x0D.

The reset value of 0xOE ensures that there is linear Flash space available between addresses 0x0000 and
OxFFFF out of reset.

The fixed 16KB page from 0xC000-0xFFFF is the page number 0xOF.

3.4  Functional Description

The S12PMMC block performs several basic functions of the S12I sub-system operation: MCU operation
modes, priority control, address mapping, select signal generation and access limitations for the system.
Each aspect is described in the following subsections.

3.4.1 MCU Operating Modes

* Normal single chip mode
This is the operation mode for running application codeThere is no external bus in this mode.
» Special single chip mode
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This mode is generally used for debugging operation, boot-strapping or security related
operations. The active background debug mode is in control of the CPU code execution and the
BDM firmware is waiting for serial commands sent through the BKGD pin.

3.4.2 Memory Map Scheme

3.4.2.1 CPU and BDM Memory Map Scheme

The BDM firmware lookup tables and BDM register memory locations share addresses with other
modules; however they are not visible in the memory map during user’s code execution. The BDM
memory resources are enabled only during the READ_BD and WRITE_BD access cycles to distinguish
between accesses to the BDM memory area and accesses to the other modules. (Refer to BDM Block
Guide for further details).

When the MCU enters active BDM mode, the BDM firmware lookup tables and the BDM registers
become visible in the local memory map in the range 0xFF00-0xFFFF (global address 0x3_FF0O0 -
0x3_FFFF) and the CPU begins execution of firmware commands or the BDM begins execution of
hardware commands. The resources which share memory space with the BDM module will not be visible
in the memory map during active BDM mode.

Please note that after the MCU enters active BDM mode the BDM firmware lookup tables and the BDM
registers will also be visible between addresses 0xBF00 and OxBFFF if the PPAGE register contains value
of 0xOF.

34211 Expansion of the Local Address Map

Expansion of the CPU Local Address Map

The program page index register in SI2PMMC allows accessing up to 256KB of P-Flash in the global
memory map by using the four index bits (PPAGE[3:0]) to page 16x16 KB blocks into the program page
window located from address 0x8000 to address OxBFFF in the local CPU memory map.

The page value for the program page window is stored in the PPAGE register. The value of the PPAGE
register can be read or written by normal memory accesses as well as by the CALL and RTC instructions
(see Section 3.6.1, “CALL and RTC Instructions).

Control registers, vector space and parts of the on-chip memories are located in unpaged portions of the
64KB local CPU address space.

The starting address of an interrupt service routine must be located in unpaged memory unless the user is
certain that the PPAGE register will be set to the appropriate value when the service routine is called.
However an interrupt service routine can call other routines that are in paged memory. The upper 16KB
block of the local CPU memory space (0xCO00—0xFFFF) is unpaged. It is recommended that all reset and
interrupt vectors point to locations in this area or to the other unmapped pages sections of the local CPU
memory map.
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Expansion of the BDM Local Address Map

PPAGE and BDMPPR register is also used for the expansion of the BDM local address to the global
address. These registers can be read and written by the BDM.

The BDM expansion scheme is the same as the CPU expansion scheme.

The four BDMPPR Program Page index bits allow access to the full 256KB address map that can be
accessed with 18 address bits.

The BDM program page index register (BDMPPR) is used only when the feature is enabled in BDM and,
in the case the CPU is executing a firmware command which uses CPU instructions, or by a BDM
hardware commands. See the BDM Block Guide for further details. (see Figure 3-9).

BDM HARDWARE COMMAND

> Global Address [17:0] - _

—_ =~
— - ~ -
Bitl7}f---------mmmma-d Bitld [ Bitl3 === --mmmm e e e e - Bit0
\ / N\ 7/

\ / AN 7/
\ / N e
. A\ ¥

BDMPPR Register [3:0] BDM Local Address [13:0]

BDM FIRMWARE COMMAND

> Global Address [17:0] - _

- -~

_— - -~ ~ -
- - -~ -~
Bitl7f--------mmmemm oy Bitld | Bitl3}------secmmcmmaa BitO
\ VRN e

\ / N Ve
\ / AN 7
_ N\

BDMPPR Register [3:0] CPU Local Address [13:0]

Figure 3-9. BDMPPR Address Mapping
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Figure 3-10. Local to Global Address Mapping
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3.5 Implemented Memory in the System Memory Architecture

Each memory can be implemented in its maximum allowed size. But some devices have been defined for
smaller sizes, which means less implemented pages. All non implemented pages are called unimplemented
areas.

» Registers has a fixed size of 1KB, accessible via xbus0.

*  SRAM has a maximum size of 11KB, accessible via xbus0.

» D-Flash has a fixed size of 4KB accessible via xbus0.

* P-Flash has a maximum size of 224KB, accessible via xbus0.

*  NVM resources (IFR) including D-Flash have maximum size of 16KB (PPAGE 0x01).

3.5.0.1 Implemented Memory Map

The global memory spaces reserved for the internal resources (RAM, D-Flash, and P-Flash) are not
determined by the MMC module. Size of the individual internal resources are however fixed in the design
of the device cannot be changed by the user. Please refer to the SoC Guide for further details. Figure 3-11
and Table 3-8 show the memory spaces occupied by the on-chip resources. Please note that the memory
spaces have fixed top addresses.

Table 3-8. Global Implemented Memory Space

Internal Resource Bottom Address Top Address
Registers 0x0_0000 0x0_O03FF
System RAM RAM_LOW = 0x0_3FFF
0x0_4000 minus RAMSIZE®
D-Flash 0x0_4400 0x0_53FF
P-Flash PF_LOW = 0x3_FFFF
0x4_0000 minus FLASHSIZE®

1. RAMSIZE Is the hexadecimal value of RAM SIZE In byies
2. FLASHSIZE is the hexadecimal value of FLASH SIZE in bytes

In single-chip modes accesses by the CPU12 (except for firmware commands) to any of the
unimplemented areas (see Figure 3-11) will result in an illegal access reset (system reset). BDM accesses
to the unimplemented areas are allowed but the data will be undefined.

No misaligned word access from the BDM module will occur; these accesses are blocked in the BDM
module (Refer to BDM Block Guide).
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CPU and BDM Global Memory Map
Local Memory Map
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Figure 3-11. Implemented Global Address Mapping
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3.5.1 Chip Bus Control

The SI2PMMC controls the address buses and the data buses that interface the bus masters (CPU12,
S12SBDM) with the rest of the system (master buses). In addition the MMC handles all CPU read data
bus swapping operations. All internal resources are connected to specific target buses (see Figure 3-12).

DBG CPU BDM

T * 4 S12X0 S12X1 1
v

MMC “Crossbar Switch”

f...
'

[ T N

IPBI
P-Flash D-Flash resoUrces SRAM Peripherals

Figure 3-12. S12I platform

35.11 Master Bus Prioritization regarding Access Conflicts on Target Buses
The arbitration scheme allows only one master to be connected to a target at any given time. The following
rules apply when prioritizing accesses from different masters to the same target bus:

« CPUI2 always has priority over BDM.

BDM has priority over CPU12 when its access is stalled for more than 128 cycles. In the later case

the CPU will be stalled after finishing the current operation and the BDM will gain access to the
bus.

3.5.2 Interrupts

The MMC does not generate any interrupts.
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3.6 Initialization/Application Information

3.6.1 CALL and RTC Instructions

CALL and RTC instructions are uninterruptable CPU instructions that automate page switching in the
program page window. The CALL instruction is similar to the JSR instruction, but the subroutine that is
called can be located anywhere in the local address space or in any Flash or ROM page visible through the
program page window. The CALL instruction calculates and stacks a return address, stacks the current
PPAGE value and writes a new instruction-supplied value to the PPAGE register. The PPAGE value
controls which of the 256 possible pages is visible through the 16 Kbyte program page window in the
64 Kbyte local CPU memory map. Execution then begins at the address of the called subroutine.

During the execution of the CALL instruction, the CPU performs the following steps:

1. Writes the current PPAGE value into an internal temporary register and writes the new instruction-
supplied PPAGE value into the PPAGE register

2. Calculates the address of the next instruction after the CALL instruction (the return address) and
pushes this 16-bit value onto the stack

3. Pushes the temporarily stored PPAGE value onto the stack

Calculates the effective address of the subroutine, refills the queue and begins execution at the new
address

This sequence is uninterruptable. There is no need to inhibit interrupts during the CALL instruction
execution. A CALL instruction can be performed from any address to any other address in the local CPU
memory space.

The PPAGE value supplied by the instruction is part of the effective address of the CPU. For all addressing
mode variations (except indexed-indirect modes) the new page value is provided by an immediate operand
in the instruction. In indexed-indirect variations of the CALL instruction a pointer specifies memory
locations where the new page value and the address of the called subroutine are stored. Using indirect
addressing for both the new page value and the address within the page allows usage of values calculated
at run time rather than immediate values that must be known at the time of assembly.

The RTC instruction terminates subroutines invoked by a CALL instruction. The RTC instruction unstacks
the PPAGE value and the return address and refills the queue. Execution resumes with the next instruction
after the CALL instruction.
During the execution of an RTC instruction the CPU performs the following steps:

1. Pulls the previously stored PPAGE value from the stack

2. Pulls the 16-bit return address from the stack and loads it into the PC

3. Writes the PPAGE value into the PPAGE register

4. Refills the queue and resumes execution at the return address

This sequence is uninterruptable. The RTC can be executed from anywhere in the local CPU memory
space.

The CALL and RTC instructions behave like JSR and RTS instruction, they however require more
execution cycles. Usage of JISR/RTS instructions is therefore recommended when possible and
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CALL/RTC instructions should only be used when needed. The JSR and RTS instructions can be used to
access subroutines that are already present in the local CPU memory map (i.e. in the same page in the
program memory page window for example). However calling a function located in a different page
requires usage of the CALL instruction. The function must be terminated by the RTC instruction. Because
the RTC instruction restores contents of the PPAGE register from the stack, functions terminated with the
RTC instruction must be called using the CALL instruction even when the correct page is already present

in the memory map. This is to make sure that the correct PPAGE value will be present on stack at the time
of the RTC instruction execution.
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Chapter 4
Interrupt Module (S12SINTV1)

Version | Revision | Effective L
Number Date Date Author Description of Changes
01.02 13 Sep updates for S12P family devices:
2007 - re-added XIRQ and IRQ references since this functionality is used
on devices without D2D
- added low voltage reset as possible source to the pin reset vector
01.03 21 Nov added clarification of “Wake-up from STOP or WAIT by XIRQ with
2007 X bit set” feature
01.04 20 May added footnote about availability of “Wake-up from STOP or WAIT
2009 by XIRQ with X bit set” feature
4.1 Introduction

The INT module decodes the priority of all system exception requests and provides the applicable vector
for processing the exception to the CPU. The INT module supports:

» I Dbit and X bit maskable interrupt requests

* A non-maskable unimplemented op-code trap

* A non-maskable software interrupt (SWI) or background debug mode request

» Three system reset vector requests

* A spurious interrupt vector

Each of the I bit maskable interrupt requests is assigned to a fixed priority level.

4.1.1

Glossary

Table 4-2 contains terms and abbreviations used in the document.

4.1.2

Table 4-2. Terminology

Term Meaning

CCR Condition Code Register (in the CPU)
ISR Interrupt Service Routine

MCU Micro-Controller Unit

Features

* Interrupt vector base register (IVBR)

*  One spurious interrupt vector (at address vector base! + 0x0080).
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» 2-58 I bit maskable interrupt vector requests (at addresses vector base + 0x0082—0x00F2).
» I bit maskable interrupts can be nested.
* One X bit maskable interrupt vector request (at address vector base + 0x00F4).

* One non-maskable software interrupt request (SWI) or background debug mode vector request (at
address vector base + 0x00F6).

*  One non-maskable unimplemented op-code trap (TRAP) vector (at address vector base + 0x00F8).
» Three system reset vectors (at addresses OXFFFA—OXxFFFE).

* Determines the highest priority interrupt vector requests, drives the vector to the bus on CPU
request

*  Wakes up the system from stop or wait mode when an appropriate interrupt request occurs.

4.1.3 Modes of Operation

* Run mode
This is the basic mode of operation.
*  Wait mode

In wait mode, the clock to the INT module is disabled. The INT module is however capable of
waking-up the CPU from wait mode if an interrupt occurs. Please refer to Section 4.5.3, “Wake Up
from Stop or Wait Mode” for details.

» Stop Mode

In stop mode, the clock to the INT module is disabled. The INT module is however capable of
waking-up the CPU from stop mode if an interrupt occurs. Please refer to Section 4.5.3, “Wake Up
from Stop or Wait Mode” for details.

* Freeze mode (BDM active)

In freeze mode (BDM active), the interrupt vector base register is overridden internally. Please
refer to Section 4.3.1.1, “Interrupt Vector Base Register (IVBR)” for details.

4.1.4 Block Diagram
Figure 4-1 shows a block diagram of the INT module.

1. The vector base is a 16-bit address which is accumulated from the contents of the interrupt vector base register (IVBR, used
as upper byte) and 0x00 (used as lower byte).
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Peripheral Wake Up
Interrupt Requests @ CPU
T Vector
. Address >
Non | bit Maskable Channels > 5 o
£3 ® °
58 -
| bit Maskable Channels >
Interrupt
Requests
Figure 4-1. INT Block Diagram
4.2  External Signal Description
The INT module has no external signals.
4.3 Memory Map and Register Definition
This section provides a detailed description of all registers accessible in the INT module.
4.3.1 Register Descriptions
This section describes in address order all the INT registers and their individual bits.
43.1.1 Interrupt Vector Base Register (IVBR)
Address: 0x0120
7 6 5 4 3 2 1 0
R
IVB_ADDR([7:0]
W
Reset 1 1 1 1 1 1 1 1

Figure 4-2. Interrupt Vector Base Register (IVBR)
Read: Anytime
Write: Anytime
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Table 4-3. IVBR Field Descriptions

Field Description

7-0 Interrupt Vector Base Address Bits — These bits represent the upper byte of all vector addresses. Out of
IVB_ADDR[7:0] | reset these bits are set to OxXFF (that means vectors are located at OXFF80—0xFFFE) to ensure compatibility
to HCS12.

Note: A system reset will initialize the interrupt vector base register with “OxFF” before it is used to determine
the reset vector address. Therefore, changing the IVBR has no effect on the location of the three reset
vectors (OXFFFA—OXFFFE).

Note: If the BDM is active (that means the CPU is in the process of executing BDM firmware code), the
contents of IVBR are ignored and the upper byte of the vector address is fixed as “OxFF”. This is done
to enable handling of all non-maskable interrupts in the BDM firmware.

4.4  Functional Description

The INT module processes all exception requests to be serviced by the CPU module. These exceptions
include interrupt vector requests and reset vector requests. Each of these exception types and their overall
priority level is discussed in the subsections below.

4.4.1 S12S Exception Requests

The CPU handles both reset requests and interrupt requests. A priority decoder is used to evaluate the
priority of pending interrupt requests.

4.4.2 Interrupt Prioritization

The INT module contains a priority decoder to determine the priority for all interrupt requests pending for
the CPU. If more than one interrupt request is pending, the interrupt request with the higher vector address
wins the prioritization.

The following conditions must be met for an I bit maskable interrupt request to be processed.
1. The local interrupt enabled bit in the peripheral module must be set.

2. The I bit in the condition code register (CCR) of the CPU must be cleared.
3. There is no SWI, TRAP, or X bit maskable request pending.

NOTE

All non I bit maskable interrupt requests always have higher priority than
the I bit maskable interrupt requests. If the X bit in the CCR is cleared, it is
possible to interrupt an I bit maskable interrupt by an X bit maskable
interrupt. It is possible to nest non maskable interrupt requests, for example
by nesting SWI or TRAP calls.

Since an interrupt vector is only supplied at the time when the CPU requests it, it is possible that a higher
priority interrupt request could override the original interrupt request that caused the CPU to request the
vector. In this case, the CPU will receive the highest priority vector and the system will process this
interrupt request first, before the original interrupt request is processed.
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If the interrupt source is unknown (for example, in the case where an interrupt request becomes inactive
after the interrupt has been recognized, but prior to the CPU vector request), the vector address supplied
to the CPU will default to that of the spurious interrupt vector.

NOTE

Care must be taken to ensure that all interrupt requests remain active until
the system begins execution of the applicable service routine; otherwise, the
exception request may not get processed at all or the result may be a
spurious interrupt request (vector at address (vector base + 0x0080)).

4.4.3 Reset Exception Requests

The INT module supports three system reset exception request types (please refer to the Clock and Reset
generator module for details):

1. Pin reset, power-on reset or illegal address reset, low voltage reset (if applicable)
2. Clock monitor reset request
3. COP watchdog reset request

4.4.4 Exception Priority

The priority (from highest to lowest) and address of all exception vectors issued by the INT module upon
request by the CPU is shown in Table 4-4.

Table 4-4. Exception Vector Map and Priority

Vector Address® Source
OXFFFE Pin reset, power-on reset, illegal address reset, low voltage reset (if applicable)
OxFFFC Clock monitor reset
OXFFFA COP watchdog reset
(Vector base + 0x00F8) Unimplemented opcode trap
(Vector base + 0xO0F6) Software interrupt instruction (SWI) or BDM vector request

(Vector base + 0x00F4)  |X bit maskable interrupt request (XIRQ or D2D error interrupt)®
(Vector base + 0x00F2) IRQ or D2D interrupt request(3)

(Vector base + 0x00F0—0x0082) | Device specific | bit maskable interrupt sources (priority determined by the low byte of the
vector address, in descending order)

(Vector base + 0x0080) Spurious interrupt

1. 16 bits vector address based

2. D2D error interrupt on MCUs featuring a D2D initiator module, otherwise XIRQ pin interrupt

3. D2D interrupt on MCUs featuring a D2D initiator module, otherwise IRQ pin interrupt
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4.5 Initialization/Application Information

451 Initialization

After system reset, software should:

1. Initialize the interrupt vector base register if the interrupt vector table is not located at the default
location (0xFF80-0xFFF9).

. Enable I bit maskable interrupts by clearing the I bit in the CCR.
3. Enable the X bit maskable interrupt by clearing the X bit in the CCR.

45.2 Interrupt Nesting
The interrupt request scheme makes it possible to nest I bit maskable interrupt requests handled by the
CPU.

» I bit maskable interrupt requests can be interrupted by an interrupt request with a higher priority.
I bit maskable interrupt requests cannot be interrupted by other I bit maskable interrupt requests per
default. In order to make an interrupt service routine (ISR) interruptible, the ISR must explicitly clear the
I bit in the CCR (CLI). After clearing the I bit, other I bit maskable interrupt requests can interrupt the
current ISR.
An ISR of an interruptible I bit maskable interrupt request could basically look like this:

1. Service interrupt, that is clear interrupt flags, copy data, etc.

2. ClearI bitin the CCR by executing the instruction CLI (thus allowing other I bit maskable interrupt
requests)

3. Process data
Return from interrupt by executing the instruction RTI

45.3 Wake Up from Stop or Wait Mode

45.3.1 CPU Wake Up from Stop or Wait Mode

Every I bit maskable interrupt request is capable of waking the MCU from stop or wait mode. To determine
whether an I bit maskable interrupts is qualified to wake-up the CPU or not, the same conditions as in
normal run mode are applied during stop or wait mode:

» Ifthe I bit in the CCR is set, all I bit maskable interrupts are masked from waking-up the MCU.

Since there are no clocks running in stop mode, only interrupts which can be asserted asynchronously can
wake-up the MCU from stop mode.

The X bit maskable interrupt request can wake up the MCU from stop or wait mode at anytime, even if the
X bit in CCR is set'.

1. The capability of the XIRQ pin to wake-up the MCU with the X bit set may not be available if, for example, the XIRQ pin is
shared with other peripheral modules on the device. Please refer to the Device section of the MCU reference manual for details.
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If the X bit maskable interrupt request is used to wake-up the MCU with the X bit in the CCR set, the
associated ISR is not called. The CPU then resumes program execution with the instruction following the
WALI or STOP instruction. This features works following the same rules like any interrupt request, that is
care must be taken that the X interrupt request used for wake-up remains active at least until the system

begins execution of the instruction following the WAI or STOP instruction; otherwise, wake-up may not
occur.
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Background Debug Module (S12SBDMV1)
Revision History

Revision Number Date Summary of Changes
s12s_bdm.01.00.00 | 08.Feb.2006 General First version of S12SBDMV1
s12s _bdm.01.00.02 | 09.Feb.2006 General Updated register address information & Block Version
s12s_bdm.01.00.12 | 10.May.2006 5.3.2/5-134 Removed CLKSW bit and description
s12s_bdm.01.01.01 | 20.Sep.2007 General Added conditional text for S12P family

1.02 08.Apr.2009 General Minor text corrections following review

1.03 14.May.2009 Internal Conditional text only

1.04 30.Nov.2009 Internal Conditional text only

5.1

core

Introduction
This section describes the functionality of the background debug module (BDM) sub-block ofthe HCS12S

platform.

The background debug module (BDM) sub-block is a single-wire, background debug system implemented
in on-chip hardware for minimal CPU intervention. All interfacing with the BDM is done via the BKGD

pin.

The BDM has enhanced capability for maintaining synchronization between the target and host while

allowing more flexibility in clock rates. This includes a sync signal to determine the communication rate
and a handshake signal to indicate when an operation is complete. The system is backwards compatible to
the BDM of the S12 family with the following exceptions:

TAGGO command not supported by S1I2SBDM
External instruction tagging feature is part of the DBG module

S12SBDM register map and register content modified

Family ID readable from BDM ROM at global address 0x3_FFOF in active BDM
(value for devices with HCS12S core is 0xC2)

Clock switch removed from BDM (CLKSW bit removed from BDMSTS register)
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51.1 Features

The BDM includes these distinctive features:
* Single-wire communication with host development system
* Enhanced capability for allowing more flexibility in clock rates
¢ SYNC command to determine communication rate
e  GO_UNTIL command
» Hardware handshake protocol to increase the performance of the serial communication
» Active out of reset in special single chip mode
* Nine hardware commands using free cycles, if available, for minimal CPU intervention
» Hardware commands not requiring active BDM
* 14 firmware commands execute from the standard BDM firmware lookup table
* Software control of BDM operation during wait mode

*  When secured, hardware commands are allowed to access the register space in special single chip
mode, if the Flash erase tests fail.

* Family ID readable from BDM ROM at global address 0x3_FFOF in active BDM
(value for devices with HCS12S core is 0xC2)

* BDM hardware commands are operational until system stop mode is entered

51.2 Modes of Operation

BDM is available in all operating modes but must be enabled before firmware commands are executed.
Some systems may have a control bit that allows suspending the function during background debug mode.

5.1.2.1 Regular Run Modes

All of these operations refer to the part in run mode and not being secured. The BDM does not provide
controls to conserve power during run mode.

* Normal modes
General operation of the BDM is available and operates the same in all normal modes.
* Special single chip mode
In special single chip mode, background operation is enabled and active out of reset. This allows

programming a system with blank memory.
5.1.2.2 Secure Mode Operation

If the device is in secure mode, the operation of the BDM is reduced to a small subset of its regular run
mode operation. Secure operation prevents access to Flash other than allowing erasure. For more
information please see Section 5.4.1, “Security”.
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51.2.3 Low-Power Modes

The BDM can be used until stop mode is entered. When CPU is in wait mode all BDM firmware
commands as well as the hardware BACKGROUND command cannot be used and are ignored. In this case
the CPU can not enter BDM active mode, and only hardware read and write commands are available. Also
the CPU can not enter a low power mode (stop or wait) during BDM active mode.

In stop mode the BDM clocks are stopped. When BDM clocks are disabled and stop mode is exited, the
BDM clocks will restart and BDM will have a soft reset (clearing the instruction register, any command in
progress and disable the ACK function). The BDM is now ready to receive a new command.

5.1.3 Block Diagram
A block diagram of the BDM is shown in Figure 5-1.

Host < > < >

System — BKGD In?srz‘iril:e -~ Data | 16-Bit Shift Register

Control

Register Block

{\

Bus Interface <:>Data
Instruction Code <:::> and
and Control Logic («—> Control
Execution

i /\

Standard BDM Firmware
LOOKUP TABLE

AA A
Y

BDMACT

«——— Clocks

Secured BDM Firmware
LOOKUP TABLE

Figure 5-1. BDM Block Diagram

5.2  External Signal Description

A single-wire interface pin called the background debug interface (BKGD) pin is used to communicate
with the BDM system. During reset, this pin is a mode select input which selects between normal and
special modes of operation. After reset, this pin becomes the dedicated serial interface pin for the
background debug mode. The communication rate of this pin is based on the settings for the VCO clock
(CPMUSYNR). The BDM clock frequency is always VCO clock frequency divided by 8. After reset the
BDM clock is based on the reset values of the CPMUSYNR register (4 MHz). When modifying the VCO
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clock please make sure that the communication rate is adapted accordingly and a communication time-out
(BDM soft reset) has occurred.

5.3

5.3.1

Module Memory Map

Memory Map and Register Definition

Table 5-1 shows the BDM memory map when BDM is active.

5.3.2

Table 5-1. BDM Memory Map

Global Address Module (Bsyitzgs)
0x3_FF00-0x3_FFOB BDM registers 12
0x3_FFOC-0x3_FFOE BDM firmware ROM 3

0x3_FFOF Family ID (part of BDM firmware ROM) 1
0x3_FF10-0x3_FFFF BDM firmware ROM 240

Register Descriptions

A summary of the registers associated with the BDM is shown in Figure 5-2. Registers are accessed by
host-driven communications to the BDM hardware using READ_BD and WRITE_BD commands.

Global Register . .
Address Name Bit 7 6 4 3 2 1 Bit 0
0x3_FFOO Reserved R X X X X X 0 0

w
0x3_FF01 BDMSTS R BDMACT Sbv TRACE 0 UNSEC 0
ENBDM
w
0x3_FF02 Reserved R X X X X X X X
W
0x3_FFO3 Reserved R X X X X X X X
W
0x3_FF04 Reserved R X X X X X X X
W
I:I = Unimplemented, Reserved - = Implemented (do not alter)
= Indeterminate III = Always read zero
Figure 5-2. BDM Register Summary
S12P-Family Reference Manual, Rev. 1.14
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Global
Address

0x3_FF05

0x3_FF06

0x3_FF07

0x3_FF08

0x3_FF09

0x3_FFOA

0x3_FFOB

5.3.2.1

Register
Name

Reserved

BDMCCR

Reserved

BDMPPR

Reserved

Reserved

Reserved

BDM Status Register (BDMSTYS)

S =3 £33 =S 2313 =3

By

w

Background Debug Module (S12SBDMV1)

= Indeterminate

= Unimplemented, Reserved

- = Implemented (do not alter)

Bit 7 6 5 4 3 2 1 Bit 0
X X X X X X X X
CCR7 CCR6 CCR5 CCR4 CCR3 CCR2 CCR1 CCRO
0 0 0 0 0 0 0 0

0 0 0
BPAE BPP3 BPP2 BPP1 BPPO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Register Global Address 0x3_FF01

Special Single-Chip Mode
All Other Modes

Reset

III = Always read zero

Figure 5-2. BDM Register Summary (continued)

I:I = Unimplemented

7 6 5 4 3 2 1 0
BDMACT 0 Sbv TRACE 0 UNSEC 0

ENBDM
o® 1 0 0 0 0@ 0
0 0 0 0 0 0 0

Figure 5-3. BDM Status Register (BDMSTS)

= Always read zero
1. ENBDM is read as 1 by a debugging environment in special single chip mode when the device is not secured or secured but
fully erased (Flash). This is because the ENBDM bit is set by the standard BDM firmware before a BDM command can be fully
transmitted and executed.

2. UNSEC is read as 1 by a debugging environment in special single chip mode when the device is secured and fully erased,
else itis 0 and can only be read if not secure (see also bit description).

, Reserved
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Read: All modes through BDM operation when not secured

Write: All modes through BDM operation when not secured, but subject to the following:
— ENBDM should only be set via a BDM hardware command if the BDM firmware commands
are needed. (This does not apply in special single chip mode).

— BDMACT can only be set by BDM hardware upon entry into BDM. It can only be cleared by
the standard BDM firmware lookup table upon exit from BDM active mode.

— All other bits, while writable via BDM hardware or standard BDM firmware write commands,
should only be altered by the BDM hardware or standard firmware lookup table as part of BDM
command execution.

Table 5-2. BDMSTS Field Descriptions

Field Description

7 Enable BDM — This bit controls whether the BDM is enabled or disabled. When enabled, BDM can be made
ENBDM active to allow firmware commands to be executed. When disabled, BDM cannot be made active but BDM
hardware commands are still allowed.

0 BDM disabled

1 BDM enabled

Note: ENBDM is set out of reset in special single chip mode. In special single chip mode with the device
secured, this bit will not be set until after the Flash erase verify tests are complete.

6 BDM Active Status — This bit becomes set upon entering BDM. The standard BDM firmware lookup table is
BDMACT |then enabled and put into the memory map. BDMACT is cleared by a carefully timed store instruction in the
standard BDM firmware as part of the exit sequence to return to user code and remove the BDM memory from

the map.
0 BDM not active
1 BDM active
4 Shift Data Valid — This bit is set and cleared by the BDM hardware. It is set after data has been transmitted as
SbvV part of a BDM firmware or hardware read command or after data has been received as part of a BDM firmware

or hardware write command. It is cleared when the next BDM command has been received or BDM is exited.
SDV is used by the standard BDM firmware to control program flow execution.

0 Data phase of command not complete

1 Data phase of command is complete

3 TRACE1 BDM Firmware Command is Being Executed — This bit gets set when a BDM TRACEL1 firmware
TRACE command is first recognized. It will stay set until BDM firmware is exited by one of the following BDM commands:
GO or GO_UNTIL.

0 TRACEL command is not being executed
1 TRACE1 command is being executed

1 Unsecure — If the device is secured this bit is only writable in special single chip mode from the BDM secure
UNSEC firmware. Itis in a zero state as secure mode is entered so that the secure BDM firmware lookup table is enabled
and put into the memory map overlapping the standard BDM firmware lookup table.

The secure BDM firmware lookup table verifies that the on-chip Flash is erased. This being the case, the UNSEC

bit is set and the BDM program jumps to the start of the standard BDM firmware lookup table and the secure

BDM firmware lookup table is turned off. If the erase test fails, the UNSEC bit will not be asserted.

0 Systemis in a secured mode.

1 System s in a unsecured mode.

Note: When UNSEC is set, security is off and the user can change the state of the secure bits in the on-chip
Flash EEPROM. Note that if the user does not change the state of the bits to “unsecured” mode, the
system will be secured again when it is next taken out of reset.After reset this bit has no meaning or effect

when the security byte in the Flash EEPROM is configured for unsecure mode.
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Register Global Address 0x3_FF06

7 6 5 4 3 2 1 0

CCR7 CCRG6 CCR5 CCR4 CCR3 CCR2 CCR1 CCRO

w

Reset
Special Single-Chip Mode 1 1 0 0 1 0
All Other Modes 0 0 0 0 0 0

Figure 5-4. BDM CCR Holding Register (BDMCCR)

Read: All modes through BDM operation when not secured
Write: All modes through BDM operation when not secured

NOTE

When BDM is made active, the CPU stores the content of its CCR register
in the BDMCCR register. However, out of special single-chip reset, the
BDMCKCR is set to 0xD8 and not 0xD0 which is the reset value of the CCR
register in this CPU mode. Out of reset in all other modes the BDMCCR
register is read zero.

When entering background debug mode, the BDM CCR holding register is used to save the condition code
register of the user’s program. It is also used for temporary storage in the standard BDM firmware mode.
The BDM CCR holding register can be written to modify the CCR value.

5.3.2.2 BDM Program Page Index Register (BDMPPR)

Register Global Address 0x3_FF08

7 6 5 4 3 2 1 0
R 0
W BPAE BPP3 BPP2 BPP1 BPPO
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented, Reserved

Figure 5-5. BDM Program Page Register (BDMPPR)

Read: All modes through BDM operation when not secured

Write: All modes through BDM operation when not secured
Table 5-3. BDMPPR Field Descriptions

Field Description
7 BDM Program Page Access Enable Bit — BPAE enables program page access for BDM hardware and
BPAE firmware read/write instructions The BDM hardware commands used to access the BDM registers (READ_BD

and WRITE_BD) can not be used for global accesses even if the BGAE bit is set.
0 BDM Program Paging disabled
1 BDM Program Paging enabled

3-0 BDM Program Page Index Bits 3—-0 — These bits define the selected program page. For more detailed
BPP[3:0] [information regarding the program page window scheme, please refer to the S12S_MMC Block Guide.
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5.3.3 Family ID Assignment

The family ID is an 8-bit value located in the BDM ROM in active BDM (at global address: 0x3_FFOF).
The read-only value is a unique family ID which is 0xC2 for devices with an HCS12S core.

5.4  Functional Description

The BDM receives and executes commands from a host via a single wire serial interface. There are two
types of BDM commands: hardware and firmware commands.

Hardware commands are used to read and write target system memory locations and to enter active
background debug mode, see Section 5.4.3, “BDM Hardware Commands”. Target system memory
includes all memory that is accessible by the CPU.

Firmware commands are used to read and write CPU resources and to exit from active background debug
mode, see Section 5.4.4, “Standard BDM Firmware Commands”. The CPU resources referred to are the
accumulator (D), X index register (X), Y index register (Y), stack pointer (SP), and program counter (PC).

Hardware commands can be executed at any time and in any mode excluding a few exceptions as
highlighted (see Section 5.4.3, “BDM Hardware Commands”) and in secure mode (see Section 5.4.1,
“Security””). BDM firmware commands can only be executed when the system is not secure and is in active
background debug mode (BDM).

54.1 Security

If the user resets into special single chip mode wit